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THE BOMBIDZAE OF THE NEW WORLD.
BY HENRY J. FRANKLIN,
Of the Massachusetts Agricultural College, Amherst, Mass.

INTRODUCTION.

In June, 1908, a synopsis of the American species of Bon-
bus and Psithyrus north of the northern boundary of Mexico
was presented by the writer as part of a thesis for the degree
of Doctor of Philosophy. Since that time the work on these
two genera has been extended to take in all the New World
species at present known. The work as a whole has, for the
most part, been done under the supervision of Doctors Charles
H. and Henry T. Fernald, and the writer here wishes to ac-
knowledge his obligations and express his gratitude to these
able teachers and investigators for their aid, guidance and
encouragement.

This monograph is based upon the examination and care-
ful study of about fifteen thousand North American and one
thousand South American specimens, comprising the entire
bumble-bee collections of the Massachusetts Agricultural Col-
lege, New Hampshire College, Montana A gricultural College,
Museum of Comparative Zoology, Leland Stanford Jr. Uni-
versity, Agricultural College of the University of Minnesota,
United States National Museum, American Museum of Nat-
ural History, Boston Society of Natural History, also the
entire Pennsylvania State collection and the greater part of
the collections of the American Entomological Society, the
North Carolina Agricultural College and the Colorado Agri-
cultural College, besides several private collections.

The writer is deeply indebted to many persons for assist-
ance rendered in various ways. Some have loaned litera-
ture and provided scattering references. Others, through the
kindness of the Doctors Fernald in assuming responsibility
for loaned specimens, have loaned material for study. For
such favors the writer wishes to thank very heartily the fol-
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178 AMERICAN HYMENOPTERA.

lowing gentlemen : Messrs. J, C. Crawford, H. L. Viereck,
E. T. Cresson, Sr., Wm. Beutenmiiller, J. C. Bridwell, and E.
Daecke, Prof. T. D. A. Cockerell, Prof. R. A. Cooley, Prof.
C. W. Johnson, Judge P. G. Bolster of Boston, Dr. Heinrich
Friese of Germany, Prof. H. A. Surface, Prof. Franklin Sher-
man, Jr., Prof. V. L. Kellogg, Prof. E. S. G. Titus, Prof.
C. P. Gillette and Prof. E. D. Sanderson. Gratitude is hereby
also expressed to Dr. Henry Skinner for the privilege of
studying the types and other material in the collection of the
American Entomological Society, to Mr. Samuel Henshaw
for the privilege of examining the bumble-bee collection of
the Museum of Comparative Zoslogy and for assistance with
literature, to Dr. L. O. Howard for the privilege of studying
the types in the collection of the United States National Mu-
seum and for the loan of the rest of the bumble-bee material
in that Museum, to Prof. C. P. Lounsbury of Cape Colony
for gathering information concerning the growing and seed-
ing of red clover in South Africa, and to Prof. W. W. Frog-
gatt of New South Wales for information concerning the
growing and seeding of red clover in Australia, and concern-
ing the attempted introduction of bumble-bees into that coun-
try. Indebtedness to the three following gentlemen, who,
since this aid was given, have closed their earthly labors, is
also acknowledged : Dr. James Fletcher and Dr. W. H. Ash-
mead for the loan of specimens, and Colonel C. T. Bingham
for information concerning the types deposited in the British
Museum.

Practically all of the types of species described by the New
World workers on this group have been seen and carefully
examined by the writer, and considerable effort has also been
put forth to gain more definite knowledge concerning the
types of New World species which have been described by
European workers and deposited in European museums.

The bibliographies of the genera and subgenera have been
made as full and,complete as any future worker on the group
will probably wish to have them, and no pains have been
spared to make the bibliography of every species included
in this paper absolutely complete. The writer has himself
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read nearly every reference included in these bibliographies,
and the few which he has been unable to see are marked with
asterisks. References which have been seen and are placed
with doubt are marked with an interrogation point.

A large amount of information has been collected which it
is impossible to include in this paper because the pressure
of other work does not, at present, allow time to put it into
shape for publication. The writer intends, however, to later
prepare and publish another paper on the New World Bom-
bidee which may be looked upon as a supplement to the
present work. That paper will probably deal principally
with methods of collecting nests, with the life histories,
habits and natural enemies of the two genera and with the
phylogeny of the family and of its groups and species as
shown by palaontology, by comparative morphology and by
distribution. '

It is hoped that future workers on this family will go slow
in describing new North American species for, if such spe-
cies exist, they are certainly very few. It should be borne
in mind that the bumble-bees are conspictuious insects, and
that the North American species have received much atten-
tion from entomologists. In this conuection, the fact should
be noticed that most of the recently described species of this
continent are not, in the writer’s opinion, valid. To specify,
none af Ashmead’s species and only one of Cockerell’s and
one of Morrill’s are so considered in this monograph, and
moreover, out of about eleven species captured north of the
northern boundary of Mexico and described as new, either
heretofore or in this work by the writer himself, only three
can be considered as being valid and distinct beyond ques-
tion. South and Central America should, however, be more
productive of new forms and, in both continents, there is
need of much investigation concerning the distribution and
nesting habits of the various speceies, and it is hoped that
this paper will give an impetus to such studies.

_ The writer has experienced much difficulty in describing
the colors exhibited by the pile of the various species, and
future workers on the group, when using this paper, must
make allowance for this.

TRANS. AM. ENT. SOC., XXXVIII.



180 AMERICAN HYMENOPTERA.

HisTory oF BOMBIDAE.

All the older Hymenopterists included the species of Bonz-
bus and Psithyrus in the great genus Apzs, and they were re-
tained there until after Kirby and a few others had noted the
peculiar habits of Bombus and had published descriptions of
the principal characters in which they differ from .A4p7zs and
other bee genera, and had in entomological literature called
them Bombinatrices. In 1802, Latreille established the genus
Bombus to include indiscriminately both the true bumble-bees
and the guest bumble-bees. William Kirby (in 1802) was
the first to observe the more noticeable structural differences
between the females of the true bumble-bees and of theirinqui-
lines, but he did not know anything of the habits of the latter.
Illiger in 1806, followed by Dahlbom in 1832, made a second
division of the bumble-bees to contain the species the females
of which were without corbiculee. Lepeletier, in. 1832, made
a genus of this division, giving it the name Pszthyrus, and in
the same paper indicated a parasitic or inquilinous habit for
the species to be placed in it. Two years later, Newman,
probably in ignorance of the fact that a name had already
been given, gave the genus the name Apathus. These two
names have both been much used by later workers on this
family, and it is only comparatively recently that the name
Psithyrus has become firmly established and constantly used.
Moreover, some authors continued to place these species in
Bombus for many years after the name Psithyrus was given.
Greene placed them in Bombus in 1860 and Gerstdecker did
likewise as late as 1869. Frederick Smith used the name
Apathus, as he considered that PAPsithyrus had been preoc-
cupied by Hiibner in 1816 for a genus of Lepidoptera. Hiib-
ner, however, did not use the name Psi¢hyrus, his spelling
having been ‘ Psithyros.” Touching on this close similarity
of names, the International Code of ZosGlogical Nomencla-
ture, in its recommendations under Article 36, says, ‘‘ It is
well to avoid the introduction of new generic names which
differ from generic names already in use only in termination
or in a slight variation in spelling which might lead to con-
fusion. But when once introduced such names are not to be
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rejected on this account.” Psithyrus must, therefore, be
used as the correct name for the genus of ‘‘ guest bumble-
bees.”

This family of bees, the genus Bombus especially, has
probably received more attention from entomologists than
has any other, the Apide excepted. This has been due,
for the most part, to a certain conspicuousness caused by
size and abundance. Their social habits have also induced
much special study. Among the more prominent European
workers on the classification of the family, the following
may be particularly mentioned: Fabricius, Latreille, Kirby,
Dahlbom, Lepeletier, Illiger, Nylander, Schenck, Thomson,
Smith, Gerstdecker, Morawitz, Kriechbaumer, Schmiede-
knecht, Radoszkowski, Handlirsch and Friese. The work
of Schmiedeknecht has been of especial importance, as he
was the first to really bring order out of chaos among the
European species which had become badly mixed up princi-
pally on account of an even more remarkable variation of
color characters than that exhibited by the American species
in general. In America the pioneer work of Cresson has
been the most important and the most accurate of all. Sev-
eral other American workers have, however, contributed
much of value. Among these may be mentioned Provan-
cher, Greene, Cockerell, Ashmead, Viereck, Robertson,
Titus, Crawford, Swenk and Morrill. Of American workers,
Putnam, Cresson and Packard have published considerable
of value on the habits of the Bombidee, but the most im-
portant work along this line has been done by Europeans,
among whom we may particularly mention Hoffer, Hiiber
and Reaumur of the older writers, and Schmiedeknecht,
Friese, Wagner and Buttel-Reepén of those more recent.

Several attempts have been made to divide the genus
Bombus up into natural groups or sections and to indicate
to some extent the relationship of its species. Except the
work of General O. Radoszkowski and of Robertson, along
this line, all such attempts have, up to this time, been but
little better than guesswork. All, except Radoszkowski and
Robertson, have based their conclusions concerning relation-
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ship very largely on coloration and similarity of general ap-
pearance. A knowledge of the great color variation shown
by many species of this group should be enough to condemn
coloration as a basis for determining relationships with cer-
tainty. It is probable that those who have depended on
coloration in such classifications have, in most cases at least,
been compelled to depend on that or nothing because of lack
of material, especially of males, for dissection. It is particu-
larly desirable to know the characters of the male genitalia
in judging relationships, but other structural characters should
be considered in connection with them. In this paper, the
work of Radoszkowski has been followed as far as possible,

in the naming of the natural groups and also, for the most
' part, in the naming of the accessory male genital organs.
Unfortunately, Robertson’s division of the genus into Bom-
bus and Bombias is not likely to stand the test of critical
study for reasons given in another place.

THE FAMILY BOMBIDZ.

Bombinatrices Kirby, Mon. Ap. Angl., I, 1802, p. 200 and II, p. 317.

Bowmbides Lepeletier, Hist. Nat. Insect, I, 1836, p. 436 and Psithyri-
des Lepeletier, ibid, II, 1841, p. 423.

Bombide Greene, Ann. Lyc. Nat. Hist. N. Y., 1862, p. 168.

Bombina Thomson, Opusc. Ent., I, 1869, pp. 7 and 11.

Bombide Schmiedeknecht, Apidee Europaese 1882-1884 (pp. 11y and
13, and 263) and Psithyride Schmiedeknecht, ibid (p. 124
and 14, and 390).

Bombine Friese, Die Bienen Europa’s (Apidee Europaez) nach ihren
Gattungen, 1895-1897 and Psithyrine Friese, ibid.

‘ Dalla Torre, Cat. Hym., X, 1896, p. 503, and Psithyrince

Dalla Torre, ibid, p. 565. )

Bombide Ashmead, Proc. U. S. N. M., XXIII, 1901, p. 191 and Psz-
thyride Ashmead, ibid, p. 192.

o Ashmead, Trans. Amer. Ent. Soc., XXVI, 1899, pp. 54 and

57, and Psithyride Ashmead, ibid, pp. 54 and 58.

Bombine Robertson, Trans. Amer. Ent. Soc., XXIX, 1903, p. 176.

Bombide Viereck, Trans. Amer. Ent. Soc., XXIX, 1902, p. 44 and
Psithyride Viereck, ibid, p. 45.

Bombine Schmiedeknecht, Hym. Mitteleurop., 1907, p. 22, and Psi-
thyride Schmiedeknecht, ibid., p. 23.

Fombide Viereck, Trans. Amer. Ent. Soc., XXXII, 1906, pp. 224, 238,
240, 242, 245.
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Bombide Lovell, Ent. News, XVIII, 1907, p. 196.
‘ Swenk, Ent. News, XVIII, 1907, p. 294.
‘ Cockerell, Ann. and Magaz. Nat. Hist., Ser. 8, Vol. II, 1908,
pp. 325 and 326.

_DallaTorre, inhis “Catalogus Hymenopterorum,” classifies
the bees or Anthophila (flower pollenizers) under fourteen
subfamilies of the great family Apide. This arrangement
is the same as that proposed by Friese, and is, in most re-
spects, similar to the one previously proposed by Schmiede-
knecht and to the one followed later by Ashmead, except
that Schmiedeknecht and Ashmead placed the family Apidae
(in the large sense) in the position of a superfamily, and
made the subdivisions to rank as families. In Friese’s and
Dalla Torre’s arrangement, the genus Sombus was placed in
the subfamily Bombina and the genus Asithyrus in the dis-
tinct subfamily Psithyrinz (established by Shenck in 1859).
Lepeletier considered Bombus as belonging to a family dis-
tinct from Psithyrus. Greene described species of Bombus
and Psithyrus indiscriminately as Bombus. Schmiedeknecht,
in his earlier work, and Ashmead looked upon Bombus and
Psithyrus as belonging to separate families of codrdinate
rank with the other families of the Apoidea as recognized by
them—Bombidee and Psithyridee. Robertson placed Bombus
and Psithyrus together in the subfamily Bombinz. Schmie-
deknecht, in his last comprehensive work on the Hymenop-
tera, placed Bombus and Psithyrus in the separate and distinct
subfamilies, Bombinae and Psithyrinee of the great family
Apidee. Viereck, followed later by Lovell, Swenk and Cock-
erell, placed Bombus and Psithyrus together in the family
Bombidee, but did not apparently recognize them as forming
separate groups of subfamily rank. After careful study of
the characters of the two genera and a comparative study of
the characters and relationships of other bee genera, I am
convinced that Viereck’s arrangement, of all those thus far
published, most nearly expresses the true relatiouship of the
two genera, and that we must look upon them as being simply
two comparatively closely related genera of the family Bom-
bide, if we are to adopt Ashmead’s general classification of
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the Hymenoptera into superfamilies. I do not consider that
they should be given even separate subfamily rank.

May I here cite the relationship of two other genera, as ex-
pressed in Dalla Torre’s and Ashmead’s classification, in sup-
port of my belief that Bombus and Psithyrus should be placed
in the same family? Both Friese and Dalla Torre placed
the genera Melipona and Apis together in the subfamily
Apinee, and Ashmead included them both in the family Apide
(in the restricted sense). To be sure, in their habits the spe-
cies of Melipona are more like those of A4pss than those of
Psithyrus appear to be like those of Bombus, but Psithyrus is
structurally far more like Bombus than is Melipona like Apis.

Centris and Eucera are evidently, from their structure, much
less closely related than are Bombus and Psithyrus, yet Ash-
mead did not consider it necessary to place them in separate
groups of subfamily rank in the family Anthophoride, neither
did Dalla Torre place them in separate subfamilies of the
great family Apidee. I might cite numerous other examples
showing the inconsistency in placing Bombus and Psithyrus
either in separate families or in separate subfamilies. Those
who have so placed them have evidently been led to do so
by the general differences in habit between the two genera
rather than by structural differences.

CHARACTERS ON THE BOMBIDAE.

The family Bombide, as extended to include Psithyrus,
may be briefly described as follows:

Medium to large, robust bees with oblong bodies and a rather dense
covering of hair. Head subtriangular. Antennze geniculated, filiform,
longer than the head. Ocelli placed in a slight curve on the vertex.
Malar space (except in some males) ample. Clypeus not carinate.
The tongue long and slender, reaching considerably beyond the
propodeum when fully extended; the labial palpi four segmented and
the maxillary palpi normally two segmented. Labrum transverse.
Mandibles of female stout, and grooved exteriorly towards their apex;
those of the male two-toothed and heavily bearded exteriorly on
their lower sides. Front wings large (these insects are capable of long
and rapid flight) with the marignal cell as long as the three cubital
cells united. The first cubital cell nearly divided by a distinct (rarely
indistinct) but delicate, oblique streak or nervure; the second cubital
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cell much narrowed towards the marginal, receiving the first recurrent
nervure about the middle; the third cubital narrowed towards the
marginal, receiving the second recurrent nervure near its apex. Scu-
tellum semicircular, rounded off posteriorly and not projecting strongly
over the median segment. Hind metatarsi of the female more or less
strongly dilated, Hind tibiee with two apical spurs. Claws bifid.
Abdomen robust in form, truncate at base and convex above, pointed
at apex in females and rounded in males. The females provided with
a strong sting.

TABLES OF GENERA.
Females.

Hind tibize convex and well covered with hair without; each side of
the apical portion of the hypopyglum with a noticeable eleva-
tion OF CATiNA...cicciiiiiinierieilinnrneenrenrenrnnenernnennnns Psithyrus.

Hind tibiee flat or concave and, for the most part, bare on their outer
sides, their fore and hind borders fringed with long hairs
forming pollen baskets; apical ventral abdominal segment
without lateral elevations ........cccceuveeee. RN Bombus.

Males.

Volsella and squama of genitalia membranous; face always densely
covered with black pile with which there is usually no ad-
mixture of yellow hairs ; outer surface of hind tibize, in most
species, well covered with pile throughout....... Psithyrus.

Volsella and squama of genitalia corneus; a good share of the species
with face bearing a noticeable amount of yellow pile; outer
surface of hind tibiee in most species more or less bare.

" Bombus.

Genus BOMBUS Latreille.

Apis Linneeus and other authors (in part).
Bombus Latreille, Hist. Nat. Crust. and Insect, III, 1802, p. 385 (in
part).

‘“  Latreille, Hist, Nat. Fourmis, 1802, p. 436 (in part).

‘¢ Fabricius, Syst. Piez., 1804, p. 342 (in part).
Bremus Panzer, Fauna Insect. German. VIII, 1805 (in part).
Bombus lliger, Magaz. f. Insektenk., V, 1806, p. 158 (in part).
Bremus Jurine, Nouv. meth. class. Hymen. 1807, p. 259 (in part).
Bombus Leach, Brewster Edinb. Encycl., 1815, 4, Vol. 9, p. 1.

“  Dahlbom, Bombi Scandin., 1832, p. 23, Div. I.

‘“  Lepeletier, Ann. Soc. Ent. France, I, 1832, p. 366..

‘“  Westwood, Intr. Mod. Class. Insect. II, 1840, p. 280.

‘“  Smith, Cat. Bees of Great Britain, 1855, p. 207.
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Bombus Greene, Ann. Lyc. Nat. Hist. N. Y., VII, 1862, p. 168 (in
part).
‘“  Cresson, Proc. Ent. Soc. Phil., III, 1863, p. 83.
‘“  Thomson, Opusc. Ent., I, 1869, pp. 7 and 12.
‘“  Schmiedeknecht, Apidee Europese, 1882-1884, p. 263.
‘“  Provancher, Faun. Ent. Can., II, 1883, pp. 728 and 733.
‘“  Friese, Die Bienen Europas (Apide Europaez), 1895-97.
‘¢ Ashmead, Trans. Amer. Ent. Soc., XXVI, 1899, p. 57.
‘‘  Robertson, Trans. Amer. Ent. Soc., XXIX, 1903, p. 176.
‘“  Schmiedeknecht, Hym. Mitteleurop., 1907, p. 24.

Type of genus.—Bombus terrvestris (L.), established by Latre-
ille when he described the genus.

Common names.—Species of both Bombus and Psithyrus are
commonly known as ‘‘ Humble-bees ”’ or ‘‘ Bumble-bees ’’ in
England. They are also sometimes called ‘‘ Dumbledors ”’
in portions of that country. In the United States they are
everywhere known as ‘‘Bumble-bees.”” These names are
all somewhat similar, and were originally given to these in-
sects on account of the humming sound they make in flight.
The German name ‘‘ Hummel”’ and the French ‘‘ Bourdon’’
have similar origins.

GEOGRAPHICAL DISTRIBUTION.

Species of Bombus are present on all the great land areas
of the globe, except Australia. Prof. W. W. Froggatt, Gov-
ernment Entomologist for New South Wales, after giving, in
a letter written in 1910, a brief account of the various intro-
ductions of B. ferristris into that colony, states that all these
introductions appear to have been unsuccessful. He also
states that he does not ‘‘think there is a live bumble-bee in
Australia.”

In Africa these insects are confined entirely to the moun-
tainous region north of the Sahara Desert, there being three
or four species in Algeria and Morocco. The great deserts
stretching across this continent appear to form as effective
a barrier against the southward distribution of bumble-bees
as would the great oceans themselves.

On the remaining continents, however, Bombi are widely
distributed and appear to be present everywhere, except
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where lakes or deserts or very arctic climates make existence
for them impossible.

Oceanic islands are often entirely without Bombi in the
tropics of the Western Hemisphere, even when lying compa-
ratively near the mainland. In this connection we may note
that the temperate zone, Aleutian and Pribilof Islands, though
scattering far out to sea, are supplied with bumble-bees,
while Cuba, Haiti, Porto Rico, and probably most of the
other West Indian Islands do not have them at all. It is
doubtful. however, if the Falkland Islands have bumble-bees.
Most European and Oriental islands, whether temperate or
tropical, if not at a prohibitive distance from the mainland,
have more or less Bombi. We may note in support of this
that Bombi have been recorded with certainty from the fol-
lowing islands.

1. Oriental: Japan (numerous species), Formosa, Philippines, Su-
matra, Java,

2. European: Great Britain (many species), Ireland, Madiera, Ca-
nary, Sardinia, Corsica, Sicily.

The islands lying near the continent of Australia have, of
course, no bumble-bees, except where they have been intro-
troduced by man (New Zealand).

In tropical regions of the Western Hemisphere, even at
the equator, the genus Bombus has adapted itself to all alti-
tudes, from sea-level well up toward the snow line of the
lofty mountains. In this connection, the following records
from close to sea-level are interesting : 5. niger n. sp. and 5.
brevivillus n. sp. from Pernambuco, Brazil; B. emiliez D. T.
from Bahia, Brazil; B. #ncarum n. sp. from Georgetown,
British Guiana; Psithyrus brasiliensis Smith from Para,
Brazil. The following records from the Andes are the high-
est New World altitudes, and possibly also the highest world
altitudes from which bumble-bees have ever been reported:
B. opifex from Tara, Argentina (4,000 meters altitude) and
B. coccineus from Cuzco, Peru (13,600 feet altitude). Still
higher altitudes of capture may some time be reported from
the Andes and also from the Plateau of Thibet or its sur-

‘rounding mountain chains, but in all other parts of the
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world (Popocatapetl and Orizaba excepted) these records
would be above the snow line and so pass the limits of
bumble-bee habitation.

In the New World and in Asia also Bombus ranges from
the Equator (2° North Latitude in Asia, if Sumatra is not in-
cluded) to well within the Arctic Circle. The farthest north
records of capture are the following: B. kirbyellus Curt.
from Port Foulke (78}° North Latitude) and B. polaris Curt.
from McCormick Bay (77° North Latitude), Greenland.

In South America, B. daklbomii Guer. reaches the Straits
of Magellan and is abundant there. It will probably also be
found in Tierra del Fuego. No other species, however, ap-
pears to be present so far south. The next most southern
épecies, B. emilie Dalla Torre, has, as yet, not been recorded
south of Juarez, Argentina (about 38° South Latitude),
though, as it has been reported as very abundant at Tandil,
only about eighty miles northeast of Jaurez, it probably
ranges to a considerable distance south of that place. How-
ever, our records, as a whole, indicate a paucity of species
of Bombus in the southern part of this continent as no species,
besides daklbomii and emilie, has been reported south of
Buenos Aires.

The New World species of Bombus and Psithyrus, as they
occur in the various political divisions, are listed below.
Gaps in the known habitat have, in this list, been filled in,
as far as they reasonably could be, according to the author’s
judgment of the unknown habitat based on the known. The
known habitat of each species is given after the specific de-
scription. Extensive collecting will doubtless, in many cases,
extend considerably the geographical range as at present
known or conjectured. Hence this listing must be looked
upon as only approximately correct. However, it is prob-
ably accurate enough to give a pretty good idea of the gen-
eral distribution of the two genera and of their various groups
and to indicate, in some measure, what have been the main
factors in influencing this distribution.
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Number
Political Division of Genera Groups Species
Species
Alaska 16 Bombus |Auricomus |nevadensis.

Dumoucheli| californicus.

Kirbyellus | kirbyellus, stenuus.

Terrestris | occidentalis, terrestris war.
moderatus.

Pratorum alboanalis, edwardsii, flavi-
frons, frigidus, gelidus, me-
lanopygus, mixtus, pleuralis,
sitkensis, sylvicola.

2 Psithyrus |Fernaldee |fernaldee, tricolor.
Yukon 3 Bombus |Terrestris |occidentalis.
Pratorum |sitkensis, sylvicola.
Mackenzie 3 Bombus |Pratorum frigidus, melanopygus, sylvi-
cola.
Athabasca 2 Bombus |Pratorum frigidus, melanopygus.
British Colum-| = 14 Bombus |Auricomus |nevadensis.
bia Fraternus |rufocinctus.

Borealis appositus.

Dumoucheli| californicus.

Kirbyellus | kirbyellus.

Terrestris occidentalis.

Pratorum centralis, edwardsii, flavifrons,
frigidus, huntii, melanopy-
gus, mixtus, sitkensis.

6 Psithyrus | Ashtoni latitarsus, suckleyi.

Fernaldee fernaldee, tricolor.

Laboriosus |consultus, insularis.

Keewatin 7 Bombus |Kirbyellus |arcticus, kirbyellus, polaris.

Pratorum frigidus, melanopygus, mixtus,

. sylvicola.
Alberta 18 Bombus |[Auricomus |nevadensis.

Fraternus |rufocinctus.

Borealis borealis, appositus.

Dumoucheli| californicus, fervidus.

Kirbyellus | kirbyellus.

Terrestris occidentalis, terricola.

Pratorum edwardsii, flavifrons, frigidus,
huntii, melanopygus, mixtus,
sitkensis, ternarius, vagans.

5 Psithyrus |Ashtoni latitarsus, suckleyi.

Fernaldee tricolor.

) Laboriosus | consultus, insularis.
Saskatchewan 13 Bombus |Fraternus |rufocinctus.

Borealis borealis.

Dumoucheli| californicus, fervidus.

Kirbyellus | kirbyellus.

Terrestris | terricola.

Pratorum | frigidus, huntii, melanopygus,
mixtus, sylvicola, ternarius,
vagans.
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Number
Political Division of Genera Groups Species
Species
Saskatchewan 3 Psithyrus | Ashtoni ashtoni.
(Cont’d.) Laboriosus | consultus, insularis.
Manitoba 9 Bombus |Fraternus |rufocinctus.

Borealis borealis.

Dumoucheli| fervidus.

Terrestris | terricola.

Pratorum |frigidus, mixtus, perplexus,
ternarius, vagans.

2 Psithyrus |Ashtoni ashtoni.

Laboriosus |insularis.

Greenland 3 Bombus |[Kirbyellus |kirbyellus, arcticus, polaris.
Labrador 6 Bombus [Kirbyellus - | kirbyellus, polaris.

Pratorum couperi, frigidus, mixtus, syl-

vicola.
Newfoundland Bombus |Borealis borealis.
5 Terrestris | terricola.

Pratorum bolsteri, couperi, frigidus.

Prince Edward 2 Bombus |Terrestris |terricola.
Island Pratorum ternarius.
2 Psithyrus |Ashtoni ashtoni.

Laboriosus |laboriosus.

New Brunswick 4 Bombus |Borealis borealis.

and Nova Terrestris | terricola.
Scotia Pratorum ternarius, vagans.

3 Psithyrus |Ashtoni ashtoni.

Fernaldae tricolor.

Laboriosus |laboriosus.

Quebec 13 Bombus |Fraternus |rufocinctus, separatus.

Borealis borealis.

Dumoucheli | fervidus, pennsylvanicus.

Terrestris | terricola.

Pratorum couperi, frigidus, impatiens,
mixtus, perplexus, ternar-
ius, vagans.

3 Psithyrus |Ashtoni ashtoni.
Laboriosus |insularis, laboriosus.
Ontario 16 Bombus |Auricomus |auricomus.

Fraternus rufocinctus, separatus.

Borealis borealis.

, |Dumoucheli| fervidus, pennsylvanicus.

Terrestris affinis, terricola.

Pratorum bimaculatus, couperi, frigidus,
impatiens, mixtus, perplexus,
ternarius, vagans.

3 Psithyrus |Ashtoni ashtoni.
Laboriosus |insularis, laboriosus.
New England 13 Bombus [Auricomus |auricomus.
Fraternus |rufocinctus, separatus.
Borealis borealis.
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New England Bombus |Dumoucheli|fervidus, pennsylvanicus.
(Cont’d.) (Cont’d.) |Terrestris . |affinis, terricola.
Pratorum |bimaculatus, impatiens, per-
plexus, ternarius, vagans.
5 Psithyrus | Ashtoni ashtoni.
Fernaldee |fernaldee, tricolor.
Laboriosus |insularis, laboriosus.
New York 13 Bombus |Auricomus |auricomus.
Fraternus |rufocinctus, separatus.
Borealis borealis.
Dumoucheli|fervidus, pennsylvanicus.
Terrestris affinis, terricola.
Pratorum |bimaculatus, impatiens, per-
plexus, ternarius, vagans.
5 Psithyrus | Ashtoni ashtoni.
Fernalde |[fernalde, tricolor.
Laboriosus |insularis, laboriosus.
Pennsylvania 10 Bombus |Auricomus |auricomus.
Fraternus |separatus.
Dumoucheli|fervidus, pennsylvanicus.
Terrestris |affinis.
Pratorum | bimaculatus, impatiens, per-
plexus, ternarius, vagans.
2 Psithyrus | Ashtoni ashtoni.
Laboriosus |laboriosus
New Jersey, 11 Bombus |Auricomus |auricomus.
Delaware and Fraternus |fraternus, separatus.
Maryland Dumoucheli|fervidus, pennsylvanicus.
Terrestris |affinis.
Pratorum |bimaculatus, impatiens, per-
plexus, vagans (ternarius in
Maryland).
2 Psithyrus | Ashtoni ashtoni (in part of Maryland).
Laboriosus |laboriosus.
Virginia and| 11 Bombus |Auricomus |auricomus.
West Virginia Fraternus |fraternus, separatus.
Dumoucheli'fervidus, pennsylvanicus.
Terrestris |affinis.
Pratorum bimaculatus, impatiens, per-
plexus, ternarius, vagans.
2 Psithyrus | Ashtoni ashtoni.
Laboriosus |laboriosus.
Michigan 14 Bombus |Auricomus |auricomus.
Fraternus |fraternus, rufocinctus, separa-
tus.
Borealis borealis.
Dumoucheli |fervidus, pennsylvanicus.
Terrestris |affinis, terricola.
Pratorum bimaculatus, impatiens, per-
plexus, ternarius, vagans.
3 Psithyrus | Ashtoni ashtoni.
Laboriosus |[laboriosus, insularis,
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Minnesota and| 13 Bombus |Auricomus |auricomus.
Wisconsin Fraternus |rufocinctus, separatus
Borealis borealis.
Dumoucheli|ervidus, pennsylvanicus.
Terrestris | affinis, terricola.
Pratorum | bimaculatus, impatiens, per-
plexus, vagans, ternarius.
3 Psithyrus | Ashtoni ashtoni.
Laboriosus |insularis, laboriosus.
Iowa, Missouri 8 Bombus |Auricomus |auricomus.
and Illinois Fraternus |fraternus, separatus.
Dumoucheli | fervidus, pennsylvanicus.
Pratorum |bimaculatus,impatiens,vagans.
2 Psithyrus |Laboriosus |laboriosus, variabilis.
Ohio 9 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli | fervidus, pennsylvanicus.
Terrestris |affinis.
Pratorum bimaculatus,impatiens,vagans.
1 Psithyrus |Laboriosus |laboriosus.
Indiana 8 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli|fervidus, pennsylvanicus.
Pratorum |bimaculatus,impatiens,vagans.
1 Psithyrus |Laboriosus |laboriosus
Kentucky 9 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli|fervidus, pennsylvanicus.
Pratorum = |bimaculatus, impatiens, per-
plexus, vagans.
2 Psithyrus |Laboriosus |laboriosus, variabilis.
Tennessee 10 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli|fervidus, pennsylvanicus.
Terrestris |affinis (eastern part of State).
Pratorum |bimaculatus, impatiens, per-
plexus, vagans.
2 Psithyrus |Laboriosus |laboriosus, variabilis.
North Carolina| 10 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli |fervidus, pennsylvanicus.
Terrestris |affinis.
Pratorum |bimaculatus, impatiens, per-
plexus, vagans.
1 Psithyrus |Laboriosus |laboriosus.
South Carolina 7 Bombus |Fraternus |fraternus, separatus.
and Georgia Dumoucheli |fervidus, pennsylvanicus.
Terrestris |affinis.
Pratorum |bimaculatus, impatiens.
1 Psithyrus |Laboriosus |laboriosus.
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Florida 4 Bombus |Fraternus fraternus, separatus.
Dumoucheli| pennsylvanicus.
Pratorum mpatiens.
0 Psithyrus
Alabama, Lou- 5 Bombus |Fraternus |fraternus, separatus.
isiana and Dumoucheli| pennsylvanicus.
Mississippi Pratorum |bimaculatus, impatiens.
1 Psithyrus |Laboriosus |variabilis.
Arkansas 6 Bombus |Fraternus |fraternus, separatus.
Dumoucheli|fervidus, pennsylvanicus.
Pratorum | bimaculatus, impatiens.
1 Psithyrus | Laboriosus |variabilis.
North Dakota 8 Bombus |Fraternus |separatus.
Borealis borealis.
Dumoucheli|fervidus.
Terrestris |terricola.
Pratorum huntii, perplexus, ternarius,
vagans.
3 Psithyrus | Ashtoni ashtoni.
Laboriosus |insularis, laboriosus.
South Dakota 8 Bombus |Auricomus |nevadensis.
Fraternus |rufocinctus, separatus.
Dumoucheli|fervidus, pennsylvanicus.
. Pratorum  |huntii, ternarius, vagans.
1 Psithyrus |Laboriosus |laboriosus.
Nebraska 14 Bombus |Auricomus |auricomus.
Fraternus |fraternus, morrisoni,separatus,
rufocinctus.
Dumoucheli|californicus, fervidus, pennsyl-
vanicus.
Terrestris |occidentalis.
Pratorum bimaculatus, centralis, huntii,
impatiens, vagans.
3 Psithyrus |Laboriosus |insularis, laboriosus, variabilis.
Kansas 10 Bombus |Auricomus * |auricomus.
Fraternus |fraternus, rufocinctus, separa-
tus.
Dumoucheli|californicus, fervidus, pennsyl-
vanicus.
Pratorum bimaculatus, impatiens, va-
gans.
2 Psithyrus |Laboriosus |laboriosus, variabilis.
Oklahoma 6 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli|californicus, fervidus, pennsyl-
vanicus.
1 Psithyrus |Laboriosus |variabilis.
Texas 6 Bombus |Auricomus |auricomus.
Fraternus |fraternus, separatus.
Dumoucheli |fervidus, pennsylvanicus, sono-
rus.
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Texas Psithyrus |Laboriosus |variabilis.
(Cont’d.)
Washington 18 Bombus |Auricomus |nevadensis.

Fraternus |rufocinctus, separatus.

Borealis appositus.

Dumoucheli|californicus, fervidus.

Kirbyellus |kirbyellus.

Terrestris |occidentalis.

Pratorum |frigidus, huntii, melanopygus,
mixtus, sitkensis, ambiguus,
centralis, edwardsii, flavi-
frons, vosnesenskii.

Ashtoni latitarsus, suckleyi.

6 Psithyrus |[Fernaldee |fernalde, tricolor.

Laboriosus |consultus, insularis

Oregon 17 Bombus |Auricomus |nevadensis.

Fraternus |rufocinctus, separatus.

Borealis appositus.

Dumoucheli|californicus, fervidus.

Kirbyellus |kirbyellus.

Terrestris |occidentalis.

Pratorum |ambiguus, centralis, edwardsii,
flavifrons, huntii, melanopy-
gus, mixtus, sitkensis, vosne-
senskii.

4 Psithyrus | Ashtoni suckleyi.
Laboriosus |consultus, crawfordi, insularis.
California 19 Bombus |Auricomus |nevadensis.

Fraternus |crotchii, henshawi, morrisoni,
rufocinctus.

Borealis appositus.

Dumoucheli | californicus, fervidus, sonorus.

Terrestris |occidentalis.

Pratorum |ambiguus, centralis, edwardsii,
fernaldi, flavifrons, huntii,
mixtus, sitkensis, vosnesen-
skii.

2 Psithyrus |Ashtoni suckleyi.

Laboriosus |crawfordi.

Nevada 13 Bombus |Auricomus |nevadensis.

Fraternus |morrisoni, rufocinctus.

Borealis appositus.

Dumoucheli|californicus, fervidus.

Terrestris |occidentalis.

Pratorum centralis, edwardsii, fernaldi,
flavifrons, huntii, vosnesen-
skii.

0 Psithyrus
Idaho 14 Bombus |Auricomus |nevadensis.
Fraternus

separatus, rufocinctus.
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Idaho Bombus |Borealis appositus.
(Cont’d.) (Cont’d.) | Dumoucheli|californicus, fervidus.

Terrestris |occidentalis.

Pratorum |centralis, edwardsii, flavifrons,
frigidus, huntii, mixtus, sit-
kensis.

5 Psithyrus | Ashtoni latitarsus, suckleyi.

Fernalde |tricolor.

Laboriosus |consultus, insularis.

Montana 17 Bombus |Auricomus |nevadensis.

Fraternus |rufocinctus, separatus.

Borealis appositus.

Dumoucheli|fervidus, pennsylvanicus.

Kirbyellus |kirbyellus.

Terrestris |occidentalis.

Pratorum |centralis, edwardsii, flavifrons,
frigidus, huntii, melanopy-
gus, mixtus, sitkensis, wva-
gans.

5 Psithyrus [Ashtoni latitarsus, suckleyi.

Fernalde |tricolor.

Laboriosus |consultus, insularis.

Wyoming 18 Bombus |Auricomus |nevadensis.

Fraternus |fraternus, rufocinctus, separa-
tus.

é Borealis appositus.

Dumoucheli|californicus, fervidus, pennsyl-
vanicus.

Terrestris |occidentalis.

Pratorum |centralis, edwardsii, flavifrons,
frigidus, huntii, melanopy-
gus, mixtus, vagans, sitken-
sis.

4 Psithyrus |Ashtoni suckleyi.
Fernaldae |tricolor.
Laboriosus |consultus, insularis.
Utah 13 Bombus |Auricomus |nevadensis.

Fraternus [fraternus, rufocinctus, separa-
tus.

Borealis appositus.

Dumoucheli|californicus, fervidus.

Terrestris |occidentalis.

Pratorum |centralis, edwardsii, flavifrons,
huntii, melanopygus.

3 Psithyrus |Ashtoni suckleyi.

Laboriosus |consultus, insularis.

Arizona 9 Bombus |Auricomus |nevadensis.

Fraternus |morrisoni, rufocinctus.

Dumoucheli|californicus, fervidus, sonorus.

Terrestris |occidentalis.

Pratorum |centralis, huntii.

0 Psithyrus
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Colorado 20 Bombus |Auricomus |auricomus, nevadensis.

Fraternus |fraternus, morrisoni, rufocinc-
tus, separatus.

Borealis appositus.

Dumoucheli | californicus, fervidus, pennsyl-
vanicus.

Kirbyellus |kirbyellus.

Terrestris | occidentalis.

Pratorum {centralis, edwardsii, flavifrons,
frigidus, huntii, melanopy-
gus, mixtus, vagans.

3 | Psithyrus |Fernaldee |tricolor.

Laboriosus |consultus, insularis.

New Mexico 17 Bombus |Auricomus |auricomus, nevadensis.

Fraternus |fraternus, morrisoni, rufocinc-
tus.

Borealis appositus.

Dumoucheli|californicus, fervidus, pennsyl-
vanicus, sonorus.

Kirbyellus |kirbyellus.

Terrestris |occidentalis.

Pratorum |centralis, cockerelli, edwardsii,
flavifrons, huntii.

3 Psithyrus |Laboriosus |bicolor, consultus, insularis.
Mexico 20 Bombus |Fraternus |brachycephalus, crotchii, fra-
ternus, haueri, mexicensis,
rubicundus.

Dumoucheli|dolichocephalus, medius, mexi-

) canus, montezumsee, nigro-
dorsalis, pennsylvanicus, so-
nomeae, sonorus, steindach-
neri.

Pratorum | ephippiatus, laticinctus, pul-
cher, trinominatus, vosnes-
enskii.

1 Psithyrus |Laboriosus |intrudens.
Central Amer-| 13 Bombus |Fraternus |funebris, ramonensis, volucel-
ica loides, weisi.

Dumoucheli|dolicocephalus, guatemalensis,
medius, mexicanus, monte-
zumee, niger, steindachneri.

Pratorum  |ephippiatus, pulcher.

1 Psithyrus |Laboriosus |guatemalensis.
Colombia 13 Bombus |Fraternus |funebris, robustus, rubicundus,
vollucelloides, weisi.

Dumoucheli|atratus, carolinus, incarum,
mexicanus, niger, steindach-
neri.

Pratorum |ephippiatus, pulcher.

0 Psithyrus
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Venezuela 7 Bombus |Fraternus |robustus, rubicundus.
Dumoucheli|carolinus, kohli, niger, stein-
dachneri.
Pratorum pulcher.
) 0 Psithyrus
The Guianas 1 Bombus |Dumoucheli/incarum.
0 Psithyrus
Ecuador 16 Bombus |Fraternus |butteli, ecuadorius, funebris,
robustus, rubicundus, vollu-
celloides, handlirschi.
Dumoucheli|carolinus, guatemalensis, kohli,
medius, mexicanus, niger,
pullatus, steindachneri.
Pratorum |ephippiatus.
0 Psithyrus
Peru 13 Bombus |Fraternus |baeri, butteli, coccineus, fune-
bris, handlirschi, robustus,
rubicundus, vollucelloides.
Dumoucheli|carolinus, incarum, kohli, ni-
- ger, opifex.
0 Psithyrus
Bolivia 6 Bombus |Fraternus |baeri, ecuadorius, funebris, ro-
bustus, vollucelloides, weisi
. var. albocaudata.
0 Psithyrus
Brazil 8 Bombus |Dumoucheli|brasiliensis, brevivillus, dahl-
bomii, emiliae, incarum,
kohli, medius, niger.
1? Psithyrus brasiliensis (doubtful).
Paraguay 6 Bombus |Dumoucheli|atratus, brasiliensis, incarum,
kohli, medius, niger.
0 Psithyrus
Uruguay 3 Bombus |Dumoucheli|dahlbomii, emiliae, kohli.
Argentina 8 Bombus |Fraternus |baeri, robustus, sulfuratus, tu-
cumanus.
Dumoucheli|dahlbomii, emiliae, kohli, opi-
fex.
Chili 4 Bombus |Fraternus |baeri, robustus.
Dumoucheli|dahlbomii, opifex.
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In examining carefully this list we note the following pecu-
liarities :

1. A scarcity of species in the following Canadian provinces and ter-
ritories: Yukon, Mackenzie, Athabasca, Keewatin, Manitoba, Labra-
dor, New Foundland, Prince Edward Island, Nova Scotia, and New
Brunswick. This may be due largely to lack of extensive collecting in
those portions of Canada.

2. A scarcity of species in Greenland. This country is so far north
and its southern portion is so separated from Canada by water that it
probably has but few species anyway.

3. A paucity of species in the greater part of the Great Central Plain
in the United States, especially in the most Southern States. This
scarcity is most strking in Florida, the most tropical state in the Union.
This part of the continent has received much attention from collectors,
and it is doubtful if any new species of Bombus will hereafter be found
in it.

4. An abundance of species throughout that portion of North America
known as the Pacific Highland—from, and including a part of, Alaska
to the Isthmus of Panama. This is readily accounted for by the diver-
sified character of this part of the continent. The mountain ranges
and lower lands paralleling each other in long lines running north and
south make it possible for Boreal, Transition and Austral forms to
exist in close proximity over a widely extended territory.

5. A similar abundance, though less marked, in the northern and
middle portions of the Highland of the Andes in South America.

6. A paucity of species in Venezuela, Guiana and Bolivia probably
due to lack of collecting.

7. A paucity of species in Paraguay, Uruguay, Argentina, and Chili,
due in part, perhaps, to lack of collecting, but probably more to an
actual scarcity.

8. The subgenus Bombias is represented throughout Canada, except
in the following more northern and eastern sections: Yukon, Macken-
zie, Athabasca, Keewatin, Franklin, Labrador, New Foundland, Prince
‘Edward Island, Nova Scotia and New Brunswick. It is not present
in Greenland. It is represented in all the States of the United States,
except, perhaps, Maine ; also in Mexico, Central America and the fol-
lowing South American countries: Colombia, Venezuela, Ecuador,
Peru, Bolivia, Argentina and Chili. It is probably present also in
Guiana. If present in Brazil, it is probably confined to the mountain
ranges along the northern border. Its presence in Paraguay and
Uruguay is to be seriously doubted.

9. The subgenus Bombus is present in every political division of the
New World listed above (including Bolivia, though not yet so reported)
and also in Greenland.
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10. The Awuricomus group is mostly confined to the Boreal Region
and the Transition and Upper Austral Life Zones of North America;
running over into the Lower Austral but very little at most.

11. The Fralenus group, in North America, rangés through the
Upper Austral and Transition Zones and into the Boreal Region. In
South America, it seems to be confined mostly to the Highland of the
Andes, its most southern reported habitat being northern Argentina.
It reaches its maximum in number of species in Peru and Ecuador,
though this maximum does not appear to be much reduced even so far
north as Mexico. .

12. In the New World, the Borealis group is confined to the Boreal
Region and the Transition Zone of North America.

13. The Dumouncheli group is the most wide spread of all the New
World groups. It ranges throughout South and Central America,
Mexico, the United States, southern Canada and into Alaska. It
appears to reach its maximum in number of species in Mexico, but
this maximum is not much reduced even so far south as Brazil and
Ecuador.

14. In the New World, the K7rbyellus group is strictly confined to the
Boreal Region, and seems to reach its maximum abundance in northern
Canada and in Greenland.

15. In the New World, the Zerrestris group is confined to the Boreal
Region and the Transition and Upper Austral Zones of North America.

16. The Pratorum group is not present in Greenland. It is probably
present in all the political divisions of North and Central America,
though it has not yet been reported from either Oklahoma or Texas
(the fact that both Zmpatiens and bimaculatus have been reported from
Louisiana and Arkansas and that Zmpatiens is present in Florida are
pretty certain indications that at least Zmpatiens and bimaculatus are
present in these two states). It also ranges through Colombia into
Venezuela and Ecuador in South America, being confined to the
mountain ranges in this portion of its habitat. It has its maximum
number of species in Alaska, western Canada and the western United -
States, the variation in this number not being very great throughout
this wide range. A

17. The apparent absence of Psithyrus from South America is re-
markable.

18. The Ashktoni and Fernalde groups in the New World are con-
fined to the Boreal Region and the Transition Zone.

19. The Laboriosus group is present in a portion of the Boreal Region
and it ranges through the Transition and Upper Austral Zones and a
considerable part of the Lower Austral Zone. It ranges in scanty
numbers through Mexico and probably through Central America also,
being confined to the mountains in these regions. The record of
P. brasiliensis from Brazil is evidently erroneous. See the discussion
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following the description of that species. This group is apparently
not present in South America unless it be in small numbers in the
mountain ranges of the very north portion.

20. The general paralleling of the ranges of the following groups of
Bombus and Psithyrus is suggestive :

a. Pratorum and Laboriosus.

b. Zerrestris (without affinis) and Ashtoni. It should be noted, in
this connection, that 2. vestalis of the Ashtoni group, is said by
Schmiedeknecht to live with Zerrestris and to have a distribution in
Europe similar to that of that species.

c. Borealis and Fernalde.

21. Many of the species of the Pratorum group, in the northwestern
part of North America, and all the species of the Borealis, Kirbyellus,
Tervestris (affinis perhaps excepted), Askioni and Fernalde groups
show very close affinities with European and Asiatic species, the rela-
tionship being, in some cases, so close that the American forms must
be considered as only subspecies or varieties of the Old World species.
A very few species even show no noticeable variation between Old
World and American individuals.

If the number of specimens found in collections is a reli-
able indication, there is a comparative paucity of individual
bumble-bees in the Great Central Plain of North America,
especially in the southern United States.

Climatic Variation.

Species of Bombus with a comparatively level habitat of
wide extent are not usually very variable., Greatly variable
forms are never found except in greatly diversified regions.
No North American species which has the greater part of its
range east of the Pacific Highland is very variable, while
several of those, the habitats of which are in Alaska, western
Canada and the Pacific States of the United States, show
astonishing variation in the coloration of their pile. Of
these very variable forms, we may mention edwardsii, pleu-
ralis, rufocinctus, californicus and occidentalis as being, per-
haps, the most strking examples. Most of these variable
species show the same variation to a greater or less extent
in all parts of their habitat. It sometimes happens that
a marked degree of variation in coloration is found even
among the individuals of the same sex taken from the same
nest.
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In South America, the most variable species have the
greater part of their habitat in the highland of the Andes.

In the coloration of the pile, those colors which may, in
general, be classed as ferruginous, rufous and white are, as a
rule, brought out by high altitudes and also by Arctic or sub-
Arctic latitudes, only traces, at most, as a rule of these colors
being found on strictly lowland forms either in tropical or
temperate climates. High altitudes appear to have a much
stronger influence in bringing out these colors than do high
latitudes, as among the New World species, these colors attain
their maximum among the Cordilleras of the Andes in Ecua-
dor and Peru where bumble-bees reach the highest eleva-
tions. Traces of ferruginous or rufous pile on lowland tem-
perate or tropical species (e. g.—affinis, second dorsal seg-
ment of worker and male abdomen ; frafernus, apex of male
abdomen; separatus, second dorsal abdominal segment of
all sexes) may, perhaps, be taken to indicate a mountain
inhabiting ancestry. In this connection, the coloration of
dahlbomii and emilie seems to indicate that they have, in
comparatively recent times, extended their habitat into east-
ern Argentina, southern Brazil and Uruguay.

Yellow is more or less strongly suppressed in the colora-
tion of the pile of tropical species of the genus Bombus. This
suppression is marked in both lowland and highland forms,
and is so strong that this color is entirely wanting in a large
percentage of the species in the tropics of the New World.
In the lowlands this has resulted in some cases in the pro-
duction of entirely black species (&oklz, niger, atratus, brevi-
villus, solus). In the mountain regions black is less preva-
lent, for the rufous or the white pile on the mountain forms
replaces the suppressed yellow more or less.

Arctic forms have noticeably longer and finer pile than
have the species of warmer climates, and mountain species
appear to have, as a rule, finer hair than the lowland ones.

The fact that, in both the Old and the New World, the
species of the subgenus Bombias are, as a rule, confined in
their habitat, for the most part, to mountainous regions,
is interesting and perhaps suggestive. Awuricomus, separatus
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and fraternus are exceptional in this respect, but they may
have had a mountain inhabiting ancestry.

No comparative study of the habits of tropical, temperate
and arctic species of the genus Bombus has as yet been made,
but it will be surprising if it is found that climate does not
have a marked influence on their habits. Are the colonies
of tropical species ever perennial ? Are tropical colonies, as
a rule, larger than arctic ones ? What effect does the great
parasitism of the tropics have on the habits of the tropical
forms? Do the arctic species usually have subterranean
nests ? It should be noted, in this connection, that there are
rather strong indications that the species of both the Ter-
restris and the Borealis groups usually have their nests under-
ground. In tropical and temperate regions, the lowland spe-
cies, at least, seem, as a rule, to nest on the surface.

Economic Importance.

Taking the world as a whole, probably the species of no
other genus surpass those of the genus ABombus in their im-
portance as pollen carrying agents, unless it be the species
of Apis. In the cooler climates their season of activity in
numbers is, of course, not so long as that of the honey bee.
On the other hand, however, they pollenize the flowers of
" some plants which are not much visited by other bees, as
they are enabled by their longer tongues to reach the nectar
at the bottoms of long flower cups, which is out of the reach
of Apis mellifera and most other bees. The red clover, 77z-
folium pratense, seems, in most countries, to rely mainly on
bumble-bees for the transference of its pollen, while its blos-
soms are seldom visited by the honey bee. The white clover,
Trifolium vepens, is, on the other hand, one of the favorite
plants of the honey bee. The main difference between these
two clover species, from the standpoint of bee visitation, ap-
pears to be the difference in the length of the carolla tubes.
If bumble-bees are the main pollenizing agents of red clover,
as is commonly supposed, this clover should, as a rule, yield
a heavier crop of seed when grown in the Atlantic or the
Pacific Highland of North America than when grown in the
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Great Central Plain, because these bees seem to be consider-
ably less abundant in this middle portion of the continent.
The bulk of the red clover crop is at present produced in the
Central States. There are evidently other insects which are
capable of cross-fertilizing this clover, for the writer has
been informed, by the Agriculturist of the Transvaal, through
Prof. C. P. Lounsbury, Government Entomologist of Cape
Colony, (per litt.), that red clover ripens seed of a fair
extent in the Transvaal, where no bumble-bees are present.
Dr. L. Peringuey, Director of the South African Museum,
Cape Town, in a letter to Prof. Lounsbury, states that, in
that region, they have numerous Anthophora (Podalirius) as
well suited as any Bombus for the cross pollenation of red
clover.

Prof. W. W. Froggatt, Government Entomologist, Sydney,
New South Wales, writes me that, in his opinion, bumble-
bees would not do any particular good in Australia, if they
could be successfully introduced there, as other long tongued
bees are fairly common (Podalirius spp., and other genera).
He states further that red clover is grown in Tasmania and
also, to some extent, in Victoria, but only on experimental
plots in New South Wales. Great quantities of lucerne are
grown in New South Wales and it produces good seed there.
The introduction of bumble-bees in New Zealand probably
did much good as that country does not appear to have any
native long tongued bees.

In New England, there is a great variation from year to
year in the abundance of bumble-bees. In the summer of
1910, they were exceedingly scarce, at least in the south-
eastern portion, but, strange to say, in the same section
they were very abundant during the summer of 1911. The
1910 scarcity was so marked that it was everywhere spoken
of by the cranberry growers on Cape Cod. It seemed to
be the common opinion among these growers, moreover,
that the berries did not set as well as usual that season. A
marked cranberry fruiting failure on account of bumble-
bee scarcity would, perhaps, be surprising, as it has been
shown by experiment that the honey bee is efficient as a
fertilizing agent for this fruit.
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EXTERNAL ANATOMY.
. Integument.

The chitinous covering of these insects is very hard and
firm in all groups, species and castes. There are consider-
able differences in it’s toughness, however. Species of the
genus Psithyrus have a noticeably tougher covering than
have those of Bombus in the same sex. In Bombus,the queen
always has a thicker integument than that of the workers
and males.

The plates of the head and also of the thorax are more or
less solidly fused together so as to make these portions of
of the body very rigid. The abdomen is quite flexible be-
cause the intersegmental membranes allow for considerable
movement, but each separate segment is in itself quite
rigid, though there is enough spring in the dorsal and ventral
plates to allow for considerable lateral compression, under
pressure, of this region of the body.

Most of the external surface of the integument is very
thickly punctate. These punctures are the places of origin
of the hairs which form the clothing. There are several
kinds of these hairs and there is a great difference in the
relative fineness and coarseness of these different kinds.
There is a corresponding variation in the size of the punc-
tures which give settings to the hairs. The principal integu-
mental appendages may be classified as follows :

1. Minute unbranched hairs, found principally on and around the
eyes, on the antennz, on the wings, on the mandibles, on the region
in front of that bearing the long branched hairs on each abdominal
segment and on the spathze of the genitalia of the male.

2. Longer unbranched hairs, found mainly on the tongue, on the
macxillee, on each abdominal segment in front of the longer, branched
hairs and on the sting palpi.

3. Minute branched hairs, present mostly on the legs (especially the
tarsi), on the apex of the epipygium and hypopygium, around the eyes,
on the propodeum, on the labrum and on the genitalia of the male.

4, Long, coarse hairs with short branches (fig. 18). These hairs
make up most of the pile on the dorsum of the abdomen. They are
also strongly intermixed on the thorax and on the head with the kind
next described. They make up most of the long pile on the legs, in-
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cluding the corbicular fringes, and are present to some extent on the
venter of the abdomen and on the sting palpi. These hairs vary
greatly in length and fineness between different species. They grade,
on the tibize, completely into the long slender spines described under
number eight below.

5. Long hairs with long branches (fig. 29). These hairs are shorter
and finer than the long branched hairs just described, and are thor-
oughly intermixed with them on the head and thorax. On these por-
tions of the body, they are with some species, of a different color from
that of the coarser kind (e. g£., occiput and dorsum of thorax of du?-
teli, handlivschi, melanopygus, mixtus, sitkensis and wvolucelloides),
though, as a rule, the two kinds, wherever present together on the
same part of the integument, are for the most part of the same color.
When the two kinds are of different colors, the longer coarser kind is
much the darker, and the general color resulting from the mixture of
the two is grayish.

These hairs with long branches are also present to some extent on
the venter of the abdomen, on the proximal ends of the legs, on the
tarsi, and in the corbicular fringes, being everywhere mixed with the
coarser kind. Almost every gradation between these two kinds is
present, but these gradations are neither numerous nor conspicuous.

6. Minute, unbranched hairs with flat, strongly widened and truncate
distal ends. These hairs are confined to the hind femora and tibiz,
clothing the entire inner faces of the latter, but being present only on
the distal halves of the inner faces of the former.

7. Minute spines with conical bases. These are found only on the
wings and are, for the most part, confined to those portions distad of
(beyond) or behind the veins.

8. Long and slender acicular spines. These are to be found almost
entirely on the front and middle tibize and on the metatarsi and they
are the most numerous of all the spines present on those parts of the
body. There are all gradations between these spines and those next
described.

9. Powerful spines with blunt points, borne on the distal ends of all
the tarsal segments except the last and on the front sides of the hind
metatarsi.

10. Stout, flattened and somewhat curved spines placed in a single
transverse row on the distal end of each hind tibia of the queen and
worker. Species of Psithyrus do not have these spines. See figs. 12
and 48.

11. Compound spines. Two of these are present on the distal end
on each hind tibia and one on the distal end of each front and each
middle tibia in all groups and castes (figs. 12, 20 and 48). All of these
spines are laterally denticulate or spinulate. This, together with the
fact that they are the largest spines which bumblebees have and are
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obviously in a class by themselves, is our reason for calling them, as a
class, ‘‘compound spines.”” These spines have evidently been de-
veloped to perform special functions, and they will be discussed else-
where.

The surfaces of movable chitinous plates, which are partially or
entirely lapped by other plates, are usually more or less striate or
reticulate on the covered portions. This is principally true of the plates
of the abdomen, including the spathe of the male genitalia (figs. 148,
152, 153, 155 and 174). Various parts of the legs are very finely reticu-
lated, and this reticulation is, on some parts, mixed in with the punc-
tures.

Black, yellow, ferruginous and white make up the list of
general bumble-bee colors. Brown pile is sometimes very
noticeable with poor specimens and is, to a slight extent,
always present. This color does not appear to be normal,
as a rule, for the pile (dorsum of abdomen of kandlirschi is
an exception to this and there are some others) and is, doubt-
less, usually the result of a failure in complete color develop-
ment on the part of normally black hair. It is, however,
perhaps the most common color seen in the wings, though
these organs are sometimes nearly hyaline. Very dark brown
wings usually have violaceous reflections also.

Black is the most universal of the bumble-bee colors. The
visible portions of the integument of the main body seg-
ments, in undissected specimens, are, as a rule, almost en-
tirely of this color.

Very few species (kandlirschi) fail to have a noticeable
amount of black pile either on the main part of the body or
on the legs. As far as the clothing is concerned, this color
is most constant and universal on the legs, on the venter
and on the cheeks behind the eyes. Itis also present on the
two apical dorsal abdominal segments, on the dorsum of the
thorax between the bases of tbe wings, and on the frons on
a very large percentage of the New World species. It is
probably least often present in any amount on the anterior
portion of the thoracic dorsum.

Next to black, yellow is the leading color. While present
to a greater or less extent on most species, it is entirely
absent with some (e. g.—daklbomizi, funebris, handlirscki,
rubicundus, volucelloides). It is probably most constantly
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present on the anterior part of the dorsum of the thorax. It
is least often found on the legs (the very proximal ends per-
haps excepted), on the cheeks behind the eyes, on the venter
and on the apical abdominal segment. This color shows
considerable variation in shade bctween different species,
being whitish on some while on others it is deep golden.
On most species, however, this color is light, approaching
the color of straw.

Next to white, ferruginous is the least prevalent color ex-
hibited by bumble-bee pile. This color is usually confined
mostly to the dorsum of the abdomen, being most often
present on the middle or the apical segments. The corbicu-
lar fringes are more or less ferruginous in many species. A
few species have a considerable amount of pile of this color
on the thorax (daklbomii, ephippiatus, handlirschi, rubicun-
dus). Two species (daklbomii and rubicundus) even have a
large amount on the head. This color varies much in shade
not only between different species, but also, though to a less
extent, between individuals of the same species. The range
is from a shade approaching very near to pale yellow to an
almost cupreous color.

White is the least prevalent of the general colors of bum-
ble-bee pile. As a rule, it is confined to the apical half of
the dorsum of the abdomen. A few species have it, to a
considerable extent, on the dorsum of the thorax (e. g.—
appositus and funebris). White or whitish pile is noticeably
present on the head of appositus, borealis and edwardsii. Pile
of a gray or cinereous color is present on some parts of the
body of some species as has already been noted under the
description of the various integumental appendages.

The various species may be classified according to the
coloration of their pile under the following heads:

1. Unicolorous. Entirely black species of which there are but few
(kohli, niger, etc.).
2. Bicolorous. These are as follows :
(a) black and yellow (e. g.—impatiens, morrisoni, sonorus).

(b) black and ferruginous (e. g.—daklbomii, dolickocephalus).
(c) black and white (e. g.—funebris).
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3. Trvicolorous. These are as follows:
(a) black, yellow and ferruginous (e. g.—huntii, pulcher).
(b) black, yellow and white (e. g.—appositus, robustus).
(c) black, cinereous and white (e. g.—wvolucelloides).
(d) black, ferruginous and white (e. g.—coccineus).
(e) cinereous, ferruginous and brown (e. g.—kandlirschi).
4. Quadricolovous. Very few species, the colors being :
(a) black, yellow, ferruginous and white (e. g.—swlfuratus).
(b) black, white, ferruginous and cinereous (e. g.—buittels).

Of the New World species, the largest number are tri-.
colorous and, of these tricolorous forms, the ‘‘black, yellow
and ferruginous’ ones outnumber all the others by more
than two to one. Next in numbers to the ““black, yellow
and ferruginous ’’ species are the ‘‘ black and yellow’’ ones
of the bicolorous series, these outnumbering by two to one
all the others of that series. The coloration of the male is,
in some species, strikingly different from that of the females
and, in Bombus, there is also sometimes a considerable dif-
~ ference in this respect between the worker and the queen.

Head (fig. 53).

The hypognathous head is of good length and thickness,
but is rather narrow in comparison with that of most other
bee families. Its usual form might, perhaps, be best de-
scribed as sub-triangular. There is, however, great varia-
tion in its shape among the various species, it being rather
strongly rotund in some, while in others it is elongate tri-
angular. This varying shape of the head is of considerable
value in classification, especially as, within each natural
group of species, it is more or less constant and character-
istic. In profile, the head appears somewhat convex in front.

The different sclerites forming the head are so completely
fused as to be indistinguishable, and we can therefore desig-
nate the regions of the head only in a general way. The
occiput is, in this paper, considered to extend from the neck
(junction of head with pronotum) up and over the occipital
ridge and forward to the supra-orbital line (the line tangent
to the extreme upper ends of the eyes. It is shorter in some
species than in others because of the greater upward exten-
sion of the eyes in all castes of those species.
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The vertex is considered as extending from the occiput
half-way down to the supra-antennal line (the line tangential
to the upper sides of the antennal attachments). While the
occiput appears to provide no good classification characters
aside from its varying length and the color of its pile, the
variable position of the ocelli on the vertex of all castes is
of much assistance in marking the limits of certain groups
of species which have been, in this paper, placed together in
the subgenus Bombias for reasons given in another place.
This character is also useful, to a considerable extent, in the
separation of the different species of these groups. With
the males of the Bombias species, the vertex is usually more
or less narrowed toward the occiput. The frons extends
from the vertex to the clypeus and also, in triangular exten-
sions, down on each side of the clypeus to the malar space.
A median groove extends from the middle ocellus down to the
upper portion of the frons. There is a short carina between
the antennal insertions. Aside from the color of its pile, the
frons appears to be without value in classifying species. The
clypeus is a trapeziform plate occupying the lower portion
of the front of the head. It is marked off from the frons by
quite strong sutures. It’s surface is rather’strongly convex
and the labrum is attached to its lower margin. This plate
is of some taxonomic value as its punctation varies greatly
between different species, though it is apparently very con-
stant within species and sex limits. The clypeus of the
males is usually well covered with hair, while that of the
females, in Bombus at least, is mostly naked. The compara-
tively smooth and hairless area between the lower end of
the eye and the base of the mandible, on each side of the
head is, in this paper, called the ‘‘ malar space.”’ This region
is probably made up partly from an extension of the frons
and partly from a forward extension of the gena. "It varies
greatly in length between different species and is of much
taxomomic value. The sides of the head, behind the eyes,
are known as the cheeks or genz. There is no line of
demarcation between the genz and the occiput, the mutual
limits of these plates being.indefinite. The cheeks are
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widest behind the upper halves of the eyes and are much
narrowed toward the mouth; they have little taxonomic
value.

The appendages of the head will be considered in detail
separately.

Antenne (figs. 19, 21, 23, 25 and 27).—These organs are
inserted upon the front part of the head opposite the middle
of the eyes. These insertions are usually a little nearer to
each other than they are to the eye margins, but in some
males (Bombias) they are nearer to the eyes than to each
other. The basal portion or bulb of the proximal segment
or scape articulates with the head in a socket. This bulb
has a slightly smaller diameter than does the main portion
of the scape where it is thickest. There is a strong con-
striction between the bulb and the rest of the scape, the most
of the narrowing being on one side (figs. 21 and 27). The
scape is much the longest segment of the antenna. The com-
parative lengths of the scape and the flagellum (the rest of
the antenna without the second segment) do not appear to
vary greatly among the females of different species. but,
among the males, they do vary very considerably. The scape
is fully two-thirds as long as the eye. It is thickest toward
either end. The flagellum is usually carried at an angle
with the scape, thus forming what is known as a geniculate
antenna. The second antennal segment is known as the
pedicel. This segment is by far the shortest of all the an-
tennal segments. Its apical portion is usually sub-globular,
but it is more or less constricted basad. The flagellum con-
sists of ten segments in the females and eleven in the males.
These segments vary considerably in length between the
males of the various species and between the two sexes.
The first segment always gradually increases in diameter
more or less from the proximal to the distal end. The rela-
tive lengths of the first three segments are of considerable
value in classification. The terminal segment (fig. 58) is
always compressed or flattened more or less apically so as
to appear wedge-shaped when viewed laterally. The middle
segments are usually straight and cylindrical, but in the an-
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tennze of some males are somewhat curved from end to end.
The term ““arcuate ’ is used to express this curved condition
(fig. 17). In some males, the segments of the flagellum are
rather strongly convex on one side so as to produce, for that
side of the flagellum as a whole, a condition which, in this
paper, is described as ‘‘crenate”’ (fig. 23). The males of 5.
mixtus are peculiar in having a noticeable tuft of hair on the
same side of nearly all the segments of the flagellum (fig. 19);
the tufts on the basal segments being longer and much more
noticeable than those on the apical ones. This species ex-
cepted, neither the flagellum nor the pedicel bear long hairs ;
though such hairs are present on the scape more or less.
Minute ferruginous hairs are very numerous over practically
the entire flagellum and pedicel. Mixed in with these hairs
‘on one side of all the segments of the flagellum, except the
first two, are shallow elliptical depressions or pits in the an-
tennal integument. These pits are scattered over about half
the surface of these segments. They are also present on a
small area on one side of the apical portion of the second
segment. Each of these depressions appears to be either
lined or covered with a silvery scale or membrane. Figure
56 shows the outlines of several of these pits with the smaller
hair punctures mixed in with them. These depressions may
be sense organs. They are present in all species and castes.

Organs of Vision.

Eyes.—The compound eyes are usually and narrow with
rounded ends, and are placed antero-laterally on the head.
They follow to some extent the curvature of the sides of the
head and are, therefore, themselves convex aud usually some-
what arcuate from end to end. In some males (Bombias
spp.), they are greatly widened, lengthened and swollen and
very convex, bulging out from the sides and the top of the
head. The proportional length of the eyes varies very con-
siderably between Psithyrus, the subgenus Bombus and the
subgenus Bombias and also between various species of the
latter subgenus. It is least in APsithyrus and greatest in
Bombias. The elongation of the longer eyes is effected by
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an extension of their upper ends. This extension encroaches
on the occiput. For this reason, the occiput of Bombias spe-
cies is, as a rule, noticeably shorter than that of Psithyrus
and the subgenus Bombus. The females of Psithyrus have
noticeably shorter eyes than those of any Bombus females of
equal size. The eyes of Psithyrus males are also somewhat
shorter but not as noticeably so as those of the females. As
a rule, a few minute simple hairs may be found scattered
over the surface of the eyes. In freshly emerged specimens
the eyes are often noticeably hairy, particularly in the males.
These hairs are attached between the facets. The eyes are
often of nearly the same color as the surrounding integu-
ment, but usually they are much lighter and of a color that
might, perhaps, be best described as light silvery brown or
pale smoky gray. They are also sometimes irregularly
mottled more or less.

Ocelli.—These organs are three in number and are ar-
ranged in a curved line on the vertex. Their position in
relation to the eye margins and to the supra-orbital line is
greatly affected by the amount of extension of the upper ends
of the faceted eyes. In some forms (Psithyrus and Bom-
bus) they are either tangent to or on the supra-orbital line,
and the lateral ones are as far from the eye-margins as
they are from each other. In others (Bomébias spp.), they
are far below the supra-orbital line and the lateral ones, in
some males, almost touch the eyes. The ocelli are notice-
ably larger in proportion to the size of the individuals, in both
females and males of many species of Bombias than they are
in any species either of Psithyrus or of the subgenus Bombus
known to the writer. These organs are sometimes black
like the surrounding integument, but usually they are some-
what yellowish. They are never as light as the usual color
of the faceted eyes. The surface of the integument near
them is, for the most part, but slightly punctate.

Mouth Parts.

Of these organs, only the labrum and the mandibles ap-
pear to present characters of any value in the determination
of species. The other parts will not, therefore, be con-
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sidered here in detail. They are in general much like those
of the honey bee, but the tongue and maxille are much
longer than in Ap7s, the former, when fully extended, reach-
ing back to, or often-even considerably beyond, the middle
of the abdomen. The labial palpi are four segmented and
the maxillary palpi normally two segmented.

Labrum (figs. 51, 103, 107 and 114).—This organ is of
some assistance in classification. In Bombus, it is transversely
oblong in general form in all castes. The males of Psithyrus
are like Bombus in this regard, but in the females of that
genus the labrum is rather strongly triangular in general
outline (fig. 103). The side margins are always outcurved.
The line of attachment with the clypeus is always nearly
straight in the middle and in Bombus usually bends forward
(away from the clypeus) somewhat on each side. The apical
margin is most often nearly straight, but it may bend either
outward (Psithyrus females and, to a less degree, some other
forms) or inward (fig. 114). If the labrum of the females
of some species (e. g.—consimilis, perpexus) is detached,
mounted and examined with a microscope or even with a
good hand lens, looking toward a strong light, a conspicuous
licht *‘ translucent area’ will be seen near each end. Psi-
thyrus and the males of Bombus do not have these areas. In
many species of Bombus they are also partially or entirely
obliterated in the females (queens and workers). In the
females (queens and workers) of Bomébus, the labrum bears
a noticeable median transverse shelf-like projection or carina
(fig. 114) near its apical margin. Each end of this carina
ends in a somewhat elevated area. These areas are called
““ tubercular areas ’’ and ‘‘ tubercle-like areas’’ in the various
specific descriptions in this paper. These areas vary in their
amount of elevation in different species, and they usually
consist of an irregularly circular, moderately elevated, and
rounded ridge enclosing a more depressed area. Between
these ‘‘tubercular areas’’ and above the carina, the surface
is usually more or less strongly depressed. In Psithyrus
females this surface structure of the labrum is often consider-
ably modified. The transverse carina is sometimes reduced
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to a rather sharp apical tubercule and each tubercular area
is sometimes represented by a similar rather acute tubercle.
The labrum of the PAPsithyrus female is, therefore, often
noticeably trituberculate, the tubercles being arranged in a
triangle. The males of neither Bombus nor Psithyrus have
any carina or ‘‘ tubercular areas’’ or tubercles on the labrum.
In both genera and in all castes the surface of the labrum is
more or less strongly punctate. Where  tubercular areas’’
are present their depressed portions are comparatively’
smooth.

Mandibles.—In the females, these organs are well devel-
oped and appear moderately powerful. They are broad
toward the base and apex, but are narrowed considerably
in the middle. - In all the New World species of Bombus, the
apex of the female mandible is normally either three- or four-
toothed. Freaks of species with normally four-toothed man-
dibles sometimes have them five-toothed (fig. 37). In the
three-toothed mandibles, the two teeth on the front side are
small and more or less acute (fig. 41. T.1 and T. 2) and
the third tooth (T. 3) is very broad and forms the greater
part of the biting edge. In four-toothed mandibles, the
fourth tooth (T. 4) is a small tooth on the hind side. Many
species have mandibles showing a partial gradation between
the three- and four-toothed condition (fig. 45). In Bombias
(fig. 30), the hind side of the biting edge of the female (queen
and worker) mandible is more extended distally, in compari-
son with the front side, than it is in the subgenus Bombus
(fig. 45). In Psithyrus females, this hind side of the biting
edge is very greatly extended (figs. 46 and 49) and is much
more acutely rounded than in the genus Bombus. The man-
dibles of female Psithyri are not distinctly toothed. The
biting edge, however, usually has a single notch. The outer
faces of the mandibles of both genera are convex and marked
by alternating longitudinal ridges and grooves, the grooves
being lined to a considerable extent with a very short and
fine, usually ferrugindus pubescence. The inner faces of their
distal halves are strongly concaved and smooth except for a
single curved ridge which runs from the front margin over
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two-thirds of the way across toward the hind end of the
biting edge. The mandibles of the male are bidentate in
both genera, the front tooth being the smaller, and in most
species they are heavily beardered on their outer faces, espe-
cially toward their bases (figs. 33 and 38).

Thorax. (Figs. 1 and 2).

The apparent thorax, as in most other Hymenoptera, in-
cludes, in addition to the thorax of other insect orders, the
first abdominal segment. This segment and the plates of
the meta- and mesothorax and the pronotum are firmly joined
together and form a box, the parts of which are practically
immovable in relation to one another. This box is as wide
(from side to side) as it is long (from front to rear) and
wider than it is deep (dorso-ventrally). Viewed posteriorly
or anteriorly (with the head and abdomen removed), it ap-
pears nearly round. Viewed laterally, it appears nearly tri-
angular.

The most striking features of the thorax are the following:
(1) The great development of the mesonotum and meso-
pleura is accompanied by a great reduction of all the sterna
and of the metathorax. (2) The lateral and ventral parts
of the prothorax are suspended loosely in a large membran-
ous area which is continuous anteriorly as the neck. They
thus form a sort of suspensorium for the front legs, which is
easily detached from the rest of the thorax. (3) The pro-
notum is solidly attached to the anterior edge of the meso-
thorax, and its lateral parts extend downward till they meet
on the venter behind the prosternum. (4) The post-notum
(post-scutellum) of the mesothorax is entirely invaginated
into the cavity of the thorax, thus being invisible externally,
and is reduced to the form of two lateral arms of the large
internal postphragma. ‘

Having considered the general appearance and make-up
of the thorax, we may now proceed to a more detailed de-
scription of it.

Prothorax.—The head is attached to the thorax by means
of a very flexible membrane. The place of attachment on
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the head is located at the center of a circular concavity which
permits of a free movement of the head on the body. The
occipital foramen 1is rectangular or rounded in general form,
its long axis being the vertical one. The anterior ends of
the two episterna of the prothorax forms knobs which loosely
articulate with the occipital region of the head. The neck
membrane on the dorsal side is attached to the lower sur-
face of the pronotum.

The pronotum is so separated from the rest of the pro-
thorax that it almost appears to belong to a separate seg-
ment. It forms a collar completely encircling the front of
the mesothorax and extends backward on each side in the
form of a large lobe which reaches the tegule. This lobe
acts as a protective shield, covering the first thoracic spira-
cle. The notum is divided by a transverse groove or depres-
sion into an anterior and a posterior part. The former is
sometimes called the scutum and the latter the scutellum.
The scutellum is densely pilose, but the scutum has very
much less hair. The propleura are large, oblong plates,
presenting both lateral and ventral surfaces. They are re-
tracted beneath the notum so as to be at most only partly
visible laterally. Each pleuron appears to be made up of a
single piece, which is apparently the episternum. The pros-
ternum is a small, partly invaginated plate. It is widest in
the middle and narrows to an acute angle both in front and
behind. Its surface is often longitudinally striate in the
middle.

Mesothorax.—The mesonotum consists of three plates. Of
these plates, only two, the scutum and the scutellum, are
visible with the plates in their natural position. The scutum
is the large anterior plate which extends from the pronotum
back to opposite the bases of the hind wings. Its anterior
corners reach under the prothoracic lobes slightly. It has a
very narrow strip on each side which appears to be partially
separated from the main part by a suture. The scutum, as
a whole, is widest anteriorly. Its front margin curves for-
ward somewhat; the side margins are somewhat incurved
and the hind margin is broadly curved backward. Its sur-
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face, as a whole, is thickly and coarsely punctate and densely
pilose. A little behind the center, however, there is a less
punctate area, a small part of it usually being entirely smooth.
As the hairs, which form the pile, arise from the punctures,
this smoother area is usually more or less naked. From this
area a single fine median stria runs forward to the anterior
margin. Somewhat less than half the way from the side
margin to the middle line and about midway between the
front and hind margins, on each side, is a short groove or
stria. 'These lateral strize are known as the parapsidal
grooves. ‘The pile on the hind part of the scutum, between
the bases of the wings, is often of a strikingly different color
from that on the front part and on the scutellum, so that it
forms a very noticeable transverse band. This band is, in
this paper, called the ‘‘ znter-alar band.”’

The scutellum lies behind the scutum and is separated
from it by a very distinct suture. Itis less than half as large
as the scutum. Itoverhangs the middle of the metanotum be-
hind. It has two small latero-anterior areas, which are parti-
ally separated from the median area by sutures. It is lunate
in form, both the front and the hind margins being curved
backwards. Most of its surface is densely punctate, but it
is much less so on the medio-anterior portion and on a me-
dian line running backward nearly to the hind margin. Ex-
cept on this less punctate portion, it is densely pilose. If
the mesonotum is separated from the rest of the thorax, a
large posterior internal part is found attached by two lateral
arms to the scutellum. This structure does not show on the
surface at all. As Mr. R. E. Snodgrass, in his splendid
work on the anatomy of the honey bee (Technical Series,
No. 18, U. S. Department of Agriculure, 1910, p. 55) has
shown, it is the representative of the post-scutellum and its
phragma.

The mesopleura are very large and make up most of the
sides of the thorax. Below, they are completely fused with
the mesosternum, with no suture to indicate the limits of the
latter., Above, they reach the bases of the wings. Each
mesopleuron is made up of a small double upper plate, known
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as the epimeron, and a large lower plate, called the epister-
num. A distinct sinuous suture separates these two plates.
This, the pleural suture, does not reach more than half-way
from the wing base to the base of the middle leg. The sur-
face of the mesopleuron is densely punctate and pilose. The
sternal region is somewhat infolded longitudinally in the
middle. In the middle of this infolding there is a fine longi-
tudinal elevated line. Between this sternal region and the
ventral ends of the pronotum is a small transverse membrane-
ous area.

Metathorax.—This part of the thorax consists of a very
narrow series of plates compressed between the mesothorax
and the median segment or propodeum. The metanotum
is a single, narrow, transverse sclerite, widening on the
sides where it carries the wings. Its middle portion is over-
hung and partially concealed by the scutellum of the meso-
thorax. A slanting groove appears to separate the lateral V
portions of this plate from the middle portion. These lateral
portions are densely punctate and rather heavily pilose, while
the middle portion is comparatively smooth and bears only
a small amount of short hair. '

The metapleuron consists of an upper and somewhat ante-
rior plate, supporting the hind wing, and a lower and poste-
rior plate, carrying the hind leg. The upper plate is elon-
gate-oval in shape and its surface is densely punctate; it is
moderately densely pilose. The main part of the lower plate
is triangular, and from the corners of the triangle three long,
narrow extensions reach out. One of these extensions passes
between the middle and hind coxz and connects with the
metasternum ; another reaches up between the propodeum
on one side and the middle coxa and mesepisternum on the
other and conneets with the upper plate ; the third extension
is shorter than the other two and reaches back between the
hind coxa and the propodeum. This lower plate does not
have much long hair. As Mr. Snodgrass has shown, no dis-
tinction as to epimeron and episternum can be made in the
consideration of these plates.

The sternum appears to consist of a small, nearly trapezi-
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form, anterior plate, located between the mesocoxe, and a
separate triangular, posterior scale-like piece which extends
from this anterior sclerite back between the hind coxz and
reaches the edge of the median segment by means of two
rami or arms. . These arms bound the abdominal foramen
(the opening into the second abdominal segment) below.
Propodeum.—This large single sclerite, as has been abund-
antly proved, is really the notal plate of the first abdominal
segment, which has become thrown forward and joined solidly
to the thorax, the corresponding ventral plate having become
lost. It fits into the hollowed out posterior edges of the
metathorax. Its surface is convex and it bears the first ab-
dominal spiracles laterally. These spiracles are elongate
and curved from end to end. The surface is finely punctate
in the middle and densely and coarsely punctate on the sides. "
It is divided into an upper median area and two lower
lateral areas by two delicate, slanting and sinuous grooves
which meet on the middle line near the lower margin. It
bears only short pubescence on the middle portion, but there
is usually considerable pile on the sides.
Abdomen.—Without the propodeum, the abdomen of the
females (queen and worker) has six exposed segments
fig. 1) and that of the male seven. With the male, how-
ever, only the tergum of the seventh segment is exposed,
its sternum being the outer spatha of the genitalia. For
convenience, the propodeum has not been considered in the
numbering of the segments in the detailed descriptions of the
various species; they have there been numbered from front
to rear as though what is really the second segment were
the first one. Counted in this way, the tergum of the first
segment is the largest abdominal sclerite. It has a large
triangular, anterior face and it runs down onto the venter on
each side and overlaps to some extent the comparatively
small ventral plate or sternum. Its anterior face is usually
either concaved or furrowed longitudinally in the middle ;
this face has only very fine punctures for the most part and
does not bear much pile. In the attachment of this segment
with the thoracic box, its tergum connects with the lower
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edge of the propodeum, and its sternum with the posterior
sides of the rami of the hind plate of the metasternum. It
should be noted here, however, that the plate, which is here
considered a part of the metasternum, may really be the
nestigial neutral plate of the propodeum. The foramen at
this connection is, on the thoracic side, a double one, and
consists of a lower triangular and an upper circular opening,
the two openings running together to a slight extent. On
the abdominal side, however, only the lower triangular part
of this foramen is present. This is due to the fact that a
short tubular membrane, open to a slight extent below, runs
back from the circular opening of the foramen on the propo-
deum and ends blindly like a sack, the end covering over
and enclosing a small Y-shaped extension of the integument,
which arises at the lower margin of the first abdominal ter-
gum and extends upward and backward a short distance -
lying closely against the very lower part of the anterior face
of the tergum. This membraneous tube encloses a pair of
small levator muscles or tendons, and the Y-shaped extension
gives them attachment and leverage for raising the abdo-
men. The Y-shaped piece together with the tubular mem-
brane and the enclosed muscles make up what is known as
the funiculus.

Segments two to five, inclusive, of both the female and
male abdomen are very similar in general form and struc-
ture. Each one consists of a tergum and a sternum, the
former reaching far down on each side of the segment, where
it carries the spiracle and overlaps the edge of the sternum.
Each of these terga and sterna is transversely oblong, and
is widely overlapped by the one next in front of it. The
intersegmental membrane in every case runs from the ante-
rior edge of the tergum or sternum and attaches to the mid-
dle of the inner face of the one in front of it. The exposed
portions of most of the terga and sterna are coarsely punc-
tate and bear long hair, the terga being—in Bombus—densely
clothed. The covered portions are mostly without punctures
and bear little or no hair. The sides of the first sternum
and the adjacent portions of the sides of the first tergum are
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without punctures or hair. They are, however, very deli-
cately reticulated, though, to the unaided eye, they appear
perfectly smooth and shining. The smooth and hairless
condition of these areas is evidently due to their friction
against the hind coxz.

The last exposed segment in both sexes is different in
form from the ones that precede it. In this paper, the last
exposed tergum is called the epipygium and the last exposed
sternum the Aypopygium (figs. 28 and 43). The last ex-
posed segment, taken as a whole, is pyramidal and bluntly
pointed at the apex in the females, the sixth tergum and
sternum opposing each other as epipygium and hypopygium.
In the males, the seventh tergum is convex above and broadly
rounded at the apex. In this sex the seventh tergum is the
epipygium and has the sixth sternum opposed to it as the
hypopygium. The thorax and all the anterior segments of
the abdomen possess no particular characters of value in
species determination aside from the character of the pile.
The hypopygium, however, often presents distinctive struc-
tural characters. In the females of Psé¢hyrus, it has a strongly
elevated carina on each side of the apical portion (fig. H).
These elevations are absent in Bombus, but some Bombus
females have a slight median carina on the apical portion.

Within the cavity of the last exposed segment are lodged
the sexual organs and their appendages. All the details of
these structures have not been fully worked out by the
author, but, as far as they have been studied, they will now
be described for the two sexes separately.

The sting and its appendages (fig. 16).—In general structure
and relationship, these organs are much like those of the
honey bee already so well described by Mr. Snodgrass (same
paper as previously cited). The sting itself is a somewhat
curved, tapering shaft with its tip directed posteriorly and
its base swollen into a bulk-like enlargement. This shaft is
not solid, but is a hollow organ made up of three pieces
which surround a central canal. One of these pieces is dor-
sal and the other two are ventral. The ventral pieces slide
lengthwise on track-like ridges of the dorsal piece, the latter
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being open below to aslight extent from base to apex. The
dorsal piece is known as the skeatk. It consists of a promi-
nent and elongate basal swelling, which contains a large
cavity and is known as the bu/b, of a terminal tapering szaf¢,
and of two elongate, curved, foliaceous basal arms or roots.
The two ventral pieces are long slender rods, called the laz-
cets or darts, which slide freely upon two tracks on the ventral
edges of the sheath and diverge upon grooved tracks run-
ning the entire length of the basal arms. These lancets have
several small teeth or barbs on one side near their distal
ends. The cavity of the sheath bulb, in a narrowed exten-
sion, continues through the entire length of the shaft of the
sting as a channel running between the sheath and the lan-
cets. This channel is the poison caral of the sting.

Several paired plates of definite shape and arrangement
are attached to and overlap the base of the sting. None of .
these plates appear to have any taxonomic value, and only
two of them need to be considered in detail. One of these
paired plates may be called the palpus plate, for to each plate
of the pair is attached an elongate hairy organ, these organs
being known as the sting palpi. These palpi are very promi-
nent and are dorsal to the sting. The plates which bear
them also support the basal arms of the sheath and are con-
nected by a membrane which lies against the bulb of the
sting. The plates of the other paired plate, which deserves
attention, bear spiracles and appear to represent a part of
the eighth abdominal segment (the propodeum being con-
sidered as the first), most of the other plates present repre-
senting the ninth segment. These spiracle bearing plates
(figs. 24. 104, 106, 116 and 118) show considerable variation
in form between the various species and also, to some extent,
between different individuals of the same species.

A membrane extends across between the two basal arms
of the sheath of the sting. The inner margin of each of
these arms is usually gradually extended more or less into
an inconspicuous lobe. In the species of the Terrestris
group, this lobe is divided into two well developed teeth in
the queen and sometimes in the worker also. These lobes
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are slightly elevated and somewhat excavated beneath.
These lobes are always less developed in the workers of
Bombus than they are in queens of the same species (figs.
149 and 176). The writer has seen queens of Bombus with
the male genitalia, torn from the body of the male, hanging
to the bases of their stings, in position for copulation.
When thus observed, the male sagittze were always found
passing between the lobes on the inner sides of the basal
arms of the sheath of the sting above described. It seems
evident, therefore, that these lobes have some function in
connection with that of the sagittee. They apparently serve
to guide the heads of those organs to the mouth of the
vagina. For this reason, they are, in this paper, called the
genttal guides. In general, they are largest and most com-
plex in those species which have the sagittee of the male with
the largest and most complex heads.

Male genitalia (figs. 119 and 120).—These organs are as
follows :

1. Two ventral and basal foliaceous slerites, one underlying the
other (fig. 32). These are, in this paper, called the spafke. Together
they make up what Radoszkowski designated as the couvercle genital.
They vary greatly in form between different species and are, therefore,
of some value in classification. The outer spatha is always the larger
(figs. 122 to 126 inclusive and figs. 148, 152, 153 and 155) and always
has its anterior margin curved far backward in the middle and usually
is entirely without fenestrae. The inner spatha is always roughly tri-
angular in outline and always has its anterior margin thickened and
extended forward prominently in the middle and usually has at least
one fenestra (fig. 128). These spathe always have more or less hair
on the apical portions of their outer surfaces.

2. A single large, dorsal and basal sclerite. This plate is known as
the cardo (figs. 71, 119 and 120, C). It forms the entire basal portion
of the genitalia on the dorsal side and, in narrow and tapering exten-
sions, it reaches down on each side of the venter to over one-half the
distance toward the middle line. By its connecting membranes it pro-
vides most of the attachment for the genitalia to the rest of the abdo-
men. It is smooth and without hair. It is quite constant in form and
appears to have no distinctive character of value.

3. A lateral organ on each side known as the clasper (figs. 71, CL and
120, CL). During copulation, these organs include the basal portion
of the female stinging apparatus between them. The presence of
numerous muscles indicates that muscular effort is put forth in the use
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of the claspers, but this may be considered as doubtful. Each clasper
is made up of three separate pieces as follows :

(a) The large basal and lateral piece which in a tapering basal ex-
tension reaches the middle line on the ventral side and there fuses, in
a narrow connection, with the corresponding extension from the other
clasper and which also nearly reaches the middle line in a basal exten-
sion on the dorsal side. This piece is smooth and with little or no
hair. It is known as the branch or stipes (figs. 71, 73, 119, 120, B).
It varies greatly in form, especially as seen on the dorsal side, between
the various species.

(b) A small apical and dorsal piece attached to the distal end of the
stipes. This plate is typically two lobed, but either the inner or the
outer lobe may be greatly reduced, the former being sometimes
entirely absent (fig. 158). This plate is called the sguama (figs. 119
and 120, T, and figs. 71, 73, 74, 77, 78, T). Its two lobes appear to
have different functions. The outer one evidently acts as a brace for
the end of the vosella which, in most species of Bombus, would, without
it, probably be either bent dorsally or broken by the pressure of the -
female hypopygium against the middle of the dorsal sides of the
claspers, the tips of the volsellee being held fast from slipping on the
plates dorsal to the basal arms of the sting by means of their apical
projections. The necessity for this bracing is shown by the fact that
the branch reaches cauded considerably farther on the dorsal than it
does on the ventral side and also by the fact that this outer lobe is, as
a rule, longest and best developed in those species which have the ends
of the volsellee reach farthest beyond the apices of the branches. The
function of the inner lobe is not known. Itis, as a rule, best developed
in those species which have sagittee with very simple heads. There
appears to be a phylogenetic significance connected with this. The
squamee are, for the most part, without hair, but the inner lobe often
bears considerable. They are of great value in the classification of
species.

(c) A large and usually very hairy piece attached to the inner side
of, and partly enclosed by, the stipes. This piece is known as the
volsella or lacinia (figs. 71, 73, 93, 119 and 120, V). It varies greatly
in its form and in the amount and distribution of its hair between
the different species. Its caudad extension, has compared with that
of the branch and squama, is also very variable between the various
species and is of especial importance, as it seems to have some phylo-
genetic significance. The apex of the volsella in Bombus bears a con-
spicuous, usually pointed and ventrally recurved projection on its
dorsal and inner side. This projection is, in this paper, called the
apical projection (figs. 71, PR, and 119, PR). Its function, apparently,
is to enable the volsellee to keep a firm hold on the side plates at the base
of the sting and so keep that organ in an extruded position during copu-
lation, the claspers thus acting not only as pincers, but also functioning
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as levers over the apex of the female hypopygium as a common ful-
crum. The apical projection of the volsellee are absent in Psithyrus.
The hairy condition of the volsellee seems to indicate that they may
be of some use as sense organs. At the base of each, on the ventral
side and largely enclosed by the branch, is a small piece called, in this
paper, the nux (fig. 71, NX).

(4) An elongate, usually slender, organ on each side, between the
claspers. These pieces are known as the sagittee (figs. 71, 119 and
120, H and Y). Their distal ends are variously modified in form
among the different species and usually have more or less strongly
recurved parts. The modified terminal portion of these organs is, in
this paper, called the kead (figs. 71, 119 and 120, H), while the long
basal part is called the skaft (Y). The sagittee are of great value in
the classification of specjes. As has been indicated in the discus-
sion of the female organs, their heads are plunged into the vagina
ahead of the penis, and serve to open it for the insertion of that organ.
When the sexual connection is fully established, separation is probably
very difficult in some species on account of the sagittal heads. It is
certain that the male organs are sometimes torn completely off from
the males in this separation. The heads of the sagittee, in most spe-
cies, are extended ventrad more or less strongly, and they often bear
some microscopic hairs. The sagittee attain their greatest complexity
of form in the Zerrestris group. This, together with the noticeably re-
duced volsellee, the four-toothed female mandibles and the probably
almost universal subterranean nest building habit, marks this group as
the most specialized of all the bumble-bee groups thus far recognized.

5. A median and dorsal organ known as the wzcus. Radoszkowski
(Bull. Soc. Natural. Moscow XLIX, P. 1, 1884, p. 53) called this piece
the spatha, but I have seen fit to use that name for the two ventral
pieces making up the genital couvercle. The uncus is always narrowed
toward the distal end and this end is always curved strongly ventrad
(figs. 71, 73, 119 and 120, U). It varies greatly in width between spe-
cies. It overlays the bases of the sagittee. Its surface is smooth and
it is without hair. It appears to function as a protection and guide to
the penis.

6. The penis is a flexible and membraneous organ which is deeply
retracted under the base of the uncus when not in use. Its distal end
is much enlarged.

Certain parts of the male genitalia are modified abdominal
segments. Counting the propodeum as the first abdominal
segment, the cardo represents the ninth tergum, the oufer
spatha the eighth sternum, and the zmmer spaiia the ninth
sternum. The tenth segment appears to be absent as far as
any representation by chitinous plates is concerned.
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The most striking differences in genitalia, between Bombus
and Psithyrus, are presented by the volselle. The volselle
of Bombus are hard and horny and have well developed api-
cal projections. Those of Psithyrus are semi-membraneous
and are destitute of apical projections. The weak volselle
of Psithyrus seem to indicate that in that genus the legs are
used to grasp the females, during copulation, more than they
are in Bombus. The lateral elevations on the female hypopy-
gium of Psithyrus may have some use in this connection.

Wings.—These organs are large and powerful. They vary
in color, between the various species and castes, from nearly
hyaline to very dark brown with violaceous reflections. Over
the base of each fore wing, lies a small, arched, chitinous plate, .
known as the tegula (fig. 47). This plate is rather pointed
at one end, but is broadly rounded at the other. Toward
the pointed end, the outer surface is rather thickly punctate
and bears considerable long hair. Besides the tegule, there
are several other, though smaller, chitinous pieces connected
with the bases of the four wings. These have not all been
studied in detail by the writer, but two of them, larger and
more conspicuous than the rest, may be mentioned here.
One of these pieces (fig. 52, SC) is sub-triangular in general
outline and lies, for the most part, on the front side of the
base of the wing. This piece is the enlarged basal portion of
the subcosta of Comstock’s classification, the remainder of
that vein having entirely disappeared. The other piece (fig.
52, AP) runs from the middle of the wing base back beyond
the hind margin of the base. This piece is elongate, rounded
in front and pointed behind. It is known as the median plate
of the wing base or the median basal plate. There are also
several small pieces connected with the bases of the hind
wings, but these have not been studied by the writer.

The nomenclature of the veins and cells, used by Cresson
and others, has been followed in this paper, but drawings
have been included which name the parts according to the
Comstock system (figs. 3, 4, 7, 8).

Fore wings (figs. 3, 5, 7 and 9).—The radial cell is elon-
gated and very narrowly rounded at its outer end. There is
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no well developed stigma. Three closed cubital cells are
present and they are of nearly equal size. They lie between
the costal cell, the weak stigma and the radial cell in front
and the first and third discoidal and second apical cells be-
hind, the vein between these last and the cubital cells being
the cubital vein. A fourth, weakly developed, cubital cell is
present on the distal side of the third and is open externally.
The veins which separate the cubital cells from each other
are the fransverse-cubital veins. The first cubital cell is widest
in the middle and is pointed at each end. It is, as a rule
slightly wider, from front to rear, in Psithayrus than it is in
Bombus. It is faintly divided in the middle by an apparently
rudimentary and usually incomplete veinlet. The second
cubital cell is bordered, in front, in part by the radial cell
and in part by the first cubital. It comes to a point imme-
diately behind the middle of the latter. The second trans-
verse-cubital vein is nearly straight, while the third is strongly
outcurved. The radial cell reaches considerably beyond the
third cubital. Two of the three cells, immediately behind
the cubitals, are closed and are termed the fZrst and third
discoidal cells, while toward the tip of the wing from the last
named is the unclosed second apical cell, which lies posterior
to the outer portion of the third cubital cell. Separating the
first and third discoidal cells and the second apical cell are
two recurrent veins, the first of which arises posteriorly from
the anterior outer angle of the second discoidal cell, which
lies posterior to the first discoidal cell, the second recurrent
vein arising from the sud-discoidal vein. The first recurrvent
vein joins the cubital opposite the middle of the second cubi-
tal cell. The second recurrent vein joins the cubital at a point
somewhat proximad of the apex of the third cubital cell.
Behind the third discoidal cell is the first agical cell, the vein
that separates them being the suéd-discoidal. The vein sepa-
rating the first and second discoidal cells is known as the dzs-
coidal vein. 'The anterior-basal cell is very long and narrow
and is called the costal cell. It is separated from the very
long, but broader, median cell, which lies immediately behind
it, by the sub-costal vein. With the possible exception of the
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first discoidal cell, the median cell is the largest cell in the
wing. It is bounded distally by the slanting, but nearly
straight, bdasal vein, and the median vein separates it behind
from the elongate and narrow submedian ce/l. The distal
end of the submedian cell is limited by the #ransverse me-
dian vein. In Psithyrus and the subgenus Bombus, this vein
forms an obtuse inner angle with the median vein and coal-
esces for a short distance with the base of the discoidal vein.
In Bombias, the inner angle formed with the median vein is
acute and there is practically no coalescence with the dis-
coidal vein (fig. 14). The submedian and second discoidal
cells are limited behind by the anal/ vein. Posterior to the
anal vein is the long, narrow and open anal cell. The basal
portion of the wing is margined in front by the costal vein.
The outer part of the wing is free from closed cells. Along
the margin of the wing, behind the distal portion of the anal
cell, is a downward fold of the wing membrane. This is
known as the frenal fold and, with the frenal hooks on the front
of the hind wing, it serves to hold the two wings together in
action.

Hind wings (figs. 4, 6, 8 and 10).—The hind wing has but
three closed cells. They are all elongate and basal. The
anterior one is very narrow and is called the costal cell. 1t
is bordered in front by the cos?al vein and separated behind
from the median cell by the sub-costal vein. The median cell
is the largest cell of the wing. It is widest in the middle
and tapers toward both ends. It is separated from the sué-
median cell behind it by the median vein. The sub-median
cell is limited distally by the #ransverse-median vein and is
bordered behind by the anal vein. In Psithyrus and the sub-
genus Bombus, the transverse median vein is nearly straight
and forms a strongly acute inner angle with the median vein
and a strongly obtuse inner angle with the anal vein. In
Bombias, the transverse median vein is usually curved from
end to end and forms nearly a right angle with both the me-
dian and the anal veins (fig. 15). The radial cell is open
and is separated from the median by the radial vein. The
limits of the single cubital and first and second discoidal cells
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are only indicated by the folds in the membrane of the wing.
There is a deep and sharp indentation in the hind margin of
the wing, called in this paper, the sizus. A fold connects
this indentation with the end of the anal vein and divides the
open anal cell or lobe from the second discoidal cell.

Legs.—The legs are moderately long and stout. The front
pair are the smallest and the hind pair the largest. The
coxz, trochanters and femora are not armed with spines,
but they all bear more or less pile. The fore and middle
tibize of the female usually have very slender spines on their
outer sides and on their distal ends, but in the males these
spines are largely replaced by hairs. All the tibize bear con-
siderable long hair. All of the five tarsal segments are more
or less spiny. The basal one is much longer and larger than
any of the others and is known as the metatarsus. This seg-
ment is densely spinose with slender spines over most of its
inner face and along its front margin. It also has numerous
spines on its distal end. All the metatarsi of the females
are usually considerably spiny on their outer faces, but in the
males these spines are largely replaced by hairs. The spines
on the other tarsal segments are almost entirely confined to
their distal ends and their lower sides.

The fore coxe have their insertions between the poste-
rior end of the prosternum and pro-episternum in front and
the extension of the pronotum behind. They are flattened,
triangular pieces and are somewhat convex, coarsely punc-
tate, and hairy in front. Behind they are smoother and
with but little hair. Their outer sides are excavated longi-
tudinally for the reception of the trochanter and the base of
the femur when these are drawn upward. The trochanter is
well developed and grows gradually wider and becomes flat-
tened from its base to its distal end where it joins the base
of the femur with a slanting joint. It is very hairy on its
lower side. The front femur is largest at its proximal and
smallest at its distal end. It is very hairy on its lower side.
The fore tibia is the only tibial segment of all the legs which
is much shorter than the femur. It enlarges gradually from
base to apex and, in the females, bears numerous spines on
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its front side, especially toward the distal end. It is slightly
excavated longitudinally, on the inner side, for contact with
the femur when the leg is retracted. At its apex, on the
inner side, is a long and much modified spine (fig. 20, SS),
which is denticulated or spinulate on both edges of its distal
half. This spine is movable and it covers a deep, fringed
excavation on the inner side of the base of the metatarsus,
forming an opening through which the antenna may be drawn
and cleaned. This combined structure is, therefore, known
as the anfenna cleaner. The spine or spur has a broad mem-
braneous and hyaline extension on its inner side, which is
not shown in the figure. The metatarsus is long and slender
and, except for its basal excavation, is of nearly the same
width throughout. The three segments following the meta-
tarsus are shorter for their width in the fore tarsi than they
are in the middle and hind tarsi. Each is slightly emargi-
nate, apically in the middle, for the reception of the base of
the one following it. The fifth segment is nearly as long as
the three which precede it taken together. It is gradually
widened from base to apex. At its tip is a pair of well de-
veloped, curved and deeply cleft claws, between which is a
rather small pulvillus (fig. 26, PS). The pulvillus is densely
covered with minute ferruginous hairs. Each claw bears a
single very long slender spine on the lower side near its base.
These two spines probably have a sensory function. The
middle coxe are elongate and cylindrical in form and are
partly imbedded, sidewise, in the thorax. They are inserted
between the lower plate of the metapleuron and the front
plate of the metasternum behind and the lower part of
the mesothoracic episternum and the mesosternum in front.
Each of these coxa bears some long hair, arranged in a single
longitudinal line, on its outer side. The femora and tibiz
are of nearly equal length, the latter being a very little the
shorter. Aside from these differences and the absence of a
cleaning apparatus at the tip of the tibia and the more dis-
tinctly flattened metatarsi, the mesothoracic legs differ little
from those of the prothorax. The second, third and fourth
segments of their tarsi are, however, proportionately some-
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what longer. The hind coxz are very close together and are
inserted between the lower plate of the metapleuron and the
front plate of the metasternum in front and the hind plate of
the metasternum behind. They are triangular, flattened
pieces and they taper from base to apex. The trochanters
and femora do not differ, in any very important respect, from
those of the fore and middle legs. In RBomébus, the hind
tibize (fig. B) of the queens and workers are modified for
pollen collecting. In this modification, they have become
considerably widened apically and their outer faces have be-
come flattened, destitute of clothing, except for a fringe of
long hairs on the front and hind margins, and smooth, except
for a faint reticulation, which is plainly visible with a good
lens. These flattened outer surfaces of the tibize, together
with their bordering fringes of long hairs, make up what are
known as the corbicule or pollen baskets and the bordering
fringes are, in this paper, called the corbdicular fringes. The
color of these fringes is usually quite constant within species
limits and is, therefore, of much taxonomic value. In Psz-
thyrus (fig. A), the outer faces of the hind tibize of both
sexes are convex and hairy all over. In the females, how-
ever, the hair on the front and hind margins of these tibise
is somewhat longer than that between so that there is often
a slight suggestion of a corbicula. In the males of Bombus,
there is usually a considerable corbicular development, though
it is always more or less weak in comparison with that of the
females. There is considerable variation in this regard be-
tween the males of the different species. Those of the Zer-
vestris group have very well developed corbicule. In the
Borealis group, the outer faces of the hind tibia of the males
are longitudinally concaved.

Each hind tibia, in all groups and castes, bears two long
and prominent spines on the front side of its distal end, the
inner being the longer (fig. 48, SS). Each of these spines
has two lines of denticles or spinules on one side running
from base to apex. The surface of these spines is very finely
reticulated.

In Bombus, the hind tibiz of the queens and workers have
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a comb of stout spines on the inner side on the apical border
(fig. 12). This comb is absent in the males and in Psithyrus
(fig. 48). In Bombus,it guards the pincer-like cleft between
the tibia and metatarsus described below, and so forms a
part of the structure called the ‘‘wax shears’ or ‘‘pollen
mill.”

The hind metatarsi of the females of Bombus are always
very broad. This is also true in some species of Psithyrus.
In the males of both genera, they are comparatively narrow.
In both genera and both sexes, this segment is covered on
the inner side with a brush of thickly set, slender and api-
cally directed spines. By means of this brush and a similar
one, present in both sexes on the inner side of the metatarsus
of the middle leg, the bees gather the pollen from their
bodies, since they often become covered with this dust from
the flowers they visit. When Bombus queens or workers
have gathered enough pollen on these brushes, it is scraped
off from each over the edge of the tibia of the opposite hind
leg and is thus stored in the corbicule. In this way a large
ball of pollen accumulates in each pollen basket. It is prob-
able that the males of Bombus and both sexes of Psithyrus
use these brushes to clean their bodies and then clean the
brushes themselves by rubbing them together. On the poste-
rior side of the base of the hind metatarsus of the queens
and workers of Bombus there is a prominent and pointed ex-
tension. This extension fits against the somewhat excavated
~apex of the tibia and forms with it a sort of pincer-like cleft.
The function of this structure is not certainly known. It has
been called the ‘‘ wax shears’’ in the case of the honey bee,
as it was supposed to be used for picking the plates of wax
out of the wax pockets of the abdominal segments. They can
hardly have this function in Bombus, as the species of this
genus apparently secrete but little, if any, wax. It has been
stated that they make honey pots of wax and that, in some
cases, they also build a sort of wax roof over the brood cells.
The writer has never observed the wax roofing, but the honey
pots are common. As far as the writer has been able to
determine, however, the honey pots are not made of wax,
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but are constructed of pollen grains held together by some
sort of glue, or cement. This cement may be propolis. It
is interesting, in this connection, to note that Snodgrass, in
his paper on the anatomy of the honey bee, states that he
““has watched the bees take the wax from their abdomen
and, in these observations, they always poked the wax plates
loose with the ordinary hairs or spines of the tibiz or tarsi and
then, by means of the feet, passed them forward beneath the
body.”

In the opinion of the writer, Kirby came the nearest to
suggesting the true function of these ‘‘ wax shears,’” when
he supposed them to be used in preparing the pollen masses
borne by the corbiculee. Some of the pollen appears to be
scraped off from the spinous brushes, on the inner faces of
the middle and hind matatarsi, by the comb of stout spines
on the distal end of the hind tibia of the opposite side. This
comb guides the pollen into the cleft, above described, be-
tween the tibia and the metatarsus. The crushing of the
pollen grains in this cleft, which may, perhaps, be appro-
priately called the pollen mill, probably provides the viscid
fluid necessary for holding the rest of the pollen together
in the balls which are formed on the outer faces of the hind
tibice.

Neither Psithyrus nor the males of Bombus have any notice-
able posterior basal extension on their hind metatarsi (fig. K
shows this extension of the Bomébus queens, while fig. I shows
the lack of it in the Psithyrus females).

In the males, the length of the hairs, borne on the hind
borders of the posterior metatarsi, varies greatly between
the different species. This comparative length is very con-
stant within species limits and also, to a greater or less ex-
tent, within group limits. It is, therefore, of much value in
classification. This hairy fringe is always long in the males
of Psithyrus and of Bombias and of the Kirbyellus group. It
is always short in the males of the Borealis, Dumouckeli and
Tervestrvis groups. In the Praforum group, it is variable.
In the females of all Bombus groups, this fringe is rather
long toward the base of the metatarsus, but rather short
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toward its apex. In Psithyrus females, this fringe is rather
long throughout the length of the metatarsus. The hind
metatarsi, in all groups and castes, are proportionately much
shorter, in comparison with the tibiz, than are those of the
front and middle legs. In Bombus males and in Psithyrus, the
hind metatarsi vary considerably in the proportion of their
length to their breadth and this variation is of some wvalue
in classification. The outer face of the hind metatarsus of
the male is usually longitudinally concaved, but in a very
few species (e. g.—fraternus) it is flat.

The segments of the hind tarsi, beyond the metatarsi, are
not different from those of the front and middle tarsi in
any important respect, except that they are proportionately
longer.

Secondary Sexual Characters.

Aside from the presence of a sting in the females and of
copulatory organs in the males, the following important
sexual distinctions, which are common to the two genera,
may be mentioned :

1. The males have thirteen segments in the antennz while the fe-
males have only twelve. The segments of the flagellum are generally
longer in the males and its basal segments are often of different rela-
tive length from what they are in the female.

2. The males have seven exposed abdominal segments while the fe-
males have only six.

3. The mandibles of the male are narrow and always two toothed
while those of the female are broad and either without teeth or with
three or more teeth.

4. The mandible of the male is heavily bearded on the outer side,
while that of the female is not.

5. The labrum of the female has either tubercles or tubercular areas
with a transverse, shelf-like projection or carina hetween them. These
elevations are absent on the labrum of the male.

6. The epipygium and hypopygium of the female are pointed api-
cally, while those of the male are rounded.

7. The coloration of the pile is markedly different in the males of
some species from what it is in the females.

8. The male clypeus, as a rule, is very much more covered with hair
than that of the female.

Besides the above described secondary sexual distinctions,
Bombus and Psithyrus have certain such characters which are
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peculiar to each genus. These will here be described sepa-
rately :

Bombus.—(a). The females (queens and workers) have completely
developed pollen baskets on the outer sides of the hind tibiz while
the males, as a rule, have them only partly developed.

(b). The hind leg of the female has a comb of spines on the inner
side of the apical margin of the tibia, guarding a pincer-like cleft,
formed between the end of the tibia and a posterior basal extension of
the metatarsus. These structures, which make up the ‘‘ pollen mills,”’
are absent in the male.

(c). The eyes of the males of some species are greatly swollen and
bulge out from the sides of the head as they never do in the females.

(d.) The malar space of the male is, in some species, much shorter
than that of the female.

(e). The hind metatarsi of the females are much wider than those of
the male and, in some species, have much shorter hair fringing the
hind border.

(f). The queens are always larger than either the workers or males.
The size of the males and workers is very variable and the variation
has about the same range in each sex.

Psithyrus.—(a). The labrum of the females is triangular, that of the
males rectangular.

(b). The hypopygium of the female has lateral elevations while that
of the male does not have them.

Constancy of Characters.

In systematic work on any group of insects, a knowledge of
the relative constancy of the various characters presented by
the group is always of great assistance. Inthe family Bom-
bidee, all the structural characters, except the ‘‘ malar space,”’
appear to be very constant indeed within species limits
and some of these characters, which are of great value in
separating the species into natural groups, show only slight
variation even within group limits. While the malar space,
as a rule, varies but very little in proportional length between
individuals of the same sex of the same species, its variation
in some species is very considerable. As examples of spe-
cies showing this variation we may cite B. vagans and B.
pleuralis. Tables showing this variation have been included
with the descriptions of these species.

The coloration of the pile is very much less constant be-
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tween individuals of the same sex and species than are the
structural characters and it is, therefore, less reliable in the
determination of species. The coloration is much more con-
stant on some parts of the body than it is on others. The
following list is arranged to indicate, in a general way, the
relative coloration constancy of the different parts of the
body which present color characters much used in the classi-
fication of species in this paper. In this list, each part men-
tioned is, in the writer’s opinion, usually more constant in its
coloration within sex, or caste, and spec1es limits than is the
next following part:

(a). The hairy fringes on the front and hind borders of the hind
tibize (the corbicular fringes of Bombus). )

(b). The face and occiput of the head and the front part of the dor-
sum of the thorax.

(¢). The hind trochanters and femora.

(d). The portion of the dorsum of the thorax between the bases of
the wings.

(e). The mesopleura.

(f). The scutellum.

(g). The dorsum of the abdomen. Of this part, the apical portion
is, in very variable species, much more constant in its coloration than
are the middle and basal portions, and the basal portion is usually dis-
tinctly more constant than the middle portion.

Melanism.

The writer has never seen or heard of a true albino bum-
ble-bee. Melanic specimens, however, though rare, are occa-
sionally found. The writer has seen three such specimens.
Two of them were queens of B. pennsylvanicus and the other
was a queen of B. auricomus. In all these specimens, the
pile that is usually yellow was very much darkened and
looked sooty, there being hardly a sufficiently strong trace
of the yellow to make identification possible.

Freak Specimens.

Specimens having an aberrant coloration of pile are very
common. This, together with the very great normal varia-
tion of some of the species, has been the cause of the very
great confusion which has existed in the classification of the
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species of this family. On account of the difficulties met in
arranging the species, some have been led to think that hy-
brids are common. The writer has never yet seen a single
specimen of this family which, in his opinion, was a hybrid.
Sufficiently thorough examination will usually enable one,
who is familiar with the various species, to determine accu-
rately to what species an aberrant specimen belongs, if the
specimen is in good condition. It is often impossible to de-
termine specimens, which are in very poor condition, and
males which are extremely aberrant sometimes cannot be
identified. Some of the more common and striking abnor-
malities are here described.

Males of many species, particularly of the Praforum group,
frequently sport in such a way as to have practically all their
pile yellow. The writer has seen males of fernarius and of
mixtus in this condition and they never could have been
identified had it not been for their characteristic antennze.

The writer has before him two queens of bdzmaculatus both
of which were collected in Amherst, Mass., which have
sported, in a peculiar way, in the coloration of the pile on the
dorsum of the abdomen. One of these specimens has a patch
of white pile on the second segment extending over the
whole left side of the segment from the middle line to the
side margin and another patch of the same color on the
fourth segment extending from the middle line to the right
side margin and from the front to the hind margin of the
segment. The other specimen has a yellowish-white patch
on the right side of the fourth segment of the same size and
limits as the patch similarly located on the first specimen,
but it has no abnormal coloration on the second segment.

Mimicry.

Numerous species of flies, of the family Syrphidee, are much
like bumble-bees in their appearance, as they have a cover-
ing of yellow and black pile. Some species also have some
ferruginous hairs as do many species of Bombus. A few
species of this family approach some species of Bombus,
pretty definitely in their coloration and it seems fair to sup-
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pose that possibly they are, to some extent, cases of protec-
tive imitation. Flies are probably captured by birds in large
numbers, but, while bees are occasionally destroyed by the
same enemies, they are probably attacked much less freely
by them on account of their ability to sting. For this reason,
it would be an advantage to any species of fly, if it resembled
a bee closely in superficial appearance, as, on account of the
resemblance, it would also be less attacked by the birds.
Natural selection has doubtless brought about a close re-
semblance in many cases partly because of this advantage.

The best examples of fly resemblance of Bombidae are
presented by various species of the family Asilide. These
examples are numerous and only the few following ones
need be specifically mentioned here :

1. Mallophora ruficauda resembles Bombus emilice strikingly. These
species are both present in southern Brazil.

2. Mallophora tibialis and Eucritosia rubriventris both resemble
Bombus carolinus considerably and they probably range in habitat,
to a considerable extent, in common with that species in the northern
part of South America.

3. Dasyllis thoracica Fabricius, D. affinis Macquart, D. tergissa
(var.) and D. flavicollis Say all resemble, more or less strongly,
Bombus impatiens and Psithyrus laboriosus. All these Asilid species
have their habitats within the ranges of the bee species which they
resemble.

4. Mallophora orcina Wiedemann resembles the females of Bombus
pennsylvanicus very strikingly. These two species range together in
the southeastern United States.

5. Dasyllis sacrator Walker resembles Bombus vagans and B. per-
plexus very much in coloration and it ranges with these species in the
northeastern United States and in southeastern Canada.

6. Dasyliis astur O. S. resembles Bombus californicus and B. wvos-
nesenskii considerably and it ranges with those species in the Pacific
Coast States.

7. Dasyllis posticata Say resembles Bombus fervidus females con-
siderably and it has much the same widely extended habitat as has
that species.

Bumble-bees are captured and devoured by Asilids in con-
siderable numbers. The writer has many times found a
partly eaten bumble-bee in the grasp of one of these flies;
and, in every case, the fly and bee were of very similar colora-
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tion. It seems possible that the fly is enabled to more easily
approach and capture its bee prey because of this similarity.
Moreover, the larve of many of the Syrphidee, which re-
semble bumble-bees in their coloration, are reared in the
nests and fed on the larvae of these bees. It is supposed
that, because of their resemblance, these flies are better able
to enter the nests of the bees and lay their eggs in them.
It seems probable, therefore, that with the families Asilidee
and Syrphidee, two factors have worked together in guiding
natural selection in bringing about the color resemblances
of certain of their species to bumble-bee species.

These factors are:

(a). The advantage of protective mimicry already discussed, and

(b). The advantage of aggressive mimicry.

The bumble-bee hawk moth, Hemaris diffinis Boisduval,
resembles bumble-bees a great deal in general appearance
and may be a case of protective mimicry.

Many of the species of Psithyrus appear to imitate, in
their coloration, the species of Bombus in the nests of which
they are inquilines. This mimicry is probably entirely ag-
gressive.

Species and Subspecies Limits.

Many of the New World species of Bombide, as they are
considered in this paper, are so distinct from all others that
they can hardly, at least with our present knowledge of their
variations, be considered by any one as being closely enough
related to any other forms to raise any question as to their
complete and separate species rank. With many other spe-
cies, however, the relationships are evidently very close, the
differences, while apparently constant, being so small that
it must be entirely a matter of personal opinion whether they
should be given full species rank or be considered as only
subspecies. A list of species showing several such doubtful
relationships is here included :

1. Bombus appositus and B. distinguendus Morawitz.

2. ‘ californicus, B. fervidus and B. sonome.
3. “ pennsylvanicus and B. sonorus.
4. “ tevricola and B. occidentalis.
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5.. Bombus vagans, B. bolsteri and B. cockerelli.

6. ‘“ frigidus and B. couperi.

7. o Slavifrons, B. centralis and B. pleuralis.

8 ¢ sitkensis and B. ambiguus.

9 melanopygus, B: sylvicola and B. gelidus.

“

10. ‘ ephippiatus and B. pulcher.

11. “ huntii and B. laticinctus.

12. ‘ separatus and B. mormonorum.

13. “ rufocinctus, B. mexicensis and B. henskawsi.

If some other worker on this family should reduce the
thirty-one species here listed to thirteen, as indicated, the
writer could present no very substantial reasons why they
should not be so classified.

Where the variation of a species has made it necessary
to describe several color gradations, the writer has, in most
cases, designated those gradations as ‘‘ color variants” and
numbered them consecutively instead of giving them names.
Most entomologists would probably have given these grada-
tions names and ranked them either as varieties or as sub-
species. As different gradations are often found together .
in the same nest, being the offspring of the same queen, it
seems unreasonable to the writer to give them any particular
rank and the term ‘‘color variant’’ has been chosen as the
oge which seems to the writer to most accurately express
tie relationship of the various gradations to each other.
Criticisms of this method of disposing of these variations is
expected, but the writer is willing to endure it for the sake
of his opinions concerning the matter. If names for these
variants seem necessary, other students of the group are, of
course, at liberty to furnish them.

Arvangement of Specific Descriptions.

In this paper, the specific descriptions, within the various
groups, have been arranged as far as it has been possible,
to indicate the relative closeness of the relationship of the
species to one another. Such an arrangement for the Du-
moucheli and Fraternus groups has been far more difficult,
and will be found much less reliable, than for the other
groups. Of the other groups, the Pratorum group alone
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has a sufficient number of species to make a consideration
of the arrangement of their descriptions necessary here. In
this group, most of the New World species can be easily and
naturally separated into several more or less distinct sub-
groups, as follows:

Subgroup 1. bimaculatus and impatiens.
2. lternarvius, huntii, fernaldi, vosnesenskii, edwardsii, melano-
pyeus, sylvicola and gelidus.
3. perplexus, vagans, cockerelli, bolsteri, couperi and frigidus.
¢ 4. pleuralis, flavifrons and centralis.
5. ambiguus, sitkensis, mixtus and alboanalis.

Distinctive Characters of the Genus Bombus.

Females of two kinds, queens and workers, with mandibles
either three or four (exceptionally five or six) toothed (figs.
34, 36 and 37); labrum quadrangular in outline (fig. 107);
abdomen, except apical segment, well covered with pile over
practically the entire upper surface; ventral apical segment
without lateral elevations (fig. C); posterior tibize with outer
surface flat or slightly concave, naked, smooth and shining,
fringed before and behind with long hairs forming a pollen
basket (fig. B); end of each posterior tibia bearing, on the
inner side, a transverse row of stout spines (fig. 12); each
posterior metatarsus with a prominent projection or spur at
the base on the posterior side (fig. J). Male with genitalia
having corneus volsellee and squams, and with anterior mar-
gin of labrum straight or incurved (fig. 51).

Part I.—SPECIES NORTH OF MEXICO.

TABLE FOR SEPARATION OF QUEENS OF BoMBUS.
1. Occiput of head bearing light or yellow pile, or with a very strong

admixture of light or yellow hairs......cccccevuiuiinieeciennnnnans 2.

Occiput of head black or with only a very slight admixture of yel-
1IoW hairS.ciieiiiiiieiiiniiiiiriieeecri et e 60.

2. Hind femora and trochanters blacK......ccccveurreriniiniiniinirenienennnnns 3.
Hind femora with considerable light pile, or the hind trochanters
with light pile...cccivreerinniiiiieniieieniriieniiereceeeceeneens 37.

3. Hairs fringing corbiculee with a more or less distinctly ferruginous
BIN@E teuviiiiiiiiereeii e e ceen e .. 4.

Hairs fringing corbiculee blacKk.....ccveuuiirnereirneieniiniriienenniennnannns 10.
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4. Yellow pile of meso-pleura extending to bases of legs ............... 5.
Yellow pile of pleura not extending to bases of legs
5. All dorsal abdominal segments beyond the first two entirely covered
With Dlack Pile...cceccieniieiieeneriiierenieiiorinennseensons ambiguus.
Apical segments of abdomen bearing more or less yellow, light or
ferruginous pile....ccvvirueiieieniiiiiiriiiiicrrr e, 6.
6. Dorsum of thorax having a clouded appearance, the pile being
of yellow and black hairs thoroughly mixed....... sitkensis.
Black band between the wings at least fairly well defined.
frigidus.
7. Malar space nearly or quite as long as it is wide at the apex...... 8.
Malar space not nearly as long as it is wide at the apex; apical
segments without white pile....c.ccccvreuniieriiniiieniinineninnnnn. 9.
8. Some of the abdominal segments bearing considerable ferruginous-
red pile; apical segments without white pile......... gelidus.
None of the abdominal segments bearing ferruginous pile; apical
segments covered above with white pile........... alboanalis.
9. Scutellum densely and entirely covered with yellow pile.
henshawi.
At most with only a touch of yellow on the scutellum.
occidentalis-nigroscutatus.
10. Yellow pile of meso-pleura extending to bases of legs
Yellow pile of pleura not extending to bases of legs..................
11. Thoraxaboveentirely, oralmostentirely, covered withyellow pile..12.
Thorax with a large amount of black pile between the bases of the
WIILZS teiiiiniiniriuiree ittt e tatenesseesreeeetnerateruesensernsnenee 17.
12. Malar space distinctly longer than it is wide at the apex........... 13.
Malar space not distinctly longer than it is wide at the apex.....14.
13. Second dorsal abdominal segment usually entirely covered with
yellow pile ; always more than half covered with yellow pile.

vagans.

Second dorsal abdominal segment more than half covered with
black pile...ccuecrreiiuiiiiiiiiiiiiiiiiiiiieeaees bimaculatus.

14. Some of the abdominal segments beyond the second bearing other
than black pile ..ccceeerrerereranennnnne s shnusrsane rufocinctus.

None of the abdominal segments beyond the second bearing other
than black pile....ccceeeninnnenae pemanenses makeTISRERESLSsasAnanatsrebttes 15.

15. Ocelli large; lateral ones much nearer to the margins of the eyes
than to each other........c.oceeeeuennnnne sasaseansinpersnnns separatus.

Ocelli small ; lateral ones not nearer to the margins of the eyes
than to each other........ccoeuiriiniiiiiiiiiiiiiiiiiis crvreinieaenns 16.

16. Second abdominal segment above entirely or in part covered with
VelloW Pile..ccuniiiiiiniiiiiiiiiiiiiiiinii e vagans.

Second abdominal segment above bearing little or no pile of a
color other than dark brown or black............... impatiens.



17.

18.

19. "

20.

21.

22,

23.

24,

25.

26.

27.
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Pile long and loose; second abdominal segment above entirely
covered with ferruginous-red pile; fourth and fifth abdominal
segments covered with very light yellow pile...... sylvieola.

Pile not especially long and loose; second abdominal segment
usually not covered entirely with ferruginous pile............ 18.

Face with a conspicuous amount of yellow pile about the bases of
the antennze ; scutellum with only a scanty posterior border
of yellow pile.....cceuvruiiieniiiiiiiiiiiniiiiineinineennns ambiguus.

Face without a conspicuous amount of yellow pile about the bases
of the antennze ; scutellum well covered with yellow pile..19.

Second dorsal abdominal segment entirely covered with yellow pile;
mesocoxz strongly and heavily tufted with yellow pile....98.

Second dorsal abdominal segment partly covered with black or fer-
ruginous-red pile; mesocoxz at most only slightly tufted
With Yellow Pile...cuuiiiiiiiiiieiiriiieriiirienerenereennereaeesseensens 20.

Malar space longer than it is wide at the apex............. pleuralis.

Malar space not longer than it is wide at the apex..rufocinctus.

Face covered with yellow pile........cceeieuniiiuniiinnirenierinieneennnneens

Face with little or no yellow pile

Clypeus impunctate ; length of malar space about one-third the

length of the eye.....cove vevecereiiiiiiniiee creeenirenereneeeanenneennnens 23.
Clypeus more or less strongly punctured; length of malar space
less than one-third the length of the eye........ccoeevevenreeenenns 24.

Front part of thorax above bearing white or very light yellow pile;

first five segments of abdomen above bearing tawny yellow

Pl et et e e e e eaaas appositus.

Front part of thorax bearing tawny yellow pile; only the first four

segments of the abdomen above bearing tawny yellow pile.

borealis.

Only one dorsal abdominal segment covered with other than

Dlack Pile coveeeiiiiiiiiiiiirr e vosnesenskii.

More than one dorsal abdominal segment covered with other than

black Pile ciuiieueieiiiiiiiiiiii e e 25.

Fifth abdominal segment covered above with black pile...huntii.
Fifth abdominal segment not covered above with black pile.

occidentalis.

Dorsum of thorax entirely covered with light or yellow pile; at

most only a small black spot present on the disc between

the bases of the Wings......cccoviemeiiiiuiiiniiiiiiiiiiiiiiiencin 27.

Dorsum of thorax not nearly entirely covered with light or yellow

pile; either the entire posterior half black, or at least a very

noticeable black spot or band between the bases of the

WIILES tentiieiiniiiiiii it ieirtu et e et set st seeeeeaessnranaenannnnn 30.
All dorsal abdominal segments beyond the second entirely covered
with black pile........... Sdseredurnassetstnesunnresnoessersene perplexus.

Not all so covered
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28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41,

Usually large queens with very dark wings......ccoeeuvveniveniinnrennns 29.
Medium sized or small queens with comparatively light colored
WIILES toreiiiiiiiririn ittt iirranternernesnnsnsaen oees rufocinctus.
Dorsum of thorax wholly and densely covered with bright yellow
Pile et e e e morrisoni.
A small rounded spot in middle of dorsum of thorax dark and
MOTe OF 1€SS DATE.cicciiiiiiniirunniirneieenneneeensneennns nevadensis.
Apical segments of abdomen bearing white pile........ alboanalis.
Apical segments of abdomen not bearing white pile.................. 31.
First abdominal segment covered above entirely or for the most
part with black pile.......ccoeviriiinrerniieninniieicrieennennn, Ceeeens 32.
First abdominal segment for the most part covered above with
light or yellow pile...cccevueeirreanrennnns eerereeereere e raaeaaas 35.
Usually large queens with very dark wings .....cceeeveenieniniinnennenns 33.
Medium sized or small queens with comparatively light colored
WIILZS eivnniiniinnirnin it ceanecansenaesens sgesssens rufocinctus.
Ocelli large, placed well below the supra-orbital line in the narrow-
est part of the front.......ccoeeviiiiiiiiiiiiiiiiiiiine e, 34.
Ocelli small, placed near the supra-orbital line...... occidentalis.
Scutellum with at least a slight mixing of yellow hairs with the
black ; apical segments of the abdomen without any ferru-
ginous pile....oocueviueiieniiiniieennans sesksssisnsismrasaisns auricomus.
Scutellum always entirely black; apical abdominal segments usu-
ally bearing more or less dark ferruginous pile....crotchii.
Malar space longer than it is wide at the apex ; pile long and loose..36.
Malar space not longer than it is wide at the apex; pile short and
16 L o rufocinctus.
Some of the dorsal abdominal segments bearing a considerable
amount of ferruginous-red pile; hypopygium without a me-

dian carina........ccicveriieiiiiiiiiiiieee e enes gelidus.
None of the abdominal segments bearing ferruginous pile above;
hypopygium with a median carina......cccoceuunennne pleuralis.
Hairs fringing corbiculee with a more or less distinctly ferrugin-
0US tINGE.iiiiuiintiiiiiiiice e wsanaesssanessasnsses 38.
Hairs fringing corbiculz black
Yellow pile of pleura extending to bases of legs...........ccceuuv....e. 39.

Yellow pile of pleura not extending to bases of legs...edwardsii.
Face with little or no yellow pile about the bases of the antennee..40.
Face with a large amount of yellow pile about the bases of the
=5 4 =3 4 B2 - R 41.
Malar space distinctly more than one-third the length of the eye.
kirbyellus.
Malar space not one-third the length of the eye............. frigidus.
Hypopygium with median carina on apical portion........cc..cu.eues 42.
Hypopygium without median caria...cceeeceeiiee vieeirnieeeneeeennneens 46.



42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
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Dorsum of thorax clouded by a mixture of black and yellow pile..43.
Dorsum of thorax with a distinct black interalar band.............. 44.
Femora bearing some yellow pile flavitrons.
Femora bearing no yellow pile ......cceveueernneirienrenennnns ambiguus.
Abdomen with some segments bearing ferruginous pile.
centralis.
Abdomen without segments bearing ferruginous pile .......cc..cuuut 45.
Third abdominal segment covered above with black pile.
ambiguus.
Third abdominal segment covered above with yellow pile.
centralis.
Second dorsal abdominal segment covered entirely or for the most
part with ferruginous-red pile.....c.ccccuiiniiennciiniiiinniiinnnnns 47.
Second dorsal abdominal segment not covered with ferruginous
pile...... A A ESER GRS 5 E NSNS £ S a6 SUR SN SRR SR s BOAN RS 48.
Pile on anterior part of dorsum of thorax strongly clouded by the
mixture of yellow and black hairs ............. melanopygus.
Pile on anterior part of dorsum of thorax light yellow, with no
black hairs mixed iflciveieieiiiiiiieneiiiiiiieeceenennee. sylvicola.
Malar space somewhat longer than it is wide at the apex.
sitkensis.
Malar space not longer than it is wide at the apex........... mixtus.
Abdomen with some segments bearing ferruginous-red pile...... 50.
Abdomen with no segment bearing ferruginous-red pile............ 53.
Dorsum of thorax and vertex of head with black and yellow pile
mixed, giving a clouded effect; black band between wings
not definite nor distincCt.......ccceeevviienrnencennns melanopygus.
Front part of thorax above with very little or no black pile mized
With the YelloW.....ccuceviiiiuniiiiiiiiiiiiiiiciii e S1.
Second segment of abdomen entirely covered with yellow pile
above ; fourth segment with more or less ferruginous-red
Pile @DOVE. ... iiiiiieiiiiiiii e 97.
Second segment of abdomen with more or less ferruginous-red or
black pile aDOVe.....cccuuiriiimiiiiniiiiriiiiicceirecee e 52,
Pile long and loose; face generally with a strong tuft of yellow
between and below the bases of the antennee...... sylvicola.
Pile short ; face seldom with a strong yellow tuft as above.
rufocinctus.
Malar space distinctly shorter than its width at the apex............ 54
Malar space not distinctly shorter than it width at the apex...... 56.
Fourth abdominal segment covered with black pile.................. 55.
Fourth abdominal segment not entirely covered with black pile.
\ rufocinctus.
Ocelli below the supra-orbital line, in the narrowest part of the
front ; lateral ones nearer to the eyes than to each other.
mormonorum.
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56.

57.

58.

59.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Ocelli small, placed near the supra-orbital line, above the narrow-
est part of the front ; the lateral ones about equidistant from

the eyes and from each other......c...ccceveurvniininnnnne. vagans.
With a very large black patch or band on dorsum of thorax be-
tween the Wing DasesS....c..coiviiieiinreieinireeneeirnceeneennecncensans 57.

With at most only a small black patch in this location.....vagans.
Second abdominal segment bearing black pile above.....fernaldi.
Second abdominal segment bearing yellow pile above............... 58.
Pile on scutellum distinctly darker than that on the front part of
the thorax above....c..cceeiiiiiiiiinerienireeriennnnnnenss ambiguus.
Pile on scutellum not darker than that on the front part of the
thorax above ....ccveiiiuniiiiiiiiiiiiiiiiiere e 59.
Malar space distinctly longer than its width at apex; face with a
conspicuous amount of yellow pile about the bases of the

ANLENNZE....eevrrrrrnnnniriiiieieesiieineeeteeneriieteesssasenes cockerelli.

Malar space not distinctly longer than its width at the apex; face
without a conspicuous amount of yellow pile........ couperi.

. Hairs fringing corbiculee with a more or less distinctly ferruginous
tinge...coovvveeiiniiniiennennee. N 61.

Hairs fringing corbiculae black or mostly SO ...c.ccceveeuerrnianiennnens 69.
Yellow pile of pleura extending to bases of legs......... kirbyellus.
Yellow pile not covering pleura to bases of 1egs ......ceeeeeeeeeeennnnnn 62.
Apical segments of abdomen bearing white pile.......cccoeceuuneennnns 63.
Apical segments of abdomen not bearing white pile.................. 64.

Hairs fringing corbiculse strongly ferruginous; face with a rather
faint touch of yellow about and below the bases of the an-
L1535 F: T ererererr e e occidentalis.

Hairs fringing corbiculee usually with only a slight tinge of ferru-
ginous; face without a yellow touch.

terrestris var. moderatus.

Malar space longer than it is wide at the apex............. Cereeneeaen 65.
Malar space not longer than it is wide at the apex.......c...ccc...... 68.
Pile short and dense; black pile covering a part or all of the dor-
sum of the second abdominal segment ......... californicus.
Pile long and loose; second abdominal segment above entirely
covered with yellow Pile.....ccocevirrenienniiiiiiiieiniiiniiiirennennnes 66.
Clypeus almost impunctate ; very smooth and shining.....polaris.
Clypeus somewhat strongly punctate.......ccuueeeereriiinerieennnenennnes 67.
Pleura almost entirely dark.......... pessenserrarssssissarsasasass kincaidii.
Pleura light, except lower half.........ccccceveeeiinnnnirinnnnnnn. strenuus.
Face usually with a noticeable touch of yellow; western, mostly
Californian......ccceeeevunnnnee occidentalis-nigroscutatus.

Face usually without a noticeable touch of yellow ; eastern.
terricola.
Yellow pile of pleura extending to bases of legs......cceevveirunranenes 70.

Yellow pile of pleura not extending to bases of legs.................. 79.



70.

71.

72.

" 73.

74.

75.

76.

77.

78.

79.

80.
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Some segments of abdomen beyond the second bearing ferrugin-

ous-red or reddish pile......ccccieuiieiiiiiiiiiis teveeieiiieeeneenns 71.
No segment of abdomen beyond the second bearing ferruginous-
red or reddish pile......coireriiiiiiiiiiiiiiiiiiiiiiiiiiereeee s 72.
Malar space fully one-third the length of the eye....... kirbyellus.
Malar space not one-third the length of the eye ternarius.
No black interalar band.....ccceeevieeiiiuiiiiiiiiniiiiinienneeeenneeeeeeenenees 73.
With a broad black band between the wings (not always sharply
16 1355 1 1= o ) SRRt 76.
Ocelli large, placed well below the supra-orbital line and in the

narrowest part of the front; lateral ocelli nearer the margins
of the eyes than to each other....c.ccoevueriuiiinieenninnirnnreannnnn. 74.
Ocelli small, placed near the supra-orbital line, above the narrow-
est part of the front; lateral ocelli about equidistant from
from the margins of the eyes and from each other........... 75.
Hind femora bearing a strong touch of yellow hairs..
mormonorum,
Hind femora all black......... SpusmsmREaRS onnrEs paTh s e Lean nennns separatus.
Malar space longer than it is wide at the apex ; first four abdomi-
nal segments entirely covered above with yellow pile.
fervidus var. dorsalis.
Malar space not longer than it is wide at the apex ; not all the first
four abdominal segments covered above with yellow pile.
affinis.
Malar space distinctly more than one-third as long as the eye.
kirbyellus.
Malar space not more than one-third as long as the eye............ 77.
First four abdominal segments entirely covered above with yellow
Pile coiiiiiiii e v fervidus.
Not all the first four abdominal segments entirely covered above
with yellow pile..... ccoviviiiiiiiiiiiiiiiiiiiii e 78.
Basal portion of abdomen above with a large median triangular
black area; none of the apical segments bearing much yel-
LoW Pile aDOVE ..ceuiieieiiiiieiiiiiiieeeeee e creneeeeanes pleuralis.
Basal portion of abdomen without alarge median black area ; pre-
apical abdominal segment above largely covered with yellow

DPIle c.orerenenarencesiisnsoneissavasessasnsronsanssissosscenssrnnsnrnsanresseseans 99.
Pleura mostly covered with light pile....ccccceeeiieieniiiiiiiinienicninnne. 80.
Pleura with light pile extending but a short distance below bases

(03 80§ 1T TN 87.

Ocelli large ; below the supra-orbital line, in the narrowest part of
the front; malar space very short, much shorter than broad.

fraternus.
Ocelli small, near the supra-orbital line, above the narrowest part
of the front; malar space at least as long as broad......... 81.
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81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

Dorsum of thorax entirely covered with yellow pile; no black

interalar band .......cccceeeeeeneninnenennn fervidus var. dorsalis.
Dorsum of thorax not entirely covered with yellow pile.......... .82,
Hypopygium with median carina on apical part.......... pleuralis.
Hypopygium without median carina ......cceceviuiirincienenieenennennens 83.
All the first four segments of the abdomen above covered with
VEllow Dile .ciiiiiuiiiuniiiiiiniiiieieiicnrnane e, eeenes fervidus.
Not all the first four segments of the abdomen above covered with
FEIIOW DIl€ treeeiiiiiineiiiriiiiiiiiren it resreseisessrassanseaeenns 84.
The two apical abdominal segments black.......ccceeeueuneanee cererenas 85.

The two apical abdominal segments bearing long loose pile with a

more or less distinctly ferruginous-red tinge ; wings light for

a queen. NOTtherN.........cvcvviiiiiiiiiiiiiiieniiiirniirniciennne. 86.

Wings dark; second dorsal abdominal segment entirely, or for the

' most part, covered above with black pile. Western.

californicus.

Wings rather light; second dorsal abdominal segment entirely
covered above with light or yellow pile. Northwestern.

kincaidii.

Clypeus smooth and shining, almost impunctate............. polaris.

Clypeus somewhat strongly punctate; third abdominal segment

entirely and evenly covered above with yellow pile.

strenuus.
Only the first two abdominal segments above covered with other
than black pile.......cieeeeniiiinn veveniermniieeenierinneeenn arcticus.
Abdomen not SO COLOTEA .....cuuvivniivriiiriinieiiiniiiiirierereranesnes 88.
Ocelli large, placed well below the supra-orbital line, in the nar-
rowest part of the front.......cceveeeerecreiiineeirseienineesssenneens 89.
Ocelli small, placed near the supra-orbital line, above the narrowest
part of the front.........coccoviiiiiiiiiiiiiiniiiiiiii 90.
Dorsum of thorax almost entirely covered with light pile.

nevadensis.

Dorsum of thorax not nearly entirely covered with light pile.
auricomus.

Dorsum of thorax almost or entirely covered with light pile ...... 91,
Dorsum of thorax not nearly entirely covered with light pile.....92.
Only the two apical abdominal segments covered with black pile.
fervidus var. dorsalis.
The three apical abdominal segments covered with black pile.
sonorus.
Apical segments of abdomen bearing white pile.
terristris moderatus.

Apical segments of abdomen not bearing white pile.................. 93.
Second and third abdominal segments entirely covered with yel-
low pile abOVe....ooevuuiiiiiiiiiiniiiiiini e creeenneans 94,

Second and third abdominal segments not both entirely covered
with yellow pile above........coceuieuirniiniiniiniciiinenes vesesenenens 96.



94.

95.

96.
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Apical abdominal segments bearing more or less light yellow or
ferruginous-yellow pile; malar space short, not one-fourth
the length of the eye..........covvviiniiiieninennnnee. terricola.

Apical abdominal segments bearing little or no light pile; malar
space at least one-fourth the length of the eye................. 95.

Scutellum covered with dense yellow pile. Southwestern.

sonorus.

Scutellum usually dark, with only a very slight touch of yellow
pile. Cosmopolitan.......c.ccuvernruniinnenneee pennsylvanicus.

Malar space fully one-third the length of the eye.....c...ccoccuvveannee 84.

Malar space less than one-third the length of the eye; fourth ab-
dominal segment covered above with black pile.

occidentalis nigroscutatus.

97. Third abdominal segment covered with black pile above.
frigidus.
Third abdominal segment covered with ferruginous-red pile above.
centralis.
98. Apical abdominal segments bearing ferruginous pile above.
frigidus.
Apical abdominal segments bearing light or yellow pile above.
couperi.
99. Greater part of dorsum of thorax strongly shaded by the mixing
of yellow and black hairs........cceeeevveneenneenruneennns bolsteri.

Black interalar band fairly well defined, black and yellow hairs
not mixed to any extent on the dorsum of the thorax.
couperi.

TABLE FOR SEPARATION OF WORKERS OF BOMBUS.

. Face with a considerable amount of light or yellow pile
Face with very little or no yellow pile.......ccccoeiiviiuiiiunnennns

. Pleura, or at least their lower parts, covered with black plle or
so shaded by the admixture of dark hairs asto be noticeably

darker than the front part of the thorax above; yellow pile

not reaching bases of 1€gs....cceeuiieiiiiiiiiiniiiieiiiiiiiiiieeenns 3.
Pleura covered with yellow pile to bases of legS........ccccuveureunnnnen 11.
3. Scutellum with very little or no light or yellow pile.... . 5.
Scutellum with considerable light or yellow pile..........cceeurennennes 4.
4, Abdomen with more or less ferruginous-red pile on some of the
dorsal abdominal Segments.....ccerurenieruiiniiniiiiiiieceininiens 6.
Abdomen with no ferruginous pile above.....cc.ccceeuneiiiiiinninninn.. 8.
5. Apical abdominal segments with white pile........... occidentalis.
Apical abdominal segments without white pile.....vosnesenskii.

6. Pile very long and 100S€ .....ccvevrunieueenriniireieniinienincennee.

Pile not very long and loose
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Fringes of corbiculee with a distinctly ferruginous tinge; black
interalar band extending back on to the scutellum in a sharp V.

} edwardsii.

Fringes of corbiculee without a ferruginous tinge ; black interalar
band usually not very distinctly marked; never extending

in a sharp V onto the scutellum......ccceurevenenne rufocinctus.

. Clypeus completely impunctate, smooth and shining, except cor-

Clypeus somewhat sparsely punctured over its entire surface..... 9.

. First abdominal segment above covered chiefly with black pile.

occidentalis.

First abdominal segment above covered chiefly with light or yellow
PIlE ttei e edwardsii.

The last two abdominal segments black above.............. borealis.
Only the last segment black above......................u.. appositus.
Third and fourth dorsal abdominal segments entirely covered with
Dlack PIle ...t e 12.

Third and fourth dorsal abdominal segments not both entirely
covered with black pile ..ccoceeeiiiiiiiiiiiiiiii e 18.

Fifth dorsal abdominal segment covered with yellow pile.......... 13.
Fifth dorsal abdominal segment black above......ccocevuiriiininnnnnns 14.
Scutellum densely covered with bright yellow pile ; fringes of cor-
biculee usually black..........ccovieviiiieiiiniinnns cockerelli.
Scutellum generally darkly shaded; fringes of corbicule usually
strongly tinged with ferruginous....c..cceeevuneennennes sitkensis.

Pile covering scutellum conspicuously darker than that covering
the anterior part of the thorax above............... ambiguus.

Pile covering scutellum not conspicuously darker than that cover-
ing the anterior part of the thorax above....cccccceverueennnenn. 15.
Yellow pile on scutellum and on anterior part of thorax above with
black hairs strongly intermixed.....c..ccceeevrrnnneen. flavifrons.

Yellow pile on scutellum and on anterior part of thorax above
without admixture of black hairs..........c....ccoiviieiennnn
Malar space longer than its width at the apex..............
Malar space not longer than its width at the apex....
A touch of yellow pile present on the lateral margins of the third
abdominal segment .......co.eeuiiiiinieniniennen. mormonoruim.
No touch of yellow pile on lateral margins of third segment.
. separatus.
First four segments of the abdomen above all covered with yellow
OF tAWNY Pileiii..iiiiiiieiiiiiiiiiieiiii e ieareneenne 19.
Not all the first four abdominal segments above covered with
tawny or yellow pile
Last two abdominal segments black ; clypeus more or less punctate.
centralis.




20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.
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Only the apical abdominal segment black; clypeus smooth and
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