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It appears that most of the endemic groups have established themselves in Ha-
waii by a single chance invasion. However, there are certain groups which ap-
pear to have arisen from two or more invasions. One of these is the Odynerus
wasp complex. Two lines appear to be represented here: an ancient one composed
of about 100 species and a much more recent one represented by O. nigripennis
and its three allies. The Hawaiian Nysius bugs appear to have developed from
several invasions,

The developments within the islands reflect clearly the differences in the breadths
of the channels separating them and hence the ease or difficulty of over-water colon-
ization. Data on the breadths of the channels are given on page 7. It has been
pointed out that some of the groups on the closely associated islands of Maui, Lanai
and Molokai (Kahoolawe is included in this assemblage but its endemic biota is
unknown because of early extermination) showed close interrelationships. The
greatest over-water gap between the main islands is that between Oahu and Kauai
(about 75 miles). A more isclated island may be expected to have a more distinc-
tive fauna because it is less exposed to “pollution” by repetition of immigration.
Kauai is richly endowed with well-marked and distinctive forms. In many groups,
the species found on Kauai are the most divergent. Some birds which have sub-
specific forms on the other islands have clear-cut species on Kauai. All the
Odynerus wasps of Kauai are endemic to Kauai, but all the other main islands have
an overlapping of species. Some species of bees which are found on several of the
other islands are replaced on Kauai by distinct species. A factor which also is in-
volved here is that Kauai is considered the oldest, or one of the oldest areas, of
the main islands. Certainly its greater age is reflected in its biota, but its greater
isolation also has played a dominant role in its local developm its.

Perkins (1913 :x1) noted that:

The extreme sluggishness of so many of the insects and mollusca leading to great restriction
of locality, which we observe also in the birds must lead to extreme inbreeding. We have .
observed colonies of some of the flightless beetles to persist for years on a single tree and
where these colonies are isolated from others, no doubt all the inhabitants have resulted from
a few stray exdmples, probably often from one. While the food supply remains in suitable con-
dition these isolated colonies thrive and become very numerous, but they are, doubtless, often
totally exterminated when it becomes no longer suitable, unless, by chance, individuals can
reach some other tree fit to supply a breeding ground. Obviously this sluggishness and re-
striction of range must itself diminish the numbers of individuals of a species, and the tend-
ency of island creatures to limit their range and to specialize their habits is a striking feature
of the fauna.

We might expect the loss of flight in a group to make it more subject to easy
isolation and hence more liable to speciation. However, the presence or absence
of wings cannot be correlated with rate of evolution. Of the four genera of insects
in Hawaii containing over 100 species, Proterhinus with 181 forms is flightless,
Odynerus with 105 is fully winged as are Sierola with 182 and Hyposmocoma with
216. Only 2 out of 14 genera containing 50 or more species are flightless.

One of the most wonderful fields of study in Hawaii is the hostplant relationships
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of the insects. The evolutionary role played by hostplants is a major and funda-
mental one. Usinger, in concluding his Nysius monograph (1942:162), said:

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.

The host-specificity displayed among some groups is astonishing. We find such
great host-specificity among the plagithmysine longhorn beetles that if we find
borings in a species of tree unrecorded as harboring a species of the group, we
conclude that the borings are probably those of a new species. Thus, some new
species of these beetles have been discovered, and others are known only from
their borings and may be captured and described sooner or later. The same applies
to certain genera of leaf-mining moths. Dr. Swezey has described a number . of
species which were worked out in the field on this basis. We can almost predict
from a perusal of the literature where one might go and on what plant he might
- look to discover new species of some genera.

Perkins (1913:1xvii) says,

Very often, however, we find species, extremely closely allied, occurring habitually in the
same locality and not geographically isolated, Thus, even within a few square yards, the
" three species of Longicorn beetles, Plagithmysus darwinianus, P. lamarckianus and P. wvarians
occur. It is hardly conceivable that species can be more closely allied than these and remain
distinct. Though so similar, the species keep quite apart. FEach keeps to its own food-plant,
and though occurring on adjoining trees the species do not mix nor interbreed. P. derwinianus
has been found chiefly on Sophora, lamarckianus on Pipturus, varians on Acacia, We have
observed great numbers of all these species in the field, but have never found even a stray
specimen of one frequenting the tree affected by another or in company with it, even though
these trees grew side by side. Thus these three species, though not geographically isolated, are
isolated by their habits. I know no insects that could be more profitably experimented with by
breeding in the field than these and other species of Plagithmysus.

The small leaf-mining Philodoria moths include at least six which are attached
to the widespread endemic urticaceous tree Pipturus albidus. Most of these species
are not known to overlap in distribution. Thus, one is known from Kauai; three
from Qahu, two of which are restricted to small areas in different mountain ranges
and one which is widespread; and two from Hawali, but these occupy widely
separated localities in different mountain ranges. Further collecting and study will
probably reveal more species of this group localized in various places.

Giffard, in studying our leafhoppers, stated (1922:104) that

The distribution shows the value of segregation in species formation, which fact is also
shown by the lists of food plants. Those species living on two or more plants show much
greater variability than those confined to a single host. When we consider the topography
of the islands, the isolated distribution of many plants and the fact that so many species are
represented only by short-winged forms or only an occasional long-winged form, we can see
how isolation can take place even on the same island. ’
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I have been impressed by the adaptation of the color of insects to the color of the
plants they frequent. The relationship is not confined to phytophagous species,
but also occurs in predaceous species. In Hawaii even predaceous insects are ire-
quently confined to particular hostplants. This color relationship does not appear
to be correlated with protection, because for many of the groups in which it occurs
we do not know of any particular predatory pressure great enough to have a selec-
tive influence. This is a problem about which we have little information. Perhaps
predator pressures were greater than we realize in certain groups. However, we
feel that some sections of the fauna were never brought under any great pressure -
by predators.

Near the summit of Haleakala on Maui, I found specimens of the pale, silvery-
colored native Geraniwm tridens growing with their branches intermixed with those
of the dark-leafed Coprosma montana. On the pale Geraniuin were colonies of a
very pale Nesosydne leafhopper. On the dark foliage of the Coprosma was a black
species of the same genus! Although the branches of the two shrubs intermixed,
the two leafhoppers kept to their own hostplants.

The pale-leafed Pipturus has a long list of insects attached to it. Many of these
are strikingly pale-colored. On the leaves of the same individual plant at the same
time we may find pale delphacid leafhoppers, pale cicadellid leathoppers, pale mirid '
bugs, pale psocids and a pale predaceous nabid bug. Near it, and perhaps with the
branches intermingled, a dark-foliaged Metrosideros tree might be growing. On
the dark foliage we may find dark-colored leafhoppers, psocids, mirids and nabids
in the same genera. The palest of all Hawaiian nabid bugs is Nabis kahavalu
(Kirkaldy), a pale-green species. It is found on the pale-green foliage of Sophora,
and with it on Hawaii are usually found swarms of a mirid bug whose color matches
the pale-green of the nabid perfectly. Although predaceous, the nabid is confined
to Sophora.

Our Proterhinus beetles closely match the colors of their hosts. Reddish species
are found boring in red fern-frond stalks; dark species are found on dark-barked
plants,” and pale species on pale bark. The nymphs of the foliage-frequenting
Paratrigonidium crickets are generally green, but the terrestrial and bark-frequent-
ing species are brownish. Perkins (1913 :ccxvii) reported that one of these crickets
is so highly host-specific that he found it on only one variety of the multiform tree,
Metrosideros polymorpha. :

- Our widespread Acacia koa has a remarkable pair of delphacid leafhoppers at-
tached to it. The so-called “leaves” of the Acacia are not true leaves but are modi-
fied stems, called phyllodes. True leaves are only produced early in the tree’s life,
or from more or less adventitious shoots. The finely divided true leaves are paler
in color than the phyllodes. On the phyllodes we find Nesosydne rubescens. A
closely allied offshoot species, Nesosydne koae, is found on the true leaves. Each

"of these species is restricted to its particular part of the same plant. Fach differs
in the color of its nymphs and adults to match more closely the differences in colors
between the phyllodes and the true leaves. The adults of N. rubescens are a rather
greenish-brown when living; those of N. koae are pale-green. N. koae lays its
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eggs in young shoots; N. rubescens, whose ovipositor differs, inserts its eggs in
the edges of the leaves and phyllodes. Here is an extreme case of isolation! These
two species, although derived from the same stock, are structurally different; they
live side-by-side on the same individual plant, separated only by the type of foliage
they feed on; yet they maintain themselves as distinct entities. ’

A comparable case may be developed when the Trioza jumping plant lice
(Psyllidae) are more carefully studied. As mentioned under Trioze ohiacola in
my chapter including the psyllids, this species normally makes galls on the leaves
of the hostplant. However, certain “abnormal” specimens have been collected
from galls made on the stems. Perhaps the change of food indicates the beginning
of a new form.

The long-legged dolichopodid flies are well developed in Hawaii, but they are
comparatively poorly known. Dr. F. X. Williams has paid more attention to them
than anyone, and the excellent information he has assembled indicates that a
vast storehouse of ecological data remains to be uncovered concerning them. The
species which hunt on the forest floor, those which are seen often on exposed
patches of soil and those found on dull, shady tree trunks are dull-colored, usually
brownish, species. The foliage-frequenting species often seen on large, green leaves
"in bright light tend to be greenish and bright-colored. The species which are found
on dripping wet banks are likely to be bright metallic-colored to blend with their
glistening surroundings. The species which frequent permanent streams are ex-
~cellent and agile water skaters; those found on still ponds are fair to good skaters;
but the species which hunt about areas where standing water exists only as
temporary puddles, and the flies which frequent wet ground in the absence
of standing water, are poor skaters.

Muir (1917:298) says:

I believe that one of the first steps in species formation among Hawaiian Delphacidae is a
change of food-plant. In many cases this will lead to isolation and may eventually lead to
differentiation of the germ-plasm. Mr. W. M. Giffard brought to my .notice the fact that
certain species feeding upon more than one food-plant have two or more forms. At Kilauea,
Hawaii, Nesosydne ifomoeicola is very common on Lythrum maritimum H.B.K. and Sadleria
sp.; specimens from the former plant are on the average much darker than specimens from
the latter., In the same locality N. blackburni from Clermontia parviflora and Stenogyne has
a distinct green tint when alive which is absent from specimens off of Pipturus.

It almost appears that these animals tend to assume a color which blends with
the background color of the hostplants because of some inherent, unexplained
factor acting within themselves. Some species appear to “feel uncomfortable”
when they are on a background other than their chosen one. It is of particular
interest that not only do different, but allied, species differ in color on their
different hostplants, but that the same species have different-colored populations
on different hostplants.

The endemic leafhopper genus Dictvophorodelphax is an unusual, aberrant off-
shoot of a normal type of delphacid leafhopper. The head is drawn out into a
great prolongation almost unique among delphacid leathoppers of the world. No
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other Hawaiian group approaches them in this development. There are four known
species, two on Oahu, one on Lanai and one on Maui. The entire group is re-
stricted to plants of the genus Euphorbia. We expect that when other Euphorbia
plants are examined carefully, especially on Molokai and Hawaii, additional new
species will be discovered. Another noteworthy fact is that with one or two ex-
ceptions, none of the more than 130 known endemic delphacids is known to feed
upon Euphorbia! A diverticulum of the gut is known to extend into the cephalic
horn. Could this be associated with the type of food obtained from Euphorbia?

In the genus Neseis (a group of Nysius bugs), a compact group of forms has
been segregated as the subgenus Icteronysius. All of these appear to be attached
to the leguminous tree Sophora. These are the only bugs of 85 known members
of the Nysius tribe in Hawaii which feed on a leguminous plant. The subgenus
Icteronysius contains three subspecies, two found on Hawaii and one on Maui.
It is of interest how the one on Maui was discovered. Usinger, in his monograph
of the group (1942), stated that members of the subgenus would probably be found
on Sophora elsewhere, and he left a request with Paul Baldwin, a National Park
official, to search for Nwysius-like bugs on Sophora on Haleakala, Maui. Baldwin
complied with the request, and during an ‘inspection trip found a new form, as
Usinger had predicted. Other groups within the genus Neseis appear to have
arisen through host isolation. There are four allied species including 12 subspecies
all attached to Pipturus. A group of four species and six subspecific forms is
attached to rubiaceous plants. Two allied species, one on Oahu and one on Molokai,
have Bochmeria as their host.

Changes in habits may lead to entirely new evolutionary lines. Dr. Cooke tells
me that in the highly developed Pacific land-snail family Tornatellinidae, a change
from ground-dwelling habits to arboreal habits has almost always established new
genera as a consequence. The drastic change from an aquatic to a terrestrial life
has produced the most divergent of all the Hawaiian damselflies (see the dis-
cussion of Megalagrion oaluense on page 145). If this line could survive over a
long period, a new order of terrestrial insect carnivores might be produced.
The ﬂightles§ hemerobiids (Psendopsectra), discussed under flightlessness below,
is a comparable case. If a population of any species can adapt itself to a new
hostplant, it appears that a great advance toward a new form may have been made.

One of the principal facts which has occurred to me during my study of island
life is that each problem must be considered as a unit in itself, for “laws” of wide
scope do not always cover the multitudes of complex factors one meets. It is vastly
different from the chemistry laboratory where we know that when we add “A” -
to “B” we will invariably get “C.” The more years one spends on such study, the
more involved the problems become and the more difficult it is to draw general
conclusions.

In Hawaii we are dealing with relatively simple, disharmonic floras and faunas
established in a favorable environment upon a rapidly changing substratum where
environmental pressure (including predacity and parasitism) is reduced to a mini-
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mum. Great impetus and momentum have been given to the processes of speciation
by the peculiar set of circumstances here displayed. The end result has been
great proliferation of‘ species and generic complexes with much radiation and
diversification. It is as if a great vacuum existed and species are rushing in to fill
every available unoccupied niche. There is even the tendency for some species to
enter into environmental categories foreign to their families or orders. New habits
arise independently—the non-parasitic bees have developed parasitic species ;. the
aquatic damselflies have produced arboreal species and an astonishing terrestrial
species ; delicately winged Neuroptera have given rise to flightless “monsters” en-
cased in coriaceous, armor-like, non-functional fore wings, and which creep and
leap about in search of prey; the drepaniid birds have rushed in to fill gaps and
now are represented by slender-billed nectar suckers, grosbeak-like seed crackers,
heavy-billed fruit eaters, sharp-billed insect catchers, those of almost woodpecker-
like habits and others almost parrot-like in habit (fig. 46). \
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Figure 46.—Sketches of beaks of some drepaniid birds to show remarkable radiation within
a single group of animals. Loxops (i) is considered nearest the ancestral type. a, Hemignathus
(feeds on insects and nectar); b, ¢, Drepanis (nectar); d, Heterorhynchus (insects and
spiders) ; e, Vestiaria (nectar) ; f, Palmeria (nectar); g, Viridonia (insects); h, Himatione
(nectar); i, Loxops (mostly insects); j, Ciridops (palm fruits); k, 1, Lowxioides (mostly
seeds) ; m, Psittirostra (fruits and seeds) ; n, Pseudonestor (wood-boring beetle larvae).

One of the most significant, if least heralded, of all discoveries relating to.the
Hawaiian biota is the finding of the terrestrial larva of the damselfly Megalagrion
oahuense by my diligent, modest colleague, F. X. Williams. Who would have
suspected that the nymph of this unique odonatan had, or could have, forsaken
its ancestral aquatic habitat to take up a life completely foreign to its order and live
on land? This species is the most divergent of its remarkable species complex.
The nymphs, unlike those of any other known form, have adapted themselves to a
life on land. They crawl about in search of their prey in the ground litter beneath
dense clumps of fern (fig. 210 in vol. 2). The larvae are morphologically modified
for such a life. -‘The species has taken a great step from the typical aquatic habit of
the Odonata. Is it not true that this peculiar species shows us how a new order of
insects could arise? Here before us we have the essence of evolution. Given time,
is it not possible that this unusual damselfly whose nymphs now crawl about on
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damp ground could give rise to a new and distinct group of terrestrial carnivores?
I believe so. To avoid repetition, the interested reader is referred to the section
under Megalagrion oahuense and to the introductory statements under the generic
heading Megalagrion in the chapter on the Odonata in volume 2 of this work.

I have studied an undescribed leafhopper from Oahu which carries a complete
story in itself, I believe. Although obviously (that is, to anyone thoroughly familiar
with the Hawaiian members of the family) it is merely a peculiar specific offshoot
of a species of Nesophryne (Cicadellidae), this species has developed such peculiar-
ities of its cephalic structure that it can hardly be placed in the same subfamily as
the species from which it has been derived! In fact, it cannot be placed in its sub-
family by the use of the well-known keys in current use. A new genus may have
to be erected for this species, and some workers would probably have to remove it
from subfamily association with its progenitors or specific associates, or they would
have to modify the existing subfamily characterization. One could hardly blame
the taxonomist for following such a course. The “blame’ lies with the aberrancy of
the species. My contention is that such a specific segregate may carry within itself
the potentialities of an entire new group and that these potentialities may be exerted
if proper isolation and time factors are brought into play. Within this single species
lies a potential new genus, new-tribe or an even higher category of an assemblage
of diverse forms. Here again, then, is evolution in the act dramatically displayed.

When we study these large species complexes—Nesoplirosyne, Nysius, land
snails and others—we sce that there is included a large amount of specific vari-
ability of the very characters which elsewhere are taken as generic. There are
species which appear to be plastic and unstable. This great insular proliferation
is conducive to segregation of atypical forms in what appears to be rapid pro-
gression. Most of these changes appear to be nonadaptive. The taxonomist has
great difficulty in classifying the species and frequently does not quite know whether
he is working with species within a genus or whether he should divide them into
groups and call the groups genera. If he starts on the latter course, he may find,
when a large amount of material is examined, that the way is blocked by inter-

grades. It is a puzzle.

A confusing problem confronts the taxonomist when he is faced with the neces-
sity for determining the status of the forms of one species which have spread over
several islands too rapidly to have outstanding characters develop on the various
islands. For example, certain species of Oliarus leafhoppers appear to have oc-
cupied several islands in a geologically short period of time, and although the
populations of each island are isolated and distinct, the differences between the
various insular populations are slight in degree. Other series of forms which are
apparently similar in basic make-up are more distinct and are presumed to be older.
In the Hawaiian insects all extremes of this development can be revealed by study,
for some forms are so distinct that they might be called genera by some workers,
others belong to the rank of superspecies, others to species and subspecies, still
others are difficult to classify and some may be called “varieties.” Many of these
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complexes defy explanation and definition, and we must ultimately accept the fact
that each group, whatever it may be, must be studied and dealt with as a unit or
set of units which has acted in its own way upon certain lines, and that general,
over-all attempts at definition of evolutionary procedure, “laws” or “rules” are
not feasible. A

It is noteworthy that in some insect genera which are widespread in the Pacific,
those species found in Australia with its continental environment and pressure
are fewer in kinds and tend to be more stable and of more conservative nature.
Out in Polynesia the multiplicity of species and their radical morphological di-
versity and aberrancy are astonishing. It appears that once unfettered in isolated
insular environments the evolutionary potentials of some of these organisms
are unleashed. This is particularly well displayed in the weevil genus Microcryp-
torynchus. '

Displayed before us in the biota, there is every degree of differentiation from
original ancestral stocks. Forms range from those, such as the strawberry, which
have not been in Hawaii for a long enough time to become distinct from their im-
mediate ancestors, to those which have hardly differentiated from their stem species
and which may be exemplified by the short-eared owl, Asio flammeuns, a Holarctic
form, whose Hawaiian representative is called the subspecies sandwichensis. The
Hawaiian hawk has diverged more from its parent stock, and it is considered a
full species derived from Buteo swainsoni. From these and similar examples in
other groups, we might list a whole series of intergrades of increasing distinctive-
ness to end up with genera which are so unusually distinct that they cannot, with
our present knowledge, be allied to any known group outside of Hawaii. The large
genus of weevils, Oodemas, 1alls in this category, together with an extensive list of
other genera which I shall not attempt to include here. The drepaniid birds, to-
gether with the amastrid and achatinellid land snails, were formerly classed as en-
demic families, but, with our expanding knowledge, we have learned that they
belong to known families. However, they are apparently quite distinct enough to
be called endemic subfamilies. Several groups are evidently distinct enough so
that they may be assigned to endemic tribes.

With basic data from Mayr (1943), we may list some of the birds found in
Hawaii in the order of their probable periods of invasion of Hawaii from the
most recent to the earliest:

1. Black-crowned night heron, a non-endemic American form, but resident
here.

2. Short-eared owl, an endemic subspecies.

3. Hawaiian hawk, an endemic species.

4. Hawaiian crow, an endemic species, but farther removed from its an-
cestral form than the hawk.

5. Phaeornis, an endemic genus of thrushes.

6. Moho and Chaetoptila, remarkable endemic genera of honey eaters derived
from one immigrant.
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- 7. Drepaniinae, a spectacular endemic array of highly evolved, widely radi-
ated genera from a single immigrant.

Such facts as these show plainly that overseas immigration has been a continuous, -
long, slow process which has extended down to recent time.

Usinger in his study of Hawaiian Nysius bugs (1942:160) assembled his notes
on this phase very nicely when he said,

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, through
(2) the scarcely differentiated Nesets saundersianus, to (3) the “polytypic species” (Huxley,
1938) or “Rassenkreis” (Rensch, 1929) Neseis nitidus, then to (4) the “supra-species” (Hux-
ley, 1938) Neseis hiloensis (at least as regards the Molokai and Oahu forms), and finally to
(5) that which Huxley (1938) has called a “geographical subgenus” and Rensch (1929) has
called an “Artenkreis,” namely the Neseis mauiensis and fasciatus group with allied species
on the older islands.

INDEPENDENT ORIGINS AND DEVELOPMENT

From examples I have seen among oceanic organisms, there appear to be two
major “types” of genera. One is a monophyletic line which springs from a single
species and diverges from that base. The other is of polyphyletic origin, and the
same ‘“‘genus’” may arise in two or more places at different times from different
stem species. The monophyletic genus may be a very strong entity. The second
type might be called a genus of the taxonomist who must have ways and means
of grouping and classifying the myriads of population units confronting him. More
often than not, he is unable to ascertain whether a group is monophyletic or poly-
phyletic. However, I do not feel that these sections are mere products of the
taxonomist’s imagination. Certainly, they are very real things, but genera vary in
intensity as do species. Some genera are very “strong” segregates; others are
weakly differentiated. It must be admitted that some are merely convenient, arti-
ficial or arbitrary assemblages created -by taxonomists to enable them more easily
to pigeonhole or separate ultimate units. Long periods of time and extinction of
intermediate forms remove such categories as the last-mentioned one. A point I
wish to make here is that in our island populations we have examples of both ex-
tremes as well as intermediates, that such developments are natural evolutionary
products and that they do not exist in the minds of men alone.

As an example of a genus which has arisen from one species, we may cite our
wonderfully developed Megalagrion damselflies. This local group is presumed to
have developed from a single ancestral immigrant, and the descendants of that
parent stock now form a local species complex.

The peculiar, flightless hemerobiid genus Pseudopsecira (figs. 47 to 51) is a
good example of a genus whose members have not sprung from one stock but
which have developed independently along similar lines to form a complex of
flightless species with certain features in common. Some workers unfamiliar
with the unusual lgcal conditions and the history of this group might split several
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of these flightless forms off as separate genera, but I doubt that such a procedure
is necessary or desirable. The intermediate forms cause confusion. There are
no intermediate forms between the volant ancestral stocks and the flightless deriva-
tives, however. It is of interest that the name Pseudopsectra was chosen because
there is a continental genus, called Psectra, in which the hind wings of the female .
have become abortive, indicating a similar trend but with less intensity than in
our Hawaiian group. 7

The delphacid leafhopper genera Nesorestias and Nothorestias (see under Del-
phacidae), although making up compact genera, are each polyphyletic. Nesorestias
contains 2 species, each of which has been derived from a different group of
Aloha species. Nothorestias contains 3 species (one undescribed), and these
all have been derived from different ancestral stocks.

H. B. Baker (1941:358) in discussing the development of the Polynesian micro-
cystine land snails said:

While, in general, their distribution and relationships conform with the theory of evolutionary
divergence, certain remarkable convergences almost look as if some branches of their subfamily
tree had inosculated and produced stocks of double origin. For example, some species of both
Philonesia and Hiona develop a left shell lobe in the Hawaiian islands, although this structure
is not produced in any of the other Microcystinae except Kusaiea frivole [from the Caroline

Islands] and Lamprocystis moalana [from Fiji}. Again, the epiphallus in the species of Hiona
" (subgenus Insulorbis) from the Society Islands considerably resembles that in the species of
Lamprocystis (subgenus 4varua) from the Society and Cook Islands and that in the genus
Microcystis from the Cook and Austral Islands. While the production of a new line by
hybridization of such divergent animal stems seems to have happened rarely, if ever, in nature,
it might be most apt to occur if members of related island groups were accidentally brought
together. Because the forms of each island are geographically segregated, divergence may result
from lack of interbreeding but does not require functional inability to produce such crosses.

Usinger (1942:119) notes that in the Nysius bugs of Hawaii a “wider range of
characters is exhibited ...than in the combined Nysius fauna of the rest of the
world. Such characters as form of bucculae, length of rostrum, and shape of costal
margins, which are fairly reliable guides to genera elsewhere, break down com-
pletely in the various extreme species of Hawailan Nysius.” Similar statements
can be made for many of the better-developed groups of Hawaiian insects.

A number of species from several geographical regions, and which have not
had a common ancestry, have been assigned to the psyllid genus Kuwayama. This
genus is obviously polyphyletic, and the species assigned to it appear to have
developed their combination of characters independently from the widespread
genus Trioza or one of its derivatives. Some of the Hawaiian species show a
tendency to revert toward the ancestral Trioza type.

Parallel development appears to have occurred among the prosopid bees, because
it is improbable that the Furopean and Asiatic species which can be assigned to
Nesoprosopis have the same ancestry as the Hawaiian assemblage.

Among the tornatellinid land snails, Lamellidea tantalus from Hawaii has been
almost duplicated by a species in Rapa, about 3,000 miles away at the opposite
end of the distribution of the family in eastern Polynesia. Although these two
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species have assumed shell characters which would appear to place them in the
same genus, their internal anatomy indicates that they belong not only to distinct
genera but to different subfamilies! Both species live under lichens on the bark
of trees.

The ground beetle genus Colpodes (widespread in the Pacific) has given rise
in Hawaii to some species which Dr. Sharp (1903) referred to the non-Pacific
genus Platynus because they so closely resembled certain American Platynus. The
superficial resemblance is due entirely to a parallel development, and the two groups
have no close affinities.

The only endemic bees found in Hawaii belong to the hylaeid genus Nesoprosopis.
We believe that the present complex of 55 forms has arisen from a single immi-
grant Asiatic stock. This local complex has developed species and groups of
species which have radiated from the stem form to such a degree that they might
have been called different genera had Perkins not assembled such .careful data
cn their interrelationships. However, the most remarkable group is one which
has independently developed commensal or semi-parasitic habits. Five allied species
which have sprung from a single stem species constitute the semi-parasitic group.
The normal-type bees store honey and pollen on which their young feed, but the
commensals have lost their industrious habits and lay their eggs in the fully pro-
visioned nests of certain industrious species. The females of the industrious species
have well-developed structural modifications which aid them in gathering pollen,
but in the commensals these structures are degenerate. T'wo principal nesting sites
are chosen by the industrious species. Some species make their nests in burrows
in the ground, others make theirs in hollow stems or in wood and some utilize
both situations. Peculiarly, the semi-parasitic forms attack only the nests made
in the ground. Although they are not host-specific and may lay their eggs in the
nests of more than one host species, they are not known to attack nests other
than those made in the ground.

There is a greater development of Odynerus wasps in Hawaii than in any one
area inhabited by this nearly cosmopolitan genus. Most of our species utilize
existing holes, such as old beetle borings and crevices in rocks, for nesting sites or
they bore into wood or burrow in the soil. However, Odynerus oahuensis Dalla
Torre is unique, because it has become an insect potter and has developed the
habit of building complete, free, mud cells. “It is distinguished for its archi-
tectural ability, standing alone in this respect among the Hawaiian Odyneri whose
nesting habits are known. Nor does this habit appear common among Odynerus
in other parts of the world.” (F. X. Williams, 1927:453.) A similar, free, mud
cell was found on banana at Kipahulu, Maui, by Dr. Swezey, but its maker remains
unknown. '

Many insects the world over have developed flattened bodies better to fit them-
selves to their environment. Fleas are laterally compressed to enable them to slip
between the hairs of their hosts. Many kinds of insects are dorso-ventrally de-
pressed to enable them to forage beneath close-fitting dead bark of trees. Among
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our endemic delphacid leafhoppers, there is one species, Nesodryas freycinetiae
Kirkaldy, whose nymphs have become independently modified to enable them
better to live between the closely fitting leaf blades of the climbing Freycinetia vine,
Of all of the 139 native delphacid leathoppers, this is the only one I know which
has developed a flattened nymph. _

In the crane fly family (Tipulidae), one Hawaiian species has developed a
habit which, insofar as is now known, is unique for the entire group. The larvae
of our Limonia foliocuniculator (Swezey) (Swezey, 1915:87) tine the living.
leaves of Cyrtandre (Gesneriaceae). Tipulid larvae mostly dwell in the soil or
in decaying vegetation, and some are aquatic. The leaf-mining habit is a remark-
able new development. '

A similar abnormal ‘development has taken place in the large weevil genus
Proterhinus. The normal larval habit of these species is to bore in dead wood
or dead bark. However, at least three species have developed leaf-mining habits
on QOahu. One of these mines the leaves of Astelia (Liliaceae) ; the other two
attack Broussaisio (Saxifragaceae). Another species bores in the living stems
of Broussaisia.

The true bugs of the genus Saldula (shore bugs) are mostly riparian in habit.
One unusual species is reported to inhabit dry heaths in Europe. In Hawaii,
however, species have developed arboreal habits. It is quite a surprise to one
who has collected these bugs along stream and lake banks of a continent to come
to Hawaii and beat them out of shrubs and trees!

The endemic leafhopper genus Dictyophorodelphas is-unique in that it has
developed a great prolongation of the head (see the figures under this heading
in volume 4 of this work). This gives the species the appearance of such ful-
gorids as Scolops, and although the genus is closely allied to other Hawaiian
genera, it has quite a different appearance.

The spectacular radiation and development of new types among the drepaniid
birds has already been referred to (fig. 46).

It is noteworthy that many of the derived forms of the Hawaiian fauna are
much more restricted in range and habit and are much more sensitive to change
than are those which most closely resemble or represent the original stock. As
an example, the native land birds most successful in meeting changing modern
conditions are the Chasiempis flycatchers, geologically the most recent of the
perching-bird invaders of Hawaii. The old, specialized drepaniids have been
vanishing with startling rapidity since white man colonized the islands.

FLIGHTLESSNESS AMONG HAWAIIAN INSECTS

Endemic development of flightless species® has occurred in the Orthoptera,
Thysanoptera, Heteroptera, Homoptera, Neuroptera, Lepidoptera (?), Coleoptera,
Hymenoptera and Diptera. Some remarkable examples of independent loss of the
powers of flight exist here. Perkins (1913 :xlviii) has given an excellent review
of the subject, and I shall refer only to some of the problems and a few of the
examples.



Figure 47.—Four species of Nesomicrowus to show the transition between the rounded
wing tip (top) and the angular type (bottom), for comparison with the accompanying illus-
trations of the flightless derived hemerobiids. According to the opinion now held, several
of the flightless species appear to have evolved independently from such varied types of
ancestors as the types figured above. From top to bottom the species are: Nesomicromus
bellulus Perkins (the right fore wing is slightly turned under at the apex), N. rubrinervis
Perkins, N. wagus Perkins, N, species near drepanoides Perkins.



DEVELOPMENT OF ENDEMIC FAUNA . 153

I cannot believe that selection has caused the loss of wings because winged
individuals are likely to be blown off the islands. These islands are not mere
rocks. I concur completely with Perkins’ statement (1913:1):

Nearly all the flightless endemic insects are inhabitants of the forest, or if they frequent
exposed situations like some of the Carabidae, they are closely related to species that frequent
thick forest and are equally flightless. There is no ground for supposing that in these islands,
as has been suggested for flightless insects inhabiting other Oceanic islands, the wings have
been lost or degenerated through the agency of natural selection, as being a source of danger, if
used on small land areas, where flying insects are supposed to be liable to destruction from
being blown out to sea.

The development of our flightless species appears to have come about through
the survival of individuals with hereditary abnormalities. They have not been
selected because they are better fitted—they have been fortunate in being developed
within a friendly environment with quantities of food so easily attainable that the
loss of the powers of flight has not been a form of “lethal mutation,” and they
have had no enemies which might overwhelm them. Certain mutant forms with
aborted wings can often survive simply because they do not need wings to get
about and to get their food. They need not travel far to obtain what they need
and to procreate. It is the ability of certain flightless forms to survive, rather
than selection acting against flight. It is probable that had these mutant forms
occurred in the rigorous environment of a continental area, they would not have
survived. Our present human society harbors, feeds and protects the feeble of
mind, the maimed, the chronically ill and the blind. These individuals would have
had little or no chance of surviving in environments in which human society existed
not so very long ago. The flightless insects of Hawaii are the descendants of
cripples which survived only because in these insular environments biotic and
environmental pressures are reduced to a minimum, and conditions have been
favorable for their survival. They are “hopeful monsters” arisen under circum-
stances in which there is hope.

Some of these flightless species which were successful under primitive Hawaiian
conditions have recently succumbed to new biotic pressure brought about by the
introduction of predators which are foreign to the Hawaiian biotal balance. Some
of us have searched intensively under the very trees where Dr. Perkins procured
a series of the flightless fly Emperoptera mirabilis Grimshaw but have never been
able to find a single example of the species. It appears that this remarkable fly
is now extinct—at least in the type locality—because it was unable to withstand
the new pressure created by the invasion of its environment by immigrant pre-
daceous ants.

Flightlessness is not something which has occurred rarely and which developed
single lines of flightless forms, but flightless species have arisen within the same
group of Hawaiian insects at different times and at different places. Also, flightless
species have arisen locally from flightless species whose ancestors in turn were
fully winged. The flightless Emperoptera fly described from Perkins’ Oahu col-
lecting arose independently and from quite a different stock from the one I de-



154 INSECTS OF HAWAIIL. VOL. 1

scribed from the deep highland rain forest of Maui (Zimmerman, 1938:145).
Lamb (1909) described another in the same family from the subantarctic islands
of New Zealand. The remarkable flightless Nabis bugs appear to have arisen from
several local stocks (see the text under Nabis and the illustrations in volume 3
of this work). I have chosen the flightless lacewings (Neuroptera: Hemerobiidae)
to illustrate this section. 1

Figure 48 —Flightless endemic Hemerobiidae: Pseudopsectra lobipennis Perkins, top and
middle; Nesothauma haleakalac Perkins, cotype, bottom. ’
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There have been six species of flightless hemerobiids discovered in Hawaii. One
of these is from Kauai, one from Oahu (undescribed because the material was lost
in the field and it has not been re-collected), three from Maui and one from Hawaii.
These species are very distinct, one from the other, and each appears to have
developed from a different ancestral Nesomicromus (a large endemic genus) at
a different time and at a different place. The species of Nesomicromus fall into
two main groups on the basis of the shape of the fore wings. One group has the

g

Figure 49.—Pseudopsectra cookcorum Zimmerman, a flightless hemerobiid with unusually
well-developed, specialized setae.
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Figure 50.—Pseudopsectra swezeyi Zimmerman, a flightless hemerobiid with peculiar angu-
late wings which are unusually coarsely net-veined.
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apices of the fore wings rounded; in the other group the margins are concave, at
least at the apex, and some of those with the concave apices also have the posterior
margins sinuous. The former group is the more abundant. The illustrations (fig.
47) represent these groups clearly. The remarkable Pseudopsectra swezeyi Zim-
merman has arisen from an angulate winged ancestor, but all of the other species
have arisen from the section with rounded wings.  On the five described species of
Pseudopsectra, the hind wings are reduced to minute fleshy flaps. On the single
Nesothauma, no hind wings can be found. The length of the hairs of the body
and wings varies among the various species of Nesomicromus. On some the hairs
are conspicuous, but on others they are minute and are hardly discernible. The
same applies to the flightless derivatives, but a further advance is made. On Pseu-
dopsectra cookeorum Zimmerman the fine hairs have developed into very large,
rather grotesque, bipartite spines (see fig. 49).

The volant Nesomicromus fly from plant to plant in search of prey. The flight-
less species crawl about on mossy logs and limbs and frequent low foliage in
their food hunting.

The wings of the volant species are delicate and lace-like, but the flightless
species, in addition to having their hind wings abortive, have the fore wings
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Figure 51.—Pseudopsectra usingeri Zimmerman, a flightless native hemerobiid with rounded
wing apices.
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reduced and greatly thickened. The venation is confused with the veins thickened
and with multitudinous cross-veins. The wings tend to be heavy, coriaceous shields
for the body and are not a far cry from the elytra of beetles. It is of interest
that a rather similar tendency to coriaceous wing development is displayed by our
flightless endemic Nothorestias delphacid leafhoppers—a group in an entirely dif-
ferent order.

Given time and opportunity, one or more of these grotesque “hopeful monsters”
might well give rise to a successful new descendent line which might evolve
further into a distinctive new group. One can visualize what might happen if a
single gravid example of one of these extreme species were to be carried to and
left undisturbed through a long period of time on a new archipelago of high islands
which had an array of unfilled ecological niches and was uninhabited by competing
groups or overwhelming enemies. Here, again, is displayed before us dynamic
evolution carrying the same potentialities which have given rise to the world’s
floras and faunas, present and past. Here is the way a new order of organisms
might arise.

PREDACITY AND PARASITISM IN THE ABORIGINAL FAUNA

As we should expect, the predator and parasite pressure in an insular area such
as Hawaii is comparatively low. It is low because of the great difficulties involved
in overseas dispersal and colonization. It has been only of very rare occurrence
that phytophagous organisms have managed to cross the sea and become estab-
lished here, and rarer still have been the successful invasions by predators and
parasites, The arrival of predators and parasites without the previous establish-
ment of suitable hosts obviously would lead to the early death of any successful
immigrants. One would not expect that insect predators and parasites could
accompany the original colonizations of their insect hosts for obvious reasons—
the most important of these is the small number of hosts arri\;ing at any one
colonization period. A single bird immigrant might bring with it lice, mites and
worms which could be passed on to its young because of the parent:il care necessary
to rear them, but this would not be true of insects.

There is a sequence of events which much be followed in the population of any
new island. Very soon after emergence from the sea, certain of the cryptogamous
~ plants are able to establish themselves. Then, as the rock disintegrates under rain,
wind and plant action, higher plants slowly become established as conditions become
suitable for their survival. Ecological niches for a large number of kinds of plants
do not become available until a long period of time has passed. Conditions change
rapidly in the nature and complexity of the new forest as new kinds of plants
become established and begin to spread. Only after suitable hosts have occupied
the area can animals become established. One would expect that land snails would
be among the first land animals which could find food and shelter on a new island.
Certain insects, such as some of the small lichen-feeding moths, would be the first
to be able to thrive. The speed of development of the biota would increase geo-
metrically with time. Carnivores and parasites could not become established until
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suitable hosts were fairly well developed in numbers and in area, but it usually
does not require much time for a newly immigrant species to increase to large
numbers if there is an adequate food supply.

The predaceous groups of insects in the endemic fauna are as follows :—

Odonata: The dragonflies Anax (1 species), Nesogonia (1) and Megalagrion
(27) feed mostly on aquatic insects and on insects which accidentally fall into
the water. It is improbable that the pressure they brought on the endemic
insect fauna influenced speciation.

Heteroptera: Oechalia (15 species) (Pentatomidae) prey upon various cater-
pillars, and some also attack certain leafhoppers. They are a rather restricted
group. Only a few (2?7) reduviid species are native. The Nabidae, however,
contain a large complex of Nabis species (25 described) which are the most
important of the predaceous Hemiptera. Only a few Anthocoridae are endemic
(Lastochilus 5, Lilia 1), and these probably prey upon such insects as psocids
and thrips. The Saldidae (6 species of Saldula) are rather local insects.

Neuroptera: The 26 Amnomalochrysa chrysopids and the several genera of
Hemerobiidae (27 species) feed upon psocids and Hemiptera. It is doubtful
that the predator pressure of this group was ever very great.

Coleoptera: The Carabidae (about 215 species), Staphylinidae (90) and His-
terida¢ (35) are the only well-developed predaceous groups in this order, and
only a few predators in other families of beetles are native (Dytiscidae, 2
species ; Hydrophilidae, 2 ; and Cucujidae, probably less than 15). The predator
pressure brought by the Carabidae and Staphylinidae was a dominant one.

Hymenoptera: The fly-catching Mimesidae and Crabronidae number only about
32 species. The mimesids prey principally upon leafhoppers, whereas the
crabronids appear to have fed largely on the calliphorids, the larger Drosophila,
Dolichopodidae and Anthomyiidae. The eumenid Odynerus are numerous both
in species and in numbers; their prey consists of certain kinds of caterpillars,
and they may have exerted a fairly high pressure on certain moths. It is of
interest that these wasps prey almost exclusively on the Pyralidae and
certain of the Microlepidoptera; rarely do they attack the Geometridae, which
are so abundant in our forests.

Diptera: The only predaceous flies of account are the Dohchopodldae and the
Lispocephala anthomyiids. There is an extensive series of genera ard species
of dolichopodids in the native fauna, and they prey principally on larvae of
other flies, small caterpillars and pérhaps on other organisms. We have little
knowledge of their prey. The large genus Lispocephalae feed as larvae upon
the larvae of other flies such as the tipulids, and the adults feed on various
insects, even members of their own genus.

Other predators of insects imclude:—
In addition to the insects, a rather large series of native spiders constituted a
general group of predators.
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Some of the native birds also fed on various insects. Among the more important
insectivorous birds are the five thrushes, which at times feed upon spiders and
caterpillars, especially the Geometridae. One of the Kauai forms, though largely
frugivorous, hunted Rhyncogonus weevils and is the only known bird that fed
on these insects. ’

The three Chasiempis flycatchers feed upon a large variety of insects and other
organisms including flies, beetles, beetle larvae, moths, caterpillars and even myria-
pods. They not only catch insects on the wing, but search for them on foliage
and on limbs and dead wood. These birds are, relatively, newcomers to the islands.

The drepaniids generally take insects such as caterpillars and moths and some
spiders on occasion, and all of them feed their young on insects and spiders. Loxops,
Oreomyza and Heterorhynchus are largely insect-eaters, but some of them also
take nectar. Loxops and Oreomyze feed largely upon caterpillars and spiders and
at least an Oahu Oreomyza is known to have searched especially for certain carabid
beetles. Heterorhynchus fed upon spiders and caterpillars and was especially fond
of Oodemas weevils. Pseudonestor fed particularly on the immature stages of
plagithmysine beetles on Haleakala, and was specialized for tearing open branches
and twigs in search of its prey. Viridonia preyed extensively on the cricket, Para-
trigonidium freycinetice, on Hawaii.

The Kauai “Oo” "(Meliphagidae) fed on caterpillars and the native prognatho-
gryllid and Paratrigonidium crickets, and the other species of the genus took insects
on occasion.

The single Hawaiian bat is an uncommon species, and almost nothing is known
about its food habits.

The only insectivorous plant we have is Drosera, which is confined to a few
high mountain bog areas. No survey of the insects it captures has ever been made.
It is known to trap large numbers of flies.

The parasitic insects in the native fauna are as follows:—

Hymenoptera: In the Ichneumonidae, Agrypon (11 species), Echthromorpha
(1) and Enicospilus and its allies (31) are all parasites of moth caterpillars.

The braconids have only a single species of Ecphylopsis which parasitizes long-
horn beetle larvae, and its endemicity may be questioned.

In the Encyrtidae we have a series of Anagyrus species (7 described) which
are parasites of mealybugs; Coelopencyrtus has 4 species which parasitize Odynerus
wasp larvae; Hypergonatopus (7) are hyperparasites of the two native dryinid
wasps; Xanthoencyrius (6) are mealybug parasites. ’ '

The eupelmids (Eupelmus, 54 species, and Lepideupelmus, 3) have developed .
one of our two largest endemic parasite complexes, and they have radiated out to
parasitize such varied hosts as Hymenoptera, Diptera, Orthoptera, Neuroptera,
Lepidoptera and Coleoptera; some are egg parasites, others are parasites of larvae.

The Miscogasteridae contain about a dozen species about which little is known.
One has been recorded as a parasite of a Dryophthorus weevil.



DEVELOPMENT OF ENDEMIC FAUNA 161

The Mymaridae are represented by 16 species of Polynema which are, or are
presumed to be, parasitic on the eggs of delphacid and cicadellid leafhopper eggs. A
species now considered an immigrant attacks the eggs of an immigrant Nabis.

The Diapriidae contain 9 species centering around Phaenopria, and those which
are known are parasites of Drosophila larvae.

The Scelionidae include six species of Prosanteris and five of Microphanurus
(endemicity uncertain) ; at least one of these species has been reared from Nysius
bug eggs. i

Our Cynipidae, Eucoila (9 species) and Cothonaspis (18 -species), are para-
sites of Drosophila larvae.

In the Bethylidae we have 16 species of Sclerodermus which are parasites of
wood-feeding caterpillars and a few are parasites of certain wood-boring cerambycid
and, possibly, other beetle larvae. Sierola constitutes the largest complex of native
parasites, for it contains 181 known species. These are parasites of moth cater-
pillars. ‘ '

The Dryinidae have only two (1?) native species of Pseudogonatopus. These
.are parasites of delphacid leafhoppers. They in turn are parasitized by Hyper-
gonatopus. '

In addition to these, there are a few species of Spalangiidae, Aphelinidae and
Eulophidae which possibly might be native; these are known only from seven
species placed in six different genera in the three families.

Diptera: The only parasitic Diptera in the native fauna are the pipunculid
flies, 12 of which are known, and these are all parasites of delphacid leafhoppers.

Although much work remains to be done on the relationships of the endemic
predators and parasites, particularly by breeding to associate properly the known
species with their hosts, some generalizations can be drawn from the data at hand.
Some large sections such as the Carabidae, Staphylinidae, Histeridae, Nitidulidae,
Elateridae and possibly other groups—over 500 species of beetles alone—are
not known to have any insect parasites. Also, these and other families have no
known predators in the adult stages, excepting some negligible feeding on
occasional species by a few birds and, possibly, damselflies. The large Odynerus
wasp complex of more than 100 species has some of its species attacked by a few
species of Eupelmus and Coelopencyrtus wasps, and these are the only certainly
native parasites known to attack them. Members of the largest complex of Hawai-
ian Diptera—the Dolichopodidae—have no known parasites, and, at most, only
a few predators ever attack the adults (certain crabronid wasps catch some species
and others are probably occasionally taken by Lispocephala flies and Odonata).
I have not found a record of any native parasites of the species of our well-
developed Nabis bug complex, although Perkins (1913) suspected that one or
more egg parasites possibly occurred. If the group has any insect predators, attack
must be only occasional. One would expect to find parasites of the exposed eggs
of our endemic pentatomid bugs, but none has been found. Only a single para-
site species (Microphanurus) has been reared from one species out of our nearly
100 endemic lygaeid bugs. Many eggs of various species have been reared with-
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out a parasite having been found. The groups which are known to be most sub-
ject to the attack of endemic parasites and/or predators are the delphacid and
cicadellid leafhoppers, Pseudococcidae, Lepidoptera generally, the wood-boring
beetles such as the Anobiidae, Ciidae, Cerambycidae, Aglycyderidae and Curcu-
lionidae, the nematocerous Diptera. and Drosophila. v

In the light of present knowledge, it appears reasonable to conclude that para-
site and predator pressures have not played a major role in species formation in
Hawali.

CENTERS OF DEVELOPMENT WITHIN THE ISLANDS

One of the most fundamental facts in distribution within the islands is that
the various islands have a differential development of species in many genera.
Some genera are extensively developed on one island only, some on two or more
adjacent islands, or they may be highly developed on one island and become pro-
gressively fewer in numbers from one island to the next adjacent and the next.
Fach of the larger islands has its various developments of different groups of
insects which indicate that each island was colonized individually and that dif-
ferent groups arrived at different times on different islands. This is one of the
soundest principles which argues against these islands ever having been connected
in one mass. I interpret such distributions to mean that the areas of greatest
development indicate the place of origin within the Hawaiian Islands of the .
species complexes in questior. For example, genus “A” first. became established
on Maui where it spread and developed a complex of species. Because of the
ocean barriers, few individuals ever became established on the neighboring islands
of Hawaii and Molokai. However, through the ages, some forms did become
established on these islands, and today we have a large complex on Maui, a
smaller one on Molokai, and a yet smaller one on Hawaii. The island of Molokai
is closer to Maui than is Hawaii, and hence it was colonized more frequently than
Hawaii and now has a greater number of species than Hawaii.

.

"TABLE SHOWING EXAMPLES OF DISTRIBUTION PATTERNS

NUMBERS OF SPECIES

GROUP Kauai Oahu Molokai Maui Hawaii
Mecyclothorax (beetles) . . . 0 6 20 40 17
Bembidiini (beetles) . . . . . 14 5 4 5 1
Metromenus (beetles) . . . . 3 17 5 1 1
Cossoninae (beetles) . . . . | 29 22 3 15 6
Achatinella (molluscs) . . . . 0 125+ 0 0 0
Partuling (molluscs) . 0 2 23 44 6
Newcombia (molluses) . . . . 0 0 9 1 0
Carelia (molluscs) . . . . . 28 0 0 0 0
Rollandia (plants) e e 1 18 0 0 0
Stenogyne (plants) 4 2 3 14 28
Phyllostegia (plants) 6 12 6 15 9
Psychotria (plants) 3 1 0 0 0
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The distribution patterns are not at all similar. In some groups, Maui has
the greatest development, in others Oahu is the center, while other complexes are
best developed on Kauai, Molokai or Hawaii. Thus, it is apparent that each of
these islands has shared individually original colonizations or developments and
each has acted independently in this regard. These developments are quite inde-
pendent of ecological conditions, because for the most outstanding examples of
these developments equivalent conditions exist on all the major islands.

The accompanying table was prepared to illustrate some examples of this
phenomenon. The islands are listed in order from west to east.

DISTRIBUTION OF SPECIES WITHIN THE ISLANDS

Endemic organisms in Hawaii range in distribution from restricted micro-niches
to widespread. Some species occur only in certain valleys or in confined parts
of valleys. Some species occur throughout the range of their hosts. The dis-
tribution of some species appears quite independent of ecological conditions;
other species are distributed in accordance with strict ecological requirements.
Questions to make one ponder are such as why the strong-flying Hawaiian crow
is absolutely confined to a certain restricted range on part of one island, yet some
wingless insects are found widespread on all of the main islands. Why has the
Hawaiian hawk restricted itself to the island of Hawaii, and although it occasionally
straggles to the adjacent great island of Maui, why has it never colonized that
island? (This hawk has wandered all the way to California.)

An interesting fact is that most of our native insects, both winged and apterous,
are confined to single islands and most often to restricted ranges on those islands.
Some of the newly introduced species, however, whether they be beetles, flies,
wasps or bugs, have spread rapidly, not only over entire islands, but have crossed
the open-sea channels between the islands and, in many cases, have established
themselves on all of our main islands within a few months or a few years. Man
has had much to do with this inter-island dispersal.

The remarkable, restricted ranges of most of the native species of Polynesia
are in rather marked contrast to the distributions of certain insects which I have
studied from the Malay Archipelago. In those continental fragments, I have noted
that the insular endemism is much lower than it is in Polynesia and that many
species are widespread throughout many islands. .

For an example of the distribution of a genus on one island, we may choose
the genus Rhyncogonus, which is composed of the largest of all Hawaiian weevils.
Indeed, they are among the largest, most conspicuous and most sought of all
the Hawaiian beetles. They are such prizes that collectors never pass them by;
even snail collectors and botanists bring them in for the entomologists. There
are few Hawaiian genera which have received such careful attention as has
Rhyncogonus. Only one new Hawaiian species has been collected in the past 20
years. Dr. Swezey has given the genus special study, and has plotted the distri-
bution of the 13 species found on Oahu. His map is reproduced here as figure 52.
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Most of the species have been taken at altitudes between 1,000 and 2,000 feet.
Fach species occupies a discrete locality, and no two species are known to overlap
in distribution. The adults are wingless, and they feed upon leaves of various
plants. The eggs are deposited on leaves, and upon hatching, the young larvae
drop to the ground into which they burrow (to feed upon roots?).
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Figure 52.—Map showing the distribution of the known species of the weevil genus
Rhyncogonus on Oahu. No two species are known to overlap in range. Most of the colonies
have been found at altitudes between 1,000 and 2,000 feet. 1, Rhyncogonus simplex Perkins;
2, R. koebelei Perkins; 3, R. blackburni Sharp; 4, R. mutatus Perkins; 5, R. obsoletus Per-
kins; 6, R. segnis Perkins; 7, R. freycinetiae Perkins; 8, R. oleae Perkins; 9, R.' fuscus
Perkins; 10, R. funereus Perkins; 11, R. saltus Perkins; 12, R. welchii Perkins; 13, R. ex-
traneus Perkins. (After Swezey, 1934.)

ARE THESE INSULAR SPECIES WE ARE STUDYING
~ “GOOD SPECIES”? '

Some workers (not systematists) have questioned the “degree” of our species,
and they wonder if we are really dealing with “full species” or “good species.”
It should not take long for anyone who really investigates our species to ascertain
that we are dealing with full species and good ones. Many of our groups of species
contain such distinct forms that some of them would not be placed in the same
genera by workers unfamiliar with the intermediate or connecting species or who
might be working with small collections. During the course of this work, an
authority examining two allied species of a genus for me stated, after superficial
examination, that they belonged to two distinct families. After being informed
that our local data indicated that they were allied species, he checked more funda-
mental characters and agreed with me. One can easily be led astray by these
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insular products. I have little doubt that if the Hawalian Drosophila, for example,
were large animals like birds or rodents, they would be segregated into a large
number of genera and even higher categories on the basis of their conspicuous
morphological differences. The same applies to most of our species complexes.
Our heavy-billed drepaniid birds were once described as finches because of the
confusing morphological similarities in form of beak. Although they are not
finches, they have taken over the form and habits of finches and have filled an
empty niche in Hawaii,

To take only favourite classificatory characters of Passerine birds, form of the bill and
structure of the tongue, we have here forms with long curved bills, forms possessing bills
of an average insectivorous shape, thin finch-like bills, bills recalling that of the pine-grosbeak,
and heavy haw-finch-like bills. Not less diversified are tongues, from fleshy tongue recalling
that.of a bullfinch and every kind of gradation towards bifid and fringed tongues. Quite as
much diversified is the structure of the nostrils. In all, the diversity is so great that it may
seem advisable to separate the long billed genera and to include the others perhaps with the
Fringillidae. But Prof. Gadow has demonstrated that all these birds form but one family.
I came to the same conclusion after my studies. And I consider that all these distinctive
characters are adaptive,. presenting several widely diverging lines of adaptive radiation,
corresponding to great variety of biology and diet of Drepanidae.

On the Galapagos we find another peculiar group first discovered by Darwin and described
by Gould. At present they are considered as forming one genus, Geospiza, with about 25 species.
By their rather heavy, short-tailed build, by their colour and patterns, and by colour variations
‘depending on age, they are extremely uniform. But the variety of bills is astonishing and also
different is said to be their biology. And at the same time, the gradations of the shape of the
bills are such as to make an establishing of divisions quite senseless. (Sushkin, 192%:375-376.)

Many species have outstanding differential characters, but with the multitudes
of species, connecting -intermediates may, in many instances, be found. Extinction
within the ranks would result in largé numbers of species groups or genera. It
must not be overlooked, however, that various species are known to have large
numbers of subspecific forms. Some of these now recognized in lesser categories
were earlier classed as species. But we can recognize those groups, and when we
now speak of species, I believe that in most cases we know fairly well what we
are dealing with. Some groups of allied forms, however, are difficult to under-
stand, and only critical study and experimentation will reveal the true nature of
such forms—if they can be understood by us highly evolved human beings so far
removed from the creatures we are studying. Since this was written the following
material from the pen of Dobzhansky (1944:251) has come to hand and is worthy
of being quoted: '

The opinion is often expressed that species and races are arbitrary categories. This opinion
is false. If given the opportunity to secure the necessary data, a biologist is able in a majority
of cases to decide beyond a reasonable doubt whether the forms under study are distinct species
or only distinct races. Lion, tiger, leopard, and domestic cat are species; Angora cat and alley
cat are ‘surely not species but races. However, “borderline cases,” in which it is impossible
to decide whether one is dealing with species or with races, do exist. Indeed, their existence
was used by Darwin to demonstrate organic evolution. If species are the primordial units of
creation, or else if they arise by sudden leaps (as thought by G. St. Hilaire and recently by
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Goldschmidt), then we should be able to find methods to decide whether any two forms are
still races or already species. If, on the other hand, species evolve gradually from races, then
the decision will be possible only in some, perhaps in a majority, of cases, but at least some
instances must be found in which forms are too distinct to be races but not distinct enough'

to be species.

RATE OF EVOLUTION

The first director of the Bishop Museum, Dr. W. T. Brigham, had so much
faith in Dr. Perkins as a collector that he thought that Perkins had collected nearly
all the Hawaiian insects. He used to say, jokingly perhaps, that evolution was
going on at an extraordinarily rapid rate in Hawaii, because of the numerous
new species which were constantly being discovered by Swezey and other workers
after Perkins had finished his survey.

It is apparent that the rate of change in organisms does not follow a set pat-
tern; it is a variable. It may be different between various groups of organisms,
and it may vary in rate and intensity within groups in different places and at
different times.

Evolution in the tropics should be faster than in higher latitudes because we
have more generations per year in many groups. Some insects breed almost
continually the year around, and several or many generations are produced each
year. Likewise, our land snails reproduce almost continually. t

We are confronted with extremely 'difficult problems when we attempt to
interpret evolutionary rates, because we are only at the threshold of knowledge
concerning such phenomena, and we know little about the causes and effects. From
what we have observed, we may venture some remarks upon relative rates of
evolution upon these islands.

The native species we see here are largely those which have developed on these
islands. Hence, they are younger than the islands. But we do not know the age
of any Pacific island within any but broad ranges of age estimation. Someday
when more is known about the age of the land we will know more about possible
evolutionary rates. There are few fossils to guide us in our work here, and those
which have been found are all of late Pleistocene, or Recent age.

Perhaps the narrowest age range which could be given to an island upon which
endemic species have developed would be similar to that of the elevated coral
‘atoll of Henderson (in the Pitcairn group). This island has emerged recently and
now stands somewhere near 100 feet above the sea. The endemic plants, land
molluscs, insects and birds of that island have developed on it since it rose high
enough above the waves to provide ecological conditions suitable for the support
of such native organisms. These endemic species are younger than the island as
it exists today. It is improbable that these endemic forms developed until the
island ‘had emerged for a significant distance above the waves, for none of the
many neighboring atolls in the great Tuamotu Archipelago has such a distinctive
endemic biota. It appears, then, that the species endemic to Henderson are recent
species, and that their age is a matter of a few thousand years at most. Moreover,
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at the rate natural erosion is progressing on this tiny coral island, it cannot be
expected to remain at its present height for very long. It will soon be worn down
‘to sea level again, and, unless the island rises further from the sea, its endemic
terrestrial biota perhaps will suffer complete extermination before many centuries
have passed. )

Here, then, is a base to start on. If species could have developed in geologically
very recent times on low, flat-topped Henderson Island with its plain topography
and few ecological niches, then some species on other islands are equally as young.

After detailed and careful field work, one of the most astute of Hawaiian
geologists has placed the subaerial age of the island of Lanai in the most recent
one-fifth of the Pleistocene (Wentworth, 1925). In spite of the small amount of
collecting done on Lanai, and in spite of the vast deforestation and extermination
which took place before any natural history survey was made, there has been
assembled a large suite of endemic species of insects, land snails, birds and plants
which have evolved upon Lanai. It appears, then, that a large number of endemic
organisms has been evolved on that island in less than about 130,000 to 200,000
years.

Any changes in land and in ecological or other conditions which have influ-
enced evolution are older than the species acted upon. I wish to re-emphasize this
point. Any insects which are dependent on plants as factors of speciation are
younger than the plants which played the influential roles in their evolution. Unless
we are grossly misled, host isolation has played an obvious, dominant role in
speciation among Hawaiian insects. '

The profuse speciation of Hyposmocoma, Plagithmysus, Proterhinus and other
insect genera in Hawaii probably went hand in hand with the development of the
highly diversified flora. Some groups arrived after the flora was well developed
and they also speciated extensively. It is perhaps impossible to say now whether
a group “‘grew up” with the flora or quickly adapted itself to an already diversified
flora. It does not appear that any more time than the Pleistocene and Recent
periods need be required for many of these specific segregates, as well as numerous
genera, to have developed distinctiveness. In fact, it seems that the ages of many
of these forms possibly should be measured in thousands of years, rather than
the millions some workers believe requisite. Other groups are old, and their ages
go back hundreds of thousands or a million or so years. When we begin to speak
of “many millions” of years on mid-Pacific islands, we extend our'discussions
to ages before the present landscapes which have exerted such a profound influ-
ence on the development of the biota came into existence, and such long periods
of time are largely irrelevant to species formation on these islands. We do take
millions of years into consideration when we discuss some stem groups, certain
genera and the progenitors of certain groups of our plants and animals. It
appears consistent with geological history to conclude that the terrestrial biota
of the Hawaiian Islands began its local development in Pliocene time and that
its greatest flowering came in the Pleistocene. ‘
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It is possible to cite many examples of all extremes in species development
among the Hawaiian insects. We have some forms which are so weakly differen-
tiated as to be hardly recognizable as different entities, and forms at the other.
end of "the line which have undergone such profound differences that they are or
might be called genera.

It appears that the compactness of the area, its small geographical expanse,
and easy availability of food are conducive to speciation. The small sizes of the
populations and the ease of isolation contribute to the change. It is believed
that isolation of small populations for even relatively short periods of time may
lead to inter-colonial differences which may in turn lead to speciation. The smail
sizes of our insular areas are a very real aid to speeding up of the speciation
processes. Moreover, these small populations are isolated from one another, and
this contributes to more rapid change than would occur’in wide-ranging populations.

Dr. Perkins (1913 :ccviii—ccix) said:

I once examined two large series of Nesosydne pipturt from two different stations in the
mountains behind Honolulu, where the species is very common. The first lot were taken
from a number of trees, growing near together, in a rather open spot, the second lot from
an isolated tree distant not many hundreds of yards from the former. Although possible
individuals might have been picked from each lot agreeing exactly, yet on the whole the two
series were so distinct superficially, that until I examined the genitalia I had great doubts
whether those from the isolated tree were not a really distinct species. ... In addition to this,
a colony of a species infesting one tree sometimes shows considerable differences in appearance,
‘when compared with a colony infesting another tree, even though the distance between the
two is small, and these differences are likely to be increased, when colonies from more isolated
spots are examined. I have little doubt that any number of superficially distinct forms could
be obtained by selective breeding. It is possible that the appearance of individual colonies is
often due to the nature of the original parents that colonized the tree, for colonies, if undisturbed,

‘ persist on a single tree, as I have experienced, for years.

In certain endemic species or in groups of species which appear to have been,
geologically, comparatively recent immigrants, we find that there is considerable
variation and it is difficult to decide whether to call the forms variants of a single
species or to segregate them as varieties, subspecies or species. I am not familiar
enough with birds to pass judgment, but I may call attention to the fact that the
California linnet was purposely introduced to Hawaii, and that when a collection
of the descendants of the original stock was made some years later, they were
found to differ so much from the normal form found in California that they
were made the subject of a special report by an eminent ornithologist (Grinnell,
1911). T have been told that individuals making up the Hawaiian population of
an introduced Asiatic frog differ from those found in their homeland. If these
differences are real, then here are examples of the beginnings of speciation.

A problem of great interest, and one which should receive careful consideration,
is that of the leaf-rolling caterpillars attached to banana. These belong to the
endemic genus Omiodes, which is an ally or segregate of Nacoleia. There are 23
described species in Hawaii, and others are known by their larvae only. The group
has been studied carefully by Dr. Swezey for 40 years. The larvae of various
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species feed on palms, grasses, sedges and on certain liliaceous and leguminaceous
plants, but there are five described species which appear to be restricted to the’
banana. These are distinct forms, and they can be distinguished from one another
in both the larval and adult stages. If our observations are correct, and if these
several species are restricted to banana, and we have no reason to doubt this,'
then we have here an example of a species complex having arisen within about

800 years. There is no doubt that the banana was brought to Hawaii by the ancient

Hawaiians who colonized Hawaii about 800 years ago. There are no bananas

anywhere on the islands of the deep Pacific Basin which were not introduced

by man. Hawaii was colonized by natives who sailed here from the Society

Islands. Neither Omiodes nor Nacoleia is found in the Society Islands. The

Hawaiian Omiodes form a closely interrelatéd, compact group of forms which

appears to have originated in Hawaii following a single chance invasion. There

can be no doubt that these banana-feeding species have arisen locally from other

. Hawaiian species. From the data at hand, then, it appears reasonable to conclude
that these forms have arisen in about 800 years or less.

When evolution takes place slowly, and/or when extinction is active, many
distinct genera and groups of species, frequently isolated by well-marked morpho-
logical gaps, are developed. Where speciation is rapid, great species complexes
of closely allied or intergrading species in relatively few genera are developed.
The Hawaiian plants, land snails and insects definitely fall in the second, or
rapid, category. ,

It has been held by some workers that. the center of greatest proliferation of
species marked the place of origin of a genus. This “rule” is valueless in the
majority of examples of species complexes in Hawaii. Of course, we do have
genera which have evolved here and in which the devélopment of species complexes
has been entirely local; the “rule” may be applied to such genera. Hawaii probably

~ is one of the most recently colonized places inhabited by the ground-beetle genus

Mecyclothorax, yet there are 85 known forms in Hawaii but only about 25 in the

rest of its range. It had its origin in the Australian Region. Similarly, the Proter-

hinus weevils have explosively speciated in Hawaii, - and although over 180 kinds
have been described in Hawaii, the genus is an immigrant. The nearly world-wide
wasp genus Odynerus apparently originated long before the Hawaiian Islands ever
felt the air, yet we have the world’s greatest single complex of species in Hawaii.

- (It is particularly significant to this discussion that the vespoid wasps did not
develop until Eocene time and that the genus Odynerus is much younger. It is

not improbable that the more than 100 Hawaiian species are post-Pliocene in
age.) The same applies to the Nysius bugs, to other insects, to many plants and
to land Mollusca. These forms have radiated out to fill the numerous empty niches
found upon these islands, and their development can only be described by saying
that it Las been “explosive.” '

One might liken some of the speciation in Hawaii to what might happen if one
could develop in a laboratory a series of mutant types of Drosophila and could
release them in a new area and have many of the mutant forms survive as distinct
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‘entities which would set up new species because they found conditions favorable
to their existence. Or, we might compare certain conditions in Hawaii with those
under which we raise prize cattle, dogs, pigeons, etc., which could not for long
hold their own in the wild. Some mutant forms get along here which might not
stand a chance of survival on a continent.

The rate of evolution among the Hawaiian terrestrial Mollusca appears to be
much more rapid than most malacologists will admit. Different rock piles and
different shrubs and trees separated only by a few yards support distinguishable
forms. The “colony system” of collecting (whereby each colony of shells is
sampled and the material kept separate) has been found to be the soundest method
of collecting because of the obvious differences between small populations. No
rock pile, tree or shrub can be very old on these islands, and the population dif-
ferences appearing in isolated colonies must be, at least in part, younger than
their habitats. The very fact that these differences can be detected so easily is
proof of rapid evolution.

It is significant that competition, predacity and parasitism are generally of low
_ grade on islands, and these influences favor explosive types of speciation.

Perhaps it will not be out of place to call attention to Crampton’s often-quoted
researches (1917, 1925, 1932) on the Partula land snails of the Society Islands.
Crampton concluded that evolution was proceeding so rapidly there that he not
only found significant speciation differences between his material and that col-
lected earlier by other workers, but he also found differences in his own material
collected after an 11-year interval. I do not wish to belittle Crampton’s outstand-
ing monographs produced after years of concentrated labor, but I must take issue
with the above conclusions. We collected in the islands visited by Crampton during
the Mangarevan Expedition in 1934 and now feel that some of Crampton’s basic
data were partly incorrect. Crampton’s early predecessors collected at a time when
the forest came down close to the beach and when it had not retreated so far or
so rapidly as it has before man in more recent times. The early collections were
mostly made at low elevations near the coasts. When Crampton collected, his
snails were found farther inland. His collections came from other colonies, and
hence they showed population differences in his biometrical studies. Furthermore,
it is possible that Crampton collected from other populations after his 1l-year
. gap in collecting. When we visited the islands we collected higher up in the moun-
tains and found species and forms never seen by Crampton! These things had not
evolved since Crampton’s time; they were simply obtained from different popula-
tions in different localities.

In almost every section of the terrestrial Hawaiian biota, or in all of it, the
primitive groups are conspicuously absent. For example, the gymnosperms are
wanting; the primitive orders of insects are either unrepresented or are poorly
developed; among the vertebrates there are no primitive forms—the birds are
evidently all Pleistocene or Recent derivatives. On the other hand, some of the
malacologists are not inclined to concede that the land snails are anything but
ancient. However, H. B. Baker, who has made what is generally considered to
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be one of the soundest and most complete surveys of any group of Polynesian
snails yet written, considers the much-speciated zonitid snails to be a compara-
tively modern group. He says (1941:347) that they are probably “the most
advanced families of the terrestrial mollusks which have éndemic species in most
parts of the Pacific region.” Baker also concludes (p. 360) that “their immigra-
tions have probably been relatively recent.” He recorded 266 species, 95 percent
of which are endemics, from Polynesia. He found that his studies did not support
the theories of certain other malacologists who have demanded large land areas
of great age in the Pacific, but he emphasized the fact that the group he was
working on is a recent one.

If some malacologists are correct in their conclusions that certain of the Poly-
nesian land snails are primitive types, then it appears more plausible to assume
that possibly they are derived from primitive stocks through the processes of inter-
insular segregation outlined above, and that their present intense speciation is a
geologically recent flowering, a resurgence of evolutionary potential. This would
bring them more in line with the plants and with other animal developments of
Polynesia. It is illogical to suppose that the land snails are utterly out of step
with the remainder of the biota. It is of real significance that modern anatomical
" studies of land snails are bringing to light revolutionary new conclusions which
were quite masked when the shells alone were studied. In many groups conclusions
drawn from fossils or from shells alone can hardly be used for data applicable
to modern studies of relationships and distribution in the light of present findings.

Because many of our groups of genera and species are highly developed, diversi-
fied and divergent, taxonomists have been led to overemphasize greatly their pecu-
liarities rather than to emphasize their phylogenetic similarities. Thus, the true
‘relationships of some of our groups have been masked in inaccurate taxonomy
for many years. For example, the molluscan groups Achatinellidae and Amas-
tridae have been considered endemic Hawaiian families which are without allies
elsewhere, and they have been used by some workers to emphasize especially the
- peculiarities of Hawaii. The presence of such endemic families in Hawaii indicates
that the islands are remnants of a great Pacific continent—so some investigators
have held. However, more detailed anatomical studies by Cooke and his protégé
Kondo indicate that the family Achatinellidae is a local divergent specialization
from a basic stock belonging to the widespread Pacific family Tornatellinidae,
which is so highly developed, diversified and widespread in eastern Polynesia.
Moreover, the two subfamilies of the Amastridae appear to have been derived
from two distinct stocks which perhaps will come to be considered as no more
than subfamilies in association with the-nearly world-wide family Pupillidae. In
fact, one of these subfamilies evidently will be merged with the Holarctic Cochli-
copinae.

11 the remarkable drepaniid birds of Hawaii have evolved and radiated to such
an extreme degree and have developed such a large complex of genera and lesser
forms in Pleistocene time, then is it not equally possible that our more rapidly
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reproducing insect and land-snail faunas could have developed their present multi-
~plicity of species largely since late Pliocene time?

EXTINCTION IN RECENT TIME

Before the coming of man, native forest clothed the islands from seashore to
timber line as it does today in undisturbed areas of certain other Pacific islands.
Isolated lowland pockets of native plants, lowland fossil beds and other evidence
support this conclusion. Native animals had a similar distribution. Native drepaniid
birds were found at sea level and frequented coconut trees about the native villages
when Captain Cook visited the islands, but for probably more than a century these
birds have been unable to live at such a low level. After thie arrival of the Poly-
nesians, apparently about the twelfth century, the rapid retreat of the forests
began. Fires set by the natives, as is still being done all over the Pacific, made
great advances through the lowland and dry-land forests. After Captain Cook
discovered the islands in 1778 and following the subsequent introduction of cattle,
goats, sheep, horses and other domesticated animals (the Hawaiians brought only
the fowl, swine, dog and rat with them), and followed in turn by agricultural
development by the white man, the forest retreat was alarmingly rapid. The shal-
low-rooted. endemic plants cannot tolerate grazing. When the undergrowth is
eaten away, the thin soil dries out rapidly, and, excepting for isolated trees, the
forest vanishes. ‘

Hartt and Neal (1940:251) say:

In 1793 the first cow and bull were landed on the island of Hawaii, at Kawaihae, and were
released under a ten-year protective law. They increased rapidly to thousands, and in 1822
they were living in wild herds on Mauna Kea as observed by Goodrich. In 1856 they were
so numerous and harmful to vegetation that Hillebrand, according to Judd, wanted them
removed. In 1931 they were removed from upper Mauna Kea. Not only wild cattle but wild
goats, sheep, horses, and hogs were offenders. By denuding the ground they caused the forma-
tion of erosion gulches. Horses were introduced in 1803, and wild ones lived on Mauna Kea
until 1932, when they were removed from the upper slopes. Sheep were caught by wild dogs
until the dogs were removed; by 1935 they had increased to 40,000. Sheep, largely, have pre-
vented the development of Sophora seedlings. In-1909 the Government made upper Mauna Kea
a forest reserve, which by March 1936, included 85,000 acres. In January, 1937, a fence 55.5
miles long was completed, encircling Mauna Kea between altitudes 6,000 and 8,000 feet and
protecting 88,108 acres of the summit area from sheep, cattle, and hogs. In August 1935, we saw
very few seedlings or young trees, but many old and dying trees.

The introduction of nematodes and plant diseases of various sorts speeded the
destructive processes. Introduced grasses and other plants smother young growth
and prevent the reproduction of forest seedlings. Today there are several million
acres where hardly a native plant can be found. Not one-quarter of the original
forest cover remains in these islands. Fortunately, however, during the last quarter
of a century steps have been taken to safeguard our dwindling segments of this
marvelous heritage. By legislation, by scientific planning, by fencing, by the
control of feral animals and by development of forest-reserve areas, the extreme
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rate at which our forests were disappearing has been decreased markedly. In fact,
some forest areas are coming back slowly. But much remains to be done, and
it is too late to save what has been lost. At the present time, about one-fourth
of the total land aréa of the main Hawaiian Islands is classed as forest reserve.
Not all the forest reserve is clothed in native forest, however. The conservation
program has been carried on because of the realization that forest cover is essential
in the preservation and protection of the most valuable mineral resource in the
islands—water. '

The changes wrought on the natural balance of plants and animals on these
lands has been tremendous. Extermination has been extraordinary. We lost for-
ever—before a scientist ever had an opportunity to examine the area—almost all
data concerning the true character of the lowland flora and fauna. Here and there
in small pockets we have found vestiges that give us a few clues. We find Recent
fossil terrestrial molluscs which tell us much. But we know next to nothing regard-
ing the prehistoric lowland insect and bird faunas. There is not an area in-the
world where so many birds have become extinct in so few years as has been true
here. We can tabulate some of the extinct birds because we have a few specimens
collected long ago, but we have no idea of the numbers—probably many hundreds
—of kinds of insects which have become extinct since man appeared on the scene.
There has not been an endemic insect described from the islands of Niihau or
Kahoolawe. There is a remote possibility that some few still exist in nearly
inaccessible cliff areas on Niihau, but the endemic plants and animals of Kahoo-
lawe have long since been extinct. Cattle, sheep and goats ate the native vegetation
off that island long ago, and for years it has been literally blowing out to sea.
It is now almost divested of its soil and is uninhabited. What a pity that we know
nothing of its indigenes! :

If it were not for the introduction of numbers of predatory and parasitic
insects, many of our endemic insects might still exist in lowland areas. The intro-
duction of a single species of ant, the voracious Pheidole mega.cephala, alone has
accounted for untold slaughter. One can find few endemic insects within the range
of that scourge of native insect life. It is almost ubiquitous from the seashore
to the beginnings of damp forest. Below about 2,000 feet few native insects can
be found today, and those which are found there belong to a few species which
form an unusual small assemblage of forms which have been able to withstand
the changing environment, or have adapted themselves to new hosts.

Perkins (1903:393-394) said:

Although the destruction of the lowest belt of forest over by far the greater part of the
islands has, in my opinion, been a most efficient cause of the destruction of native birds, many
other causes have been at work, all of which are due to the occupation of the islands by white
men. Such causes are the introduction of cattle and goats, which have extirpated or very much
thinned out great portions of the native forest; of cats, foreign rats, and the mongoose (which
are direct enemies), as well as the mynah, which not only attacks and drives away other birds,
but also devours their eggs and young. The disturbance caused by the entrance of cattle into
untrodden forest appears to be alone sufficient to scare away some species. Thus, on a very
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rough lava-flow on Hawaii in 1892, the “O0” (Acrulocercus nobilis) was very numerous, and
as many as a dozen of these birds could be seen in a single tree, making, with hosts of the
scarlet “liwi,” the crimson “Apapane,” and other birds, a picture never to be forgotten. A few
years afterwards, on revisiting the spot at the same season, although the trees were, as before,
one mass of flowers, hardly a single “O0” was to be seen. The only noticeable change was
that cattle were wandering over the flow and beginning to destroy the brushwood, just as they
had already reduced the formerly dense forest bordering the flow to the condition of open
park-land. '

Cats were introduced into the Hawaiian Islands at a very early time, and, no doubt, increased
excessively, while, as their owners moved from place to place, many strayed into the woods
and began to feed on mice, rats, and birds. They are now found wild on all the islands, appar-
ently only the wettest portions of the forest being free from them. On Lanai, in walking up
a single ravine, I counted the remains of no less than twenty-two native birds killed by cats,
and these must all have been destroyed within two days as previously the whole gulch had
been washed out by a heavy flood. Two cats were actually shot on this occasion as they were
devouring their prey, and several others seen, but, owing to the fact that they are extremely
shy and mostly nocturnal in habits, few people who have not lived much in the woods have
any.idea of their numbers. The common rat is also quite at home in the forests and is decidedly
arboreal in habits, feeding on fruits, land-molluscs, and no doubt on birds. The mynah, which
I have myself seen devouring both young and eggs of other species, has increased prodigiously,
and probably exceeds in numbers the whole of the native land-birds put together. It has greatly
extended its range through the forest since 1892, and on some of the islands it is now ubiquitous.

Many favorite collecting grounds—type localities—for workers active before
the turn of the century are now devoid of native plants, insects and land snails,
and are cultivated or are covered by city streets and buildings. Patient, repeated
search in type localities in the lower forests has failed to recover a number of
species especially sought after, and many of these are certainly extinct. Even
in high mountain areas where cattle have run we now have great difficulty in
finding many plants and insects. In some places where we can find a steep little
gulch which contains a bit of native brush which the cattle have not yet destroyed,
we find new kinds of insects on rare plants. Some of these species are on the
verge of extinction, and some have become extinct recently. \

In Perkins’ time, some species of Odynerus wasps were common in populations
of “millions.” Swezey collected nine species in Iao Valley on Maui when he first
visited the valley about 35 years ago, but in more recent visits he found them to
be rare. Today one must work hard to capture a small series of examples in a
day’s collecting. Odynerus feed upon certain kinds of caterpillars, and probably
one of the factors influencing their decline has resulted from the wholesale
slaughter of caterpillars by the immigrant and introduced caterpillar parasites.
These parasites have created a profound pressure on the native caterpillars. The
Omiodes caterpillars, a favorite food for some Odynerus, were once common in
the mountains. Because of the new parasitism, these moths are now rarities or
have not been seen for years. The ramifications of influences brought to bear
by new, aggressive introductions to insular faunas are frequently appreciated by
only a few workers who by chance of interest have been made aware of them.
Many of the moths collected early in the century by Dr. Swezey have not been
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seen for years. Time and again we bring in caterpillars from the forest and rear
out not the fine adult moths but introduced foreign parasites. Three introduced
continental ichneumonid wasps have by themselves played the dominant role in
this great reduction or extermination. These are Casinaria infesta (Cresson),
Cremastus flavoorbitalis (Cameron) and Hyposoter exiguae (Viereck). These
are general parasites on whole series of moths, and if one moth species becomes
rare, the parasites can keep up their numbers on other species. Hence, there is
always an abundance of the parasites, and extermination of precinctive, small popu-
lations of particular endemic moths is quite possible. If the parasites were specific,
host extinction would probably not come about because when the host became rare,
the parasite would also decrease in numbers.

Perkins (1913 :cxvi) found about 90 percent of the larvae of the endemic long-
horn beetle Clytarlus fragilis, and over 90 percent of those of Plagithmysus soli-
tarius, parasitized by foreign Ischiogonus wasps. These wasps also attack our
other species of remarkable plagithmysines and probably account for the rarity
of most of the species today. : ’

Perkins (in a letter) stated that on Hawaii one year he had observed cicadellid
léafhoppers “dead of some fungus disease in countless thousands in the Kona
district, and in a few minutes I remember filling several pill boxes, as they stuck
dead, but lifelike, on the trees. No doubt these were mostly one species. I never
saw another epidemic like this, and if the fungus attacked the species indiscrimi-
nately, it would go hard with the rarer ones on such an occasion!”

Dr. Cooke has told me of an early record of a disease which attacked the now
scarce native Hawaiian duck. It was said that the duck died by the thousands
at Pearl Harbor.

The lowlands used to teem with certain delicate and beautiful native damsel-
flies. After the introductions of fresh-water fishes such as top minnows, the
native damselflies, whose ancestors never had to protect themselves from fishes,
became scarce. .

Rock (1913) held that the dry, lower forest areas of the lee sides of the
islands were the richest in varieties of trees, and said that in certain of these
.regions a botanist could collect more different kinds of trees in a day than he
could find in a week or two in the rain forest. ‘He stated that 60 percent of all the
indigenous trees in the islands could be found in the leeward dry regions. If
this be true, then the amount of extermination must have been great in these
regions, for most of these areas are now practically stripped of native vegetation
to 2,000 to 5,000 feet or more. Limited areas of dry forest are preserved best
on Hawaii, Lanai and part of Maui. These may be of great interest botanically,
but they are now mostly so overrun by myriads of immigrant ants that they are
largely barren of native insects. We do not have a true picture of what the mag-
nificent dry-land fauna of these islands was. What riches might the naturalist
have found when such areas as the Lualualei region of Oahu, the lee side of Kauai,
western Molokai, the plain of Lanai, the vast region between the isthmus of Maui
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to above the Kula and Ulupalakua regions and the wide expanses of leeward
Hawaii were in their natural state! We do not know how much we have lost.

~ The remarkable endemic genus Carelia, which contains the largest of all Hawaiian
land snails, consists of 29 described forms. The genus is a lowland group, and
probably most of the species lived below 500 feet. Of these 29, only about 7 have
ever been taken alive, and of these only 2 have been taken during the last 10 or
more years. From evidence presented by beds of thousands of dead shells, it is
obvious that the shells once swarmed over the lowlands.

There are a number of fine trees and shrubs which are extinct and others which
are on the verge of extinction in Hawaii. Some are known from small groves or
from one or two existing plants only. Unfortunately, a list of these is not avail-
able, but when one is compiled, it will be rather lengthy. Some of my friends have
seen destruction by cattle of the last survivors of unique, localized, native plants
when a short length of fencing could have preserved the species.

Above the lower dry mountain slopes, at elevations varying usually from 1200-3000 ft.,
one reaches the belt of continuous forest. Where undisturbed by man or beast, this is often
so dense as to be impenetrable without cutting a pathway, or at least breaking through by
force. Luxuriant growths of ITeie (Freycinetia) in many localities and in others wiry-stemmed
ferns (Gleichenia) make progress difficult. The width of this forest-belt varies very
greatly according to the locality and according to the destruction that has been the work of
man. In some places no such forest-belt exists, in others it has been reduced to an open tim-
bered country, covered with foreign grasses. This is the last stage preceding destruction,
when the remaining trees produce their seed in vain, for the thick growth of grass prevents
any young trees springing up to replace the old. We have known a forest so dense that it
could be traversed only along a narrow made path, generally knee-deep in mud, to.be reduced
to open woodland by the ravages of cattle within a period of about fifteen years. (Perkins,
1913 :xxvii.) .

Rock (1913:43), speaking of the middle forest zone on Mauna Loa, said:

The Ohia lehua gradually passes into the Koe forest, if such it can still be called; for
nowhere has the writer found such a pitiable sight as the Koa forest presents in this district
at about 3000 feet up to 5000 feet elevation. Here 90 per cent of these giant Koa trees are
dead; their hnige limbs dangle in the air on pieces of fibrous strings of bark, ready to drop,
if stirred by the slightest breeze. The remaining 10 per cent of the trees are in a dying
condition, and in a very few years the country will be entirely denuded. Huge masses of
trunks and limbs are scattered over the ground, and it is really difficult to ride through this -
remnant of forest....Trees reach here a height of 80 feet or more. This condition is mainly
due to the cattle, which have destroyed all the undershrubs and also injured the trees, which
are then readily attacked by insects. )

On the “great central plain” of Hawaii, Rock (1913:46) noted that

On this plain are scattered many voicanic cones, mainly composed of black cinder and
covered with dense vegetation. But especially on the crater bottoms one is likely to find
interesting plants which have disappeared from the open plain, where they are eagerly
devoured by cattle and goats, while at the bottom of these craters they are safe from their
ravages. Anyone collecting on this plain should direct his steps to all these cones, as it is here
only that he can obtain things of interest.
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On Maui, Rock (1913:70) found that

The forests spoken of by Hillebrand at Ulupalakua have entirely disappeared and only
remnants of them can be found. Cheirodendron Gaudichaudii is still common, besides Suttonia,
and Ohia lehua; numerous still is the araliaceous Pterotropia dipyrena. The undershrub is
again mainly Rubus hawaiiensis. The species of Cyanea found by Hillebrand are gone forever;
and where they once reared their proud palm-like crowns toward the sky there is now only
grassland, with herds of cattle and ugly Eucalypti. The writer was fortunate enough to find
a specimen of the long-sought-for, gorgeous Cyanea arborea in that locality in a small gulch
inaccessible to cattle. It was the last of its race. He scoured the country for miles searching
for the handsome Cyanea comata, but his searches were in vain: it has vanished forever.

We know that dense forest covered the area between Makawao and Ulupalakua
not so long ago, because one “used to ride through the jungle on the trail” between
the two points. Other stories handed down mention horses “bogged down” in the
mud on the trails in the Kula region. T'oday.there is not a patch of native forest
in the entire area, and water is so scarce in the Kula district that it must be brought
by a pipe line that runs for many miles to the intake in the Olinda forest reserve
on the other side of the mountain; but the draft is so great that water must be
rationed on occasion and expansion of agriculture is limited. .

- Each native plant in Hawaii supports a lesser or greafer assemblage of asso-

ciated insects. Many insects are absolutely host-specific. 'When their hostplants
become restricted in range, the range of the insects shrinks accordingly. Deforesta-
-tion and extermination of various trees on our islands have accounted for the
extinction of an untold number of associated insects. Some insects which were
at one time abundant on certain trees back of Honolulu are now no longer found,
because, for many years, we have been unable to find a specimen of their host-
‘plants.

There are many references in earlier Hawaiian literature pertaining to. the
abundance of various native insects, but we cannot find these insects in such
abundance today. Extinction and great reduction in numbers are very real occur-
rences in Hawaii. There is no way of knowing what part of the insect fauna exist-
ing in Hawaii when man arrived has been exterminated, but I believe that to
say a third or more of the species are now extinct would be no exaggeration.
One should not forget that the living native insects we study today are largely
confined to less than one-quarter of the area once available to the fauna.

ECOLOGY

This subject has been so well covered by other workers who have had an
opportunity to spend much more time than I have in the forests of the Hawaiian
Islands that it is appropriate for me to refer the reader to their published works
for detailed -accounts. Hillebrand, Perkins, Rock and W. A. Bryan have given
extensive discussions of the vegetation from which the interested person may
obtain an excellent picture of local conditions in their day. Henshaw (1902) has
outlined the faunal zones in relation to birds. Recent workers, such as F. X.
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Williams (in his series on water insects), Hosaka (in his paper on Kipapa gulch),
Ripperton and Hosaka (on vegetation zones), Usinger (in his Nysius paper) and
Hartt and Neal, have included discussions of ecology, and these authors refer
to a number of other published works. An account of the climate, prepared by
S. B. Jones, is included in the Ripperton and Hosaka discussion (1942).

Any area in which one can pass within a few miles on a single mountain mass
from a seaside semidesert to a rain forest receiving over 50 feet of rain in a
year, or from lush, steaming tropical jungle to a perpetual, subpolar desert (mean
minimum July—August temperature at 13,000 feet of 0° C. or less) where snow
on occasion lies on the ground the entire year at nearly 14,000 feet, and which
has such a spectacular, rugged topography clothed with dense vegetation con-
taining about 2,000 known native higher plants making up one of the most dis-
tinctive botanical provinces of the world, cannot escape having an unusual range
of ecological conditions. The remarkable thing is that so many different types
of ecological niches are available in such limited areas. The proper treatment
of the subject of ecology in Hawaii would require a book by itself.
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INDEX

Aa, 102

Abanchogastra, 85

Abortopetalum, 113

Abutilon, 113

Acacia, 112 ; koa, leafhoppers on, 142

Acaena, 112

Acalles, 84

Achatinella, 101, 162

Achatinellidae, 171

Achatinellinae, 100

Achyranthes, 111

Acrapex,79

Acritus, 81

Acrolepia, 78

Acrulocercus nobilis, 174

Adaptation, color, 142

Adaptive radiation, 165

Adenoneura, 78

Adenostemma, 115

Adiantum, 117

Aegosoma, 83

Aerva, 111

Aeschrithmysus, 83

Aeshnidae, 72

Ages of islands, 44

Aglycyderidae, 83, 127, 162

Agonismus, 77

Agrocerus, 82

Agrostis, 109

Agrotidae, 79

Agrotis, 77

Agrypon, 85, 160

Aizoaceae, 111

Albatross Deep, 13

Aldrich Deep, 13

Alectryon, 113

Aleutian Islands, 5, 6, 97

Algae, coralline, 33, 37

Alleculidae, 83

Aloha,75

Alohini, 75

Alphitonia, 113

Alstmodendron, 111

Alyxia, 114

Amaranth, 65

Amaranthaceae, 111

Amaranthus, 111

Amastra, 58 ; kauaiensis, 124 ; knudseni, 124 ;
sphaerica, 124 ; textilis, 124 ; turritella, 124;
violacea, 124

Amastridae, 171

Amastrinae, 99

Amerizus, 80

Amphoradenium, 118

Anacardiaceae, 112

Anagyrus, 85, 160

Anax, 159; junius, 72, 139; strenuus, 72, 139

193

Ancestral immigrants: of insects, 94; of
plants, 116
Anchastus, 83
Anchomenini, 80
Anchonymus, 81
Anchotefflus, 80
Andropogon, 109
Animals : dispersal of, 61 ; domesticated, 172;
feral, 172
Anobiidae, 66, 82, 162
Anoectochilus, 110
Anomalochrysa, 76, 159
Anoplura, 67, 69, 70
Anotheorus, 84
Antarctic, 108 ; derivation of ferns from, 118
Anthocoridae, 74, 159
Anthomyiidae, 88, 159
Anthomyiids, 159
Anthribidae, 83
Antidesma, 112
Ants, 87
Apapane, 174
Apetasimus, 82
Aphelinidae, 86, 161
Aphids, dispersal of, 53
Aphthonetus, 77
Apocynaceae, 114
Apodemic genera, 65
Apoidea, 87
Aptera, 67
Apterocis, 83
Apterocyclus, 85 ; honoluluensis, 64
Apteromesus, 80
Aquifoliaceae, 112
Araecerus, 83
Araliaceae, 113
Areas of islands, 6, 7
Argemone, 111
Argyroxiphium, 115
Aristotelia, 77
Armiella knudseni, 124
Armsia, 99
Artemisia, 115
Artenkreis, 148
Artifacts, Hawaiian, 37
Asio flammeus sandwichensis, 147
Asplenium, 117
Asteia, 89
Asteiidae, 89
Astelia, 110, 151
Aster, 115
Astrangiidae, 33
Asyndetus, 88
Atelidium, 80
Atelothorax, 80
Atelothrus, 81
Athyrium, 117
Atlantic, area of, 13
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Atlantic Ocean, 14, 15

Atolls, 21, 50, 52, 127 ; emergence of, 52;
formation of, 51 ; vegetation of, 54

Atrachycnemis, 80

Atrometus, 85

Aurelius, Marcus, 1

Auwriculella, 100

Austral, 108

Austral Islands, 50 -

Autographa, 79

Bacopa, 114

Bactra,78

Baker, H. B., 61, 62, 102, 149, 170

Baker Island, 5

Balclutha, 75

Banana : caterpillars on, 168 ; distribution
of, 169

Banchogastra, 85

Banza, 71

. Baryneus, 81

Barypristus, 81

Bass Rocks, 129

Bat, Hawaiian, 160

Batrachedra,78

Batrachedridae, 78

Baumea, 110

Bedellia, 78

Bedelliidae, 78

Bees, 140, 149 ; commensalism in, 150;
radiation in, 150

Begoniaceae, 113

Bembidiini, 80, 162

Bembidion, 80

Bensaleux Reef, 9

Bethylidae, 86, 161

Bethyloidea, 87

Betz, F., 15, 16,17, 18,19

Bidens, 115

Binneya, 62

Biota : age of, 125; distribution of, 49

Biotic pressure, 153

Birds: derivation of, 97; dispersal by, 60;
dispersal‘of, 59; extermination of, 62; ex-
tinct, 173; invasion of, 147; lice of, 72;
migratory, 61; native, 104; passerine, 165;
summary of, 105

Blackburnia, 80 ; insignis, 63

Blattaria, 67,68, 70

Bobea, 115

Boehmeria, 111, 144

Boerhavia, 111

Bogs, peat, 29

Boraginaceae, 114

Borneo, 6

Botrychium, 117

Brachypeplus, 82

Braconidae, 85, 160

Branta, 139 ; sandwicensis, 48

Breweria, 114

Bridges, land, 1, 3, 44, 49, 53, 61, 119

Brigham, W. T., 166

Brighamia, 115

Brontolaemus, 82
Brooks Banks, 9
Brosconymus, 80
Broussaisia, 112, 151
Bryan, E. H.,, Jr., 13
Bryan, W. A, 177
Bryania, 89
Bryocorinae, 74
Bubaloceras, 77
Buteo swainsoni, 147
Butterflies, dispersal of, 59

Caesalpinia, 112
Calamagrostis, 109
Calliphoridae, 88
Callithmysus, 83
Calolelaps, 85

- Caloptiliidae, 78

Campanulaceae, 115
Campodeidae, 68
Camponotus, 86
Campsicnemus, 88
Canavalia, 112
Ganthium, 115
Canton Island, 54, 55
Capparidaceae, 111
Capparis, 111

. Capua,78

Carabidae, 80, 153, 159, 161 ; distribution of,
66

Cardamine, 112

Cardiocondyla, 86

Carelia, 99, 162, 176 ; necra, 135; necra spald-
ingi, 135; paradoxa, 135; paradoxa thaa-
numi, 135; turricula, 124

Carex, 110

Caroline Islands, 13

Carposina, 78

Carposinidae, 78

Caryophyllaceae, 111

Cassia, 112

Cassytha, 111

Catamempsis, 77

Caterpillars, 161 ; leaf-rolling, 168 ; on
banana, 168

Cats, 174

Cattle, and deforestation, 176

Celastraceae, 112

Celebes Islands, 6, 12

Celerio, 79

Celeuthetini, 84

Cenchrus, 109

Centaurium, 114

Ceodes, 111

Ceram, 12

Cerambycidae, 83, 162 ; parasites of, 175

Cerapachys, 86

Ceratotaxia, 83

Cerotrioza, 76

Chaenosternum, 84

Chactoptila, 147

Chalastogastra, 87

Chalcidoidea, 87



-Chalcomenus, 81
Channels, breadths of, 7
Charpentiera, 111
Chasiempis, 151, 160
Cheirodendron, 113
Chelodynerus, 87
Chenopodiaceae, 111
Chenopodium, 111
Chironomidae, 87
Chironomaus, 87
Chlorodrepanis virens, 72
Christmas Island, 5
Chrysidoidea, 87
Chrysomelidae, 62
Chrysopidae, 76
Chrysosoma, 88
Chrysotus, 88
Chubb, L. J., 17,18
Cibotium, 117
Cicadellidae, 75, 146
Ciidae, 82, 162
Cillacopeplus, 82
Ciridops, 145
Cirphis, 79
Cis, 82
Cixiidae, 75
Cixius, 75
Cladium, 110
Claoxylon, 112
Clark, W. 0., 48
Clavicoccus, 76
Cleome, 111
Clermontia, 115 ; parviflora, 143
Climate, 25
Clunio, 88
Cocculus, 111
Cochlicopa, 99
Cochlicopidae, 99
Cochlicopinae, 99, 171
Cockerell, T. D. A., 62
Coconuts, 55
Cocos-Keeling, 57
Coelopencyrtus, 85, 160, 161
Coelopoeta, 77
Coenagriidae, 72
Coenobita olivieri, 55 .
Coleoptera, 67, 159; flightless, 151 ; summary

of, 80

Coleotichus, 73
Collembola, 67, 68, 70
Colonization, rate of, 56, 119
Color adaptation, 142
Colpocaccus, 81
Colpocephalum hilensis, 72
Colpodes, 80, 81, 150
Colpodiscus, 81

. Colubrina, 113

Columella, 99

Commensalism in bees, 150

Comodica, 78
Compositae, 115
Comstock, J. H., 67
Coniogramne, 117
Conocephaloides, 71
Conocephalothrips, 73

INDEX

Conservation, 173
Continentalists, 3
Continental drift, 15, 16
Continents : ancient, 1 ; lost, 12
Contours, submarine, 12
Convolvulaceae, 114
Cook, Captain, 172
Cooke, C. M., Jr., 48
Copeland, E. B., 118
Copelatus, 81
Coprosma, 115 ; montana, 142
Coral, 31, 37, 39; growth of, 33; reef-build-
ing, 31; reefs, 33, 45
Coralline algae, 33, 37
Coreidae, 73
Corrodentia, 67 ; summary of, 71
Corvidae, 72
Cosmophila, 79
Cosmopterygidae, 77
Cossoninae, 84, 162
Cothonaspis, 61, 86
Crabronidae, 87, 159
Crambidae, 78
Crabs, hermit, 55
Crampton, H. E., 3. 170
Crawforda,76
Cressa, 114
Cretaceous Period, 19
Crocydopora, 78
Crow, Hawaiian, 147, 163
Cruciferae, 112
Cryptocarya, 111
Cryptophasidae, 77
Cryptorhynchinae, 84
Ctenitis, 117
Cuckoo, 60, 61
Cucujidae, 82, 159
Cucurbitaceae, 113
Curculionidae, 84, 162 -
Currents, ocean, 56, 57
Cuscuta, 114
Cyanea, 115
Cyclamastra sphacrica, 124
Cyclones, 59
Cyclosorus, 117
Cyclothorax, 80
Cyminae, 74
Cynipidae, 86, 161
Cynipoidea, 87
Cyperaceae, 110
Cyperus, 110
Cyrtandra, 115, 151
Cyrtominm, 118
Cyrtostolus, 82
Cystopteris, 117

Daclera, 73
Dacnitus, 83
Darlington, P. J., 59
Darwin, Charles, 62
Dasyhelea, 88
Dasyuris, 79
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Daucus, 113 i

Deforestation, 65, 172; by cattle, 176 ; on
Maui, 177

Degeeriella (?) diaprepes, 72

Degradation, 21 ; rate of, 23

Deinocossonus, 84

Deinomimesa, 87

Delissea, 115

Delphacidae, 75, 143

Derivatives: of birds, 105 ; of insects, 195;
of molluscs, 104

Dermaptera, 67, 68, 70

Dermestidae, 82

Dermothrips, 73

Derobroscus, 80

Deroligota, 81

Deropristus, 80

Deschampsia, 109

Development, centers of, 162

Dianella, 110

Diapriidae, 86, 161

Dicranomyia, 8

Dictyophorodelphax,75, 143, 151

Dicyphinae, 74

Diellia, 117

Diestota, 81

Digitaria, 109

Diospyros, 114

Diplazium, 117

Diploglossata, 67, 68, 70

Diplosara, 77

Diplura, 68, 70

Diptera, 67 159, 160, 161 ; ﬂlghtless 151;
summary of, 87

- Dipterina, 78

Disenochus, 80

Dispersal, 49, 53 ; of aphlds, 53; by birds, 60;
means of, 56

Dzssochondrus, 109

Distribution: of species within the islands,
163 ; patterns of, 52, 162

Divergence, evolutionary, 149

Dobzhansky, T., 165

Dodonaea, 113

Dolichopodidae, 88, 159, 161

Dolichopodid flies, 143

Doodia, 117

Dor catomwlla 82

Dorcus, 85

Doryopteris, 117

Double invasion, 139

Dowsett Reef, 9

Dracaena, 110

Dragonflies, 54

Drepaniidae, 151, 160, 165, 171, 172 ; beaks of,
145; lice of, 72; radiation i in, 145

Drepammae, 148

Drepanis, 145

Dromaeolus, 83

Drosera, 112, 160

Droseraceae, 112

Drosophila, 89, 159, 161, 162, 165, 169

Drosophilidae, 89

Dryinidae, 86, 161

Dryophthorus, 84, 160

Dryopteris, 117

Drypetes, 112

Dubautia, 115

Ducks, 60, 61 ; Hawaiian, 175
du Toit, A. L., 16
Dyscmtomyza, 88

Dysomma, 84

Dysphoria, 77

Dytiscidae, 81, 159

Earthquake waves, 14

Ebenaceae, 114

Eccoptocera, 78

Echthrogonatopus, 85

Echthromorpha, 85, 160

Ecological requirements, 163

Ecology, 177

Ecphylopsis, 85, 160

Edmondson, C. H 45

Eidoleon, 76

Elachtsta, 78

Elaeocarpus, 113

Elaphoglossum, 117

Elasmzias, 100

Elateridae, 83, 161

Eleocharis, 110

Elevations of islands, 6, 7

Elipsocidae, 71

Ellice Islands, 50, 51-

Elton, C. 8., 53

Embelia, 114

Embioptera, 69, 70

Emergence, effect of, 41

Emperoptera, 88; mtrabllu, 153

Enarmonia, 78

Encyrtidae, 85, 160

Endemic, defined, 63

Endemlclty indices of, 64; percentage of, 66

Endodonta, 102

Endodontldae, 102

Enicocephalidae, 74

Enicospilus, 85, 160

Engytatus, 74

Entada, 112

Entomobryidae, 68

Environmental pressure, 153

Eocene, duration of, 41

Eocerus, 82

Eopenthes, 83

Epacridaceae, 113

Epagoge, 78

Ephemeroptera, 69

Ephydridae, 88

Epitritus, 86

Eragrostis, 109

Eremotyloides, 85

Ereunetis, 78

Ericaceae, 113

Eriopvgodes, 79

Erosion, 21, 23, 43, 50 ; chemical, 25 ; eolian,
23; fluvial, 25 ; subaerial, 25; marine, 25;
speed of 23 ; and evolution, 133

Erythring, 112



Essig, E. O.,67
Fucnemidae, 83
Eucoila, 161
FEucoilinae, 86
Euconulinae, 102
Euconulops, 102
Euconulus, 102
Eucosma, 78
Eucymatoge, 79
Eudiestota, 81
Eugenia, 113
Euhvposmocoma, 77
Eulia, 78

Fulophidae, 86, 161
Eulophus, 86
Eumeninae, 86
Eunitidula, 82
Eupelmidae, 85, 160
Eupelmus, 85, 160, 161
Euperissus,77
Eupetinus, 82
Euphorbia, 112 ; leathoppers of 144
Euphorbiaceae, 112
Eurya, 113
Eurynogaster, 88
Eusipalia, 81
Eusmiliidae, 33
Evolution, 122 ; divergent, 149 ; and erosion,

133; and flightlessness, 140 ; geographical,
35 ; and geographical metamorphosis, 128 ;

and hostplants, 141 ; and kipukas, 130; in

Qdonata, 145; parallel, 149; potential, 171 ;

rate of, 140, 166 ; and volcanism, 132, 141
Fxocarpus 111
Explostive spec1at10n 122
Extermination, 52, 65, 173
Extinction, 172

Fagara, 112
Falcon Island, 20
Fanning Island, 5

Faults : dip, 18 ; San Andreas, 19; strike, 18;

strike-slip, 19
Fauna, development of, 121
Faviidae, 33
Ferns: bird nest, 60 ; derivation of, 118
Festuca, 109
Fiji, 1, 6, 49
Fimbristylis, 110
Finches, 165
Fisher Reef, 9
Flacourtiaceae, 113
Flagellariaceae, 110
Fleming, J. A., 15
Flies : dispersal of, 53 ; dolichopodid, 143
Flightlessness, 151 ; and evolution, 140
Floating islands, 57
Flora: affinities of, 148 ; derivation of, 107;

discussion of, 106 ; number of ancestors of,

11; Skottsberg’s remarks on method of
derivation, 49

Forbes, C. N., 29

Foreign insects, number of, 64
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For7essts, 172; extent of, 172, 173 ; lowland dry,
1 B

Formicidae, 86

Formosa, 6

Fosberg, F. R, 106, 107

Fossils, 33, 37, 41 47 goose, 48 ; msects, 47
land shells, 37 48 hmestone 37 marine,
47,48 ; oysters, 48 ; plants, 48; reefs, 35;
snails, 47 ; trees, 35

Fragaria, 112

French Frigate Shoal, 5,9, 45, 46

Freycinetia, 109, 151

Frog, 168

Frost action, 23

Funafuti, 51

Fungus disease, of leathoppers, 175

Gahnia, 110

Galapagos Islands, 108

Gambia Shoal, 9

Gardenta, 115

Gardner Island, 45, 50

Gardner Pinnacles, 9

Garnotia, 109

Gastrodontinae, 103

Gastropods, 37

Geese, 60

Gelechiidae, 77

Genera : monophyletic and polyphyletic, 148 ;
size of, 93

Genophantis, 78

Gentianaceae, 114

Geochen rhuax, 49

Geographical : evolution, 35 ; isolation, 134,
137 ; metamorphosis and evolution, 128

Geology, 1

Geological metamorphosis, 50

Geometridae, 79, 159, 160

Georissa, 98

Geospiza, 165

Geraniaceae, 112

Geranium, 112 ; tridens, 142

Gerridae, 75

Gesneriaceae, 115

Giffard, W. M., 132, 141

-Gilbert Islands, 5, 50, 51 ; sector, 52

Glaciation, 31, 53; Pleistocene, 56
Gleichenia, 117

Gleicheniaceae, 117

Glick, P. A, 58

Glyptogastra, 85

Glyptonysius, 73

Gnaphalinm, 115

Gnatholigota, 81

‘Gnatholymnaewm, 80
- Godwinia, 103

Gondwana, 3

Goniagnathus,75

Gonioryctus, 82

Goniothorax, 82

Gonomyia, 87

Goodeniaceae, 115

Goose: fossil, 48 ; Hawaiian, 48, 139
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Gossypium, 113
Gouania, 113
Gouldla, 115
Gramineae, 109
Grammitis, 118
Gravity data, 15
Green Island, 9
Gregory, H. E., 9
Gregory, J. W, 31, 33
Grinnell, J., 168
Gryllidae, 71
Grylloblattodea, 67, 68, 70
* Guadalupe Island, 62
Guam, 13

Gulick, A., 53, 61
Gulick, J. T, 12
Gulickia, 100
Gunnera, 113

Guppy, H. B., 60
Gutenberg, Beno, 14, 15
Gypsozzoma, 78

Habenaria, 110

Haleakala, 39

Halobates, 75

Halophila, 109

Halorrhagaceae, 113

Haplothrips,73

Haplostachys, 114

Hardy, A. C,, 60

Hartt, C. E., 172,178

Hawaii : age of, 19, 41, 125; ages of islands,
44 ; colonization by Polynesians, 169, 172 ;
discovery of, 172

Hawaii Istand, 9

Hawaiian duck, disease of, 175

Hawaiian Insecta, affinities of, 95

Hawaiian Province, 97

Hawaiian Swell, 17, 18

Hawaiicola, 73

Hawk, Hawaiian, 147, 163

Hedley, C., 61

Hedyotis, 115

Heimerliodendron, 111

Helicarionidae, 102

Helicinidae, 98

Heliotropium, 114

Hemerobiidae, 76, 154, 159

* Hemignathus, 145

Hemiptarsenus, 86

Hemiptera, 67, 159

Henderson Island, 52, 53, 166

Henshaw, H. W., 177

Hermit crabs, 55

Heron, black-crowned night, 147

Hesperocnide, 111

Hesperomannia, 115

Hess, H. H., 15, 16,17, 18,19

Heteramphus, 84

Heteropogon, 109

Heteroptera, 159 ; composition of, 75 ; flight-
less, 151 ; summary of, 73

Heterorhynchus, 145, 160

Heterotominae, 74

Hevaheva, 76
Hibtscadclphus, 113; gzﬁardzanus, 131
Hibiscus, 113 -

Hillebrand, Wm., 177
Hillebrandia, 113

Himalaya, 9

Himatione, 145 ; sanguinea, 72
Hinds, N. E. A, 47

Hiona, 102, 103, 149
Hionarion, 103

Histeridae, 81, 159, 161
Histiopteris, 117

Hodegia, 77

Holcobius, 82

Holobus, 81

Holocola, 78

Holocorynus, 81
Howmoeosoma, 78
Homoneura, 88

Homoptera : flightless, 151 ; summary of, 75
Honey eaters, 147
Hoplothrips, 73

Hosaka, E. Y., 178

*Host isolation, 137 -

Hostplants, 65; and evolution, 141 ; and iso-
lation, 141 ; and speciation, 167

Host-specificity, 141

Howland Island, 5

Hurricanes, 52, 54, 57, 58, 59, 60

Huxley, J., 63

Hydriomena, 79

Hydrocharitaceae, 109

‘Hydrocinidae, 98

Hydrocotyle, 113
Hydrophilidae, 82, 159
Hydrophorus, 88
Hydrophyllaceae, 114
Hylaeidae, 87
Hylaeus, 87
Hylocrabro, 87
Hymenophyllaceae, 117
Hymenophyllum, 117
Hymenoptera, 67, 159, 160 ; flightless, 151 ;
summary of, 85
Hypenodes, 79
Hyperdasys, 77
Hyperdasysella, 77
Hypergonatopus, 85, 160 161
Hypocala, 79
Hypogastruridae, 68
Hypolepis, 117
Hypolimnas bolina, 54
Hyposmocoma, 64, 65,77, 140
Hypothenemus, 84
Hyssia, 79

Ichneumonidae, 85, 87, 160
Icteronysius, 73,144
Idiomyia, 89

Tiwi, 174

Ilex, 112
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Immigrant: defined, 63 ; number of insect
ancestors, 94 ; number of plant ancestors,
116

Immigration, 52; routes of, 51 ; map of
routes, 96

Imms, A.D., 67

Independent origins, 148

Indian Ocean, 14, 15

Indigenous, defined, 63

Indonesia,. 12

Insects : derivation of fauna, 95; dispersal of,
57, 58; extinct, 173; fossil, 47; number of,
63; number of foreign, 64; orders of, 67;
parasitic, 160; predaceous, 159; summary
of, 71 ; tabular summary of, 89

Inter-insular evolution : diagram of, 123 ;
segregates, 122

Introduced, defined, 63

. Invasion, 138; of birds, 147 ; double, 139; and

" re-invasion, 138

Tolanta, 75

Ipomoea, 114

Iridaceae, 110

Isachne, 109

Ischaemum, 110

Islands: age of, 44 ; building of, 19 ; degrada-
tion of, 21; floating, 57 ; oceanic, 49; pre-
existing, 49

Isodendrion, 113

Isolation : geographic, 134, 137 ; host, 137;

» and hostplants, 141 ; of populations, 168 ;
topographic, 134

Isoneurothrips, 73

Isoptera, 69, 70

Isostatic balance, 12, 35

Isotomidae, 68

Ithamar,73

Itodacnus, 83

Jacquemontia, 114
Japygidae, 68

Japyx, 68

Java, 6,12

Jeannel, R., 1
Johnston Island, 5, 51
Jomnwillea, 110

Jones, S. B., 178
Juan Fernandez Islands, 108
Juncaceae, 110
Jurassic, 3

Kaala, 102
Kaau Crater, 43
Kahoolawe, 3, 9; deforestation of, 173 ; over-
grazing of, 25
Kalania, 74
Kamehameha, 74
Kauai, 9; erosion on, 20
Kauaia kanaicnsis, 124
Kaula Island, 9, 45
Kelisia, 75
Kilauella, 71

Kingfishers, 60
Kingman Reef, 5, 13
Kipua, 102

Kipukas, and evolution, 130
Kirkaldiella, 75
Koanoa, 74

Kokia, 113
Korthalsella, 111
Kure Island, 5,6, 9
Kusaiea frivola, 149
Kuwayama, 76, 149

Labetis, 83

Labiatae, 114

Labordia, 114

Labrocerus, 82

Laemophloeus, 82

Lagenophora, 115

Lamb, C. G., 154

Lamellicornia, 85

Lamellidea, 100 ; tantalus, 149

Laminella, 99; gravida, 124

Lamprocystis moalana, 149

Lanai, 9, 37 ; age of, 43 ; erosion on, 20

Land bridges, 1, 3, 44, 49, 53, 61,119

Landslides,29

Land snails, 97, 166 ; fossil, 48; radiation in,
124 ; summary of, 97

La Perouse Pinnacle, 9

La Perouse Rock, 46

Lastochilus, 74,159

Lastrea, 117

Lauraceae, 111

Lava flows, 23; and evolution, 131 ; extermina-
tion by, 131 ; isolation by, 130 ; volume of, 43

Laysan Island, 9

Leathoppers, 159, 161 ; on Acacia koa, 142,
fungus disease of, 175 ; of Euphorbia, 144

Leaf miners : Proterhinus, 151 ; Tipulidae, 151

Leeward Islands, 45, 46

Leguminosae, 112

Letaloha, 75

Leionysius, 73

Lelapinae, 85

Lepechinia, 114

Lepideupelmus, 85, 160

Lepidium, 112

Lepidoptera, 67, 162; flightless, 151 ; sum-
mary of, 76

Leptachatina, 9

Leptacinus, 81

Leptogenys, 86

- Leptogryllus, 71

Lepturus, 110

Leurocorynus, 81

Libellulidae, 72

Lice, of birds, 72

Lignite, 47

Lilia, 74, 159

Liliaceae, 110

Limestone, 33 ; fossiliferous, 37
Limnoxenus, 82

Limonia, 87 ; foliocuniculator, 151
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Limoniinae, 87
Lindsaea, 117
Line Islands, 5
Linnet, 168
Liophaena, 81
Liparis, 110
Lipochaeta, 115
Lipophleps, 87
Lisianski, 9
Lispa, 88

Lispe, 88
Lispinodes, 81
Lispocephala, 88, 159, 161
Lobelia, 115
Loganiaceae, 114
Loranthaceae, 111
Loxioides, 145
Loxops, 145, 160
Loxostege, 76
Lucanidae, 85
Lucilia, 88

Luzon, 6

Luzula, 110
Lycaena, 80
Lycaenidae, 80
Lycium, 114
Lycopodiaceae, 117
Lycopedium, 117
Lygaeidae, 73
Lymnea, 136
Lyropupa, 98
Lysimachia, 114
Lythrum maritimum, 143

Maba, 114

Machaerilaemus hawatiensis, 72
Machilidae, 71

Machiloides, 71

Macranillns, 80

Mallophaga, 67 ; summary of, 71
Malvaceae, 113

Mansfield, W. C., 48

Mantodea, 67, 68, 70

Mapsidius, 78

Marattia, 117 !
Marattiaceae, 117

Margaronia, 79

Marianas Islands, 3, 5, 13
Marine: drift, 56 ; fossils, 47, 48
Maro Reef, 9

Marotiri Rocks, 129

Marquesas Islands, 5, 6, 51
Marshall Islands, 5, 13, 50, 51 ; sector, 52
Marsilea, 118

Marsileaceae, 118

Maui, 9; rainfall on, 25

Mauna, 80

Mauna Kea, 6, 13, 31, 35, 39
Mauna Loa, 35, 37, 39, 43 ; building of, 20
Mayr, E., 49, 61, 97, 147
Mealybugs, 160

Mecomenus, 81

Mecoptera, 67, 69, 70
Mecostomus, 81

Mecyclothorax, 80, 162, 169

Mecyna, 79

Medon, 81

Megalagrion, 72, 148, 159 ; oahuense,
144, 145, 146

Megaloptera, 67, 69

Megatrioza, 76

Megopis, 83

Meinesz, F. A, 15

Melanesia, 12

Melanocrabro, 87

Melanoxanthus, 83

Meliphagidae, 72, 160

Menispermaceae, 111

Merimnetria, 77

Mesolelaps, 85

Mesothriscus, 81

Mesozoic Period, 16

Mestolobes, 79

Metamastra textilis, 124

Metamorphosis, geographical, 128

Metrarga, 74

Metrargini, 74

Metrocidium, 80

Meétromenus, 81,162

Metrosideros, 113, 142

Metrothorax, 80

Mezoneurum, 112

Microcryptorhynchus, 122, 147 ; vagus, 56

Microcystinae, 62, 102, 149

Microlaena, 110

Microlepia, 117

Microlepidoptera, 159

Micronesia, area of, 13

Microphanurus, 86,161

Microsorium, 118

Midway Island, 9

Milne, P. S.,60 -

Mimesa, 87

Mimesidae, 159

Mindanao, 6

Mindanao Deep, 13

Minor Reef, 9

Miocene Period, 19; duration of, 41

Miridae, 74

Mirinae, 74

Mirosternus, 82

Miscogasteridae, 85, 160

Mites, dispersal of, 58

Modulus tectum, 37

Moho, 147

Mokuaweoweo, 35

Mollusca, 171 ; analysis of, 97 ; derivation of,
97 ; dispersal of, 57 ; extinct, 173; fossil,
48 ; marine, 33; rate of evolution, 170;
summary of, 104

Molokai, 9

Mompha, 77 -

Monarch butterfly, 54

Moraceae, 110

Morinda, 115

Moths, parasites of, 175

Mount Hood, 20

Mount Rainier, 20

Mount Shasta, 20

Mucuna, 112



Muir, F., 121, 143
Miiller, A., 53
Muscicapidae, 72
Mussidae, 33
Mycetophilidae, 88
Myllaena, 81
Mymaridae, 86, 161
Mynah, 174
Myoporaceae, 114
Myoporum, 114
Myrmeleontidae, 76
Myrsidea cyrtostigma, 72
Myrsinaceae, 114
Myrsine, 114
Myrtaceae, 113
Mysticomenus, 80

Nabidae, 74, 159
Nabis, 74,154, 159, 161 ; kahavalu, 142
Nacoleia, 168
Naiadaceae, 109
Naias, 109

Nama, 114

Native, defined, 63
Neal, M. C,, 172,178
Nearctic snails, 62
Necker Island, 9, 13, 45
Necremnus, 86
Neelysia, 77

Nene, 48
Nematocerous Diptera, 162
Nematodes, 172
Neoclytarlus, 83
Neoclytus, 83
Neolelaps, 85
Neosciara, 88
Nephrolepis, 117
Nepticulidae, 78
Neraudia, 111

Nero Bank, 9

Nertera, 115
Nesamiptis, 79
Nesapertus, 82

Neseis, 73,144
Nesenicocephalus, 74
Nesidiolestes, 74
Nesidiorchestes, 74
Nesiomiris, 74
Nesithmvsus, 83
Nesobiella, 76
Nesocidium, 80
Nesoclide, 79
Nesoclimacias, 74
Nesococcus, 76
Nesoconulus, 102
Nesocrabro, 87
Nesocryptias, 74
Nesocymus, 74
Nesodryas, 75 ; freycinetiae, 151
Nesodynerus, 86
Nesogonia, 159 ; blackburni, 72
Nesoligota, 81
Nesolina, 75
Nesoluma, 114

INDEX . 201

Nesomartis, 73

Nesomedon, 81

Nesomicromus, 76, 152,155 ; bellulus, 152 ;
rubrinervis, 152 ; vagus, 152

Nesomicrops, 80

Nesomimesa, 87

Nesopeplus, 82

Nesopetinus, 82

Nesophrosyne, 75

Nesophryne, 75, 146

Nesoprosops, 87, 149, 150

Nesopupa, 98

Nesorestias, 75, 149

Nesosteles, 75

Nesosydne, 75,142 ; blackburni, 143 ; ipo-
wmoeicola, 143 ; koae, 142 ; pipturi, 168 ;
rubescens, 142 :

Nesothauma, 76, 157 ; haleakalae, 154

Nesothoé, 75

Nesothrips, 73

Nesotocus, 84

Nesovitrea, 103

Neuroptera, 67, 145, 154, 159, 160 ; flightless,
151 ; summary of, 76

Neutra, 103

Neva Shoal, 9

New Caledonia, 1, 6, 49

Newcombia, 101, 162

New Guinea, 1,6

New Hebrides, 6, 49

New Zealand, 1,6

Nihoa Island, 9, 45

Niihau, 3,9

Nitidulidae, 82, 161

Noctuidae, 79

Nomiini, 80

Nothocestrum, 114

Nothorestias, 75, 149, 158

Notopeplus, 82

Nototrichium, 111

Nuuanu Valley, 44

Nyctaginaceae, 111

Nymphalidae, 80

Nysius, 73, 140, 144, 149, 161

Oahy, 9

Ocean currents, 56, 57

Oceanic islands, 49

Oceanides, 73

Ocean Island, 9

Ochrosia, 114

Oculinidae, 33

Odonata, 67, 70, 159 ; evolution in, 145; sum-
mary of, 72

Odynerus, 86, 140, 150, 159,160, 161, 169, 174 ;
oahuensis, 150

Oechalia, 73, 159

Oleaceae, 114

Olfersia spinifera, 63

Oliarus, 75, 132, 146

Oligocene, duration of, 41

Oligota, 81

Olosenga, 54

Omiodes, 79, 168, 174 .
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Onychiuridae, 68
Qo, 174
Oodemas, 84, 147, 160
Ophelinus, 86
Ophioglossaceae, 117
Ophioglossum, 117
Ophionini, 85
Oplismenus, 110
Opostega, 78
Orbicellidae, 33
Orchidaceae, 110
Orders of insects, 67
Oreobolus, 110
Oreocrabro, 87
Oreomyza, 160
Orneodes, 78
Orneodidae, 78
Orobophana, 98
Oronomiris, 74
Orothreptes, 84
Orsillini, 73
Orthomecyna, 79
Ortfhc;[itera, 67,160 ; flightless, 151 ; summary
o1,
Orthostolus, 82
Orthotaelia, 77
Orthotylus, 74
Osmanthus, 114
Osteomeles, 112
Ostergaard, J. M., 33, 47
Otiorhynchinae, 84
Owl, 54, 60, 147
Oysters, fossil, 48

Pachycorynus, 81

Pacific Basin, 1,9, 14

Pacific Ocean: area of, 13; depth of, 13;
floor of, 15; size of, 9

Pacificola, 83

Palay, 3

Paleocene, duration of, 41

Paleontology, 47

Palistreptus, 71

Palmae, 110

Palmer, H. S, 46

Palineria, 145

Palmyra Island, 5

Panaphelix, 78

Pandanaceae, 109

Pandanus, 109

Panicim, 110

Papaveraceae, 111

Papua, 12

Paraclytarlus, 83

Paralimna, 88

Parallel evolution, 149

Paramastra turritella, 124

Parandra, 83

Parandrita, 82

Paraphasis, 78

Pararrhaptica, 78

Parasitism, 158

Paratrechina, 86

Paratrigonidium, 71, 142, 160 ; freycinetiac,
160

Parectopa,78

Partula, 170

Partulinag, 101, 162

Paspalum, 110

Patulopsis, 103

Pauahia, 99

Paurotriozana, 76

Pearl and Hermes Reef, 9

Peat bogs, 29

Pelea, 112

Pelecypods, 37

Pellaca, 117

Pemberton, C. E., 57

Peneplains, 25

Penguin Bank, 47

Pentatomidae, 73, 159

Peperomia, 110

Perdicella, 101

Peridroma, 79

Perkins, R. C. L., 58, 65, 88, 140, 141, 151,
153, 168, 173, 175, 176, 177

Perrottetia, 112

Petrochroa, 77

Peucedanum, 113

Phaenopria, 86, 161

Phaeornis, 139, 147

Phalaenidae, 79

Phanerophlebia, 118

Phasmida, 67, 68, 70

Pheidole megacephala, 65,173

Phlaeothripidae, 73

Philippine Islands, 6

Philodoria, 141

Philonesia, 102, 149

Philonesiae, 62

Philopterus macgregori, 72

Phlyctaenia, 79

Phoenix Islands, 5, 50

Pholus, 79

Phycitidae, 78

Phylinae, 74

Phyllanthus, 112

Phyllococcus, 76

Phyllostegia, 114,162

Physonysius, 73

Phytolacca, 111 .

Phytolaccaceae, 111

Pilea, 111

Pilsbry, H. A., 57,99

Pinctada, 37

Piperaceae, 110

Pipturus, 111, 142, 143, 144 ; albidus, 141

Pipunculidae, 88, 161

Pipunculus, 88

Pisonia, 111

Pittosporaceae, 112

Pittosporum, 112

Placostvius, 61

Plagithmysine beetles, 160

Plagithmysus, 83 ; darwinianus, 141 ; lamarc-
kianus, 141 ; varians, 141

Planamastra, 99; diginophora, 124

Planchonella, 114

Plantaginaceae, 115



Plantago, 115
. Plant diseases, 172
Plants: as hosts, 65 ; derivation of, 97 ; dis-
persal of, 57, 61 ; fossil, 48 ; native, 106 ;
summary of, 109
Platydesma, 112
Platymischoides, 86
Platynus, 81, 150
Platyptilia, 79
Platvura, 88
Plecoptera, 67, 68, 69
Plectranthus, 114 .
Pleistocene, 44, 52 ; duration of, 41 ; glacia-
tion, 56
Pleomele, 110
Pleopeltis, 118
Pleuroneurophion, 85
Pleuropoma, 98
Pliocene Age, 44, 52 ; duration of, 41
Plover, 61, 103
Plumbaginaceae, 114
Plumbago, 114
Poa, 110
Polygonaceae, 111
Polygonum, 111
Polynema, 86, 161
Polynesia, provinces of, 2
Polypodiaceae, 117
Polypodium, 118
Polystichum, 118
Polytypic species, 148
Ponera, 86
Populations : and evolution, 125 ; isolation of,
168 ; size of, 137
Portulaca, 65, 111
Portulacaceae, 111
Potamogeton, 109
Potamogetonaceae, 109
Pouteria, 114
Powers, Sidney, 17, 31, 45
Predacity, 158
Pressure: biotic, 153 ; environmental, 153
Primulaceae, 114
Prionopteryx, 78
Pritchardia, 110
Procanace, 88
Prodenia, 79
Prodisenochus, 81
Prognathogryllid crickets, 160
Prognathogryllus, 71
Prognostola, 79
Promylaea, 79
Pronesopupa, 98
Prosanteris, 86, 161
Prosopidae, 87
Prosopis, 87
Prosthetochaeta, 88
Protaulacistis, 79
Proterhinidae, 83, 127
Proterhinus, 60, 64, 83, 140, 142, 169 ; leaf
miners, 151
Protoparce, 79
Protura, 68, 70
Psallus, 74
Psammocharoidea, 87
Pseudagrion, 72
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Pxeu?iobroscus, 80

Pseudocistela, 83

Pseudoclerada, 74

Pseudococcidae, 76, 162

Pseudococcus, 76

Pseudocryptopone, 86

Pseudogonatopus, 86, 161

Pseudohyalina, 103

Pseudomorus, 110

Psendonestor, 145, 160

Pseudopsectra, 76, 144,148 ; cookeorum, 153,
157 ; lobipennis, 154 ; swezeyi, 156, 157 ;
usingeri, 157

Pseudopterocheilus, 87

Psilotaceae, 117

Psilotum, 117

Psittirostra, 145

Psocidae, 71

Psocids, 159

Psocus, 71

Psychotria, 115, 162

Psychra, 77

Psyllidae, 75

Pteralyria, 114

Pteridium, 118

Pteridophytes, summary of, 117

Pteris, 118

Pterodiscus, 99; wesleyt, 124

Pterophoridae, 79

Pterotropia, 113

Pthoraula,77

Ptychothrix, 77

Pupillidae, 98,171

Pupoides, 98

Pupoidopsis, 98

Pycnophion, 85

Pyralidae, 159

Pyrausta, 79

Pyraustidae, 79

Raciation, 52

Radiation, 145; adaptive, 165; in bees, 150

Rafts, 57 .

Railliardia, 115

Rainfall, 25; on Maui, 25; on Mount Iike,
33; on Waialeale, 25 .

Raita Bank, 9

Ramapo Deep, 13

Ranunculaceae, 111

Ranunculus, 111

Rassenkreis, 148

Rat, 69, 174

Rauwvolfia, 114

Red Hill, fossils at, 47

Reduviidae, 74, 159

Reefs, 33 ; coral, 45; fossil, 35 ; Hawaiian, 33

Re-invasion, 138

Remya, 115

Retinella, 103

Reynoldsia, 113

Rhamnaceae, 113

Rhantus, 81

Rhaphidiodea, 67, 69, 70

Rhinomactrum, 77
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Rhus, 112 Selaginella, 117
Rhynchephestia, 78 Selaginellaceae, 117
Rhyncogonus, 62, 84, 160 ; distribution of, Semmnoprepia, 77

163, 164 Sephora, 74
Rhynchospora, 110 Sesbania, 112
Richter, C. F,, 15 Sesuvium, 111
Ripperton, J. C Sharp, D., 150
Rock, J. F.,, 131, 175 176,177 Shells, 37, 39; fossil, 37
Rockia, 111 Shrines, coral artifacts in Hawaiian, 39
Rocks: age of, 41 ; derivation of, 19; nature Sicyos, 113

of, 25 ; permeability of, 27; structure of, 23 Stda, 113
Rollandia, 115, 162 Sierola, 86, 140, 161
Rosaceae, 112 Stgmatineurum, 88
Rubiaceae, 115 . Silene, 111
Rubus, 112 Siphonaptera, 69, 70
Rumex, 111 Sisyrinchium, 110
Rumohra, 118 Sisyrophyta, 79
Ruppie, 109 Skottsberg, C., 49

Rutaceae, 112 Smilax, 110
) Sminthuridae, 68
Snails, 166 ; dispersal of, 54, 58, 60 61,62;
fossil, 47, 48 Nearctlc 62

Sapromyzidae, 88
Sarasin, F., 49

Sadleria, 118,143 Snake, burrowing, 57

Sagina, 111 Society Islands, 5, 6, 50, 51, 56

St. John, H., 97 Solanaceae, 114

_St. Rogatien Bank, 9 Solanum, 114

Saldidae, 75, 159 Solomon Islands, 6

Saldula, 75,151, 159 Sophora, 112, 142 144 172

Samoa, 6, 50, 51 Spalangia, 86

San Andreas fault, 19 Spalangudae, 86, 161

Sandpipers, 61 Sphecoidels, 87

Sandstorms, 59 Speciation, 52, 122, 168 ; and hostplants, 167 ;
Sanicula, 113 factors of, 137 lxmlts of, 137

San Nicolas Island, 62 Species : chains, 131, 132; complexes, 64,169;
Santa Barbara Island, 62 formation of, 125 ; degree of, 164 ; number
Santalaceae, 111 per genus, 94 ; polytypic, 148

Santalum, 111 Spermolepis, 113

Sapindaceae, 113 Sphecoidea, 87

Sapindus, 113 Sphenomeris, 118

Sapotaceae, 114 Spheterista, 78

Sphingidae, 79
Spiders, 159, 160 ; dispersal of, 58

Sarona, 74 Spitsbergen, 53
Saxifragaceae, 112 Sporobolus, 110
Scaevola, 115 Springbank Reef, 9 ‘
Scarabaeidae, 62 Staphylinidae, 81, 159, 161
Scatella, 88 Stearns, H. T., 25, 29, 31, 37, 39, 44, 48
Scelionidae, 86, 161 Stenogyne, 114, 143, 162
Schiedea, 111 Stenopsocus, 71

Schizaea, 117 Stenotrupis, 84
Schizaeaceae, 117 Sterculiaceae, 113
Schizostege, 118 Stictolelaps, 85

Sciara, 88 Straussia, 115

Sciaridae, 88 Strawberry, 147

Scirpus, 110 Strepsiptera, 69, 70
Scleria, 110 Striaturae, 103
Sclerodermus, 86 Strombus, 47 ; hellii, 37
Scolioidea, 87 Strongylodon, 112
Scolytidae, 84 Strumigenys, 86

Scoparia, 79
Scotorythra, 79
Scrophulariaceae, 114

Sea: birds, 62 ; depths of, 9; level, variation

of, 25, 35
Seeds, dispersal of, 55

Segregation, interinsular, 171

Styphelia, 113

Submarine contours, 12; volcanoes, 13
Submergence, 51 ; eﬁ‘ect of, 39
Succession, 158

Succinea, 103 ; dispersal of, 62
Succineidae, 103

Sulamita, 74
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Sumatra, 6, 12 Trionymus, 76
Supra-species, 148 Trioza, 76,149 ; ohiacola, 143
Sushkin, P. P., 165 Trisetum, 110

Swezey, 0. H., 163 Tritocleis, 79

Swezeyana, 75 Trochomorpha, 103
Sylviidae, 72 Trogoderma, 82

Sympetrum, 72 Tropic birds, nesting of, 60
Sympiesis, 86 Trypanoidea, 88

Syntormon, 88 ~ Trypetidae, 88

Tsunami, 21, 52
Tuamotu Archipelago, 5, 50, 51, 52, 166
Tubulifera, 73

Talis, 78 " Turdidae, 72
Tantalia, 89 Two Brothers Reef, 9
Tanytarsus, 87
Tau, 54
Tectaria, 118 .
Telmatogeton, 88 Ulmaceae, 110
Temperature, 31, 33 ; freezing, 31 Umbelliferae, 113
Tephritis, 88 Uncinia, 110

. Tephrosia, 112 Urera, 111
Terebrantia, 73 Urothripidae, 73
Tertiary Period, 19 ; duration of, 41 Urticaceae, 111
Tetramolopium, 115 Usinger, R. L., 141, 148, 149, 178

Tetraplasandra, 113
Tettigoniidae, 71

Thamnotettiz, 75

Thawmatogryllus, 71 Vaccinium, 113

Theaceae, 113 Vanessa, 65, 80

Thiodia, 78 Van Zwaluwenburg, R. H., 54, 55
. Tholeria, 79 Variation, 52

Thoracophorus, 81 : Vaughan, T. W, 14, 33

Thripidae, 73 Verbenaceae, 114

Thrips, 159 Vespidae, 86

Thriscothorax, 80 Vespoidea, 87

Thrushes, 147, 160 Vestiaria, 145 ; coccinea, 72

Thymeleaceae, 113 Vicia, 112

Thyrocopa, 77 . , Vigna, 112

Thysanoptera, 67 ; flightless, 151 ; summary Vincentia, 110

of, 72 ) Viola, 113

Thysanura, 67 ; summary of, 71 : Violaceae, 113 -

Tidal waves, 21, 52 Viridonia, 145, 160

Tiliaceae, 113 Visher, S. S., 59

Tineidae, 78 Vitex, 114

Tinostoma, 79 Vitrina, 103

Tipulidae, 87 ; Ieaf mining, 151 Vitrininae, 103

Titanochaeta, 89 Vittaria, 118

Tonga, 1, 20 ) Volcanism and evolution, 132

Tongan Trough, 1 Volcanoes, submarine, 13

Topographic isolation, 134
Tornatellaria, 100 -

Tornatellides, 100

Tornatellinidae, 100, 127, 144, 171 Wagner, W. H., Jr,, 116
Tornatellininae, 100 Waialeale, rainfall on, 25
Tortricidae, 78 Waihoua, 102

Tortrix, 78 Waimea Canyon, 25, 44
Touchardia, 111 Wake Island, 5
Toxeuma, 85 Waltheria, 113
Trachynysius,73 Washington Island, 5
Trees, fossil, 35 Water table, 25, 27
Trema, 110 Watson, H., 99
Trematolobelia, 115 Waves, earthquake, 14
Tribulus, 112 Weathering, chemical, 27
Trichomanes, 117 Wells, 35

Trichoptera, 69 : Wentworth, C. K., 6, 23, 25, 27, 29, 31, 33, 37,

Triforis, 37 43, 44,167



206

Wetmore, A., 48
Wheeler, W. M., 54
Wikstroemia, 113
Wilkesia, 115

Williams, F. X., 150, 178
Williams, Howel, 17, 18
Wind, 56 ; dispersal by, 58
Wood-Jones, F., 57

Xanthocorynus, 81
Xanthoencyrius, 85, 160
Xanthorhoe, 79
Xenocrabro, 87
Xenopsylla hawatiensis, 69
Xiphopteris, 118
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Xyleborus, 84
Xyletobius, 82
Xylosma, 113

Y ponomeutidae, 78

Zacranium, 86

Zimmerman, E. C., 3, 6, 46, 49, 58, 154
Zonitidae, 103 :

Zonitinae, 103

Zoogeographical divisions, 2
Zoraptera, 67, 69,70

Zygophyllaceae, 112



