
Foreword 

This monograph is the culmination of 313- 
proximately 38 years of collecting and re- 
search on the  taxonomy of our native bees. 
Interest in this  group was first incited dur- 
ing my employment in  the  Korth Carolina 
Department of Agriculture, where one of 
the  projects was the  compilation of the  list 
of insect species known to occur in Korth 
Carolina. The list of bee s ~ e c i e s  accumu- 
lated a t  t ha t  time (1920) \vis quite small. 
including only about 60 names, and many 
of these records were obtained from the  
literature rather than from collections made 
by the  personnel of the  Department. Initial 
collections resulted in many additions to 
this list, but with a considei.;:ble propor- 
tion unidentifiable, due either to the in- 
adequate keys then available. or  to the 
Iiumerous apparently undescribed species 
tha t  were found. This presented a challenge. 
;ind a s  a result, this  g r o ~ ~ p  of insects has 
become my chief interest and an  expanded 
lrno\vledge of the  group a primary objective. 

Beginning with these earlier experience.. 
my  associates have influenced my life and 
professional development. Certain of these 
stand out in memory as having been es- 
pecially influential, and for  whatever has 
been accomplished, some of the cl.edit. a t  
least, belongs to them. The head of the 
Division of Entomology a t  tha t  rime ~\.:li 

Franklin Sherman. Aside from the  reguln- 
tory, extension and economic research nc- 
tivities then carried OI I  by the Dilision, hi<, 
main interest 1v:is the compilation of the 
North Carolina insect list, and in co1i.e- 
quence. he  gave enthusiastic support and 
encouragement to this study of our bee 
fauna. C. S. Brimley was in the employ of 
the  Division, devoting his time to this list. 
He  was a natura!ist of the  old school, large- 
ly self-taught, with broad interests arid ex- 
tensive knowledge of such diverse group\ 
;is birds, reptiles, amphibians, moths, 
flies, wasps and many other groups of in- 
\ects. He  was a philosopher a s  well. and in 
him was found a close friend and a compali- 
ion on many collecting excursions through- 
out Il'orth Carolina. I n  1922, J. C. Crawford 
loined the  Ilivision, coming from the  U. S. 

Sat ional  Museum. He  n ,i> an exl~eriei~cecl 
taxonomist and had done consiclerable worIc 
on the  systematics of bees, as well a s  other 
groups. From this associatioll IT as derived 
much of value, including :L better under- 
standing of certain of the  basic principle\ 
of taxonomy. Alan)- of the  ideas and tech- 
niques acquired a t  this  time influenced my 
work during the  later years. 

I joined the  teaching staff of the Depart- 
ment of Zoology and Entomology a t  North 
Carolina Sta te  College in 1025. The late 
Z. P. Metcalf, Head of the Department, m-.;a< 
a n  authority on the Order Homoptera :~ntt 
a n  enthusiastic taxonomist with a. world- 
wide reputation. To him I am deeply in- 
debted fo r  assistance and xvol.ds of advice, 
for  encouragement and s ~ ~ p p o r t ,  and fo r  u e n  
ideas and techniques. The association lasted 
for  more than th i r t j  ye;\rq. until his death. 
and throughout this  period complete free- 
dom  as enloyet1 in thc performance nf 
teaching duties and research activities. T l i  - 
this  assignment the  suninlei month.: wer' 
available fo r  resea1.r.h kind for  xdvanccd 
study. This included h t~~d ic .  at  I31issey 111- 

s t i tute of Harvard L-~:i\el--it> \vhere the  r r -  
search was carried on under the direction of 
V'. M. Wheeler and C. T. C!.lie-;. This asso- 
ciation with these two out: tn t~ding teacher\ 
served to augment my iiitereit and e:1- 
thusiasm for  taxonomic research. 

U u l i ~ ~ g  this period one uf the ge::el.L uf 
bees, . l I~guch i l e ,  was selected for  hpccial :it- 
tention. A revision of the  S o r t h  Americ;~ii 
species was prepared and pnbl i~hed,  nit11 
some attention given to the  species of sc me 
of the  other regions of the  ~ ~ o r l c l .  Ho\x;ei el.. 
:ill collecting was general, so f u  ,IS the  bee, 
are  concerned, and much n~~ter i : , l  was a c -  
~ ~ ~ m u l a t e d ,  wi th  distribution a d  host rec- 
ords inclucted. While this collcc i irig n as in 
progress, n bibliogr:~pl~)- w a i  belilg conl- 
piled. A photographic method of cop: ing thc 
literatu~.e, using 33 mm. film, xa.: devel- 
oped before i t  came into the general ube 
it has today. 

During this Linlt , .Llno, he).> f o ~  ti111 1c i t11  

t ~fication of the specie.; ,if :t l I  I.ee gvenpr.l 



4 BEES O F  THE EASTERN UNITED STATES, 1 

were gradually developed and perfected. 
These have reached a state of completion 
which suggests the desirability of their pub- 
lication, even though new records are  still 
being made and new species discovered. 
Actual completion of such a comprehensive 
study as this one is a "will-o'-the-wisp," and 
there comes a time when i t  is best to publish 
what has been accomplished, in order to 
make the results available to other workers. 
I t  is hoped that publication of these keys 
and descriptions will facilitate more inten- 
sive studies of the taxonomy of bees, a s  well 
as ecological, biological and economic stu- 
dies of all of the included groups. 

One very important phase of this re- 
search has been the study of type collec- 
tions in the United States, Canada and Eng- 
land. I am indebted to many individuals in 
various institutions for  assistance in the 
location of type specimens, for providing 
facilities for their examination, and for  
freedom of access to the collections. Among 
those that should be named are  Herbert F. 
Schwarz a t  the American Museum of Na- 
tural History in New York; I. II. H. Yarrow 
a t  the British Museum (Natural History) 
in London; G. C. Varley of the Hope Mu- 
seum a t  Oxford, England; H. H. Ross, 
B. D. Burks and &lilton W. Sanderson a t  the 
Illinois Natural History Survey in Urbana, 
Illinois; E. T. Cresson, Jr., James A. Rehn 
and H. J. Grant, J r .  a t  the Academy of 
Katural Science of Philadelphia; Noel M. 
Comeau a t  the Provincial Museum a t  Que- 
bec; the late 1Gatha:i Banks, Joseph Be- 
quaert and Wm. L. Brown, Jr. a t  the  Mu- 
seum of Comparative Zoology a t  Harvard 
University; and C. F. W. Muesebeck, the 
late Grace Sandhouse, and Ka1.l V. Krom- 
bein a t  the U. S. National Museula in 
Washington, D. C. I am especially indebted 
to K. W. MacArthur a t  the Public Museum 
of Milwaukee, Wisconsin, and H. G. Rodeck 
a t  University of Colorada Museum, for 
lending several t; pe specimens, and to Har- 
vey B. Lovell of the University of Louisville 
for sending the entire type collection of his 
father, the late John H. Lovell. Through the 
cooperation of Arthur Humes, of the De- 
partment of Biology of Boston University, 
and a t  the suggestion of Wm. L. Brown, Jr., 
several of the Viereck types of Andrena 
formerly in the collection of the  Boston 
Society of Natural History, that were tem- 
porarily lost, have been found and are  now 
in the Museum of Comparative Zoology. 

A large amount of undetermined material 
was received from several of these same 
institutions as  well a s  from a number of 
others. Such collections have been received 
from Henry Dietrich and Howard E. Evans 
a t  Cornell University; T. H. Hubhell and 
U. K. Lanham a t  the University of Michi- 
gan;  Roland Fischer a t  Michigan State 
College; J. N. Knull a t  Ohio State Univer- 
s i ty;  H. E. hIiIliron a t  the Ulivcrsity of 
Minnesota; Herbert I<nutson a t  the Unirer- 
sity of Rhode Island; J. T. hfedler at  the 
University of Wisconsin; B. Elwood Mont- 
gomery a d  Leland Chandler a t  Purdue 
University: Howard V. Weeins, Jr., Frank 
W. Mead and Roger A. Morse of the Florida 
State Plant Board; and D. I,. Wray of the 
North Carolina Department of Agricult1:re. 
Personal collections have been received from 
Henry K. Townes, G. E. Eohart, Karl V. 
Krombein, R. R. Snellii~g, H. F'. Howden 
and wife Ann, C. I). Michener, and exten- 
sive amounts of unidentified materials from 
R. R. Dreisbach of Midland, Michigan, and 
the late P. W. Fattig of Emory University. 
The author is indebted to Mrs. Sylva G. 
Martin of South Miami, Florida for  the 
gif t  of a considerable proportion of the 
collection of her father, the late S. Graeni- 
cher. 

Several taxonomic specialists have given 
valuable assistance. P. H. Timberlake, of 
Riverside, California identified all of the 
material in the genus P e ~ d i i a ,  which he is 
revisicg, and described all of the new spe- 
cies which were discovered in the eastern 
col~ections. I am grateful for his assistance 
and for the  promptness of his attention to 
the material and to publicatioii of the n e x  
names, making them available for this 
u-orlr. W. P. Stephen, nov? a t  Oregon State 
College, revised the genus Colletes while 
pursuing graduate studies a t  the University 
of Kansas. All of our eastern material \>,-as 
submitted to him for study. Similarly, Wal- 
lace E. LaBerge, now a t  Iowa State College, 
revised the genus Melissodes while a t  the 
University of Kansas, and our eastern ma- 
terial was sent to him also. Currently 
(April, 1958) A. F. Shinn is making a re- 
visional study of Calliopsis a t  ti?e Univer- 
sity of Kansas and has our material of the 
few species of this genus that occur east 
of the Mississippi. 

In addition to assisting in type studies 
a t  the U. S. National nluseum and furnish- 
ing collected materials, Karl V. Krombein 



has read portions of this  nldnuscript and 
has tested the  more comprehensive keys. A -  
a result he has been able to make helpful 
and constructive criticisms. Sirnilar coil- 
structive criticism has also bee;? received 
from David A. Young, F rank  E. Guthric. 
Maurice H. Farr ier ,  Walter M. Kulash, and 
Clyde F. Smith, associates in the  Depart- 
ment of Entomology a t  North C:L1.oiin:l 
S ta te  College. 

I am indebted to Mrs. Violet Quay a:ld 
Miss Mary Oliver Ei1ingr;on fo r  a portion 
of the illustrations. 

Also I wish to express my appreciatioll 
to the  Administrative Officers of North 
Carolina Sta te  College fo r  their sympathetic 
at t i tude toward this research and fo r  thrb 
provision of funds, without which the  work 
would not have been possible. Throughout 
the  many years of my association with Z. P. 
Metcalf, there existed in the  Department of 

Zoology and Entomology, a "clirnate" con- 
dusive to research activities, and this has 
c o ~ t i n u e d  to the  present time under the  
chairmanship of Clyde F. Smith. This same 
sympathetic at t i tude i s  evident in the  suc- 
cession of higher administrative officia!~, 
a t ld  t be mor:ii and fin'lncial support of D. B. 
Anderson, Chairman of the  Division of Giol- 
ogv, Roy L. Lovrorn, Direc~tor of the  Ex- 
periment Station, D. W. Colvard. Dean of 
the Schoc.! of Agriculture, and C. W. Eos- 
tian. Chancellor of the  College i s  here ac- 
k~:o~v'edged with appreciation. 

I'inally I wish to ~ckr~owledge  my debt to  
the n'ntionnl Sciellce Fozi?zdntion, for  funds 
tc, support this  work and to provide fo r  i t s  
publication, and I a m  appreciati7:e of the  
heipft~l  suggestions, first of Rogers Mc- 
Vaugh and later of A. C. Smith and David 
I). Keck, in the  performance of their  func- 
tions as successive Program Directors f o r  
Systematic Biology. 

T. B. Mitchell 
Professor o f  Entomology 
North  Carolina State College 



Materials and Methods 
The superfamily Apoidea of the order 

Hymenoptera comprises the group of in- 
sects commonly called bees. The group is 
closely allied to the sphecoid wasps, with 
many characters common to both. In  some 
schemes of classification that have been 
proposed (Comstock, 1940). they are com- 
hined into one snperfamily, the Sphecoidea. 
In most recent texts, however, such as 
Brues, Melander & Carpenter (1954) ; Bor- 
ror and DeLong (1954) ; and in the recently 
published catalog by Muesebeck, Krombein. 
Townes, e t  a1 (1951) ; the Apoidea is recog- 
nized as a superfamily group, separate from 
the Sphecoidea. As a matter of convenience, 
the separation of the t ~ o  seems desirable. 
but the fact that the sphecoid wasps are  
much more closely related to the bees than 
they are  to the vespoid wasps or any of the 
other Hymenoptera should not I)e overlook- 
ed. 

The bee fauna of the Eastern United 
States has hitherto not been fully described. 
Many species new to science will be de- 
scribed in this monograph, and doubtless 
others will still remain to be discovered by 
collectors in the future. Furthermore, many 
species are  known in only one sex, and only 
more intensive collecting, field observations, 
or studies of the biology will make i t  pos- 
sible to discover the unknown sex or to 
currelate the two when they have been de- 
scribed under separate names. There is a 
current i~lterest  in biological and ecological 
studies of bees, but with respect to the total 
number of known species i t  is an almost 
virgin field, with a relatively small propor- 
lion in which any studies a t  all have been 
1)ublished. A review of this field of research 
has been published by Linsley (1958). There 
is a considerable fund of host plant data, 
largely from the works of Charles Robert- 
son, J. C. Crawford, John H. Love11 and S. 
Graenicher, but there is much yet to be 
learned. The importance and significance of 
flower records, in the collection of bees, can 

hardly be overemphasized. Most of the pres- 
ent generations of specialists in the group 
are keeping such records, but most of the 
earlier colIected specimens lack any refel.- 
ence to host and specimens of bees collected 
by specialists in other groups often lack 
such data. 

Bees are  essential to onr economy, being 
the chief pollinating agents of the flower- 
ing plants. They have a relation not only to 
agriculture, but to the conservation of xviltl- 
life and game management, and constitute 
;in important element in the various eco- 
logic factors that combine to form our ell- 
vironment. Thus the productic~n of fruit  
rrops such as apples. pears, melons, cucum- 
bers, grapes, dewberries, huckleberries aild 
qtrawberries, as well as cotton and various 
seed crops such as alfalfa, several clovers. 
vetch, onion, asparagus, buckwheat and 
celery, are  dependent upon a suflicient popu- 
lation of bees, either the domesticated honey 
bee or some of oul- native. wilil, qolitary or 
social species. 

Much reliance often is placed upon the 
honey bee in agricultural production, to 
compensate for a lessened effectiveness 01- 

unreliability of the native bee species. The 
growth of agricultural crops creates :in 
artificial environment which often is un- 
favorable to the development of the large 
populations of native bees that are  needed 
for  adequate crop plant pollination. Nest- 
ing areas of solitary bees are plowed u p ,  
brush and weeds are  cleared from roadside5 
and ditch banks, woods are  cut or bur~lect 
over and the underbrush eliminated. 1'i1(. 
plant population w h i ~ h  extensive ;ccr.eugtJ\ 
of a crop represents is abnormally largc, 
being a pure stand of a species which prol)- 
ably did not develop as such in its oyiyinal 
native habitat. Thus its insect enemies tend 
to multiply, being relieved of one of the 
most important limiting factors, that uf 
food supply. With bees, however, i t  seems 
possible that  the availability of nesting site5 
is more of a limiting factor than food s~rp- 
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ply, which  may  be a partial explanation f o r  
t he  dearth o f  native bees i n  many  crop 
areas. Fortunately i n  many  cases t h e  intro- 
dvrt ion o f  honey bees ofFers a rather simple 
sc.1~1tiou t o  t h i s  problem. a,:d there has not 
been too much  concern about t h e  lessened 
numbers o f  native bee species which  seems 
to  be i n  evidence. Some studies. however, 
indicate t ha t  native bees are more eKcctive 
pollinating agents  t h a n  t h e  honey bee with 
respect t o  certain crops, such as a l fa l fa .  
Studies have been i n  progress for  some t ime  
concernil~g possible means of ampl i fy ing  
populations o f  certain lenfcutter  bees and 
alkali beer i n  t he  a l fa l fa  seed-pi-9drci1:p 
areas. 

T h e  native bee fauna probably i s  much  
more i rnpx tan t  t hpn  t h e  hbne.r be? i*i thr: 
conservation o f  wi!d l i f e  and game man- 
agement,  even though m a n y  wild colonics 
o f  honey bees occur i n  mos t  wooded areas. 
Game birds, such :is quail and t u rkey ,  t he  
song birds, and marly o f  t h e  mammals de- 
pend t o  a considerable ex ten t  upon the  
f ru i t s  o f  various native plants, and such 
plants have a much  closer ecological rela- 
t ionship t o  t h e  native bee fauna t h a n  have 
most  crop plants. 

Bees const i tute a group o f  considerable 
size, w i t h  about 700 species listed f r o m  the  
eastern United States b y  Afuesebeck, Krom- 
bein, Townes,  e t  a1 (1951) .  There  i s  much 
variety o f  f o rm ,  size, color and habit  w i th in  
t h e  group, w i t h  social types,  represented 
b y  t h e  honey bee and t h e  bumble bees, and 
solitary types  which include t he  large ma- 
jority o f  species. Among these solitary spe- 
cies are ground burrowing and woodboring 
forms ,  as well as a considerable number  
-which use any  burrows, borings, or other 
types o f  cavities t ha t  m a y  be available. 
There  are also many  cuckoo or parasitic 
species which invade t he  nests  o f  pollen- 
collecting types  t o  lay the ir  eggs,  making  
no other provision for  the ir  young. 

T h e  fac t  t ha t  our knowledge o f  bees as  
a group i s  inadequate i s  not  t h e  only difficul- 
t y  t o  be encountered i n  a t tempts  a t  identi- 
fication o f  species or determination o f  any  
possible economic e f fec t  or ecologic signifi- 
cance. Comprehensive or adequate keys  t o  
t he  species o f  many  o f  t he  included genera 
are not  i n  existence, and t h e  descriptions 
o f  a considerable proportion o f  t he  known 

species are widely scattered i n  t he  litera- 
ture.  Moreover, descriptions when  available 
are o f t e n  so br ie f  or incomplete t ha t  t hey  
are o f  little value i n  making reliable identi- 
fications. T h i s  common inadequacy o f  de- 
scriptions should not  be taken  as implying 
any  inadequacy on  t h e  part o f  t h e  workers,  
bu t  i s  more t o  be considered a reflection o f  
the  degree o f  development o f  t h i s  field o f  
science at  t h e  t ime  these workers were  ac- 
t ive.  I t  i s  quite possible, i f  not  probable, 
t ha t  t h e  work o f  t h i s  present generation 
will be found t o  be quite  deficient i n  certain 
respects b y  workers i n  t h e  fu ture .  

Objectives 

T h i s  i s  a faunal s tudy  o f  t h e  bees o f  t he  
United States east o f  t h e  Mississippi River. 
I t  i s  com11l.eheneive w i t h  respect t o  t he  cov- 
crag,: o f  t h e  group, including all t h e  fami-  
lies, genera and species o f  bees, bu t  i s  limit- 
ed geographically, so t ha t  no generic or 
other group i s  covered completely unless i t  
has these same geographic limitations. 

T h e  primary objective i s  t o  facilitate 
identification, and t o  t ha t  end simplicity o f  
keys i s  sought. T h u s  all keys are artificial 
and are not intended as a n  expression o f  
phylogeny. T h e  use o f  couplets o f  contrast- 
ing  characters i s  strictly adhered to ,  and 
t h e  mos t  conspicuous characters available 
are employed, sometimes t o  t h e  exclusion 
o f  more obscure features which  m a y  be o f  
greater phyiogenetic significance. 

T h e  rather detailed descriptions and t he  
figures should serve as a check respecting 
t h e  correctness o f  identifications made b y  
t he  use o f  t h e  keys.  

Geographic Area 

T h e  states o f  Wisconsin,  Illinois, Ken- 
tucky ,  Tennessee and Mississippi, and all 
others east o f  t h i s  t i er  are included i n  t h i s  
work.  T h i s  arbitrary division is approxi- 
mately t h e  92nd meridian and all o f  these 
states lie t o  t he  east o f  t he  Mississippi Riv-  
er .  I11 large part, i t  i s  t h e  Austral Region, 
bu t  t h e  Canadian i n  t h e  Boreal Zone i s  in- 
cluded, and a t  t he  southern end o f  Florida 
the  subtropical region is reached. 



Collecting Techniques 

In  collecting bee., nets and killing bottles, 
of cour\e, al.e essential items o l  equipment. 
The ~ ~ r i t c . '  has  f o ~ m d  that  n relatively 
short-bandlei1 net ~ i t h  >I r ing not more 
tharl 12 inchrs in dialnetel is p r e f ~ r u l ~ l e  
a longer-hoxiiiled or  larger net. A smaller 
net with the  shorter h;,ndie car. I-lc slvung 
more rapidly than a larpci  one, a n  essential 
fe:,t~l;.e in c ntching ~i1:11ly of the bees tha t  
ha7,e rapid flight. Gecauie collectiag on 
trees or high hushes necessit;,tes a reason- 
ably long handie, i t  i- nil adrantnge to h a ~ e  
a j o i n t 4  or  telescoping handle, or to have 
a longer substitute handle or  net. 

The collector should have a considerable 
number of killing bottles so tha t  specimens 
collected from various plant species tha t  
may be in bloom a t  the  same time may be 
kept separate. I t  is well to have a vasculum 
or  plaxt press so t'nat plant specilnens which 
a re  needed for identification rnay be collect- 
ed. In  aclt?ition, p ~ i i  boxes for the temporary 
reception of co!!ected materials and pinning 
boxes in which they may be pinned while 
still in the field a re  also an  act~antage.  

Collecting often requires considerable 
patient watching of plants in  bloom in or- 
der to observe some of the  r'lpidly flying 
insects t h . ~ t  l ibi t  them. This is particularly 
true of marig of the maiea which may not 
be visiting the bloom fo r  feeding purposes 
but rather a re  looking fo r  the  females. In 
such case they rclrely alig-ht on the blcom, 
and they can only be co!lected by sudden 
and snif t  svb7eeps of the  net. Sweeping of 
the flower heads of relatively dense patches 
of flonrering plants will sometimes yield 
good results, but often such movements will 
result in driving off some of the bees in ad- 
vance of the collector. 

I t  is essenti:~l t ha t  the  liilling bottles be 
kept as clean :IS possible. A small amount of 
absorbent material in the bottle mill pre- 
vent the accumulation of enough moisture 
to mat the pubc.scent col-ering of the  speci- 
mens. This is especially important in collect- 
ing bees because these insects often regur- 
gitate nectar while dying in the  cyanide 
gas. The writer uses shell vials of about an  
inch in diameter. Number 4 neoprene or  
rubber stoppers a re  used. A 14 mm. hole i s  
bored through the  center of the stopper, and 
a I-gram lip vial is fitted into the hole with 

the  open end do\vnrvard. The vial is partial- 
lv  filled with calcium cyanide or  sodium 
cyanide, plugged with a wad of cotton, and 
the charged stopper is put  into the shell 
1 ial. The cyanide may be slow to act  nt first, 
but  a f t e r  a few specimens have been placed 
in the  killing bottle i t  will become erectire.  
Sodium cyanide will remain ac t i le  for  a 
loager period than the calcium cya.~ide, ba t  
otherwise the two are  equal!y en'ertive. 
Eubber stoppers a re  much to be preferred 
over those of cork fo r  they do not crack, 
and their  pliability i s  a n  added advantage. 
n'hen the  cyanide becomes inactive the  vials 
can be emptied easily and a fresh charge 
installed. Granular cyanide is used, with no 
plaster of I'aris o r  any other material o t h e ~  
than the cotton plug. 

Preparation of Specimens 
I n  pinning specimens i t  is quite impor- 

tant  tha t  the  central area of the scuturn be 
avoided s? f a r  as possible. If t he  pin is  
placed to one side of the  center, the  sculp- 
ture  of this  area is not destroyed. Very 
small specimens can be cemented to  points 
or directly to the  side of the  pin. When 
cementing to the  pin, the  speciiilen is placed 
on i t s  left side with the  head do\vnwarcl and 
the  legs toward the  left. A sniall amount of 
cement is placed a t  the  proper point on the  
pin which is then prcssed firmly to  the  side 
of the  specimen, holding the  head of the  pin 
in the  r ight  hand. Thus the specimen will 
be cemented on the  left side of the pin with 
the  head directed forward. Before speci- 
mens have completely dried and hardened i t  
is desirable to  pull t he  proboscis out into an  
extened position and to spread the  mandi- 
bles apnrt  so tha t  the  dentition and the  fea- 
tures of the  labrum beneath may be obserr- 
ed. I t  may be necessary to straighten out 
the  legs, so tha t  they do not cover the  lateral 
or  ventral surfaces of the  thorax and thus 
obscure the  surface features of these parts. 
While male specimens a r e  still fresh and 
pliable, the  genital armature should be pull- 
ed out into a n  exposed position. The hidden 
apical sternal plates of the  abdomen of the  
males also a re  of considerable importance. 

Collection data on the  record labels shogld 
include the  locality, date of collection, name 
of collector, and whenever possible, the  
generic identification of the  plant upon 
which i t  was collected. The specific identity 
of the plant host seems to be less important, 



I ~ L I ~  sometimes is o f  iignific:~rice. EIowe\el., 
identification of species in home genera of 
plants, huch as  RIIOVS, A s f r ~ ,  Solidago and 
others, is difficult even fo r  many botanists, 
and in such groups especially, specific iden- 
t i ty i s  of slight importance. 

If any spec.imens a re  collectecl a t  some 
r~nusual t ime of day, as early in the  morn- 
ing o r  a t  rlusk, or if they ;ire found in light 
traps 01- nt baits, s~1c.h informatior; should 
1)e incl~ided on the ~ c r o r d  label. 

Source of Materials 

3Iuch of tlic material upon which this 
study is based was collected by the  writer .  
1;irgely in Sor th  Carolina. Of all the  eaqt- 
ern states, probably i t  has the  most diverse 
~l imat ic  ancl ec-ologic conditions, such as to 
duplicate to a considerable degree condi- 
tions from Maine to Florida along the  en- 
t ire Atlantic Coast. At the high& elwa- 
tions extensions of the Canadian Zonc are  
met, while along the  coast the Austrori- 
parian Zone extends to  North Carolina and 
Virginia. Only the  southern t ip of Florida 
with i ts  possible West Indian aftinities. 
ieenis un~elnted  to North Ci~~.olin:~ fauniq- 
tically. 

Collecting has been done also in  JIaine, 
Massachusetts, Illinoiq, West Virginia, 
South Carolina. Georgia and Florida. Many 
records have been obtained through the  
htudy of collections tha t  hare  been sent to 
the author fo r  identification. Thew have in- 
cluded much material from New England. 
Eastern Canada, New York, Michigan, Wis- 
consin, Minnesota, Illinois, Indiana, Ohio. 
Maryland, Virginia. West Virginia, Tennes- 
iee, Georgia and Florida, with lesser 
 mounts from the remaining states east of 
the  Mississippi. 

Type collections tha t  have been studied 
i~iclutie the  Frederick Smith collections in 
the British Museum :ind in the  Hope Mu- 
ht.urri ;\t Oxforcl University; the  Provancher 
(ollectiot~ in the  Provincial Museum of Que- 
I)ec; the Cresson collection in the  Philadel- 
phia Academy of Science, t he  Robertson 
collection in the Illir~ois Natural  History 
Survey ; ant1 types of Cockerell, Viereck, 
('rawford and others in the  United States 
National Museum; the  American Museum 
of Natural History in New York; the  Mu-  
wurn of Comparative Zoology t t  Harvard;  
the  ('c~nnecticut Agricultural Experiment 
Sta t io i~  2nd the T9ublic M ~ ~ s e u m  of Milmall- 

kee. The Lovell types temporarily a r e  in 
the possession of the  author. A few of the  
Linnaean, Fabrician and Vachal types ha\re 
also been studied. 

Taxonomic Methods 

All existing keys ancl published descrip- 
tions were used, of course, in the  initial 
stages of this  study. Later these mere sup- 
plemented by examination of the  types, and 
the identity of most of the  species so f a r  
recorded in the  Eas t  has been verified by 
c.ompa~isnn of specimens with the  types. 

As the ~r-ork progressed, more and more 
forms came to hand \\-hich were in  need of 
name and description. These were tempo- 
l.:trily  signed numbers in lieu of names. 
and keys were cons t r~~c ted  to include these 
along with all the previonqly known species. 
These provisional kevs were especially use- 
ful in the  study of type collections, as the 
types c<ould be traced through the  key and 
then compared with the  forms to which they 
appeared to run. If ,  in this comparison, the  
tlegrec. of similarity was such as  to indicate 
their common identity, the  specimens were 
made homotypes and served as  a means of 
comparison in type studies of other collec- 
tions. 

The finished keys. a s  they a re  presented 
in the  following pages, were produced from 
these provisional keys by a process of de- 
T elopment and testing. followed by revision 
and retesting until a \vorkable key was 
achieved. Most of them have been in a 
process of ilevelopment for  a period of sev- 
eral years. 

In  large genera, such as  A>ld) .~na,  the  
hpecies a re  separated out in one comprehen- 
sive key, even though subgeneric groupings 
of these species have been proposed. The 
limits of these subgenera sometirr:es :ire 
poorly defined, and the  characters separat- 
ing them a re  often difficult to observe or  
interpret. Well defined subgeneric groups 
inay eventually be recognized as valid gen- 
era, but  such modifications of the classificu- 
tion a re  dependent upon revisional and ex- 
tensive studies of these large genera 
throughout their range. 

All included species, both old anci new, 
a re  described a s  completely as seems neces- 
sary  to establish identity, with the  aid of 
the key:;. The redescription of older specieh 
is desirable because of the  freqiient in- 



adequacy of Ihc origi i i ; t i  cli:qc ~ . i p t i o ~ ~ < ,  iintl 
new species. of coi.il.se, ;ire tlc.sci.ibzd of 
necessity. The de:iirnbiliiy of including de- 
scriptions of spccic.s \~-!:ich ll::< !. Ilct.11 i l p -  

scribed in recent y(!;~rs :II:(? ;t t~ i l l  C,J~!SC- 
cluence relatively complcti: migkit I ) ?  clues- 
tioned. but i t  is  be1ievi:d that  !l?c ~ i r l \ - ; r ~ ~ t u ~ ~ t ~  
gained is  worth the  st!,.^ :sp;~c-.. i1;ivint. 
these clescriptior~s inc,lridr:l ~ . c '~a i t ;  i t ]  ;! ;:.if- 
sufficient n-ark, rc:li<~;-ing it. :rse~.,. oi' t i i t )  

necessity of refei'ring to c ~ t ' l ~ r  p~!l~iic;!tiot~s. 
which is  a ma~kccl  ntlrantnre in c\)ilsirle?;l- 
tion of the extent of  thc  :iti~1.2tti!.il tha t  
other~vise ~voultl bc involved. 

Illustrations of signiiicaant sti.;:c.i!,i,;il tlcx- 
tails a re  very 11si.fu1. ;i!~tl fiyli~,c- -ho:'-ii~c 
these features a re  pi.ovided ;is ~i p~11.i o f  !;I(, 
tlescription So!, most spccies. In  mnl:.~, IIIV 
genital itrn?atl:rc and te!cscc~pcil scve~:th 
and eighth s++.rnnl 1)l;iti.s :ire i mpor1:i;:t i I: 

this  regard. This :;eye.csit:itcs cli:isec!i!~g 
these p:irts o:it ?)f t h ~  ::recir,l.c:: ;:nd mount- 
ing  then1 in some mntlner as  to facilitat,e 
their  obsel.~,:~tioii. Of t!?t ~ . n ~ i . ) t : $  ~nethocts 
which the WI-iter h::s r~.'rtl. the techniq~ic 
described seems t o  give th r  llr::? i.c.;:rlts. 

Specinlens :ire first i ' ~~ ! : t y . t~ t I  1 1 ~ -  l ( s : i ~ : i i ~ , ~  

them in a moist chan!?;cl- f o i  ;: !v?i.iotl o f  
12-24 hours. T'erj- old ;!lid t1i . i~ s j i ~ ~ c , i ~ n < . ; ~ s  
may take as  much ;I; 48 i10111.s 1 0  i.c,!:i\- 
sufficiently to mailip~il:lte 17-ith s::i'r:ty, l > i i l  

~isually i t  is sufficie~it to !C:I;-e ! l ic~~i  i i i  i?:.) 
chamber o ~ e r  night. i-\ftc.r rel:isi*;g. t l~il  
terminal segments of thp abtli*riicir :IL.I> re . -  
moved and placecl in a satur:itci! ~.)l~iticiil 
of KOH. This is uot he:itecl. hut ti!!. 1):~rt.: 
a re  left in the cold solutio~i for  12-2 1 l:o:~i.s. 
Overnight is  usually enough. This cie.~rs t!ic 
structures suflicierltly without softeniiig or 
(listortirig them. Af ter  this  clearing pl-ocexs. 
they a re  separated with dissecting nccclies 
under a microscope and cemented on :I e:i~-c! 
point, on the  pin with the specimen. 

Detailed collection records a re  giveil olily 
fo r  the  new species, while the general geo- 
graphic tiistribution and seasonal c2ccul.- 
I.ence a re  given fo r  ;ill previui~?,ly desci,ibed 
species. The  flower-visiting habit.: ;i!.;o are  
given, a s  f a r  as  they a r e  knux:n. 

The  list of bibliogi~iphic references ~!!~rler 
each genus and species incluites un1y thcjse 
of some taxonomic, biologic o r  ecologic sig- 
nificance. The  reference to  the  original dV2- 
scription, is  almay:; included, :is :Ire the  
veferences to most synonyms. AI-ticies 
\vhich mri-ely list the species a re  not in- 
c.lrided. 

Iiees i i i ~ ?  closcly related eco1ogic;~lly to the 
iiowerirrg pl:irits, anrl some knowledge of 
the details of this  relationship is essential 
for  n reasonably complete survey of bee 
s-;pecies for  any pivi.11 area. I n  grnera!, the  
n:ltivc !!owering ;,lants will ha\-F: the more 
interesting 01- 11nris11;il i11ac.i.t :i,<itors, a.: 
ihc~.t '  is more likclj. l o  he ;I closc c)cological 
;issociwtioii between these iiative plarlts nnll 
t h e  11:itive wild hrcs tha t  visit then?. T l i  con- 
lr.iist, il~t~'od!it.ed plnnt,s 21i.e nlo1.e likely to 
!,rt ;-isitrtl 1)y the? rni!l.c3 gene~,alized species 
of 1)i.e~ nhi:.h visit :I wide range of ?lost 
plants. L i k e ~ ~ i s e ,  those introdticed be:: tha t  
have s~:rvi;-cri a r e  likely to be geilcl.a!ized 
forms tha t  visit a wide range of foorl p!unts. 
Suc!~ species a1.e nltich more likely to bc 
~q:t ipped for s~trvix-a1 ill the new eilr.iroli- 
ment thnn spccixlized f i~ rms  that  have :I 

limited rnngc of host plants. Ji:lil.:,- elf oiir 
11;itire 11ees visit only one o r  ;I limited 11i:ni- 
Ijer of cicwel;. relaieci p1:int spacies. : :ch 21s 
a f e ~ v  clasclj- i.el;ttcti ,ip:.:'ies fo1-mirig ;I 

single genus. In consequence, the)- a r c  lirnit- 
c.tl in their  dist:.il):ition to  the range ef the 
host p1:lnts. X1::o. sincc they a rc  dcpecder~t 
iipon thr: !lo\\-ers, they are  lin~itecl seasoiial!>. 
11y ?he I~!oorni!!g period of the  plants. Thus. 
f!ight pcr,iclds : i ~ c  apt  to  be I)l.ipf :11ir! pea- 
!ri.apliic. tli.sti.il)iition limited. 

The av;iil;~!)iliiy of nesting sites, ;11so, is  
; I  l i ~n i t i ng  factor in the c1istrih:rtion of bees, 
; i r ~ i ? .  ,is a co1;seque;Ice such physiogi-aphic 
f en t~ i r e s  21s character of the soil, d e g ~ e e  and 
direction of .slope, drainage, ;irno~lnt and 
clistribution of rainfall, etc. have some bear- 
ing on the  occurrence of bees. On f:tvorable 
sites relatively dense populations may build 
u p ,  especially in those groups tha t  :Ire 
gregarious. I t  is  probably t rue  also tha t  
many species range but  a short  distance: 
f ~ o x  the nesting ;!Yea. Thus there a re  mark- 
etl vrtriatioris i11 relative nburidance f r o ~ ~ i  
one locality to  another, ever1 though the host 
p lar~ts  may he gene~a l ly  availa1)lt. 

Climate of course is impr~rtarlt,  limiting 
;is i t  does the geographic distribution of 
both the  hort p lu i~ts  and the  bee visitors. 
J3ut ~ v i t h i i ~  the geographic limits of th is  
distribution, the day-to-day o r  hour-to-hour 
weather corlditions can be very limiting, so 
far a s  any success in the collection of many 
species is  concerned. Many bees cease ac- 
tivity in the absence o f  snnshine, or \trill 
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remain inactive cs: iong as the weather i.: logical first abdominal segment is fused 
too cool or windy. with the metathorax and is known as the 

Time of day is important, for with most 
species activity is most marked thro1:gh 
the middle four or fire hours of the day. To 
this, however, there are  eyceptions as there 
are  a very few species that are nocturnal, 
crepuscular or matinal, or time their flight 
to coincide with a bricf periocl early in the 
clay when the host flowers are open, as 
shown by Pj~r~ ,hopcr ! :p z~s  c n r - ~ l i ~ 1 1 ' 7 ~ ~ 7 [ ~  
(Walt.) DC. and its bee visitor, M p ? l ~ i h a -  
l ic f z i s  l l r s f l n n s  Ckll. 

Thus i t  can be seen thal to meet .with 
succew in the c?llecti?n of some of t'ne more 
spcci,?li.;ecl b2es i t  is llecessai\- to find a 
combination of conditiolls that inclucies tile 
host p!tinC in bloom, adjacent to or in the 
near ~ i c i n i t g  of some f,~vor:tble nesting 
site, ~ ~ i t l i i n  the distribution limits of the 
species, during the dai!y active period of 
flight, and in i ~ a r m ,  c:llm, sunny weather. 

Generalized bees that visit a wide range 
of hurt plants tend to be in flight for  much 
!origer periods of time than the specialized 
forms and are u;ually much more widely 
and generally distributed. It is these -forms 
which are in flight through most of the 
midsummer period, and i t  seems lsossible 
that some of them have more than a single 
gencrntion during a seilson. The specialized 
more restricted species tend to fly either 
in the spring or in the fall and probably 
hat e only a single generation. 

Morphology 
With reg;ird to general structure, the 

terminology nilopted by Alichcner (11744) 
is followed, although without strict ad-  
herence. Some of the terms he has pro- 
posed, x:hile certainly logical, are  different 
from those usecl for comparable parts in 
other i~lsect orders, and their use is avoided 
heye for that reason. So f a r  as  possible 
figures are  used in place of, instead of as 
supplements to, printed descriptions. Only 
where some additional explanation is de- 
sirable is any space devoted to discussion 
of the parts illustrated. 

The three body regic.2:~ are  designated 
the I ~ m r i ,  t1ln1.n.c and abdflnzen, in accord- 
ance u i t h  the terininologjr in the orders 
other than the Hymenoptera. Michener 
(1944, p. 167) uses the terms mesosonza 
and mefaso??la for the thorax and abdomen, 
since in all the Clistogastra the morpho- 

1;,.opode7inz. Thus the middle body region 
i3:cludes four segments, rather than the 
11-ual three of other insects, and the abdo- 
men conversely includes only the segments 
2-5. These terms, however, are limited in 
their application to t'ne ants, wasps, bees 
and related insects. I t  seems better to em- 
ploy ?he older and mere general!;; used 
ternlr in a work which i t  is hoped n ill have 
general uyage. In numbering the al-dominal 
segments. also. the propodeurn will be dis- 
reg:~~-ded as representing the first, but in- 
.-.car1 the morphological segment 2, will be 
ct,n:yid~rect the basal one. 

-4 1::teral view of A~d, . enu  (fig. 1) and a 
Iront -,ri-,::. of the head (fiz. 2)  show the 
gencl-t:l ex-tci-nal charilcteristics. Most of 
the features illustrated are useful in fur- 
~ l i s h i ~ ~ g  speci5c or key characters in one 
or another of the groups of bees, and an 
expl;.,nation of certain of them is desirnble. 

The fovcaz (fig. 2)  are  shallow depressed 
areas on the front of the head and a re  pres- 
ent in the females of the Andrenidae and 
most of the Colletidae. They are  poorly 
developed in the males of these two fami- 
lies and are lacking in all of the other 
groups. 

The sz~btctttcnnnl su tz i res  have some sig- 
nificalice in classification but are  mther  
~ ~ n s a t i ~ f a c t o r y  as key characters as they 
are  50 frequently obscured by the dense 
pubescence of the face. Only in the An- 
d~enic!:\e are  both the outer and inner pairs 
repi-ese~ltecl, the inner pair apparently 
being much or absent in all other 
groups. Because of this they are rarely 
u ~ e d  in the keys or mentioned in the de- 
- C  riptiqns. 

The n?~ te?z , l u r~ ,  as  in the higher groups of 
wasps, s1.e 12-s~gmented in the females and 
13-segmented in the males. Usually sexual 
climorphism is so marked in the bees that 
t ! ~ i ~ ~ ~ ~ ~  is no problein in distinguishing the 
sex?., but where the similarity is col~sider- 
able, as in some of the parasitic groups, 
this difference in the number of antenna1 
segments is helpful. The apical ten or 
eleven segments form the flagellum, and 
the relative lengths of these segments, es- 
pecially of the basal one, is of considerable 
value as a key character. 

When, as in some groups, the eye is 
closely approximate to the base of the man- 
dible, there is no distinct malar space. It 
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Figure 1--3Iorpho!ogica! featureh and wing venation o f  bees. 

is extenslbe 11-1 lilost of the social bee,, nb 
\veil as in 2 few other unrelated solita~!: 
species. 

The lab)  u ~ i ~  .,nil ~ i ~ a l ~ d i b i e s  are  relatiiely 
simple ge:leralized structures, not markedl) 
different from those of more primiti lc 
insects, 1,ut thev show a rather wide range 
in form and in ]dat ive  proportions. The 
remaining :ippendages forming the pro- 
boscis, the ftzazillae and labizcnt, are  espe- 
cially significant in the recognition of the 
families of bees; hence the importance of 
having them pulled out into a visible posi- 
tion while the insect is  still fresh artd 
pliable. In  the more primitive groups (e.g., 

Colieiidae) tl1ei.e is a ciose resemblance of 
thcsc. slr~lcttires to t h x e  in the wasps, with 
:: l.:~.:;adly truncate or bifX glossa, a 4- 
segni+nted labial paIpus and a 6-segmented 
rilaxiliary palpus (see Colletes, in fig. 3 ) .  
1x1 tile st,ructurally more specialized bees 
the y1os.x becomes acute aiid more or less 
elongated, the lacinia becomes reduced in 
size, the number of segments of the max- 
i!lary p:.~lpus fs reduced, and various other 
nlodifications may be found. The labium 
and inaxillae a re  united basally by the V- 
shaped submentam (lorum) which is at- 
tached on each side apically to the t ip of 
the cardo. 



r 1 7  I nc: posicriol siirf;ice of tile ileiid belc~iv 
is occ~ilpied bj- n deep excavation, the 
~~i~oi~ri.vc~iclio~ jc,sscr, into n-hich the  proboscis 
fits \\-hen retracted. The  margin,^ of this  
foss:i a re  formed b)- the h!/l)ostoi),ul ccci~itrur~ 
1I.hic.h a re  quite conspicuous and furnish 
tiseful distinctive specific characters in sev- 
esal groups. 

The thorax is simiial to that of the xphc,- 
coid ~vasps.  with ;I collar-like lit'ouof / I ; , ! ,  the 
pohte1,ior ma~.gin of xhich is produced nli 
eiich side to form :I rounded lith~i~c.!~. The 
/i~~ol)otlc/oii con~mi~rlly exhibits four distillct 
surfaces;  one dorsal. one posterior. nrld 
t ~ v o  1nter;il. In  many species or groups 
these suifaces a re  clelimited by rn;trgin:il 
ci~riii;ie, ant1 the  dorsal surface is further 
c.tinl~:ictcr.ized by striations, reticulations or 
other sc~ilpturing which are  of corisitleral~ie 
t;isoiioniic importance. 

'l'hc legs in most fcnlales (differ fronl 
those of the  other Hymenoptera chiefly il; 

t h c  i~rondenirig of ihe  hind tibiae and hasi- 
t;il.si :inti, to  some degree, the  mid basitarsi 
;rIscl. i:long TT-ith t,he expansion of these 
p ; i r t ~  there has been a developtilent of 
~x~llt~l~-coiiecti!~g hairs which are  borne on 
the hind legs in all groups except the 
3TrgacFiilitine where they a re  fotund o:i the 
vcwtl.al s~ t s i ace  of the  abdomen. The basi- 
t :~rs i  i;i some groups equal or  cren exceed 
their tibiae in length. so tha t  there a re  
t h 1 . c ~  large and conspicuous leg segments 
insteiicl of the usual tn-o (femur and t ib ia) .  
Since males collect no pollen, these leg 
featiires a rc  lacking, with all segments 11su- 
:illy q ~ i i t e  slencler and ~vasp-like. Ill para- 
sitic species, moreover. both :.eses a re  wasp- 
like in appearance, for  in these the  females 
11;ive lost their  pollen-collecting orp;lris. 

TTYO fu1.m~ of y3ollell-cullectil1g O I . ~ ; L I I S  

;ii,e foiilid in bees. In ali of o11r 11011-parasitic 
so1itar)- species they :ire composed of locai- 
ized brushes of hairs,  lid the resulii:ig 
organ is known as  :I rc .o j~~t .  L:s~~;ill:~. these 
scopnl hairs a re  more elongate a:id spine- 
like than the  other body hairs, ancl the) 
may either be simplt~ :end unbranched 01. 
more or les-; clensely plumose. The socia! 
bees, in the family Apidac, have a more 
specializecl strttcturc, callecl the ~ ~ i ' b i ~ / ! l a  
or "pollen-basket." 111 such l ees  the  oittci 
siirface of the hiricl tilii;! is ])arc_ nnd highl~.  
j)olished :ind is sui-i.c~u~;ded by ;I m:~:.gin:~l 
I'ringe (11' h:iil.s. f~1l ' rn;l l~ tiie ka:,kt:i. rill 
: .~inlorori. f ' f i l ~ r l l  i-: fiil111(1 i r i  SOITIP ( I f '  It-11, 

niore priniitii e solitary bees. such as  Col- 
l e f ~ s  and Ai/cl,.ciln, in which the  lateral sur-  
faces of the  propotieum have a fr inge of 
elongate 11:iir~ nl;)i~g the upper margin. 
while the  cenlra! area of these surfaces is 
neariy or  quite devoicl of pubescence. Thus 
;r t);isi.:et is fornled into which the  pollen is 
p;icl;etl, and this is knoivn as  the propocleal 
co!.l~icitlrr. In  the geliiis .4tlr11.~rln a more or 
less ilelise :ilid pliimose tu f t  of elongate 
c~11.ved h;:iis on the hind trochanters is 
c;i!led the  i,.vci~cli?fe?~al J locc~~s .  

The wings ( fig. 1 )  exhibit a considerable 
1,;irige of val.iation k)et~vcen genera and the 
other higher c:itegories but are  commonly 
c:f little help ill the separation of species 
within the  genus. Important clifferences 
inclitde the n~imbo:  of submarginal cells 

I t\\-o or. thrcc;), the  relative size of the 
stigma. the s i zp  atid form of the  marginal 
cell, the form of the basal rein and 2nd 
recurrelit vein. ; ~ n d  the  1-elation of the 
i,ecurre~lt veins to the siibmarginal cells. 
111 the  hi11d x i u y  the relative size of the  
jug:.al and i-u,!n;il lobes. and the relativc 
lefigths of sc?me of the abscissae of the 
veins a re  of significance in separating some 
of tlie s~iperspecific categories. 

Excluding the propodeurn. thc  abdomen 
i~iclncles six n-ell defined segments in the 
fcmale a ~ i d  seven in the male. Each seg- 
ment i:: composed of a dol.sal, st]-ongly 
;trc:hed terguni :III(~ ;I l.eliitirel;\. fliit, ventral 
s terni~m.  There a re  110 plei~i~iil plates. 111 
ma?iy groiips, the Gth tergitin of the female 
;iiici tlie 7th o f  (he m;iii. liear :L triangular 
;:pic:~l plate, the  i j j j{gi( i i ! i l  p l u i ~ .  

The segrilents I ieyo~l t i  the 6th ill the fe- 
i l~ i~ le  :i!i;l 7th in t h r  ; ;~~ i l c  a re  retracted and 
inuCh rcilit~eit ; ~ n d  ni,~dified apparently to 
form a :ic;rtioil of the seproc!uetive struc- 
!ur~:: .  ' r i~its  IY:I:IIXI::S of the  '7th and 8th 
~cl.gi!I :i!;ii.es iii't: ;~:::,oci:~!~ti with the  st ing 
i r i  ti;(: fcnlalc. \ii!ilc in the miile the  re- 
t r:icteii 8!.11 :.ep~iieiii is composed of a ter- 
g,ruril ::nd sterliuill i~etn-cell ~vhich the 
::e~iit:li ;irm:iture lit-:.. 111 sonie groups, such 
:i.5 .ifr,,qat~ir iic',  there i:: 2: f 'c i  r thcr retraction 
of some r i f  t l ~ e  ot1lc.l. sternal plates. This 
i.es~iIts i l l  ;:j> :t!~i~it.:u i a C  the abdomen pos- 
t erior1)-, ::,iilcc? ti1ei.e :ii,e 11!ui)e cxposed terga 
th:ii: sli:r.~:l. ?'hcse hidden sterna become 
~ : ~ c ~ r c  oi. les;: in:irkedIy ~ilnc!ified and con- 
!.ci\-;a!-t:)- bar.(? 211 sccc3sxr,i,:~- ixproductive 01, 

i : ?  S o  i ' i ~ c . y  :Ire significant 
* ~. 

~,:.?::i~oi~lc::i~i~~, :ill11 i t ,  i 5  i1CCeSS;LrY sonicJ- 
I i r r ~ , . . ~  10  (:-<I ~. : i ( . i ,  :t11!1 I ~ I O I I I I ~  th(:rn f ~ i .  01)- 
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servation before accurate identifications 
a re  possible. The genital armature,  also, is 
impoitant, hence the  desirability of pulling 
i t  out into an  exposed position. This is not 
a l~sal -s  sufficient, however, a s  structural 
details a r e  sometilxes difficult to observe 
r,nIess the  par t  i s  removed and is a t  least 
partially cleared in caustic potash. 

The st ing is composed of two pairs of 
valvulae ~vhich represent appendages of 
the retracted 7th and 8th segments, and a 
pair of styli which a re  accessory append- 
ages of the  8th. 

\Titi1 respect to the ninle genital arma- 
t:ae, the  terminology of hlichener (1344) 
:\--ill be followed (fig. 2 ) .  This will result 
in some changes in the  ternis employed in 
several of the included groups where the  
termiliology of S n o d g r x ~ s  and others has 
been used in the  past. 

Classification 
The c i o ~ e  relationship of the  bees to tlie 

hphecoid wasps. indicated by the  similarity 
in t!~c form of the  prothorax, has been 
pointed out. The nuouthparts also, a t  least 
i? the  ciore primitive bees, a r e  quite sim- 
ilar to  hose of the  wasps. The essential 
cifference bstueen the  bees and wasps is 
tl-.:.t retc+iing to the  food stores provided fo r  
the  inlmature stages. Correlated with this 
difference a re  t h ~ ,  m e c h ~ n i s n ~ s  adapting the  
*,;\TO g ro~ lps  to the  coi!rction and storage of 
two contrasting types of food mate ria!^. 

Wasp, nre carnivorou;, ancl whi!e some 
riectar is fcd to the  young in some of the  
social forms, they rely mainly on insects or  
spiders which the  adults either kill or  
paraly-e sntl store in the  nests, Bees in 
c ~ x t r l , t ,  feed their  larvae on pollen or nec- 
tdr, or 1311 a cmibination of both, and the  
fem:,leq hare  de\e:oped various structural 
modific,itio~ls cdapting them to the collec- 
tion of polieli and nectar. Chief among 
these rnodifications is t he  branching of the 
body hairs, a n  increase in the  density of 
the hairy cox-ering, a broadening of certain 
of the segments of the  hind legs, and the  
deveiopnient cf specid organs fo r  the  col- 
iectian and trcnsportation of pollen. 

These features a re  most readily seen in 
the  fcmnles of non-parasitic species. Males 
take no par t  in the nest construction or  
food storage activities. Lack of function in 
t h e x  iespects is reflected in the  structure 
in t h a t  these distinctive modifications a re  

lacking o r  a re  poorly developed. Parasit ic 
or  inquilirie species likewise display a re- 
duction in degree of development of these 
characters, and many bees with such habits 
a re  very wasp-like in  appearance and can 
he easily mistaken fo r  wasps. 

The most reliable of these bee-like char- 
acters i s  the  plumose condition of the  body 
hairs, which all bees silotv to some degree. 
Somenrhere on the upper surface of the  
thorax these branched hairs will be found, 
even if they a re  lacking on all other par ts  
of the  body, but the plumose condition is  
somctimes hard to see without high rnagni- 
fication and the be& of lighting. Usually, 
there will be other chr,racters indicating 
the identity even of the  most wasp-like bees. 
All of the  parasitic species in the  families 
Magachilidae, Aiithol)l?o~ic!;ie ; i i~d Al~idae,  
have elongate ;~ncl highlj- specialized 
mouthparts which a re  quite unlike those 
of the  wasps. Since all but  one of the genera 
of parasites belong in these families, the  
difficulties a r e  not, a s  great  as they might 
seem. However, when the  mouthparts are  
retracted and covered in large par t  by the 
labrum and mandibies, these wasp-like bees 
may be confusing, Alales of the  non-parasi- 
t ic  bees a re  not so difficult to recognize, a s  
most of them have a much more copious 
covering of body hairs than i;; to be found in 
any of the  wasps. 

The marked difference in functio~l of the  
tv\ro sexes in most bees is correlated with 
a distinct and often extreme differei~ce in 
structure, and the  resuiting diinori~llic cori- 
dition of most bee species consti t~ites a 
major problem in bee taxonomy. Rarely can 
the two sescs of u species be associated by 
evident visible ~h3ra:ters. The description 
of oile ~!sual!y x~~ i l l  not, serve ft:r the other, 
and more oPre:l t h i ~ n  not entirely different 
charncters must be employed in the  con- 
strcction of keys. Tlias i t  is necessary in 
most genera to devise separate kej~s  for  
the sexes. Each sex is  best described as a 
separate eiltitj-, arit,hout regtlrd to the  other. 

Deviating zcxme~,vhat from the c!assifica- 
tion proposed by Michener (1944),  eight 
families of bees a re  recognized in this work. 
These a re  the  Colletidae (bifid-tongued 
bees?, 3lelittidae and Andrenidae (ground 
bees), Halictidae (sweat bees and others) ,  
Negacliilidae (leaf-cutter and mason bees), 
Anthophoridae (long-tongued solitary 
bees), Xylocopidae (carpenter bees), and 
Apidae (social bees). 



DUFOUREA ANTHOPHORA MACROPIS 

COLLETES MELITTA HALICTUS v' 

Figure  3-Form of' lab:urn and maxil la in repre3eiliative genera of  I~ecs .  

Iri the clasuiticatioti of Lee.;, the nio.<t 
higriiiicant str~1ctl i l .e~ a re  the  willg:: :~!ltI 

the mouthp; l r t~ .  Three basic forms a re  rec- 
c~gnized in the n ~ ~ , ~ ~ t h g : ~ ~ . t s ;  first, the prim- 
itil-e type i ~ i  which the  glossa is  obtuse, 
truncate or bilobed, a s  in the farnil>- Colle- 
tidae t fig. 3. Colletrs) ; secontl, the g! . .~ss; .~ 
short and acutely pointed, with the  Ialiiai 
palpi of four more or less equal segmeiit::. 
as  in the A:ldrenid;~e (fig. 2 ) ,  Nelittic!ae 
and Halictidae (fig. 3, fiIaci.opi.s, flalic.t!ri; 
and Ale l i t fa )  and third,  the glossa much 
e1ong:itecl arid slender, the  labial pnlpi wit11 
the 1st  :Inti 2nd .;egrrlerit:: :ilsu elolrg!:ated, 
but with the :ircl anti 4th very a h ~ j r t  :;ilti 
incunspicuouu, ns irl the Ivleyachilidae aild 
Anthophoridae (tig. 3. Atitl~opliot.tr '1 . I n  the  

Ifalictitiae, i ) c r ] o i i i . c . o  is L-xcel~tioli;il i r l  h a \ -  
ilig n nicich elongated  gloss:^, sirniiar to  tha t  
in At!! h op l iovn .  Tlir 1,:l~ial p:~lpi, however, 
;;re unlike those in the long-tor~gued !lees. 
>illd in tlic lack of l i ,~ th  the r~ieiitiirn anti 
s~ ihn ien t~ im of the labiuni i t  1.eseml,les the 
i , l l ~ e ~  generti i n  that  f:~mi!:,r. 

'The chief tiifeive~ices ill the  f ront  wing? 
a re  ~vjlll. ~ e g ~ ~ r d  to  the  nunibel c;f submar- 
gin;~l veils. In 2111 of the 1aIeg;tchiii:lae there 
::re olily t\vo subm:irginals t fig. 3. dlfylcr- 
~liiic; I ,  n.Eli!e iri t!ic Xyloccpidae, Apiclae. 
and :~!1 I ) u i  o i ~ c  :.n~r.ll genus o f  I l ~ e  Antho- 
!,ho~.ltl,ie tl.1ei.e ;;re: t h i w  ! fig. 4. Nolcopclsi- 
/<,F: ~ i g .  5, .Y!/Io, o p t t .  A V ( j ~ ~ ! ~ t ~ l ~ ! ,  -4 , i t I i ~ ~ ~ l ~ o ~ ~ ~ ~  
z.lic1 Ur,irzhita I . TI: i~ fen- of ti.ie EIalictidae 
thew a re  t\i.o (fig. 4, Hc;,ii iiiniic.t!rs), h i t  
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most of the  halictids have three (fig. 5, 
Halicfzts and Nowzia) . In  the  other families 
(i.e. Colletidae, Andrenidae arid hfelittidea) 
both conditions a r e  found in about equal 
proportions. Other charactern useful in rec- 
ognition of the  family groups a re  the  shape 
of the  clypeu.: and l,~bruni, the  presence or 
absence of a distinct pygidial plate a t  the 
t ip  of the  abdomen. and the  relation of the  
t ip  of the  marginal cell to the  costal margin 
of t h e  wing. 

The location and ctlaracter of the  pollen- 
carrying organs also is significant. I t  ma\- 
be logical to assume tha t  in  the  ancestral 
form the  pollen collecting hairs were rather 
generally distributecl over the body. Thus. 
in those bees which :Ire more primitive in 
some other respects, i t  is also t rue  that  
there is a more general distribution of 
these pollen-carrying hairs. In Collefes for 
instance, which is cluite primitive in the  
character of the  mouth pa^-ts a s  well a s  ill 
various other ways, and in A r z d ~ e n a ,  also 
quite generalized, the  pollen collecting hairh 
a r e  found on the  lateral faces of the  pro- 
podeum, on the  trochanters, femora and 
tibiae of the  hind legs and pollen grains 
cling to a considerable degree to  the  pube- 
scense of the  ventral surface of the abdo- 
men. 

I n  thc more hpecialized groups the  dis- 
tribution of these hairs is more limited. 
Thus they form a scopa on the  femora and 
tibiae of the  hind legs in most halictids and 
also in Caz~policana, a genus related to Col- 
le tes .  I n  the  Melittidae, Xylocopidae and 
most of the  Anthophoridae, the  distribution 
has "progressed", in comparison with the  
halictids, and the scopa is found on the 
hind tibiae and basitarsi. In the  Megachili- 
dae i t  is located on the venter of the abdo- 
men, with the hind l e ~ s  bearing only very 
short  and nonftinctional hairs, a t  lea\t with 
regard to the  t r ; ~ n s p o ~ t a t i o n  of pollen. In  
the  panurgine genera of the  -4ndrenidae 
the  pollen load is carried entirely on the 
hind tibiae. I n  the  Apidae the  tibia1 scopa 
is  replaced by the corbicula. The ultimate 
in these specializations involves the  com- 
plete loss of these collecting organs, a s  in 
all of the  parasitic groups. This holds t rue  
a s  well in Hylae~rs,  a colletid genus in 
which the pollen is carried internally. 

The degrees of specialization of the  pol- 
len collecting apparatus thus could be listed 

a s  below, beginning with the nl:,re gener- 
alized : 

1. Scol>iil hairs or1 liropotlt:im, hiild tro- 
chantel-s, femora and tibiae--Coi!~tes 
& Alid?,eila 

2. Scopal hairs on hind l'exiora & tibize 
-Cnupolico,~a, I-Ialictidae 

2. Scopal hairs 011 \-enter of abdomeli 
-3legachilidae 

4. Scopal hairs oil hind tibiae onlj--- 
Panurginae 

5 .  Scopal hairs on hind tibiae :iild biisi- 
tarsi-Melittidae. A~ithophi;rid:ie 2 
Xylocopidae 

6. Tibia1 scopa n~udifietl t o  form cor- 
bicula-Apiclae 

'7. Scopal hairs I~st-~-H?!(ii i:.< & ; t i1 payit- 
sitic Feller2 

This ai.raligenic:l~! (it f; t~~ii!ie,q : lid gk:~erii 
should not be t,ikeli to represeiit ;L phpio- 
genetic sequence. Hylnciis.  Col1;'i~s and 
Cu/ipoi icnrin appear to be related to each 
other eve11 though the:: illustrate different 
degrees of specializatioa of these pollen- 
carrying organs. Parasitic types a re  found 
in the  Halietidae, fifepnchilidae, Antho- 
phoridae and Apidae. 

Satisfactory keys to the higher categories 
of insects, and probablj- of other living or- 
ganisms also, often a re  di5cult  to devise. 
I n  a natural classification, the inore sig- 
nificant differences bet~veeiz the more icc111- 
sive groups a re  often obscure or  dificult to 
observe or  to interpret. Furthermore, char- 
acters or  coiiilitioli np~.>n which we base our 
classification often a re  subject to exceptions 
in some of the  Ion-er gioiips or species 
which 5;hould be incl::dcd. 111 the i~ees  nros! 
writers h:ive placed mtich i.e!;lli~:<: (>:I the 
condition of ihe  mouthparts, iiiic! a relative- 
ly simple key to thc i;irizilie-; can i ~ e  pre- 
pared using these s?~ .~ ; , r t i~~e : ; .  

Unforturi;itely, . - i ;~ ' l  ;, key is \%isy diiiicclt 
to use, for  the mout;:parts usually a re  hid- 
den beneath the lzbrum and ci~:?~ed man- 
dibles. A specimeg n~u . l t  bc relnxecl, the 
mandibles spread :ip:xt ai;d the prcboscis 
pulled out into a visil~le positioa in oi.cl.er to 
see them. With malerials tha t  have been in 
a dried condition for  any leilgti? of time, 
this  often is vei..y di:ije~:ll to do without 
damaging the  speci~neli, a ~ d  mRy some- 
times prore to be practically impossible. 



Moreover, it is impractical if any large 
amount of material is involved. Also the 
risk of damage to a unique or type speci- 
men often is too great. 

Thus i t  is very desirable to enlploy char- 
acters that  are  readily visible, so f a r  as  
possible, in constructing keys to these 
larger groups. The key below has been pre- 

pared to that  end. Wing characters usually 
a re  clearly visible and a re  significant in 
the classification of these higher categories. 
Some of the  difl'erences however, such a s  
the presence of two or three submarginal 
cells, a re  subject to some variation within 
some of the family groups. As a result, this 
key to the families is somewhat longer than 

... 

HYLAEUS 

MEGACHILE 

DUFOUREA 

NOMADA OBLITERATA 

- 
PSEUDOPANURGUS 

-- ----/ 
HEMlHALlCTUS 

ANDRENA ANDRENOIDES 

Figure 4-Venation of front wing in representative genera of bees. 
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rrllght be thought  rletes>;tr>, since these 
charac te rs  a r e  no t  ent i rely constant .  T h e  
charac te r  of t h e  m o u t h p a r t s  i n  each g r o u p  
is  included b u t  i s  given a hecvndary or sup- 
por t ing  position. It will be  possible i n  mos t  
cases t o  r u n  a specimen t h r o u g h  t h e  key  t o  
t h e  p roper  fami ly  wi thout  seeing them. In- 
cluded i n  t h e  key i s  one andieenid genus,  
Protc~cr~cr,  which h a s  not  y e t  been found  i n  
t h e  eas te rn  United States .  Should i t  appear  
i n  a n y  collections made  i n  t h e  eas te rn  
Uni ted  States ,  i t  should be possible t o  rec- 
ognize i t  i n  t h i s  key. Also, s ince mos t  of 
t h e  o ther  genera  of bees t h a t  a r e  no t  rep- 
reserited i n  t h e  eas te rn  s t a t e s  a r e  not  a s  
lttypicwl wi th in  t h e i ~  famil ies  a s  Protoxaea 
i n  t h e  Andrenidae,  i t  i s  hoped t h a t  th i s  
key will make  i t  possible t o  r u n  a n y  nearc-  
tic mate r ia l s  t o  t h e  p roper  family.  

K E Y  TO FAJIILIES 

1 F i o n t  wing with basal vein stiongly 
arched; g!ossa acute, usually short;  
labrum usually hidden by nlandibles 
when closed, but if exposed, then much 
broader than long; pygidial plate poorly 
developed or absent Halictidae 

Basal vein very nearly s t raight ;  or if 
soinemhat arched, then labrum large 
and fully exposed when mandibles a re  
closed ; glossa variable 2 

2. Frcnt  ming wit11 no nlore than two sub- 
marginal cells 3 

Front  wing IT-ith three submarginal 
cells 9 

3. Two submarg~i1:~l cells always present; 
~ , ~ a ~ g i n a l  cell tranversely or  obliquely 
t i u ~ l c a t e  a t  t ip; glossa acute, usually 
short Andrenidae 

Marginal cell rounded or acute apically, 
or i f  truncate and very short, then but 
one subma] ginal cell present 4 

4 .  Fi rs t  recuiient velri entering f i ~ s t  sub- 
n ~ a r g ~ r ~ a l  tell, or *nterstitial with first 
intercubit, 1 ve:n 5 

F i r s t  recurlent vein entering second sub- 
l l larg~nal  cell 6 

5. F ~ r s t  recurrc n t  vein enterlng first submar- 
ginal cell ; pygidial plate present; 
glosqa slender and elongat? 

Anthophoridae (Scola) , a )  
Fi rs t  recurrent vein interstitial or nearly 

with first intercub~tal  vein; pygidial 
plate absent; glossa short, obtuse; 
small black bees, usually with yellow 
face marks Colletidae (Hylaeus)  

I ( 4 )  hIalglna1 cell usually lounded apic- 
ally, but ~f acute, then tip bent away 
from costa; glossa slender and elongate; 
fenlales of nonparasitic forms with 
scopa on venter of abdomen 

Megachilidae 
3larg1nal cell acute or naiiowly rounded 

apically, only slightly bent away fro111 
costa, if a t  all;  female.: with scopa on 
him1 pair of legs. 7 

7 .  Antennae in feinale locateci below mid 
line of face; face in male without yel- 
ion ~naculations 

Halictidae ( D t ~ f o z ~ ~ c u )  
Antennae located a t  or slightly above mid 

line of face: clypeus in male yellow 
8 

h Facial foveae piesent In female; basitib- 
la1 plate well developeti on hind tibia of 
male : fir.;t subnla~  ginal cell consider- 
ably longer than second Andrenidae 

Facial foreac ahsent: hasitibial plate 
poorly developed on hind tibia of male; 
fil-t ant1 second submarginal cells sub- 
equal In length Rfel~ttidae (ilfawopis) 

9 ( 2 ) .  Second recurient veln recurved pos- 
teriorly toward outel. margin of wing. 
or first recurrent vein interstitial with 
first intercubital vein: glossa short and 
obtuse or bifid Colletidae 

Second recurrent vein   no re nearly 
s t raight ;  first recurrent vein entering 
second submarginal cell, o r  interstitial 
with second intercubital vein; glossa 
acute 10 

10 Xalar  space distinct, usually extensive; 
pygidial plate absent; females of non- 
paras~ t ic  genera with tibia1 corbicula 

Apidae 
31alal space lacking, or if a t  all evident, 

then pygidial plate well developed; fe- 
~na les  of non parasitic genera with tib- 
la1 ycopa 11 

11. C lypeus strongly wnvex, mole o r  less 
encloiirlg the labruxn laterally, this 
fully eupoqed when mandibles closed 
and nearly as  long a s  broad; pygidial 
plate usually present 12  

Clypeus less strongly convex, the labrum 
usually partially or entirely covered by 
the closed mandibles; pygidial plate 
present or absent 13 

12. Basal segment of flagellum equal to the 
next 5 (female) or 6 (male) combined; 
glossa relatively short;  basal seg~nents 
of labial palpus short;  scopal hairs on 



NOMADA 

XYLOCOPA MELITTA 

Figure 5-Venation of front wing. in representative genera of bees. 

hi~lcf coxac,, trochanters, femora and 
tihiar Xndrenitiae (Pro toxuea )  

1:asal segment. of flagellum 110 Inore than 
equal tu the next 1 co~nbined (usually 
IIIU-h shortel.) ; glossa slender and elon- 
xate; segments 1 and 2 of labial palpi 
much elongated; xcopal hairs on hind 
tihiae ant1 basitarsi Anthophoridae 

1': (11) .  Facial foveae piesent in felnale; 
haqitibial plate \vc:l developed on hind 
tibia of l n a l ~  Andrenidac 

Facial foveae allsent in female; basitib- 
ial plate nut or poorly developed in 
inale . 1 4  

11. l'ygldial plate well tleveloped; firat sub- 
mar.pina1 cell about equal to second and 
thiid combined Slelitticiae ( J I c l i t t u )  

I'yyidial plate USL ally abqent, but if a t  
all evident, then firat submarginal cell 
110 longer than the third alone 15  

1 5  Seconcl submarginal cell more nearly tri- 
angulal , with the two intercubital 
vein5 approxinlatr a i ~ t ~ r i o r l y ;  glossa 
4entlel and elonqate Xylocopidae 

Second ~uhmarg ina l  cell quadrangular,  
about as hload a ,  long, the two inter- 
cubital veins neally or quite parallel; 
ylo->a short and acute 

Ralictidae (ATo>rriu) 
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