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INTRODUCTION,

Tue collection on which this paper is based consists of 176
specimens of Schistocerca, 124 specimens of Sphingonotus, and
17 specimens of /lalmenus. Nearly all of these specimens
were killed in cyanide of potassium and are preserved on pins.
The paper was prepared under the supervision of Professor
Vernon L. Kellogg in the entomological laboratory at Stanford
University.

Only one Galapagos species of Sphingonotus has hitherto
been described. This is S. fusco-trroratus of Stil, who says
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that it occurs also on the island of Puna near Guayaquil,
Ecuador. Likewise, only one species of Halmenus, H.
robustus Scudder, has heretofore been recorded. The material
here reported on, however, shows that there are on the Gala-
pagos at least two species including seven races of Splingo-
notus, and three if not four species of Halmenus.

Genus Schistocerca.

GENERAL REMARKS.

Two Galapagos species of Schistocerca have been described, viz.
S. melanocera (Stil) and S. Ziterosa (Walker). In neither case is
it recorded from which island the £ype came, but all subsequent re-
searches have shown that S. melanocera occurs on Charles, Barring-
ton, Indefatigable, Jervis, James, Albemarle and Narboro, and that S.
literosa occurs on Chatham, Hood and Tower. Scudder reports that
one female of \S. melanocera was collected on Chatham by Baur, and
Butler accredits two specimens of S. Ziterosa, collected by Darwin, to
Charles Island. It is doubtful, however, whether both forms ever
occur normally on the same island. It is well known that Darwin
did not always keep his specimens from the various islands well sep-
arated. We saw neither S. melanocera on Chatham nor .S. literosa
on Charles, but in cach case found the other species very abundant.

Both Wolf and Agassiz have stated that S. melanocera inhabits only
the higher parts of the islands and S. ZZerosa the lower. My own
observations are wholly at variance with these statements. In both
December and June S. melanocera was found in enormous numbers
along the very edge of the shore at Iguana Cove, Albemarle, and was
common up to 1,000 feet. Above this almost none were seen. The
same was true at Tagus Cove, Albemarle. The grasshoppers were
everywhere numerous on the low hills about the cove and at the base of
the mountain two miles inland. On the sides of this mountain they
were scarce, but a few were found all the way to the top, 4,000 feet.
On Charles Island during May the species was abundant close to the
shore at Black Beach, but was much less numerous in the upper parts
.of the island. DBarrington is a low island, below 1,000 feet, and the
species on it was just as abundant near the shore as farther inland.
On Chatham S. Zterosa was common from the shore up to at least
1,500 feet. Hood Island has an elevation of only 650 feet, but the
grasshoppers were just as abundant in the higher parts as near the
shore. Tower Island is all low and flat.
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Hence the two species are separated from each other not by a differ-
ence in habitat, but by a diffcrence of geographical location, 7. e., one
species is confined to one group of islands and the other species to an-
other group.

If we had no specimens from Duncan Island the two first described
forms of Schistocerca from the Galapagos could not be regarded oth-
erwise than as two valid and well-separated species. A large num-
ber of specimens from Duncan, however, present such an amount of
variation that they can be arranged in a closely graded series duplicat-
ing at one end the melanocera form and at the other the /éterosa form.
At first sight this would appear to reduce these two supposed species
to subspecies, but reasons will be given later for regarding the Dun-
can race as a hybrid.

RACES OF SCHISTOCERCA.

The specimens from the different islands show striking, though, in
most cases, slight differences distinguishing the individuals of each
island, as a race, from those inhabiting any other island. There are
two exceptions. Abingdon and Bindloe have the same form, and
Albemarle supports at least two races. Scudder was the first to
point out the existence of races on the islands, but his material was
alcoholic, and he could not, on that account, well describe such color
differences between them as exist. Moreover, he had no specimens
from Abingdon and Bindloe.

The following are the diagnostic characters of the various races.
Detailed descriptions are given on pages 419-436.

S. melanocera melanocera (Pl. xxvi, fig. 1).—Of lurge size; yel-
low of metazona contrasts strongly with black of prozona, yellow spot
on side of prozona distinct; abdomen uniform; terminal halves of
tegmina immaculate.

From Charles Island.

This race may be regarded as typical of S. melanocera; and
Charles Island is most probably the locality of Stal’s Zype of thespecies.

S. melanocera minor.—Smaller than the Charles form; does not
differ from it in color.

From Tagus Cove, Albemarle Island.

S. melanocera pallida.—Same size as the Tagus Cove form, but
differs from this race in being of a generally paler color.

From Barrington Island.

S. melanocera lineata (Pl. xxvi, fig. 5).—Differs conspicuously
from the Charles race in the presence of a distinct pale line along the
side of the abdomen on the lower edges of the terga.

From Iguana Cove, Albermale Island.
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S. melanocera immaculata (Pl. xxvii, fig. 6).—Resembles the
Iguana Cove form in the possession of a light abdominal stripe, but
differs from S. m. lineata and from all the other races in lacking the
yellow spot on the side of the prozonma. Since Scudder had two
specimens which he says shbw a very faint trace of the prozonal
spot, it is probable that some may be found having it well developed.
Its absence, however, is so conspicuous that the race is a very strongly
marked one.

From Indefatigable Island.

The species inhabits also Jervis, James and Narboro Islands, but
the material at hand from these islands is insuflicient to determine
the status of the species on them. The few Narboro specimens
show affinities to both the Tagus Cove and the Iguana Cove races on
Albemarle.

S. literosa discoidalis (Pl. xxvu, fig. 4).—Smaller than any of the
melanocera varieties, of a paler general coloration, lacking strongly
contrasting black and yellow markings; terminal half of tegmina
spotted with conspicuous large quadrate dusky blotches; prozona but
slightly shorter than metazona.

From Chatham Island.

This race may be taken as typical of S. Z#erosa, and it is probable
that the #ype of this species came from Chatham Island.

S. literosa kyalina.—Conspicuously paler than the Chatham form,
reticulations of tegmina lighter; tegminal spots smaller; prozonal
stripes less strongly marked; prozona shorter than metazona. Eyes
slightly farther apart than in S. /. discoidalis.

From Tower Island.

The Chatham and Tower forms are of about the same size, each
being smaller than the Hood variety.

S. literosa punctata.—Distinetly larger than either of the other
two /literosa forms; the prozona relatively shorter, less than four fifths
as long as the metazona; tegminal reticulation as in the Chatham
form, tegminal maculations very distinct.

S. intermedia intermedia (Pl. xxvu, fig. 3).—Characters vary in
all degrees from those of typical S. melanocera melanocera speci-
mens, to those of typical S. literosa punctata specimens.

From Duncan Island.

S. intermedia borealis (Pl. xxvi, fig. 2).—Resembles in coloration
intermediate Dunean individuals; color relatively uniform ; maculation
of tegmina well marked.

From Abingdon and Bindloe Islands.
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RELATIONSHIPS AND EVOLUTION OF THE RACES.

The characters of the species and their various races show little
with regard to their interrelationships. If we leave out of consider-
ation the Duncan specimens, there is no difficulty in referring the
numerous other varieties to two well-separated species as has been
done. Since, however, the Duncan specimens completely bridge over
the wide gap between these two otherwise apparent species, we have
a less simple problem to deal with.

Concerning the Duncan form we may make three suppositions as
follows: (1) It may be an ancestral form, from one of whose extremes
has been developed S. melanocera and from the other S. literosa;
(2) it may be a variable race that on the one hand has varied toward
S. melanocera and on the other toward S. /iterosa; (3) it may be a
hybrid race formed by the intermingling of representatives of the other
two species from the other islands.

There are scveral objections to (1). In the first place Duncan
appears least likely of all the islands to have received the original
Schistocerca population. It is situated near the center of the archi-
pelago and is not more than three miles in its longest diameter.
Structurally it consists of a circular extinct volcano, having an ex-
centric crater with a floor about a third of a mile in diameter and 475
feet above sea level. The rim of the crater is still perfect, rising in
most places to a height of about 350 feet above the floor. At one
point it is produced into a sharp peak having a height of about 1,000
feet. The island is dry and barren. The whole outer slope is covered
by a thick growth of low bushes, but soil is present only on the floor
of the crater. Animal life is almost entirely confined to the interior of
the crater. It is on this small arca, affording absolutely uniform en-
vironmental conditions, that the most variable form of ScZistocerca in
the whole archipelago is found. It is highly improbable that an
island of this sort could have been fit for habitation earlier than such
fertile and much disintegrated islands as Chatham and Charles. More-
over, the winds and currents are invariably from the southeast.
Hence, Duncan is in a poor location to send migrants to the islands
south and east of it. TFurthermore, it is impossible to imagine any
reason why variations representing the /i¢erosa form should have gone
to Tower, Chatham and Hood and not to any of the neighboring
islands.  On the other hand, Duncan gets but little rain, and the ap-
pearance of an island cannot be taken as a definite indication of its age.
The presence of a very strongly marked race of land tortoise on Dun-
can might be taken as evidence of a considerable age for the island.
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On the whole, however, the evidence is against the supposition that
the ancestral race of Sckistocerca lived on Duncan Island.

Under (2) we may assume that the Duncan race is simply a
variety of either S. melanocera or S. literosa that has varied in the
direction of the other species. The great improbability of such an oc-
currence is suflicient to exclude this hypothesis. We may also assume
that the individuals on all the islands once varied as do now those on
Duncan, and that on Chatham, Hood and Tower the mzelarocera char-
acters were suppressed while on Albemarle, Indefatigable, James,
Charles and Barrington the /Z¢erosa characters were suppressed. How-
ever, it appears highly improbable that islands so dissimilar as Tower
and Chatham should have produced the same form, and that islands
so much more nearly alike as Charles and Chatham should have pro-
duced forms so different.

Case (3), assuming the Duncan form to be a hybrid race, has no
direct evidence in its favor. There is, however, nothing that can be
urged against it. The central position of the island would permit
stray individuals to be carried there by both wind and currents from
Charles, Hood, Chatham, Barrington and Indefatigable. If the race
is a hybrid then the incongruity of such a variable form inhabiting an
island of so limited extent and of such lack in diversity of conditions
is avoided. The assumption produces no discord with prevailing
ideas concerning the relationship of environment and variation.
However, as already stated, no direct evidence can be adduced in favor
of the hypothesis. It is simply the only one that explains the facts
and that cannot be disproved.

If, then, we regard the Duncan race as a hybrid, the relationships of
the other races offers less difficulty. From a geological point of view
Chatham and Charles are certainly the oldest islands of the archipelago.
This is evident from (1) the disintegration of the surface lava, and (2)
the destruction, by erosion, of the central craters. In the upper parts
of the southwestern half of Chatham are large open fields of rich soil,
strikingly contrasting with the condition of all the other islands except
Charles and probably the upper part of Indefatigable. On Chatham
are numerous rounded hills, giving evidence of long continu~sd erosion,
and there is no recognizable remnant of a central crater.

Charles Island appears newer than Chatham. The soil is thinner
and less fertile. The surface rises gradually toward the center of the
island where a number of high steep cone-like hills surround a central
valley. Thesehills strongly suggest that they once formed the wall of
a crater. Nearly all the other islands have well preserved craters, and
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almost no soil covering the surface lava. Hood, James, Barrington
and Tower probably never had a single central crater, butall of them,
except James, show little evidence of age.

The winds of the archipelago are almost invariably from the south-
east. The humidity of the region is so small that islands less than
1,000 feet in height have but little precipitation. Consequently high
islands lying to the south and southeast are the most favorably situated
for receiving rain. Chatham and Charles possess both of these quali-
ties. Hence, on them the condition of the surface cannot be relied on
as a definite index of their age. They may appear older than another
island of the same age that is lower and less favorably situated. Hood
is just as well located as either Chatham or Charles, but it is too low
to condense much moisture.

The contrast is so great, however, between Chatham and Charles
and the other islands, that we cannot but suppose, even after making
allowance for all other influences, that they were at least the first
inhabitable islands of the archipelago. Albemarle rises far above all
the islands east of it. To be sure, air currents must reach it somewhat
impoverished in humidity by Chatham, Indefatigable, Charles and
James, but its perfect craters and great fields of barren lava attest its
newness. James and Indefatigable appear to be older than Albemarle
but younger than Chatham and Charles. What the relative ages of
such low islands as Hood, Barrington and Tower may be, however, it
is difficult to judge. The rainfall on them is so slight that they may
have remained unchanged for a long time.

A more serious difficulty in judging the age of an island arises from
the consideration that only its present surface may be recent. A much
older and fertile surface may be buried beneath it. This is true of
Narboro. Most of the surface of this island consists of unweathered
and utterly barren lava. There occur, however, scattered over its sides
numerous isolated patches of vegetation growing on a rather rich soil.
These areas vary from a few rods to half a mile in diameter, and are
walled in on all sides by the recent flows of lava that have covered all
the remaining surface of the island. These flows have occurred at
different times and each has been of small extent. On such an island
a fauna might easily migrate from onc place to another as successively
occupied areas became covered up.

In conclusion, then, with regard to the relative ages of the islands,
all we can aftirm is that Chatham and Charles have the appearance of
being the oldest and first habitable islands of the archipelago. As we
have seen, Schistocerca literosa is represented on Chatham and .S.
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melanocera on Charles. The characters of the races of each species
as given above do not throw any light on the question as to which is
ancestral in each case. Since the Iguana Cove and Indefatigable races
of S. melanocera differ from the others in having a pale abdominal
band, it is probable that they are secondary; and since the Indefatig-
able race has the unique character of an entirely black prozona, it has
probably been derived from the Iguana Cove race. Otherwise we
receive no help on this point from a study of the specimens themselves.
Any form, as far as we can see, could be the direct descendants of the
ancestors of the others in the case of either species.

If Charles and Chatham Islands are, as they appear to be, the oldest
habitable arcas of the archipelago, then it is most probable that they
were the first islands inhabited by representatives of Sc/zz'sloce:'ca.
Adopting this view, it is very easy to explain the status of the genus
at present on the archipelago. We can suppose that the original form
became modified on Chatham to .S. /iterosa and on Charles to S.
melanocera. From Chatham, we can suppose, individuals migrated
to Tower and to Hood—each island being more accessible from Chat-
ham than from Charles

and on these islands became the races peculiar
to them. In the same way representatives from Charles could have
gone to Barrington, Tagus Cove and Iguana Cove, and from the
latter place to Indefatigable. To explain the Duncan race we have
only to imagine that individuals from both Chatham and Charles were
landed upon Duncan, there producing its hybrid /iterosa-melanocera
race. Finally, individuals from Duncan could have gone to Abing-
don and Bindloe Islands and there produced the Abingdon-Bindloe race.
This relationship is diagrammatically shown on Plate xxvi.

It is evident that we might retain the same lines of relationship, but
turn the direction of migration the other way. That is, we might sup-
pose that the Abingdon-Bindloe race is the ancestral one, that from it
was produced the variable race on Duncan, and that individuals repre-
senting one extreme of this race went to Chatham or Hood and indi-
viduals of the other extreme to Charles. From these islands the other
varieties could radiate as before. The chief objections to this view are
first that Abingdon and Bindloe are not very old islands, and second
that migrants would have both the prevailing winds and currents
against them. If the archipelago were inverted in position so that the
northernmost islands were farthest south and vice versa, and if the then
southern islands appeared to be the oldest, we could easily regard the
Abingdon-Bindloe race as the unmodified original species, the Duncan
race as a variable form produced from the first, and the others as being
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derived from the Duncan race. But, the facts being as they are, the
seemingly less reasonable scheme outlined in the preceding paragraph
appears to be the more probable course of the formation of the varie-
ties as they at present exist on the different islands.

DETAILED DESCRIPTIONS.
SCHISTOCERCA MELANOCERA (Stal).

(PL xxvi, fig. 1.)
Acridiun melanocerum StAL, Eug. Resa. Ins. Orth., p. 326, 1861.
Schistocerca melanocera SCUDDER, Bull. Mus. Comp. Zodl.,, xxv, p. 11,
1893.

From Charles Island.

Description of a Typical Specimen. Female.—Ground color of
head black, markings yellow. Pattern of the latter is as follows: a
median stripe on the vertex, dilating slightly on the frontal lunule, and
then going downward as a narrow line on the frontal costa to between
the antenne ; below each antenna, on the floor of the subantennal
groove, a wide stripe extending to, and less distinctly for a short dis-
tance upon the clypeus, the two being connected by a fine line along
the lower border of the front; a third stripe reaching from lower part
of anterior margin of eye downward along anterior border of gena
a little more than half way from eve to base of mandible; a fourth
stripe arising from the lower part of posterior margin of eye and run-
ning downward along posterior border of gena to the inferior margin of
this sclerite.  Antennz uniform dusky; labrum with a bluish tinge ;
palpi yellowish, spotted with black ; compound eyes dark brown; ocelli
yellow. Prothorax has prozona black with an irregular quadrateyel-
low spot on lateral angle of scutum. Metazona orange yellow with
an encroachment of black from prozona along anterior border ; poste-
rior marginal thickening black, with a narrow line of black mottling
just in front of it; otherwise punctate with black especially on dorsal
aspect, yet the general orange yellow color contrasts strongly with the
black color of the prozona. Whole prothorax with a median dorsal
vellow carinal stripe continuous anteriorly swith the median stripe of
vertex and extending posteriorly to caudal border of metazona. Pro-
sternum pale brownish, spine uniform with rest. Exposed lateral parts
of meso- and metathorax black, on each an elongate yellow area along
posterior border of the episternum ending below on a level with the
mesothoracic spiracle.  Sterna of same segments dark brown. Color
in dry specimens a pale clay-color.  Abdomen dusky, sides of terga
dark brown on the posterior part, forming a wide transverse band on
the anterior segments, a narrow band on the posterior segments.
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Prothoracic coxa, trochanter and femur black, with a yellow stripe
along the anterior outer border extending two thirds of distance to dis-
tal end of femur. Tibia and tarsus mottled with yellow and black.
Mesothoracic legs same as prothoracic except that the lighter color is
orange rather than yellow. The pattern of the coloration of the meta-
thoracic femur is of special importance because the modifications it
undergoes amongst the different varieties are of a definite and graded
sort. Its ground color is black and the markings are as follows:
along the median dorsal and the lateral outer and inner lower carine
a very fine line of bright lake red; just above the outer lower carina a
wide yellow stripe reaching a short distance back of the middle of the
femur; a corresponding red line along the inner lower carina ; saddled
across dorsal surface from one upper carina to the other two large
pale-red quadrate areas, the anterior the larger and separated from
the posterior by a space equal to length of the latter, posterior border
of second area lies just above caudal end of lower outer yellow
stripe; continuous with the outer anterior angle of the anterior
red area a yellow stripe running forward just above the outer upper
carina to the cephalic end of femur where it curves dowmward so as
almost to meet the lower yellow stripe; the lower outer and inner lobes
of the posterior end of the femur with a yellow spot, and the upper
lobes tipped with the same color. Metathoracic tibia and tarsus bright
yellow; the upper end of the tibia, a row of small spots on the upper
half of the outer surface, tips of the spines and tarsal claws, black.

Proximal halves of all longitudinal veins of tegmina bright lake
red, otherwise premedian and postmedian areas of the forewings
are distinctly differentiated. Membrane of premedian area pale
lemon-yellow distally where most of the reticulations are of same color,
but toward basal part of wing they are more yellowish and reddish.
Reticulation and membrane of the distal two thirds of the postmedian
area dark smoky-brown, while anteriorly the reticulations are yellowish,
giving, especially on the side, just above the median vein, a lighter
and more differentiated appearance to basal part of wing. Posterior
wings pale lemon-yellow with strong infuscation apically.

Variations (11 specimens).—The majority of the specimens agree
very closely with the #ype. The most frequent divergence is a tend-
ency of the second red area of the hind femur to fuse across the
lateral black space with the lower yellow stripe. Back of this second
red arca, there is, in many specimens, a more or less distinctly de-
veloped third spot between the second and the tip of the femur. In
some the yellow and red colors are paler and the black less intense,
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and there is often less black on the metazona than in the first specimen
described. The abdomen is sometimes paler, due to a spreading of
the brown over all the parts. There is only a slight variation in the
intensity of the color of the tegmina.

The males and females differ from each other in no way except in
size. Length of tegmina of male, 44, 41, 41, 48, 45 = 44 mm.; of

Semale, 55, 56, 58, 55, 53, 49 = 54 mm.

SCHISTOCERCA MELANOCERA MINOR var. nov.

From Tagus Cove, Albemarle Island.

Description of the Type. IFemale.—The type of the Tagus Cove
race on Albemarle is almost identical in color with the Charles Island
example, differing from it only in the following points: metazona
less distinctly contrasted with prozona, being of a dusky orange color
rather than yellow as with the Charles Island specimen, so that the
irregular black markings, although present, are less conspicuous;
there is scarcely any black on the prothoracic femur; yellow areas of
the episterna small and less conspicuous; red of the metathoracic
femur paler, and second red area fused below, on left side, and almost
so on right, with lower yellow stripe; third or posterior spot on the
dorsal surface of femur well developed; color of abdomen uniform,
being dark brown obscurely mottled with dusky; distal half of the
postmedian part of the tegmina paler. Length of tegmina, 47 mm.

Variations (16 specimens).—The other specimens from Tagus
Cove show but little difference in color from the Charles Island speci-
mens ; specimens can be selected that duplicate the Zype from Charles
Island, while as a whole the specimens from the two islands present
exactly the same variations. One difference, however, is noticeable
in most of the Albemarle specimens and that is that the infuscation of
the distal half of the postmedian part of the tegmina averages slightly
less than in the specimens from Charles. In the specimens from both
the islands the yellow of the basal part of the wing just above the
median vein has a tendency to be so arranged as to show the dark
color as a longitudinal series of blotches. In most of the Tagus Cove
specimens the second red area of the hind femur is fused across the
intervening black space with the yellow line, and at least an indication
of the third dorsal spot is present in almost all. Length of tegmina of

male, 39, 39, 30, 40, 38, 38, 41 = 39 mm.; of female, 50, 49, 44, 49,
43 47, 48, 42 =47 mm.

These figures show that there is a very considerable difference in
size between the grasshoppers at Tagus Cove, Albemarle and the
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