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HOST-PLANT COEVOLUTION AND THE DIVERSITY OF BEES
IN RELATION TO THE FLORA OF NORTH AMERICA

Andrew R. Moldenke
%Dept. of Biology, Univ. Santa Clara, Santa Clara, CA.

That California supports an extremely high level
of species diversity of bees (ea. 1500) was preliminar-
ily documented in Moldenke & Neff (1974) and referred to
subsequently in Moldenke (1976). This extraordinarily
high number of resident bee species is however somewhat
misleading, since the political boundaries of the state
artificially encompass a wide spectrum of biotic realms
and climatic patterns. This paper is an attempt to
examine the levels of bee species richness throughout
North Amerioa in order to demonstrat e more appropriately
respective levels of bee diversity in light of species/
area relations, paleohistorical lineages and the role
of specialized-feeding habits -- all so important in a
basic understanding of the pollination ecology of any
region.

The subject matter of this paper entails more
directly an interest on my part, than the suitability/
maturity of the data base for analysis. Judgments I
make in this paper on the basis of the published litera-
ture and museum specimens are likely at times to oe
subsequently proven incorrect. In very general terms,
two of the largest and most diverse bee genera in North
America are only partially taxonomically revised at this
time (e.g., Andrena, Osmia), and two other genera (e.g.,
Dialictus 6iigtig) are awaiting revision. Dr. Eickwort
however, has een revising Dialiotus for the past several
years and has been gracious enough to provide me at
times with preliminary data. Though the host-plant asso-
ciations of bees within the state of California are
"relatively" well known, a large majority await the type
of dooumentation and study necessary for absolute assur-
ance; the bees of other regions (particularly the

Information included in this report is largely the
result of several requests for information from students
working on disparate questions in different parts of the
U.S.A.; in providing them with this information in order
to assist them to generalize their conclusions, I felt
that much of this essentially raw data should be presen-
ted publicly so that other workers could have access to
it s in the ultimate hope that additional data could be
generated along this aspect of inquiry to supplement
the information presently available to me. It is in
this spirit, that this preliminary information is pre-
sented.
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eastern U.S.) are much more poorly understood in terms
of host-associations.

Nevertheless, judging from my own collections and
those of my associates as well as a large published
data base of floral collection records, and placing
much weight upon the conservative' nature of such host-
association patterns (in lieu of specific evidence to
the contrary, and oftentimes meager specifically
relevant floral association data) -- I feel relatively
confident that the major conclusions presented in this
paper will, upon subsequent documentation, prove to be
essentially correct. Many new species of bees are still
awaiting collection in the United States, and many dis-
tributional patterns are very incompletely known,
however, I expeot that thanks in part to the compendia
published by Meusebeck et al (1951) and Mitchell (1960,
1962)(which I have subsequently amended in light of
more recent monographic treatments) faunistic species
totals will not vary by more than 5-10%. This level of
inselreeraoy will not affect the major oonclusions. Since
this paper involves such a preliminary analysis of
pollination systems, data is presented in a form which
will facilitate adjustments in numerical analysis in
light of yet to be published research. Likewise, this
paper is being presented in a primarily botanical
journal in order to acquaint botanists with much of the
information that is accessible to entomologists, but
much less accessible to botanists interested in pollin-
ation ecology.

Utilizing twelve of the biotic units of North
America recognized by Kuchler (1975) and Shelford (1963)
reveals that the level of bee species richness only
varies roughly three-fold (Table 1), excluding the
climatic:1y extreme tundra and muskeg. The species
totals for the Great Basin and the Southern Mixed Forest
are low; reflecting both low actual total species diver-
sity and relatively poorly collected/studied faunas.
Though the bee faunas of these two regions will undoub-
tedly increase significantly upon subsequent study, I
am confident they will still remain relatively the most
impoverished.

The Chihuahuan and Sonoran deserts support nearly
900 known bee species. Species resident in the Mexican
portions of this arid region have not been included
since they remain largely uncollected, and those species
which have been named remain poorly known.	 Therefore
this total of 890 species is undoubtedly a very low
estimate for the non-montane desert region as a whole.
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# PLANT	 # PLANT
GENERA	 FAMILIES

TOTAL	 TOTAL	 WITH	 WITH
BEE SPECIALIST SPECIALIST SPECIALIST

SPECIES SPECIES	 BEES	 BEES

592 38 27

466 53 23

252 38 22

90 20 22

184 28 19

77 19 14

106 28 23

104 25 -

84 21 19

98 16

165 27 20

63 13 11

13 6 5

DESERT (1)	 890

MEDITERRANEAN CALIF.(mic0 	 830

FORESTED CALIFORNIA( F,,i c0 	 600

ROCKY MOUNTAINS (Kr)	 500

GREAT PLAINS (gyp)	 500

BOREAL FOREST (B F)	 450
(OAK/HICKORY FOREST (00	 450
IXED MESOPHYTIC FRST

PACIFIC NORTHWEST(m>)	 425

OAK/HICKORY/PINE FOREST 	 425(oHr,)
DESERT MOUNTAINS (vw)	 395

GREAT BASIN (GR)	 333

SOUTHERN MIXED FORESTO 4w1 280

TUNDRA & MUSKEG (T)	 84

TABLE 1. BEE SPECIES RICHNESS OF NORTH AMERICAN
BIOTIC REALMS.

"Pacific Northwest" includes the mountain axis of
southwestern Canada, Washington, Oregon and
northernmost California; it does not include the
Great Basin intermontane portions of this territory
nor does it include the forested regions of the
major mountain chains in California."Desert
Mountains" includes montane and subalpine regions
of Arizona and New Mexico.
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The well-studied mediterranean climatic region of
California contains approximately 830 species; this is
a relatively robust estimate and does not inolude
species which are primarily forested montane within
California, only infrequently occurring in the regions
of upper chaparral in the Sierra Nevada. 	 The Rocky
Mountain region and the Great Plains are next in abun-
dance with approximately 500 resident species, followed
by significantly lower levels within the three forested
eastern provinces as well as the montane forested
Pacific Northwest (Table 1).

Within the different geographic regions of Cali-
fornia, likewise, there is only approximately a 3-fold
difference in bee species richness. The southern more
'arils regions are characterized by the highest levels
of species richness, while the Great Basin, alpine,
northern and immediate coastal regions are characteri-
zed by lower levels (Table 2). The total number of
forested California bee species Is approximately 600,
well below the respective Mediterranean and desert
totals.

There is no particular correlation between the total
bee species richness and the extent of the area occupied
(Illus. 1). Regions of high bee diversity have in
common an arid/semi-arid climate and relatively low
canopy. However, the same features characterize the
Great Basin and Great Plains, regions of distinctly less
bee species.	 The number of bee species per 1,000 m12
varies from 0.5-3.0 for all regions (excluding the tun-
dra) except for California, where forested montane
California is characterized by approximately 12.0 and
mediterranean California by 14.0 bee species. When the
bee fauna for the entire eastern half of the United
States (ca. 700, Meusebeck et al in Mitchell (19601) is
totalled, only approximately 0.5 bees per 1,000 mi are
encountered.	 Why the diversity of both forested montane
and mediterranean California should be nearly ten times
that of other regions of comparable altitudinal and
climatic diversity is not known with certainty. On
first examination, the crucial determinant would appear
to be the Mediterranean region, since a large percentage
(theoretically difficult to estimate) of the forested
bees in California are much more characteristic of the
chaparral than the forest understory, The Mediterranean
climate regime is paleohistorically very novel, dating
from only the past million years (Axelrod, 1966). The
flora of California is also exceptionally diverse, both
in terms of endemic relict species and rapidly evolving
contemporary lineages; the former group is basically
forest-associated while the latter is a feature of the
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TOTAL
BEE

SPECIES

TOTAL
SPECIALIST
SPECIES

# PLANT
GENERA
WITH

SPECIALIST
BEES

NO. GREAT BASIN (N G 13)	 213 118 17

GREAT BASIN (c30	 179 98 14

OWENS VALLEY Coy)	 394 253 33

MOJAVE DESERTqn)	 456 271 33

COLORADO DESERT ()	 482 299 35

TRINIPY/SISKIYOU MTS.(T/s) 220 86 11

ALPINE SIERRA NEVADA (as) 	 183 89 13

NORTHERN SIERRA NEVAD00)398 170 28

SOUTHERN SIERRA NEVADO50516 219 38

MONTANE SOUTHERN '_14L:?. 4220130
186 30

COASTAL DUNES & SAGE(0 	 172 52 12

NO. COAST RANGES (Mc 	 377 152 33

SO. COAST RANGES0c )	 520 262 44

CISMONTANE SO. CALIF.(c30 555 253 47

NO. CENTRAL VALLEYQK4	 238 108 29

SO. CENTRAL VALLEY(cv)	 282 161 36

TABLE 2. BEE SPECIES RICHNESS OF CALIFORNIA
GEOGRAPHIC REALMS.

Data slightly corrected from that presented in
Moldenke (1976b) in light of recent monographs
and personal observations.
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arid ecosystems (Raven, 1977). The high proportion of
forest floral endemics in California has been attributed
to the relatively milder conditions during the Tertiary
in California relative to more continental climates in
North America. Perhaps a diverse assemblage of bee
lineages also survived in the California forests under
these conditions, and under the increasing aridity
initiating in the Neogene have secondarily invaded the
non-forested regions of the nascent mountain systems
and rapidly spectated from this initially enriched
stock.

•

Bee species with specialized feeding habits are
frequent in all regions of the United states; so are
species with established generalist feeding strategies.
The vast majority of feeding strategies are not known
with established certainty. Extrapolating from the
habits of known close relatives (in the absence of con-
flicting data) does allow us to form general conclusions
about the nature of food-choice preferences for the
vast majority of species though. "Specialist-feeding"
bee species should not be regarded as monoleges --
absolute specialization by a bee on only one species of
plant host throughout its range is seldom, if ever,
realized when the plant genus is not monotypio in the
region corcerne''	 L'rrea) or the be P-ftcles
very highly restricted in distribution. Specialist-
feeding bees are usually restricted to the generic (or
occasionally subgenerio) or closely-related generic
group level (i.e., Potentilla, Ivesia, Chamaebatia &
Horkelia). Some seir=g3WErilists visit only a restric-
tec—F7-631. -aset of species of the families Compositae or
Leguminosae. Specialists are usually faithful to the
same "host-plant" throughout their range, though seldom
have studies been undertaken to conolusively demon-
strate this accepted working hypothesis.

For instance, Nomadopsis fraota visits the shrub
Eriodict on (Hydrophyllaceae) throughout its extensive
range exclusively, except for regions of volcanic ash
on Mount Shasta where it visits only the acaulescent
Nama rothrockii (Hydrophyllaceae), Eriodiotyon not being
present (Moldenke, unpub. obs,)(one series bearing
pollen and collected on Phacelia brachyloba (Hydrophyl-
laceae) in the San Bernardino Mountains exists in col-
lections; and Rozen (1958) oites one possible instance
on P. douglasii). Likewise, the very abundant
Nomadopsis edwardsii is one of a sibling pair of
species visiting Potentilla and closely related genera
(Rosaceae) throughout extensive portions of the Pacific
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Coast, however, at Mammoth Lakes, California, the popu-
lation is morphologically dimorphic -- the larger
individuals collecting the pollen and nectar of
Calochortus (Liliaceae) apparently exclusively (Moldenke,
unpub. obs.).	 I cite these examples from Nomadopsis,
because the host-selections of most of these species
have been clearly well-documented by Rozen (1958), and
all the known species (except one) are clearly some of
the most specialized bees known, but even in this
group there are clearly some issues that need further
study.

In the section that follows, I do not mean to imply
that host-selection habits are fully known, or that when
fully known there may not be many minor variations to
the behavior noted, however, I confidently expect the
general scheme I am presenting will not be grossly
distorted. Poorly known groups clearly in need of
subsequent study are indicated.

The series of phylogenies (Illustration 2) is
presented in an oversimplified diagrammatic fashion to
represent both the sequences of host shifts ("*") and
the notable range extensions that have occurred in the
evolution of North American bees. I recognize that the
categories for range distribution are overgeneralized
and perhaps overly simplistic in that they recognize
basically only arid versus humid forest classes. At
this stage of analysis, increasing the number of
categories obscures the basic floristic relationships
and patterns of plant associations. I have treated
these categories somewhat liberally, for instance if a
group is characterized by a basically arid western
desert distribution, but does indeed inhabit a consid-
erable portion of the southern prairies I have not
noted that as a significant range expansion, but only
have done so when such a distribution has clearly
enlarged to include the eastern plains or the under-
story of the eastern forests. On the other hand,
typical montane forested cool temperate species are
noted in the zeric region only if they significantly
inhabit zeric regions, rather than the isolated
forested mountain tops throughout the western basins
and deserts. Presumed paleogeographic lineages
(based largely on the circular reasoning of present
distributions) are basically unchanged from those
presented in Moldenke (1976), and represent the
published conclusions of taxonomic specialists or
educated guesses on my part. Those of the Dufoureinae
represent unpublished studies of Bohart, Lincoln and
myself; these studies will be published in more detail
subsequently.
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(r)vw V/vI l a" ìd_ - v 03/v9k0n4co v ! uP pl op	 v w 0 coc0,23 Hss,

(0 fi pz • aw
41 99 1'44 'W 6141...	 514

w	 4.0so, (,)	 - SolDrIVHINvNO3
uky • N r9v

Aao

,mow)ci- V38 00-4nC

).101.1.t1102101VW



A. (AsHNEIDIELLA

ASHMEADIELLA

M	 OT EAT I ARY
	

46,1 N. Am.	 cool	 N. Am.
Unknowm(1); 	 Covnfosi+we-(1)

MeA1-Leria.(,)

0

0

+ rte. Ita•Lome, (2 ) b' LAbia-fes
41.	 (1)

as.le (Wo. 61)
PelisicmoH I)
Lavrea(,)

(1+1?)
poll 

le1 e-,(1 ') ----> Prosor.s
`1CO3? . 5;-1-4 e (A)	 si+ ( )e	 I

Or,,,,-ko. (I)le	 (/)r2b 1	 .)"/ctiect.(1?)



5,
(Nemaa Wwlaa am fni.9.4

(t) Taf ! go& 04 °) der•••■•■•-■•■■••• ( Z "...5) (S., 22-fZ°di c441.1* —Cf Id v AVs,' 14 4....-...-..,-.—.... ,.. (fLiVAVS) ;-.7 7 1 H '3 d 1;7 kl i
GO 7Cai gref -^ (N Ott Na W . /.43

(-9 saSai g ioA - (Ncralwa )odrts sd) 14
(I) a G bt 1 4,:1 -(sirotis 0.101) '1,4 41%..........

0 L.) ionsi.:c .)4)40 .- (smivroNviiw) 14	 (riertiva)adnow ymiovD3w
(2 r) %,-....1.■, -(Bil$)V33 wo2 N) w

O(21) ,..m..r.,,, - (V,1, diva ri* a D) ' Wi. 15".."."..."'.. (V 113 t We VS 3 2Q .31 I H W9.5
4-1

	

C■r°!+"30	 ( 4 9 + 1"+""40 - (04149971 (1 " 1 7) . 1 4........—.-■•■■ o' 'et 'VD .... s.nInt.iiii
,-10 (9 rbev)o. N,3 de/ s)C6)/.8. olf...........—.--.....■ s pCsi lie4-tirscritcrl ill
a)
0
C)

g
ri
CI.

.4	 (I) t.e.oti.IMYI 4	
to
=
0

(I) .. e, 01. '1 ut, - s. a pus tCme i 'a
0) tomov.ol- . Vol ..« • ji.

	 'BC), Ei•d
ef° I 's En 3

r•"I C I •A	 Ca/	 - teNv p ii oct n V)
( I) '2'.''"V■fr■-•■-•■••• v !) ,•)}/ - V I 218. 0 H )No-in3

covp.) bo- ...,m,cpra .D2
(,)	 — {t.• •3

(I) umey lutl •4 	 1!
S3131103

G7

(I) /ay.)", -aw.1.0) f(Cmt.19kri•■44 14,1 - Sn y v302)31,1_
Q r) saCti rt°,1	 vo l wrolgIS !(i)sapaosioao3 ilaj

(ce)"14" ."9 ! (1w01 9 w.""4 1 ■01 ♦411.••••••••• fu 1,!9eolon3	 LAMOWVOI■SrIN‘n 021313H
(t) sa.o.ci 644 o3	 ,y)	 .secivAcQ-Sq15'Sn NV ciOCI(13S8

	

0)'°Iy-75	 NV 4	
• *0	 iIA d SA13 14

t "4. 1 Gigke'l)thio°4"`"!(i0""."°"+1.!(ii)°!1"G14"3!(gtm,t) t" c^ '4 ,"	 4 .b1••••• kiN3":"'"?'4) VII-11N3VCclc.-	 - S-1) %n NV8 ON 3 X

	

''"V N	 /°°'

taCpj 1.4 -(y,Isee.vd) -H
-(v/vvsvum)

Viva, V11.41

7 vaid.oui.oN



NEoTRoPicAL	 arid N.P.m cool 11(0161 N. Am.

C<CA LLI CIP S IS —1b(lec4-..c.

CAl.kioP3	 -(?)

khltot•.. (‘)	 Syk,eralceo.
le 5 es (t), 	s (I) ••••■••■••••••■••••410 TrSeLLAIO

Ek?kerilt ... (1 I?)	 1 p•lya)e(.)
LVERt 53ANDER - 644.06Ta(g+(?)

C..resrits (to) 	
s?.)7	 VERBffNAPt 5 -Vtrb ev,a. (a.r

coN?63 je 5 (.)

♦ Veybe,...

	♦ ilEr,ANDREN/A	 TNAMDRENA')EN - Me...114a. (,)
11E6ANDR E NA) —knitAil,ree.a:)C(;

I-11'1'011ACR OTE R	 Plsisalis
5pkaeralett. (.)

NOMAI0PSts-s-Fock

CONMADo P515	 fi.li 44-Vashlty,l4 (3,a?)
Eteks.k.le; a (I)

NomAltoP315	 P. twi:1 ().)(,)
malt	 (,)

K.,..441., 6)	 l..(0
Friv.1c4...

6:14r it .r6ie. (1)

C')
?-0-541.3+ernie.

fl iCRONOMADD95,5	 (2)
C1.1,11411)

ivtceff.or std;s-wa..o(y)

Er;a1;ciye•

ro

6-4
6-3
0

0

Pkarelia C=?)

4	 (0440.1.4vre. (t)
P14.4`1" *IA L.+,..‘

Helie4,114."
fa. ylt) e	 Clean, L	 14,,14,,„;„(,)



O iAE II) AE

s

NEOTROPICAL	 arid N. Am.	 cool humici N. Am.
C. (Acit froc riurfttS) - Mier: eil S

CE Isrfi
c

arr	 tip C. CPARACENTRt5)- p,6/eles( I S haatiNrats)
13•16,1.1.: - ;

.4%1C. Cxelocamms) — oolleges - ne 0;ls

ExoptAL0 Psis
Cfayers) 	

E (FactswALo	 -12.1,31t/e3 (a•)
(P*ANom4 Lolli

	1p (4turricettoRi4cA: Fibiti..5:21(4e(1)

L

•1 17 its 3+ !) 	hulvaceat
(AlunloPtibIN 4..A) - LAN kilew) n (13)

ampkori ■a-(.) 4401041olts+rton4.(1)

Trft.c.. (3)

u.KkhoOlra

El.1 tom A 41.4.)

?T(Lort+ RI X 	

tors. 4.50)

	 f/ bcsc1 t
ANCYLDSCELLS	 T.pembe0-(1)

C41(;rk.e.
7) Al>45 A - (014((e 443)	 /14fraireae --1. "{kCITihkaM.1N11 (i)

I)	 $%141CIM.

1110Clarisio,C1)

 

5;dcoci,o)

 

Cl.v.h....144 CI)
kettn..+Co.
0r .-K4'1•• (3)	 7ftoToXAEA (p.51est)

Nit MCS0XAEA (1:41,y lest)
RU6.0chi coRA - p.fl it5es 	 p pr,110.5e(1)

) 4UaetiiLoR gq. LA - ft/y /opts 	  po6ie,es (2)

AV;-DC t4LoRoPSts - peyeles 	 •	 lt5e_s C3)
EUDA V G.0 C144.0RoPS - paytele-S

-4



0
0

0
E-•

(sr;)sa.{..S4W)

- (S.Ko sS 1 7.314),H)V1) W

vIr.4014..4.4	 (I) 26)/C'/.4
(gt) tai..t•isuea - (Si <10 St 031,I n3) 1.4

Orer.4.F..p■eci 	 (r3CLQCS n3 pj adv) • 14
(. 1 blAara4mect

	

(I) v. v., !si J	 (.0	 — Crig0S51131.10ila
(	 "!/a4

(.0 rapsodw..)-(53(77srr3w711t+J)

	(A) CaCitiql.C1	
(9,3.ciaboot■nriaiStered	 (o/) reGai gioci - (SATO TV	 W)

(£) sars-.10suoa

co •11Aal+o,naa 4,	

(')•"0"1""- bil.1.)1S3V.5
(0°A °P0N1k/ - N o t3 WIN VWIS

' slf! r"ch.°0- (yssi/Bwollid) H7 11dosc1/91.4

( I ) 4 " a l 1°,4 - 5'00311601d

(kiao7o7INO3N) X	 (51.6a1C.1.4)
S	 C, j od, — (Vc1 0)0'7A ,10A/31S) X •	  /d0D070(

ric, I C I ed 4	

 

sa(,a)C,1°6-(t/I2SN3HN30NS)X

sz.(>z)	 („v nn/Loya3)„) D4•••‘
s a gaii.d - (viviitida)) )4	

 

(ra6a/Aiott)
•• VA/L1b/?13D

    

z) v.ta1+ow,e0
''t""c10 	

)o 4-4! ))( i 	4-4!))	 — (73 (ZO SS 1 /.1$4011Ta) '14

(b) sai
0)" .mo"f "" (r-"-""134)49) ti2)1SbAs(ractos-s, 73 kiArlYvtig,) vg	 E(,) mprDoxad - saa.orsollvolci

( t) ,Arii.ouzo -bINo13H1NV

ovt.,Z,o4
aCei	 VW3V1C13	 w 3 vin3

' 141 N Pf"'" if 10"
	

1"11 N 1"."	 111 31 4,0103N



HY L AEUS - s-F o ck
(p.Illers)

LAvR ASIAN ARCTOTERTIARY
(covi hmoli4)	 Goei AMuis tt Am. aril N. Am,

H . (mrra./GI.J.A)- IN31)1e l e (.)
H. (CIPN A LYLAEvS) — Fe ly teles

H. CPA gAPROSOPIS) - ?oi /el es [014 4.4,14 P.13 1e ' es (.3)
H. (Pit..so pis)
H. (14 ,6..4fus)- pc.iy /vs, 	

! Poly lele (2.)- F.:141es (3)

1114e4‘4.q.1; 3 3rp. — 131311e)es (3)
: 	 	 —uwkne...rn'Ehicavyme (f)

COLLETES---4 CovsSer3	 Os Fof,..4;16. ?k•esi......(..; 	 0);	 le., 0)
41	 .1.t■3 (r)L.AI ■5 +b h■ 	-	 (,)	

74

     

Cts7+; Y*14 err. - He... kitm (2)

	

noti,....c+..3 rp. 	 ',know% (I)

	

M. (14334c14 OCN/Ld)— 	 v■

   

1.17 T A 	

MKRol'iS

NURG/ NUS

           

tIACROi)15- Shinne

i
".Poire ; II.. (several)

                  

S
_ 

U CURL	
ro(163as'	

HA 1.1C 

	

VMS) ...,,....■■•■*?bt,jle,e.3 	

	

♦ pol6leyeS 	

pokstalts

DI At. IC TU 5	 (45.1.s

ABA PO S TEMoN	 p• 1 I laleS 	  polle5es

i
ASIDGLoSSUel
VYLA E US 	 	 ro/y teTas

s...'1
FC0106.45TRA ,

0e.5+4.ero. (3)

Ottkstkarti. L.
HEMt4ALIcTu3 -

pals Nzes

) poly le3es
) f•/y /e5cs

polle.jes



(royc/..) 	
leve•ea (a?)

poi leles (L);),•kh...% (1)
(emf ler..es 4 PitArel.... -46

ANTH IDI UN (Anrtnbt.t . 	poye,. .5	 	- a)

ANTH IDIELLv M
(roy,a 5e. ^)

   

ye5e s (2)

            

PRoCHEL.0510 NIA - ? ..11e3e. (I?)

      

c H et.o s TbKo PSIS	 (t)

      

11 (mFoAc wt.	 pol/e5es ( q); L•rakm.wn

oil. (L. ' To ri ssAcli	 -	 (‘)

M. (DEL.ol-tesAemtLe-)-rplitlei khkm.... .■ (a)
lel....mcs (a)

EGAC H I LE (Mecncoli.e)
(1,61)1ers) 	

04. le.14*.

LAultASIAN ARCToTERTIARY
(cool h Imo	 Cool hmieg il N. Ave,.	 aria N. Am.

(2')
et.ftes

CALLAN TN (1) tuM -ri)ottelt 3 (a)

1-4

poli /eles (z)
cje?Er,o,:beiv, (')

CNEI.OSTo MA - .P4Ace141, (1-. I?)

t-141/21 Nev•ofk; 14, ()) 0

0
0

C CRAT 1A1 A -stock
(	 lers)

 

■ C. (A.PoN-ron FR us) -?•13161"

 

	 pal/eies

  

$0MBU,S	 Telyie/ts 	 0 F./ leles

TETKA °NI A -540 C

(poi)it51.5

pe...1.7 0(4 4.404 rf *ties rte.* 	a.
req4. ^ e 	 ecce,..+ ),..-troalitei;ov, Cr.", 6,
i r. "1-4; vets tg e..1-reeui /row?.

0
•

0
•

SYNTRICHAL0NIA -Cotiles;'keC)

	  XEN04. 1. oss A -	 ((Li

	 .SYN 14A LoNlA - tA	 ./iu,yeles (•..^)
Le, mpg 3 (a ?)

Arg fahl ri ) (45 (i)trg._

	ker•meS (60	 -511).tiolckl'aCO

(1)

	'Cuom o L. Da y s - Tizertaa,..



and N.A.r

LAVRASIAN AUTOTERTI ARV
(cool htmicl.)	 cool 6141.6c1 N. A.

FREMANDREVA -Lonukiuoi (I)
1ER AN.IDR EN/A'Clr(q"4°

4041,e.,1 a (i)
Arc-fosfafk jlo s (01 Ceanoi-C, 	 CO; mh1,..towv, (3)
?Sotf ilin4ArDRFA/A - Escliscludzi a (1)

(I)
z>gh650) 	 2>AS YAXIbR tt■14 - Az(4., s1-4 1(,4 /b.s

RNACANDRENA -uaknow,( , );?01 1 1ele(1) ----• -•--------)* AmoviAq (I)	 "wv‘
M IC RANI R eni A IL- S4 it (4)

) /Foir	 (a)
^1i CRA ND REN A Ieel f' 4111A4 (')

'..". c"4; 4" rs (4) •••••---......)_Ceqpi ott.ms (I)
11-43.04e (1,4n.........„0 ,(,)	 cLIce., ,i-(e.cresrsoc.:::?)) in<CTreaasef401:10(), )

THYSA NI3k	 -poly ItaAa (4) 	 ) Sal; (2)	 LA Kka.... (x) Sal; x
,s Fri hq ca,.teos;ies (4)

ANOR EWA
(THYSAACDRENA
Tc4NDRENC'—)

( Pert' (9.)

Eu, ("morth4NDREA/A .)-r.ii" ..---) 2;jacien4s
pi EL AO REACA 117,15f le:4:s57 Afzsi6)v.5:::: m̀1.' t (7) 

T./LANA ENA -	 :

NIDRENA	 fne 17; ( 0)) )

***---;14 rdqkau" (I) .44Aote+Pele.1 ‘,..., (1.0)
pk.cer; a 0

QM4VACt414444u

- —) Zircle4its (1)
coLl fe l e_ (I)

NEM 4NI:l'EM A - Ne No?k; (a (3)
—pkacQha C,)

scou A	 R EN A - Criftta al44 (I)
Ian know, (3)
LevrkereUg (2+1?)	 Sio,/e3a
{.4,1 i / Lese ?Ave	 (.7)

0



LAURASIA N AReToTERTIAKY
(eibef biota) coo( ku.r.^41 N. Am.

)01' 1-I AN:DREW\
SCRA^TERoPS iS-pa( I ege s (g)	

(14

ANDRENA
(SERAT TER °PSIS	 TRAC H A NDR EN -	 Sq( i X (2)

LIKRVI DlaPn (I)(p.I 1 kits)
Ceartofk

1k A ST

u_s

i?)
unknown (2.)
Plal- .) s+etn ov, (3 +3?)

ScLC cal 1:csi.(11)14 s
RHAPH ANDRE NA - LaVie re. (3-(A)

ro

0
A PoR A NDR ENA - EsttnsclIatz 	 ?)

0
0

nevi N. Am.

AN
A NDR ENA
DRENA	 S TANDR E

t

A/A - Fol)lec-1c

CHA R ITANDR EWA "1- 	
(pd.j. leges)

of	 (3)
CIO R I TA 1\1DkD EAIA -oomposci-cs (1?)

GE15SANIRENA	 (1?)
ARAN.D R EIVA	 (111 1'1611S)

TA N DR EN - Saf i x (?) -	

CNEM ID A NDR EA1 	-IE° 1 	e	 )oTANRENA
`I-	

____.,D
ARfiNDR E.NA	 U.:0,1)0.1+4e- (16

til?E1,1CANDR EN A -‘),,Ilec.4ic("042e1416)
OXYANI 3RENA -?kacelict. (1)

No+ rtlus-6-4-fed:3ae+ (..,drewk -?,bes (z+2 ?)j Tome (i3ut	(1);?4- ,Icotoi re,4 ■•■•• k.c.t.o ,t (i)i ClaTfoWl• 0)1;
n . r..41.-NotA oscarchtn, (I); vi. s m.1, 3 - ErythroAitom (z); Leu (0 eirtKa	 6..0; El-,Avb■itu"Ml;
Ora.dreKa;	 01',34.cirevi4;	 maKdre (P/41.44-ewL, Vrnakdrom);
(11.4.,(CIA.Cifetka-) 7-Ctel■C■CIKCitteK.4..

A ICRENA GONANDRENA COr yl lA S (4)

(pelle3es)

SCI. ‘■

_C- C, V. V\ LAS (I)
LOOCK0601

	) CompC6e- s.7 ?)

0
•

•



LAURfiCIAN ARCTRTERVARY
(cool hia•■•■d )	 Coot ilmm;Ci N. Am.

FbRMICAF'(S -uKk..,0‘..tvt(1?)

ROB ERTSoNELLA - ttn kno..th (z); Ator?hc, ( 1 )
A i.0 IDAM EA — . e , (eyes (Si. t?)	 p,i	 fe3 e C.) --> Fv;0J;c4jot■ 0;

{II

(a.RoNiCt.)5 - emf . levtotes - (7,4601,6.

MoN 0 m E rHA- poi le3e_,emf. Aace (. a (3+1?)	 --1D.le...(1?)
CYR -1'05(11A- pelf /e 5 e, ernf. ler.mes (I)

0

*.DAS Y 05 M (A - ',co-req. (/);141ean HCo
a

	 )„ IPPOTERI ADES (HonirotA) 	 .„NOctosniIA). 	
a.

Lolus (ait?); PIA; La (A+ I?) Pkal;y3i cp

	

,	 Mt ...OA:-

	

AEs)	 --,
It-A. (ATOP051.114- Pe A siemool CC,' I?) .----.---11. Rhaiesto./1 (Ha ?)	 ertf.0.4- 'As)„.................44

A. (NExosmi A) - Ph..ce (....(t) 	 )1 'Pl., Ace (43, (r)	
17-

A	 P.N.../	 Z
4VOSMIA)	 1'1	

Go

	 )0 A.Per(osntA)-Pkvt41 (z )	 ( 071100.)	 cr,	 c+

Co mrS; A t.(44 0 )	 00
0. (CHAtcosti IA) - CbmrS, 4 me (z); unk.town (2) 	 1)q1e4.04 2 ?)	 co

♦ 
aCCHtNOSNIA)- foyer , (1.‘04 .)	 14,,s4e.e. 6./ ?)
O. (CENTRoS m14)- u.n k■u, .4 b1 (10 ) fi rmes (,)	 VA. (Las 1.4.4t) -1.1e.

-..,o

	) O. (1. ,c trRaTo sot (A) - poi/t.cli; (z)	 -	

	(a.s.14)	 t

.%40. 04com-03e4.A)- ut . lkooK( A:pkonti.73 e."04)413))e3Lo.ses (2?)

	1-..,-,-
0
0

-il. p6(3 /te-hc. C.)

O. Norfosm (A)- LaR koloaelk (44.3); fsi3 kle 6); it7k m es 61+ a ?) .--------ika CrRictmve7ani: )—	 1e7"" 3 CI )s(1)'
0. (ANNTNasmotbEs)-mkx n...).(t); /e7 tn. e3 (f1)	 tercc.es ( • )

O. (CeriALostitA)-cov.1•5 ; icke Os 1?)
0.(Eicrwasm(A)-lx./.1 1tie$ (s+1?)

0. (OsrA( A) - F o/si leocs (I) - 3 ;,„icre,440.* Oil ijoyici ; nvasio.s
	+ 0, (CmALcos t4 (A) — for./ lele (r) - ard World in vasion

arid. N. A. 'o
\ 0

\ 0



cool haw .al N. Alm.

Øyg ies (3)

LAVRASIAN ARCTDTERT1ARY
(warm arid)	 arud N.Aw.

-u.x/c•kows..(3'.)
11	 59). - payeles Ca) 	
s;m6k100,S 3r?. -COLLETES

-01.c(c
( 1..1 ) le,ez)

•

0
Co %L.:Lae CO

co ■•• eac4as 311 — Cow foS I+ae. ( I) •••■■1■ Clow peS,4a .1. 6)
centeric4...3 I 1.- F. —Co..fa,si4a.. (ID

1901,4 NM/as-km.0A (7) .............4 h..../.4..s 59..- I el NnIGS V1.01 k 11 .1.4v1 (s)••■,*
cklege. qt-p. - ?a40410,osil. %,13,%40a,,,,..... (14ea;

oxfs 4)
(a)

Pr 

ii, r I) le e (,)	 1/.....6.34.1t..s ( 1 ) 9•Soe•->"ila.14.(,)
*------, LaymaLC.)

co,,r4efts (0-. va....( ...I...64es C.)
c ow‘t•s',4et ( 7 ); AtIvacene (o); 44<•••,.(..)\,,,	 "'Air., c...4 .),H8 (.1

frt..) .•nps: ft.: (0
McKise. I.. a./Ciac n . de (,)
An a V1APIS - La y rea. (3), A aew, 4 .h..... 0); Nle 4(S): ,„ k„,,,,,(I)
HESPERAPIS -Gills ( i ); ColtLitvi.a(Z); uoamown(1)
TAAJuRGDAt IA -ClArki..(1):, Esclu,l,•It;a0; l,a341.(z);

uhknaw■,. (1); 00,A e r4. !eNp.s.11(1)
NO(71 I A-s+ock
2•....; .3 ....,.13e..	

Cullv(M>MIA -rly (*.lie 0, 4?) 	 Illoapo
pol y

1 31,2:0,-1 ,■.: (.(20?)

s'lli Acu.Neel IA - ?..1 . 1tri; e (s) 	

EPIA/OM I A - fol ) le, es, emp. C....V..4e, (I)	 r eye, e, emp. Cbmpos;4Re (0
%.11haletwom IA -.4.k.... (s0; Nil; a .44 LaS (1) .-------+1-1e1; ay.-1-4 Ks (1)

TakroNti.A -u..k....",	
	 rot) lec-f; c C ,,

r.111.5-(,-.);40..3.J..0?); De nofiter4 4)	 F61 I a3 es (,44,K)
Mica, 4orre.sPifORA -4,1e.a.(. ):, eompts ;4*e (3M• s?); A bronka. G);

	

EMPoottopsi Se41.:1;1:7C.C‘()""atrrl Ad.:it:144c (4e)'i.i:■31.;!:i'Z'''..)"(..".".".—"--11'°)	 P 61 ii''.4-:c (""")

NCI LA N( -DR ENA

H Es ?ERA? I 3—sioc.k

C LI S DIU) A/0.1)1.A.) •	

ANTHoPHoR Acrj/kciic



H. (1).0.5 osTeTm A - 	 4); felitechc (t) e‘••■••••--, pel3 le/ e(r')
.,re.♦(s)

H. (NEwritY? CIES)-	 (c);	 1.01 ;e (3?) 	(
(an	 p.	 `i cicecrs:ice 4')

C. (CKekoSTOPI .D IDEs‘	lers (4+1?); ccoick....3n	 ■---1" 17,, ii i "es 0. ) ; knCH A LI coDor4A-s+ock

TRACH USA (f.tylev.)

HETERA NTH IDIOM —
(p .C l le3e s)

14 ER IAlfZ5 (f..1316.1t)

=1••■■■•■•■••••■■■1111

0

a)

0

O

c+

CD

0I-
0

1,4vb lermes6) ..--Oler., t3
M. (Algy i.oPti.. ^) - ceri posja a (W.?)

(froArmosmus;, -	 (at 1?)
M. (XANroosmtv3) - Kklow.4A (I)

M. CXER.DMICAGei	 - ttl.nown. (3")

'35.1cci felpiett
ri (D E R •TROPi 5) -

Oacetkera, (c); Gt., la. (t)

	

M. (ME‘ACHILO i .1)64.) - eekstiOcr.. (3)	 aeKefiA tro.

trtt.it „,,,s(34c"6"4 '"` (')

'De.. .4mo?)	
13,4 0.04o)

LLhkuwn (I)
IDIKRAD(1)

LAVRASIAN ARCMTFRTIARY
(warm ftv%

?Iwo-NA IDI UM

i)1ANTROIUm

wrid N. Am.
♦P ( PARANTH(DWOO- Lod...4A (a)

‘' Hol'a+KticKs
?(ti(cAACTIt ikUtot)	 0)

j heyas	 (3)
Ill' i.Co m .s .40A(t+3?) 	

li9e ( I ); Lank m. wba (7. ?)

t

.41. kbla CAM (3)i
It CbOleS;ie s (0; -D4(t..0 ., L4.eft.-0)

ME-G. 4011 LE (116tAcsia

Cool hurn;1 N. Am.

Hel..ak+46,5

CoN.f.u.fae (3)

31 u , known (s)



LAURASIAN "IST/118.
Ckupt4 warpQ	 hust;ei warp' N./401. xeric N. Aw.

co
N

)( Lo C 0? A (7‘,l 1(e.3es) -----X (XVI. oCoPO II LT S) - Tel ( er.(i c •	 11. ?olj, far s
(NloroxYLoco'PA)-?eye,--kc 	 ► po/i/et (,)

YEN 0 G L05.5141E-5 -s-I-ock	 ../,;0.1,/.., C,.....6;iaot	 )(ENIOCLaSSO-bt-5-fkKk....,,, (...-3)
(ciki4.-- ?..s.s.,6(1 oi- Neu.) Word Oril;..	 Comfbol i.ta CO

Old World ....,.. Mcc,
I.JA )(Cite, leSSoti 3 fr.va,11■■•■ 	

7	
	 > 'PEPO N.r A? I S — ,e7.2,...el ;4a_ (4)

	* 4,0(12)? -1-1 I. 0 S — tAKkka....,K (t)

MA RT0VA?( 5 - r?.1)Icle(1)
ACA?ANTNNVO-S-4r,fr.r0t.art (I)

men" /NTROTIUCTiONS:
Europe	 	  A ?is (p.1)1e3e)
E..rofe.	 	  Ny lae,...s (H.) . ,f)DI3 (eye. Derkafs re t ■c4-]

Eikro ye. 	  I-I y 14e “.3 (N.) - Ale (do -A., s 7

EA roTe	 	 ) Ceres--', ,.. (Ekcer4.4 .0.4> -1,6( i tete-
AS-lo-	 > aff..4.,.,._ (pi-K,;-{q5) - pc, 1C3 e-

a YI, of e	 	  Hofl; +Ts (140f(;4-;s) — Ect.,;,.....,

Tr. A -;,-■ CA_1'	 	 ) 0141; Co C(c, mc, 61 Mil; rittr.C.J6 (4-) - 14.,1“...,■,

A- r; ca_	 	  Me3,c,4 ; le, (E,...-6.',c-Lo.ra.eo-) — 9.)( 3 1e3 es (z)

7

ro

O

0



1979	 Moldenke, Host-plant coevolution 	 383

I have found approximately 250 instances of host
changes of the nature polylectic . ---* specialist or
specialist,---*specialist b (this excludes some unmono-
graphed subgenera of Andrena and Osmia) in the evolu-
tion of North American bees. Depending on one's
point of view, this can be taken as either a surpri-
singly large or a surprisingly small number since no
comparable data exist. I personally fall into the
latter camp for it should be emphasized that many such
instances of specialization or "shifts" have not been
particularly "successful" gauged in terms of adaptive
radiation subsequent to such host changes nor have many
of such changes markedly affected the pollination
ecology of the North American flora. Many bee taxa
which demonstrate host-specialization and host-shifts
most frequently are not the most important pollinators
of their respective hosts. There are also very many
abundant melittophilous plant groups in North America
which have not coevolved with any specialist-feeding
bees at all, indeed the flora of North America (except
for certain dominant tree genera) is overwhelmingly
melittophilous.

Illustration 2 reveals that the presumed primitive
character state in most groups is generalized feeding.
This is not based solely on theoretical concerns, but
in fast in many R.: pups 	 structr.rally least special-
ized species are known to be generalized feeders. In
some of the groups we do not know, even by inference,
what the ancestors may have fed upon, since the least
specialized species are characterized by divergent
feeding patterns; my most reasonable guess of ancestral
feeding patterns is sometimes indicated in the left-hand
column. It is notable, and surprising I think, that
there are no instances of host changes of the type from
specialist —,spolylege. Specialization appears to be
an exclusively one way process. The only semblance of
such a shift takes place in the evolution of our largely
endemic Centris (Xerocentris) polyleges from ancestors
within the genus Centris which while polylectic for
pollen supplies still were obligately specialized to
harvest oils instead of nectar (Neff unpub.).

In addition to the presumed and postulated ancient
polylectic ancestors of our North American bee fauna,
there have been at least 9 Neotropioal, 2 Arctotertiary
(with close present Old World ties) and two recent
accidental introductions of formerly specialized
lineages which have maintained their pattern of special-
ization here.	 Of the 250 instances of evolutionary
host-plant specialization or switches, most have
occurred in very few genera: more than 60 in Perdita,
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24 in Dufourea, 18 in Nomadopsis, 15 in Colletes, 23 in
the Eucerinae. Perdita and Andrena  are the two most
diverse genera in North America, hence their degree of
specialization is not unexpected. The third largest
genus, Dialictus, has spectated in the absence of host-
plant specialization; all North American species are
generalized feeders with the possible exception of one
desert species implicated in association with Euphorbia
(Eickwort, pers. comm.). Both Dialictus and Evylaeus 
(considered by some workers congeneric areapparently
generally polylectio throughout their range, seldom
specializing either in the Old World or the New World
(Ebmer & Pauly, pers. comms.). I presume that this
indicates that these and other halictine bees do not
have the same type of genetic host-selection mechanisms
possessed by most other bees.

Nearly all of the specialization events noted are
those from polylege	 specialist, only 53 are possibly
switches between different non-confamiliar individual
plant hosts, again implying the unidirectional and
apparently "dead end" nature of such switches. Interes-
tingly, about half of the switches that apparently do
occur take place in the Sonoran Desert and the other
half in the Mediterranean regions of California, prac-
tically none in the other regions of North America.
Though the arid regions do support greater diversities,
this degree of difference cannot be accounted for on
that basis alone. Climates are less predictable and
smaller shifts in amplitudes in these regions produce
greater effects on the flora and fauna perhaps by alter-
ing germination cues and the temporal synchronization
of host plant and bee disproportionately.

Of these 53 non-confamilial host-shifts, only 10
occur between taxa which appear visually rather similar
(at least to human eyes). Though relevant data on
chemical cues are lacking for most taxa, it is reason-
able to suppose that many such switches have indeed
occurred between taxa which are in faot extremely
dissimilar. In certain cases the recipient host is a
dominant plant (e.g., Larrea, Prosopis) that the former
species could reasonably be expected to have continual
exposure to, or in some oases the novel host is one of
the very few other plants to bloom during the particular
time of year the original host was in bloom (e.g.,
Tidestromia, Limnanthes), but in many instances logical
"explanations" for such shifts elude me. Examination
of the lineage diagrams also reveals an additional pa.
30 confamilial host-shifts, occurring between visually
rather dissimilar plants (Phackelia/Nemophila; Clarkia/
Camissonia; Lesauerella/Stanleya; Mentzelia/Petalonyx);
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it is reasonable to presume tentatively that such
shifts were facilitated by the recognition of certain
phylogenetically shared chemical characteristics,
however such assumptions must be tested by subsequent
chemical analysis.

In an analysis of evolutionary host-shift patterns,
it is of course of utmost importance to determine as
precisely as possible the cladistio relationships
amongst the species themselves. I have accepted the
published opinions of taxonomists wherever avallible.
I have tried in all possible instances to examine their
implied/stated oladograms with a skeptical eye, but
seldom have I felt that an application of Oocam's Razor
(solely in light of known/postulated host associations)
would change their point of view, except in instances
of very rare incompletely known taxa which were unknown
from the standpoint of host associations as well. Minor
differences, either of confusions design on my part or
misinterpretation, will be apparent since I have chosen
to present diagrammatic oladograms to facilitate data
examination in problem phylogenies. It is important to
note that seldom (if ever) have bee taxonomists consid-
ered host-association or weighted it heavily in con-
structing their published phylogenetic speculations;
such relationships are generally based on morphological
structures, pe-t•	 the male ccenitel empo-%tus.
Indeed, recent monographers of Andrena have considerably
revised the postulated relationships of this very large
genus by not treating specific floral adaptations in
their phylogenetio schemes.

I believe that the only conscious changes I have
incorporated herein are: 1) the sinking and remixing of
A. (Scaphandrena) into A. (Miorandrena)(a separation
termed possibly artifaotual by the latest monographer
-- Ribble, 1974) which entails the lumping of the
crucifer-feeding M. piperi-group, M. primulifrons-group
and all cruoifer-feeding Scaphandrena; uniting M.(I)
ohlorogaster with S. merriami; S. lomatii, mackrae. S.
plana with M.(I) miorochlora; M. (11iiMnochroa perhaps
united withDerandrena ziziaefors0; 2) the lumping of
possible Polemonium A. (Euandrena) feeders (i.e. A.
polemonii to A. segreganiTIFTRAioation of Occam's
Razor; 3) the uniting (largely) on the basis of simi-
larities of the 8th sternum from various tAstAtive
placements of a group of species related to the Perdita
vittata/sonorensis groups (since many of these species,
e.g..77  heliotropic, oovilleae, punctulata, pluoheae,
perixantha, paryella, ambigua, Imaa, have unknown

l. of ahosts, at this preliminary levenalysis, the
point is largely moot); 4) the uniting, by Occamos
Razor only, of the P. koebelei-group with other'
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Mentzelia-feeding Perdita; 5) uniting the Lesquerella-
feeding A. (Tylandrena); 6) removing Colletes larreae 
& C. turgiventris from the C. robertsoni group on the
basis of their distinct genital apparati; 7) linking
P. (Alloperdita) to P. (Procockerellia) by Occam's
Razor alone; 8) removing the long-faced Perdita hurdi 
and P. Filiae from the long-tongued P. (Glossoperdita)
and placing them in P. (EpimacroteraT; 9) tranafering
Perdita erythropyga & P. fulvicauda from the ventralis-
group to the ootomaculata-group on the basis of the
similarities of the eighth sternum; 10) linking by
Occam's Razor the Dalea-oligoleges in Ashmeadiella 
(Rhamphorhyncha, Cubitognatha & Corythochila); 11)
postulating monophyly in each of the composite-, Dalea-
and Phacelia-feeding groups of Anthocopa (Eremosmri7--
IsosagT7717) lumping as monophyletic the legume
oligoleges in Osmia (Nothosmia & Acanthosmoides) on the
basis of Occam's Razor alone in the absence of any
conflicting information.

In groups which have not been recently monographed,
cladistic sequences were not attempted, and are not
indicated in Illustration 2, nor are the switches
(whatever form they may really take) counted in textual
analysis. Cladograms of Colletes and Perdita are
original but attempt to agree with the taxonomic
specialist's published anecdotal remarks.

Of the host-specialization relationships eluci-
dated in this manner, most are represented in the
western United States. Indeed, California is uniquely
situated in which to study the precise forms that such
adaptation can produce since all the trophio couplings
between particular plant genera and specialist-feeding
groups except 30 occur within the state; there are
another six resident plant groups with specialist
feeders in closely adjacent regions which subsequent
field work will probably discover in California as well
(i.e.,, Cornus, Nothooalais Stanleya, Descurainia,
Wislizenia, Polemonium).

Illustration 2 represents approximately 50 bee
lineages that are suspected of ancient Arctotertiary
Floral ties to closely related species in the Old
World, 40 Neotropical, 25 endemic Madrotertiary Flora
and 35 old North American Tropical. Since these lineage
ancestries are by definition highly speculative, these
results should be taken to indicate only relatively
heavy phylogenetic inputs from the three external source
paleohistorical realms to the present bee fauna of North
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America. The terms Arctotertiary and Madrotertiary
refer primarily to the floral associates of the bee
lineages since the paleohistorical age of most bee
groups is completely unknown in the absenoe of relevant
fossils. Most bee taxonomists (unlike myself) believe
that most bee lineages are of much more recent deri-
vation than these basic floral assemblages. Both
Arctotertiary and Neotropical (open savanna and humid
forest not distinguished) stocks have contributed
heavily to the semi-arid/arid regions of the south-
western United States; contributing by my count approx-
imately 45 stocks each. Neotropical stocks have
undoubtedly contributed even more heavily, since I
am thoroughly unfamiliar with the bee fauna of semi-
arid Mexico, and it is quite probable that no addit-
ional Arctotertiary elements (not already counted)
have contributed. Twenty Neotropical stocks have
also contributed heavily to the forested regions of
the southeastern U.S.A., though many of these elements
may have been archaically associated with North America
rather than with temperate South America whose faunistic
contribution may be limited to late Pliocene. Twenty-
one separate lineages traceable to basically arid stock
but not definitely associated with either Neotropical
or Arctotertiary ancestries (termed "endemic Madro-
tertiary") have contributed to the present
cool temperate !Torth American fauna as well.

True range expansions of lineages into novel
geofloras, usually involve polylectic species, or
species which have followed a successful invasion by
their host plant (i.e., Cucurbita, Opuntia, Oenother4
Fetalostemon) or species which were basically "family-
oligoleges" and which were able to switch to alternate
but closely related host plants. Range extensions
associated with specialization upon a totally new
plant host characteristic of the recipient floristic
realm are not frequent; all such examples cited in
Illustration 2 represent cool humid forest--+ semi-arid
scrub shifts, except for two independent Prosopis-*
Seitz shifts.	 (Too little data is available to cite
any potential Neotropic---0 Madrotertiary extensions
accompanied by major host jumps; such examples most
certainly exist, however, I know too little about the
pattern of host-selection in most truly Neotropical
genera).

An interesting case in point involves Andrena
(Callandrena), a group clearly associated 147E7E;
Compositae (except one very distinct species, A.
levipes) of the arid portions of Mexico and southwes-
tern United States. LaBarge has carefully monographed
(1967) the group and provided detailed postulates of
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cladistic relationships. Of the twenty species which
are not primarily distributed in the desert United
States or Mexico, there are eleven distinct lineages
(treating the genitalliicly distinct A. haynesi as a
monotypic group). Though host generic identity of the
Mexican and southwestern United States species are
not known, it is clear that nearly all of the basic
lineages within the subgenus were able to expand into
the adjacent portions of North America by specializing
upon one particular genus (or several closely related
ones) which then provided an access route to great
geographic expansion (presumably through limited
competition); though several species utilize apparently
the same genus, the overlap was apparently circumstan-
tial and not determined by the nature of their as yet
unknown ancestral Mexican hosts (e.g., A. aliciae -
Rellanthus/Rudbeckla; A. melliventris - Gaillardia &
A. rudbeckiae - Rudbeckia/Ratibida; A. accepts. -
Helianthus; A. crawfordi/sitiliae - Pyrrhopappus &
A. krigiana - Krigia; A. simplex - Aster/Solidago &
A. placata - Solidago & A. asteris/gTaFoides - Aster;
A. fulvipennis - ?oligolectic?; A. haynesi -
Helianthus; A. helianthi - Helianthus & bracata -
Solidago & A. vulpicolor - autumnal ChryriaKWErius &
A. irrasus - Amphiachrys/Gutierrezia; A. heltanthiformis
- Echinacea; A. gardineri - vernal Senecio & A. ardis -
Chrysothamnus7Gutierrezia). Thus the United States
assemblage of species are not closely related as one
might initially expect but seem to represent a
diverse array of independent phylads, each of which
owes its range expansion in some way to a separate
Instance of host specialization -- quite probably
involving generic shifts from the ancestral host in
many cases.

Table 3 summarizes the information in the phyletic
charts as to plant genera within North America that
are known to support specialist-feeding bees. In each
case the probable number of independent evolutionary
switches leading to that particular host association
is indicated in parenthesis. Generic specialization
within the Compositae, other than Cimhoreae is omitted
for brevity sake. The largest number of independent
specialist groups are associated with the Compositae
(38 summer & fall composites; 13 spring Lasthenta,
Layia,  Blennosperma; 5 spring olehorlaesA73WeFri.
Malacothrix, Anisocoma; 5 summer Stephanomeria,
Pyrrhopappus); this group contains in excess of 525
species of which the host choices are relatively
certain, well in excess of one third of all the
specialized-feeding bee species in North America.
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I Blooms at odd-time of the day:

•-r	 Ids ge);#1, streeab'sf - pahateiers:
Otsfecs	 itgde aesci fiwectyez)

TABLE. 3

Blooms in the eveningBlooms early in the morning
Camissonia (several)Calystegia (1;1)

Camissonia (36;4)
	

Oenothera (25;11)
Cucurbita (14;2)
	

Mentzelia (several)
Ipomoea (6;3)
Agoseris/Malacothriz(14+2?;5)
Pyrrhopappus/Krigia (8;2)
Sicyos (1;1)

II Blooms at odd-times of the
Blooms in the early spring
Amsinckia (1;1)
Erythronium (3:2)
Limnanthes (2;2)
Lomatium/Sanicula (2;1)
Ribes (2+7;1)
Saliz (29;11)
Zigedenus	 (1;1)
Ranunculus (3;2)
Claytonia (1;1)
Vaccinium (17;1)
spring dandelions(14+27:5)
spring cemposites(29+9,7;14)

III Dominant plant in community (or most abundant):
Adenostoma (2;2)
	

Prosopis (30+27;9)
Arctostaphylos (4+2?;3+1)
	

Helianthus (many)
Ceanothus/Rhamnus (4+1?:5)
	

Eschscholzia (15;7)
Chrysothamnus/Haplopappus	 Eriogonum (16+3?;2)

(many)
	

Potentilla (alpine)(6;4)
Larrea (22;12+3?)
	

Ceroidium (1;1)
Lasthenia/Layia(26+7?;11)
	

Acacia (2;2)
Lesquerella (7+3?;3)

hisses

year:
Blooms at the very end

of the season
Aster
Baccharis
Chrysothamnus/Haplo-

pappus	 (many)
Gutierrezia/Hetero-

theca
Solidago
Gayophytum (5;2)
Perideridia (1;1)

IV Unusual, hard-to-handle
unusually tiny pollen 
Cryptantha (24+2?;5)
Mertensia (2;1)
Nama (8+2?;3)
Coldenia (15+2?;4)

unusually tiny flowers
Croton (2;1)
Euphorbia (28+107;11)
Eriogonum(16+3;2)

(not fasciculatum)
Tidestromia (3+2?;2+2?)

floral morphology;
pendant flowers 
Chamaedaphne (1?;1)
Calochortus(albus+)(2:1)
Campanula (rot.+)(1;1)
Symphoricarpos (1;1)
Erythronium (3;2)
Mertensia (2;1)
Dicentra (1?;1?)
Emmenanthe (2;2)
Viola (1;1)
Vaccinium (1;1)
Physalis/Chamaesaracha

(16+6?;4)



390	 PHYTOLOGIA	 Vol. 143, No. 14

TABLE 3Classes of PM..is 10;+i,	 ih4-„,sfec;4/;st-pek,r,s:(*species;	 eQ.7.-s)
IV (cont.) Unusual, hard-to-handle floral morphology:

tubular flowers; with or
without _guard hairs 

Abronla (1;1)
Amsinckla (1;1)
Coldenia (15+2?;4)
Cryptantha(24+27;5)
Erlastrum/Navarretia

(1.0+37;3)
Heliotropium (5;4)
Linanthus (6;3)
Nemophila (7;4)
Verbena (3+17;1)
Clrsium (4;2)
Pontederla (3;2)
Passiflora (1;1)
Petalonyx (2;1)
Menodora (1;1)
Ipomopsis (1;1)
Eriodictyon (4;4)
Penstemon (7+5?;3)
Nama (8+27;3)
Mimulus (1+1?;2)
Lycium (27;2?)
Monardella (2;1)
Salvia (2+17;3)
Monarda (5+17;3)

unusually large pollen
Calllrhoe (2;2)
Calystegia (1;1)
Ipomoea (6;3)
Hibiscus (1;1)
Camissonia (35;4)
Clarkia (11;9)
Oenothera (25;11)
Cirsium (4;2)
Gayophytum (5;2)
Malacothamnus (2;1)
Sida/Sidalcea (1;1)
Sphaeralcea(26+7?;10+1)
Cactaceae (17+10?;8)

exclusion flowers
Dalea(23+87;12+1?)
Lotus/Lupinus/Astragalus

(36+147;13+17)
Trifolium (8;4)
Petalostemon+(12+2?;3)
Melilotus (1?;17)

V Flowers with oils but no nectar
Steironema (4;1)

UNCATEGORIZED EXAMPLES
total composites(416+74;38)
Phacella (39+7?;20)
total Mentzelia(24+17;8)

(bees not nocturnal)
total Potentilla(6;4)
Capparidaceae (13+37;9)
Calochortus (16+37;3)

(not pendant)
Stephanomeria (4;3)
Lepidium (6+27;2)
Cilia (6;5)
Campanula/Specularia(4;2)

(not pendant)
Heuchera (2;1)
Nothoscordum (1;1)

Polemonium (2+17;1)
Cornus (4+17;1)
Zizia/Taenidia/Thaspium

(2+1?;1)
Descurainia (3;1)
Fallugia (37;1?)
Platystemon/Meconella

(3+37;1)
Kalmia+(1+17;1)
Rhus (1;1)
Hydrophyllum (1;1)
Thelypodium (1;1)
Arenarla (1;1)
Barbarea (1;1)
Argemone (1;1)
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Lumping all papilionaceous specialist-feeders would
yield about 40 separate specialist bee groups, but
they are composed of only about 125 suspected
specialist taxa, Many of the papilionaceous speci-
alists are strongly genus-specific, and unlike the
composite-feeders such a lumping on the familiar
level may not be as meaningful a statistic.

All of the other groups of plants that have
coevolved with specialist-feeding bees are of quanti-
tatively a very different order of magnitude. Phacelia
(Hydrophyllaoeae) with at least 20 separate lineages
comprising in excess of 40 species is exemplary.
Camissonia (Onagraceae) and Sphaeralcea (Malvaoeae)
with about 35 specialist-feeders, Prosopis (Leguminosae),
Cryptantha (Boraginaceae) and Salix (Salicaceae) with
about 30, and Euphorbia (Euphorbiaceae), Oenothera
(Onagraceae), Opuntla+ (Cactaceae) and Mentzelia
(Loasaceae) with about 25 specialist-feeders each
follow in that order. Of these groups however only
qphaeralcea (11), Seitz (11), Oenothera (11), Prosopis 
(9), Euphorbia (8) and Mentzelia (8) are associated
with more than 5 separate bee lineages each. Other
specialist-feeding groups with 5-11 separate lineages
but only 10-25 individual species are associated with
Larrea (Zygophyllaoeae), Ceanothus/Rhamnus (Rhaanaceae).
Cieome/C1-ila/Wls.L.L:enia (t;apparldaa..,;, Cilia
Polemoniaceae 	 Eschscholzia (PapaveraceaiT--

Plant groups with even fewer associated coevolved bee
lineages but more than 10 individual species of
obligate specialist-feeders are Penstemon (Sorophulari-
aceae), Physalis/Chamaesaracha (Solanaceae), Coldenia
(Boraginaceae), Eriogonum (Polygonaceae), Cucurbita 
(Cucurbitaceae), Caloohortus (Liliaceae) and Eriastrum/
Navarretia (Polemonlaceae). All other plant genera
with associated specialist feeders are associated with
only 1-3 separate lineages and 10 or fewer bee species,
so far as I am aware.

The plants utilized as resources by specialist-
feeding bees are not a random sample of the North
American flora, even though the wide range of bee
sizes and energy requirements would not seem to pre-
clude many possible non-anemophilous plants. Certain
particular plant characteristics, however, seem most
favorable to the coevolutionary relationships facili-
tating specialist-feeding habits (Table 3);

a) plants which bloom for a limited period very
early in the morning or late at night generally
represent the only available resource at that time
and at the very least a facultative specialization by
pollinators must result; oontinual competition from
generalist-feeders on other resources during the
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times when most floral resources are available might
further restrict species pre-adapted to odd-time
feeding and promote subsequent behavioral specializa-
tion. The majority of bees are associated with
morning-blooming plants; the evening blooming plant-
taza are all primarily pollinated by moths and bee
visits have probably not been major selective forces
in evolving and maintaining the habit, though the bees
associated with Camissonia are certainly locally
important along the western edge of the Californian
deserts and the southern Central Valley. On the
other hand, the matinal Convolvulaceae, Cucurbitaceae,
and Cichorieae are usually rather exclusively pollina-
ted by these specialist bees. Though widespread
throughout North America today, all such close co-
associations are clearly arid southwest or Neotropical
in origin.

plants which bloom at the very beginning or
end of the blooming season within any community also
force a restricted diet upon whatever pollinators are
active contemporaneously. This temporally-induced
restriction may be enhanced by selection for morpho-
logical specialization upon any short-lived bee species
whose activity is completely restricted to these
seasons. Such "odd-time blooming" specialists are
present in all portions of North America, particularly
so in the Eastern Deciduous Forests and wediterranean
California. Desert regions are not particularly
susceptible to this type of selective pressure, since in
the majority of instances the entire blooming season is
extremely short and keyed to relatively temporally
unpredictable rains.

Dominant plants might be expected to support
specialist herbivores even under conditions of heavy
exploitation by generalist feeders, since the resource
base is both predictable and sufficient to permit
"table scrapping" by specialists. With the exception
of the coniferous and deciduous forested regions of
North America (the dominant species of which are
nearly entirely anemophilous), dominants do support
specialized pollinators throughout the year. Interes-
tingly, in the Eastern Deciduous Forest, Cornus 
(Benthamidia) has not coevolved with any specialist
bees, even though the less abundant Cornus (Svida)
has coevolved with the abundant AndrWEWTdonandrena).
Dominant floral resources in the California grasslands
and the Great Plains are semantic problems necessita-
ting quantitative analysis, however, Esohscholzia,
Lasthenia, Layia and Helianthus must certainly be
analogous to dominantTiTiREWis in other ecosystems.

d) Plants with unusual tubular floral morpho-
logies or species which produce pollen with excep-
tional dimensions can be partially exploited by
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numerous strategies; however, bee species with
morphological preadaptations increasing efficiency at
utilizing such a resource will be favored. Should
such a morphological specialization simultaneously
decrease efficiency at exploiting more generalized
floral syndromes, progressive positive selective
feedback would be expeoted to result in the accentua-
tion of both morphological adaptation and specialized-
feeding habits. Bees collecting large pollen usually
have long thick sparse transporting scopal hairs; bees
collecting the small spikey pollen of the Compositae
usually possess dense fine highly plumose scopal hairs;
bees exploiting tubular morphologies generally have
special setae on the mouthparts or front legs enabling
extraction of pollen. This classification of floral
hosts has by far the most component examples, especially
plant genera with narrow tubular morphologies; frequently
such plant genera are pollinated by many pollinators
other than bees and hence such an adaptation should not
be assumed to be a specialized morphological adapta-
tion on the part of the plant resulting from the
activity of specialist-feeding bees, indeed I believe
the relation is not causal in the majority of oases.
Nearly all plant genera in category (d) are and
adapted (or originally so); the only clear forest/
moist associated taxa are Erythronium, Mertensia,
Cnmparula and perhaps some le7iminsceova groups.

The data presented in Table 3 indicate that these
special circumstances are indeed often correlated with
specialized-feeding tendencies. However, many plant
genera with specialist pollinators cannot be included
in these four categories. In cases (a), (b) and (d)
the plants which are associated with specialist-
feeders are generally even more frequently associated
with generalists as well. Some plants evidencing
strategy (d) and most of those which bloom at odd times
of the day are the only species which rely upon
specialists exclusively for their pollination.

These data on host-specialization are of course
very preliminary; many taxa remain unknown and some of
the associations extrapolated from known close relatives
are probably incorrect. Thanks primarily to Professor
Timberlake and the many apidologists associated with
the University of California, California and west
Sonoran Desert bee species are relatively well-known.
Robertson in Illinois, Michener in Kansas, Bohart in
Utah and Rozen and Neff In southern Arizona have also
provided great amounts of floral data, but much of the
country, particularly the eastern United States remains
poorly known.	 In addition, very rare species, no matter

393
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what their distribution, are always problematic. Lists
of specialist-feeding (known or suspected with relative
certainty) bees are presented in the appendix for each
of 10 major subdivisions of North America. Not all
species listed inhabit the entire region under consi-
deration, and hence citations in the same list do
not necessarily imply sympatry or occurrence at a
particular locality. These lists are presented in
their entirety so that 1) future discoveries on
host-associations can be incorporated easily into the
conclusions presented herein; and 2) observations on
pollination ecology of plant species in different
parts of the country might be facilitated. Listings
for the different regions of California are too
voluminous to incorporate; interested persons may
obtain them from the author directly.

The proportion of specialist-feeding bees (of
total resident non-parasitic bee species) in all
biotic regions of North America is correlated to
species richness (Illus. 3). This positive correla-
tion is observed within the geographic regions of
California as well (Illus. 4). The percentage of
specialist-feeders varies i from a low of 15-22% in the
forested and boreal regions of North America to 35-45%
in the Great Plains and Great Basin, to a high of
ca. 50% in mediterranean California and the desert.
As documented In Moldenke (1976b) the percentages
within subregions of California run much higher,
clustering between 40-55% in most regions, with a low
of 30% in the immediate maritime province to a high
of 60% in the Mojave Desert. Within California, as
noted from an entirely different point site viewpoint
in Moldenke (1971), the alpine Sierra Nevada is
noteworthy in supporting very few total bee species,
a remarkably large 50% of which are specialized
feeders (nearly all the specialist-feeding species
are extremely rare however).

The total number of plant genera specialized
upon within a region is also directly correlated to
species richness. The number of plant genera with
specialized feeders is highest in mediterranean
California (55) and lowest in the Southern Mixed
Forest (10) and tundra (6). The bee fauna of the
forests of upper Austria falls on the low end of the
curve (18 genera with coevolved specialist-feeding
bees; 27 (12%) total specialist bee species -- Hamann
& Koller, 1956), considerably below levels observed
in the boreal forests of the United States (still
poorly studied -- and probably will yield more cases
of specialization upon subsequent analysis. No
comparable data from other parts of the world are
available,



4.700 Md. CI.

0

•

1979	 Moldenke, Host-plant coevolution 395

Soo

0	 BF	 OH

w)

KGB)
.511F

cT)

RM GP

01W rl

to%	 307.
Zspeci,q 4.2ed( iCee04rs

ILLUSTRATION 3

r,	 7o%
07" f t / bee_ spec/es

NORTH AMERICAN BEE DIVERSITY. Abbreviations as in Table 1.
Faunal estimates of Great Basin and Tundra not considered
robust enough to be considered in mathematical correlation.
Slope significant at 99% certainty level.



30%	 1o%	 So%

7c, bees Speciedizeal in ?CeetPr
607,

MD

396	 PHYTOLOGIA	 Vol. 43, No. 4

CSC

ILLUSTRATION 4

CALIFORNIA BEE DIVERSITY AND HOST-PLANT SPECIALIZATION.
Abbreviations as in Table 2. Faunal estimates for AS,
NGB & GB considered too tentative for mathematical
analysis; slope significant at 90% certainty level.
Average degree of specialization for compound regions
indicated in squares: C=coastal; CV=central valley;
GB; total Great Basin; D=desert; MSoC=montane southern
California; S=Sierra/Caseade axis.
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Within this group of specialist-feeding bees,
the partial specialists "to the family level" (e.g.,
Composites, Leguminosae) only increases as the total
number of bee species and the percentage of total
specialists decrease (Illus. 5). There is a semantic
problem entailed in this analysis, however, since
these type of "oligolectic" feeding patterns require
extensive study, to determine whether such species in
reality do utilize a number of unrelated confamil.lal
plants throughout their range or whether there may
be instances of true "generic specialists" included
mistakenly within in the absence of more complete
data. However, since this same trend is evident within
the relatively better-studied subregions of California
as well (Illus. 6), I presume it is not artifactual
but reflects a reality of competition between
specialists and generalists within constrained
resource systems (ms. in prep.).

CONCLUSIONS 

The host-association data base of North American
bees is sufficient for tentative conclusions regarding
many important aspects of host-plant specialization
patterns.

is on:: a 3-fold differ-arc in bee 3pecles
richness in the major phytogeographic realms of North
America (excluding the depauperate tundra).

the high California bee diversity is in some
ways an artifact of artificial political boundaries.

Great Basin and Southern Mixed Forest support
fewest bee species; mediterranean California and
desert support most bee species.

There is only a 3-fold difference in bee species
richness between geographic regions of California.

a) cismontane southern California, southern
Sierra Nevada and southern Coast Ranges are species
rich; northern montane and coastal are species poor.

There is not a clear species/area relationship
underlying conclusion II. Bee species per area varies
about 6-fold (excluding tundra), unrelated to possible
simple causative correlations, but is an additional
order of magnitude greater in Mediterranean California.

V. True host specialization and host shifts have
occurred about 250 times within the North American bee
fauna.

a) nearly all ancestral stocks are primitively
polyleotic; nearly all diet changes are from
polylectio —)specialist. There are no known
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polylectic switches; such switches are
apparently therefore one-way changes only.

b) considering the diversity of the North
American flora and North American bees in general, this
is a surprisingly small number of host changes, relative
to the number of common North American melittophilous
plant genera not supporting specialist pollinators.

most such shifts onto a novel plant are not
particularly successful, measured in subsequent
adaptive radiation;

some immigrant phyletic lineages have entered
the United States as specialists and have remained so
on the same plants;

the two largest genera of North American bees
are characterized by the highest levels of host-
specialization; the third largest by perhaps none at
all;

only 53 switches are known from
specialista---Ospecialist b (a not confamilial with b).
Nearly all true host switches take place in the
southwestern deserts or mediterranean California
(equally); this type of host switch is characteristic
primarily of Nomadopsis and Perdita (Pygoperdita);

h) few host switches are between visually similar
taxonomically unrelated plants; few (except poorly
documented Compositae) between very dissimilar but
confamilial plants; most between groups without
distinct characters in common -- sometimes the switch
is to a dominant community member, sometimes to the
only synchronous bloomer, many unexplicated.

Arctotertiary-and Neotropical-associated bee
lineages have contributed about equally to pollination
ecology relations in arid/semi-arid western plants.
Range expansions into close association with a novel
geoflora is usually by polyleges, or by specialists
whicn are already associated with an invading plant
genus, but occasionally by host shifts presumably onto
a novel host in a region of parapatry. Nearly all
such shifts have been from Arctotertiary to Madro-
tertiary floras; only two from Madrotertiary to
Arctotertiary.

Most specialist-feeding bees in North America are
oligolectic on Compositae and legumes. More species
are associated with Phacelia than any other genus.
Most plant genera with obligate specialist pollinators
have coevolved with only 1-3 lineages and less than
10 species.

VIII. Bees tend to coevolve specialist-feeding rela-
tionships with plants which:
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tend to bloom only early in the morning or
late in the evening;

those which bloom at the onset or close of
the anthesis season for that particular community;

are community dominants;
plants with unusual floral morphologies (i.e.,

thin tubular corollas, extremely large or small pollen
grains, pendant blossoms and unusually tiny flowers).

IX. The percentage of specialist-feeding bees on a
faunistic basis varies from ca. 15-50:

percentage of specialist-feeders is positively
correlated to total bee diversity;

highest percentages occur in Mediterranean
California and the desert, lowest in eastern deciduous
forests;

the total number of plant genera with eoevolved
specialists in biotic realms of North America is also
positively oorrelated to total bee diversity (but
disproportionately highest in med. California);

oligolectic "specialists to the family level"
are negatively correlated to total species diversity
within the floristic provinces of North America and
within geographic regions of California.
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APPENDIX:

The lists which follow represent an attempt to catalogue
the specialist-feeding bees associated with particular
host-plants throughout the major blotto provinces of
North America. Following the entry of each bee species
is a designation of the assurance I have in its host
association: F = relatively certain fact based on con-
siderable host collection data and perhaps pollen
microscopic analysis in addition; IV tentative assign-
ment, relatively certain of validity but needs micro-
scOpic verification; ZO = uncertain host-association
made in the absence of sufficient direct data, usually
on the basis of the known behavior of close relatives.
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Specialists In Mediterranean California

SEMEZIlltS
Collates angellcus F; annae dIsseptus F; fulgidus fulgidus F; fulgldus

longiplumosus F; lutzl monticola IV; ochraceus IV; slmulans slmulans F.
Heaperapis semirudis IV; n. sp. IV.
Andrena ettrInihirta F; lsocomae F; pallidifovea F; scutellinitens F.
Heterosarus callfornlcus: compactus F
Calliopsls bernardlnus F; pugionls F.
Ferdlta (octomaculata) ensenadensts F; hirticeps luteoctncta F; scItula

antiochens/s F; (zonalis) cola). F; erlcamerlae F; foley1 F; interserta
Interserta F; lepidosparti lepIdospartI 17 : lepldospart1 novella IV;
lompocensls ZO; melanderi ZO; obtspoensts ZO; pallidiventrIs ZO:
polite F; punctlfrons F; repens ZO; rlvalls F; scottl F; slmIlls slmllIs
F; sweezyl F; zonalls bernardlna F; zonall y monticola F; zonalis zonally
F; (ventrall y )	 cole1 F; (zonall y ) ciliate.

Dufourea australis australls F; australls mexIcana F.
DIanthldlum parvum schwarzi F; pudlcum conslmlle F(47); singular. F; ulkei F.
Ashmeadlella bucconls denticulate F; cublceps olypeata F.
Herlades cressoni IV.
Anthocopa hemizonlae F.
Osmla coloradenals P: texana F; callfornlea F; grinnelll F; montana

quadriceps F; subaustralls F.
Megachlle slats F; nevadensIs F; subnlgra angelica P; parallela facunda F;

perlhIrta F; fldella F: Inimica jacumbenals F; inimica sayi F; ;magnate'
pomonae F; pugnata pugnata F.

Exomalopals chionura IV.
Dladasla enavata F.
Anthophora exigua F.
Xenoglossodes davidsoni F; pomonae F.
Svastra obltqua expurgata P; sablnensis nubila F; texana eluta F.
Melissodes rlvalls F-Cirslum; lupins F; lustra F; glenwoodensis F; &gills P;

semilupina F; blmatrls F; bicolorata F; expollta F; robustlor F; hurdi F:
pallidIsIgnata F; lutulenta P; vernalls F; velutina F; saponellus F;
apressa F; microstIcta F; paulula F; personatella F; melanura F; moorel F:
.7onfus,. F; elchenerl F.

Lasthenla
Andrena baerlae F; duboisl F; lativentrts ZO; dissimulans IV?; essigi ZO?;

hermosa IV; orthocarpl IV?; pensIlls ZO?; puthua F; submoesta F; vexabills?
Dufourea callfornIca F.

Blennosperma
Andrena blennospermatis F.

stephanomerie
Perdita hirticeps hirticeps F; Melissodes nigricauda F.
Chaenactis/Erlophyllum
MIcralictoldes altadenae F.

Layla 
Andrena sublaylae F; layiae F; lativentrts 10?; dubolsi F; esoondida 7.
Perdlta aureovittata aureovittata F; Lena. baaalicola F; laylae exoisa F;

layiae layiae P.
Dandellons/Malacothrix
Perdita vandykei IV; aureovittata aureovittata 11 ; aureovittata stenozona F;

aureovittata maderensis F.
Andrena malaoothricis F.
Dufourea ealacothricis F.

Dandelion7/Aaoseris
Andrena Diandrena) ablegata P: agoserldis F; chloroaoma F; chalybioldes P;

evoluta F; gnaphalii F; olivacea 17 ; subchalybaea P.
Legumes...0.
Anthidium stripes F; clypeodentatum 17 ; emarginatum F; mormonum F; palliventre

F: tenuiflorae F: utahense P (e. m. pp.^ & t with Phacella too)
Osmia Integra F; nigrifrons F; nigrobarbata F; oblique F; physariae F; sedula

liogastra F; luptnlcola F; latisulcata P; calla F; clarespena P; saline F:
cyanopoda IV; kincaidli F; regulina IV; aanctae-rosas F; densa densa F;
dens& pogonifera F; gabrielis F; + many potential species Z0.

Megachile conctnna IV; eelanophoea submelanophoea P.
Synhalonia -- many potential species ZO.

Melllotus 
dylaeus bisinuatus IV.

Trifollum
Andrena plans P.
Nomadopsis anthidlus anthidlua F; anthldlus lutes P; triton' IV.
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Specialists in Mediterranean California (cont.)

Lotus
Pandit& pyrifera ZO; trislgnata F.
Nomadopsis sellIpes IV.
Ancylandrena atoposoma F.
Anthldlum collectum F; pallidlclypeum F.
Osmia aglala IV+Penstemon?.
Ashmeadiella timberlakei solida F + Phacella; timberlakei timberlakei P +P.
Proteriades bunocephala F; howardi F.

Phacelia
Collates californIcus F; turglventris F; consors pascoensis IV +?.
Andrena nigra F; vlrldissima F; nigroclypeata ?.
Nomadopsls barbata IV; phacellae IV.
Conanthalictus bakeri F; macrops F: nigricans F.
Protodufourea parca F
Dufourea sullen' F: trochantera P.
Anthidium banningense F; tenulflorae F; palmarus F; collectum F; emarginatum

morsonum F; palliventre F; (c. e, m, t, & pall. on Lotus too)
Chelostoma californicum F; incisulum F; margInatua marginatum F; marginatum

incisuloldes F; minutum F; phacallae F.
Ashmeadiella micheneri ?: timberlakel timberlakei F + Lotus; timberlakei

solids F + Lotus too.
doplttis fulgida platyura emphasis only.
Proteriades mohavensis ZO.
Anthocopa phaceltarum IV +?; copelandica albomarginata - emphasis only?

Emmenanthe 
Conanthalictus semlnlger F.
Protodufourea wasbauerl F.

Penstemon
I7MEWareila austral's F.
Anthocopa anthodyta anthodyta F; elongata F; hebitls F; pycnognatha

pycnognatha F; pycnognatha solatus F; triodonta trlodonta F; triodonta
usingeri F.

Osmia -- several species perhaps IV.
Cryptantha

Andrena cryptanthae F; osmioides osmioides F; osmioldes benitonis F;
timberlakei F

Proteriades boharti ZO; jactntana F; caudex F; evansi F; incaneacens tota IV;
nanula sparse F; nanula nanula F; seminigra seminIgra F; sealnigra
yosemitensis F; semirubra F: tristis F; tricauda F; remotula F.

Camissonia
Eesperapls nitidula - emphasis only.
Andrena (Diandrena) anatolis F; apasta F: chalybaea F; cyanosoma F; eothina F;

foxii F; macswaind F: parachalybaea F; °perry/ F; (Onagandrena) blalsdelli
F; chylismiae F; convallarla convallaria F; convallaria subhyalina F;
flanders1 F; furva F; oenotherae F; oraria actidis F; oraria orarta F;
romeni F; vespertIna F.

Dufourea boregoensis F; oenotherae F; saundersi F; scintilla F +; truncata
F; timberlakei F; tularensis F.

Oenothera
Evylaeus aberrans F.

Clarkla
desperapis regular's F; Andrena bernardina F; lewisorum F: osnInigx& clarklae

F; omninigra omninigra F; Dufourea macswalnil F; Megachile gravita F;
pascoensis F; Diadasia angusticeps F; Mellssodes clarklae F; Tetralonla
venusta carinata F; Ceratina sequoiae F.

Erlagonum
Ashmeadiella rufttarsts F; altadenae ZO; Pandit& claypolei australlor F;

claypolei claypolei F; claypolei llmulata F; jucunda F: nevadensis
nevadensis IV; nodoscornia F; rhois reduota - emphasis only; rhois
rhois - emphasis only; timberlakei F; varleyt ntvetpennis F; yosemi-
tenets F.

Sida
Diadasla consociata F.

Malacothamnus 
Diadasla laticauda F: nitidifrons F.
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Specialists In Mediterranean California (cont.)

Sidelcea 
Diadasta nigrifrons F.

Eschscholzia
Hesperapis pellucid& 20; n. sp. F; Andrena haroldi 7; Nomadopsls obscurella

F: Perdita coalingensta F; interrupts vernalis F: nitena IV; quadr1-
signsta IV; distropica F; monterreyensis F; obtuse ? (d,	 m, & o on
Calochortus too); Micralictoldes ruflcaudis F; Dufourea leachi F;
Andrena coactIpostIca IV.

Platysteson/Meconella
Dufourea leachi F; Andrena angusticrus F; Aquila IV; biareola Z( buccata ZO;

stIpator F.
Ceanothus 
Andrena ceanothifloris 7; candidiformis P +7; cleodora melanodora F;

cleodora cleodora F +?; luptnl IV +7; scurra scurra IV; PanurgInus
- several species possible; Perdita michenerl IV (emphasis only).

Ranunculus 
Andrena coerulea F: suavis F; cunetlabria F; Panurginus selanocephalus IV;

nigrihirtus IV.
Nesoohila
Andrena crudeni F; subnigriceps F; torulosa F; vlridissima F; nemophilae F;

macrocephala sacrocephala F; sacrocephala tetleyt F; PanurgInus app. ZO.
PotentIlla +
Andrena melanochroa F; Nomadopsis comptula F; edeardsli F.

Euphorbia
Nomadopsis helianthl F.

Calochortus 
Perdlta californica callfornica F; calochortl F; distropIca F; macrostoma

IV; monterreyensis F; obtusa ?; tularensIs F (d & mon. on Eschacholzia
too); Nomadopals cincta hurdl F: edwardsli F(1 population only);
Dufourea dentlpes F-albus group.

Arctoataohylos
Andrena arctostaphyllae F; Tetralonla aoerba F; Emphoropels clnerarla IV;

dammersi IV.
Opontla

opuntiaa	 au4..ralls californica F;	 opuntlae F;
rinconis mimetic& F; rInconls rinconis F.

Lomatium/Sanlculet
Andrena mlcrochlora	 pallidiscopa pallidlsoopa F; palltdtscopa

trifascIata F.
Periderldla
Perdlta nevadensla culbertsonl IV,

etbes
Andrena caligInosei F; Subsaura F; n. app. F.

Mimulus 
Nomadopsls trifolli IV + (TrIfollum): Dufourea pectInipea 	 versatills

versatilis IV; versatills rubriventris F.

Linanthus/GIlla 
Andrena levlpes F +7; Perdita propinqua IV; Dufourea brevtoornis

callentensIs F; gills F; linanthi F; tuolumne F; vanduzel F; Hesperapis

	

ruflpes F; MIcralIctoides n. sp. F; Dufourea femorata	 pectinipea
ZO?; versatIlls versatills IV?;

Eriastrum/Navarretia
Perdlta rlchardsi ZO: blalsdelli ZO; leucosticta F; navarretiae powelll

IV; navarretlae angusticeps IV; navarretiae navarretlae F; pelargoldes
F: davidsoni ZO; eriastrl ertastrt F; eriaatri fusclventris F.

Cucurbita
Peponapis pruinosa angelica F; Xenoglossa strenua F; angustIor F.

ZIgmdenus 
Andrena astragall F.

Sallz
-/HaYena albihIrta ?; perarmata 7; rhodotricha 7; thaspliformis 7;

annectens F; bucculenta F; ooncInnula F; glbberis IV; nevadenats F;
cressonl Infasciata 7; huardi 7; opacella 7; Ishii F; subaustralis
P; setipunctata F; Perdlta salicis occident/ills 1'; salicis
personata F; salicis tristis F; Collates zerophilus olsmontanus F.

Adenostoma
Hesper&pls illcifollae F; Perdita fieldl F; rhols reducta F - emphasis

only: rhols rhols F - emphasis only.
Salvia/Lapechina/Trichostema
Ashmeadiella salviae F.
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Specialists in Mediterranean California (cont.)
Lepidium
Andrena lepIdll IV.

Monardella
Nomadopsls timberlakel F; zonalls sierrae F; zonalls zonalls F.

Amsinckia
retralonla amsincklae F.

Calystegla
Diadasia bituberculata F.

Limnanthes
Andrena Ilmnanthls F; Panurginus occidental's F.

Hellotroolum
Perdita heliotropil perducta F; Nomadopsls hesperia equine; F; hesperia

hesperia F; Anthophora flavocincta IV.
Arenarla

Andrena subapesta IV.
Briodletyon
Chelostoma cockerelli F; Nomadoosis llnsleyl F; fracta F; HoplItls tole' F.Gayophytum
aufourea devidsonl F; spilura F; subdavidsonl F.

Specialists in southwestern Deserts
Compost tae
Collates compactus compactus F; compactus hesperius F; annae annae F;

annae disseptus F; rufocInctus F; laticinctus F; gypslcolens P;tectIventrls IV.
Hesperapis fulvipes F - Geraea; arenicola P - Geraea; 2 n. spp. F - Geraea;

2 n. spp IV.
Andrena (Callandrena) isocomae F; balsamorhizae F; monticola F; accepts F;allclarum F - PectIs: perpuncta P - Heterotheca; helianthi F; ofella IV;aurlpes ZO; vulplcolor F - Chrysothamnus; trimaculata IV: tegularls IV;

pecosana F; ardls F; barber' 20; calvata F; neomezIcana IV; pectldls
F - Pettis: simulata 14; sonorensis P - GutierrezilE

Calliope's deserticole F; pectldis	 coloratipes F; tlmberlakel F; cryptaF: rozen1 F; once F;
Protandrena pectidls F; verbesinae
Pseudopanurgus fraterculus tlmberlakel F; fraterculus fraterculus F;aethlops F; perpunctatua F; dIcksonlIV; pectidellus F; cazleri ZO;

verticalis ZO;
Perdlta (ventralls) snelllugi F; austini F; brevlhirta F; semicrocea F;

(martini) amlcula 20?; (s1dae) ovalIceps 20; (Cockerellia) alblh/rta
alblhIrta F - Geraea; albihIrta gsreae F - Geraea; luculenta 20:
coreopsIdls collar's F - Gaillardia; albipennis oasonls IV;.beata
beats F; Incana 20: lepachldls lepachldls F; perpulchra F: verbesinee
verbesinaa F - sunflowers; utahensls F - Pectis; (Xeromacrotera)cephalotes IV; (Pentaperdtta) albovittata F; idahoenals F: mandibularls
F - Geraea/Chaanactis: melanochlora F; amoena 20: chrysophlla P:megapyga F; (Hezaperdlta) bebblae - F Bebbla; callicerata F - Balleya;
heterothecae heterothecae F - Heterotheca; aster's F: heterothecae
trizonata F; compacts IV; ignota ignota F; zanthisma F; foveatapersImIlls IV; cambarella platyura F; (zeniths) ample P; fraterna F;Irregularls F - Chrysothamnus: baccharldls F - Baccharis; basinicola
20; chrysothamnl F: dicksoni F; ericamerlae F; interserte. F;
isocomae F; lepldosparti lepldospwerti F; nigrocInct& 20; palleseens
F; zonalls zonalls P; taeniata F; townsendl F; placlda 20; primula
20; proxima F; scoria 20; scottl P - Chrysothamnus; sim ple simills
F; sweezyl F - Erigeron; (octomaculata) abdomlnalls F - Pectls:
elegans F - Palafozia; apacheorum F; butler' F - Pectls; affInIsP: flavIfrons F; hall' 20; Indioensis F - Haplopappus; media F;mimula F - HaPloPaPpue;_aalanostoma alboctncta F; aplopappi F;croceipes F - Gutterreza; fallax F; gutlerrez1ae F; apart& F -
Gutierrezla; biparticeps F; daly1 F - Haplopappus; laslogastra P -
Pectis: maculipem F - Haplopappus; mesIllensIs F; plucheae F;
retusa F; scltula scitula F; trlftda P: trAmaculata F; winthodes F;
nude F; pellucid& F - Haplopappus; phymatae F - GutlerrezIa;
reperta F - Chrysothamnus; sedulosa P - Baccharls; sejuncta F -
Gutierrazla;	 F; translineata F; (subfasciata) subfasclata F;

Micralictoldes arizonensis F - Chaenactis;
DufOUrea australls australis F; dammersi F; oryz F;
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Compositae (cont.)
deteranthidium autumnale ZO?;
Paranthldium jugatorium jugatorium F - sunflowers; jugatorium butlerl

F - sunflowers;
Dianttadium curvatum say' P; desertorum ZO: heterulkel heterulkel F;

heterulkel fraternum F+?; implicatum IV?; parvum parvum F: platyurum
mohavense F; platyurum platyurum F; ulkei ulkei F; ulkel perterritum
P; ourvatum zerophilum F;

Eerlades texana ZO +?; crucifer& ZO +?;
Anthocopa atritica F; vIgulerae F;
Ashmeadiella bucconls denticulsaa F; cubiceps clypeata F; difugita

emarginats F;
Megachile alata F; subnigra angelica F - Chaenactis; townsendiana ZO:

inimica ssyi F; mellitarsis F: policarls F; subfortis ZO?; frugalis
frugalis - emphasis only ; frugalis pseudofrugalls - emphasis only;
soledadenals IV?; parallels facunda F; roast F; sabinensis F;
manlfesta F; mohavensis IV?: subparallela F; fidells P;

Exomalopsis solidaginis IV; gutierreziae IV?; compactula IV?;
Diadasia enavata F - Hellanthus;
Syntrichalonla exquIsita F - Helianthus;
Anthophora exlgua F - Chrysothamnus: maculifrons F - Chrysothamnus;

petrophila F: curt& F - emphasis only:
Svastra hellanthelll F; obliqua expurgata F; pallidlor F; texana texana

tezana elute F: machaerantherae F; petulca suffusca F (all pre-
ceding species emphasize Hellanthus); sabinensis nubila F;
sabinensis laterufa IV; sabinensia sabinensis F: slla F;

Melissodes relucens F - Haplopappus/Chrysothaanns; agilis F - Hellanthus;
Fasciatella F - Naplopappus: limbus F; montana F - Helianthus+;
subagilts F - Grindelia; coreopsls F - Hellanthus/Aster/Solidago;
exills F: humilior F - Aster/Oolidago/Haplopappes; pallidisignata F;
rivalis P - Cirsinm; submenuacha F - dellanthus+1 pluaosa F -
Helianthus; menuachns F - Solidago/Grindelia: oohraea P - Haplopappus/
Chrysot ■,manus: cerusAata F; expolita F; lutulenta F; utahensis F;
brevIp.y6A r - ,,Lap.LopApus/Chrysotaamnus; 	 F - ,:..clgezon+;
appressa - dellanthus/Crindelia+; velutina F; personatella F:
verbesinarum IV;

Stephanomeria
Perdlta albonotata F; hirticeps aplcata P; stephanomeriae F.

Pyrrhopappue
Andrena tonkaworum ZO/I.Engelmarmial
Encelia
Anthocopa enceliae enceliae F: encellae mortua F.

Malacothrix 
Andrena agoserldls F+; ollvacea F: malacothricidis F: Dufourea malaco-

thriols P; Nomadopsis puellae F; Perdlta dammersi F; malacothricla
malacothricis F; malacothrlcis unica F.

Legumes
Anthidium stripes F; clypeodentatum IV; dammersi IV; palliventre F +

Phacelia; emarginatum F + Phacelia; utahense IV - emphasis only;
Ashmeadiella cazleri F; Anthocopa nitidivitta F; robustula F - Dales;
segregata ZO; timberlakei IV; Osmia tItusi F; liogastra F;
latisulcata F; clarescens F; Chelostomotdes chilopsidis P; browni IV;
lobatifrons F; occidentalis F (b. c. 1 & o emphasis tree legumes);
subexilis P.

Lotus
Anthidlum pallldiclypeum IV: Ancylandrena atoposoma F; Ashmeadiella

aridula aridula - emphasis only.
A stragalus?
Anthophora porterae IV?; Nomadopsts zebrata IV?

Petalostemon
Collates gilensis ZO; Perdlta perpallida IV.

Dalea 
Collates petalostemonls IV; Hesperapis leucura F; n. sp. F; Nomadopsis

melllotl IV?; Ancylandrena koelbelei F; Perdlta amplipennis IV;
hirsuta F; chlorls F; eremica IV - emphasis only?; erythropyga F;
paroeelae F; Heteranthidlum bequaerti F; Ashmeadiella inyoensts F;
erema IV; eurynorhyncha IV; cazieri IV +?; rhodognatha F; zenomastaz
F; Hoplitis elongaticeps ZO: paroselae IV; Anthophora hololeuca F:
Anthocopa daleae F; hypostomalis F; hurdiana F; rubrella rubrella ZO;
rnbrella rubrior	 rubrella macswaini P.
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Phacelia
Collates callfornicus F; turgiventris F; Andrena nigra F; P alPalls F:

NomadopsIs phacellae IV; Perdita cusp:data F + Name; dentata IV;
eremophila IV; nlgrella IV; Conanthalictus baker' F; caerulescens F;
cockerelli F; macrops F; alnor F; wllmattae F; Michenerula beamed F:
Protodufourea n. spp. F; Dufourea mulled F; trochantera F; Anthidlum
palliventre F + Lotus; palmarum F; emarginatum F + Lotus; Chelostoma
marginatum marginatum F; Proteriades buIllfacies P; mohavensls /V +
Hama; Anthocopa beamerl F + Nama; rupestrls F; copelandlca arefacta F.

Mentzella/EUcnIde
desperapls laticeps F + Euenide; Megandrena mentzeliae F; Perdita atrata F;

adustiventris F + Eucnide; blcuspidariae F (involucrata only);
koelbelel concInna P (lnvolucrata only); koelbelel koelbelel F (involu-
crata only)(+ Euonide): mentzellae F; mentzellarum F; vIrldlnotata ZO?;
perplexa F; n'grldia P: punctlfera F; falcata F; Conanthalictus
mentzellae F; Xeraltctus timberlakel F; blcuspidariae F; n. sp. P (all
3 involucrata only): Ashmeadlella leachi F.

Petalonyx
Perdita exills F; crandalli F.
Eriogonum
Perdita clypeata clypeata F; clypeata Immaculate F; dlstans F; jucunda F;

labrata P; lucens F; nasuta nasuta F; nasuta galacticoptera F; nasuta
obscurescens F; pectoralls IV; semilutea F; thermophlla thermophila F;
thermophila trilobata F; tImberlakel F; varleyi varleyi F; xerophila
fuscicornis F; xerophila xerophila F;

Larrea
Collates clypeonitens F; covtlleae F; larreae F; salteola F; stepheni F;

Megandrena enceliae F +?; Hesperapis arida F; larreae F; Nomadopsis
foleyi F; larreae F; Ancylandrena larreae F; Perdita covllleae F;
flavipes IV; larreae F; punctulata IV; semlcaerulea F; lateralls
lateralis P - emphasis only; marcialis F - emphasis only; Hoplitls
biscutellae F; Neteranthidium larreae F; Emphoropels pallida P.

Penstemon
Anthocopa abjecta abjecta IV; anthodyta anthodyta F; arIzonensIs ZO?;

elongate F; panamlntensis ZO; pycnognatha pycnognatha F; trtodonta
triodonta F.

Slda
Exomalopsis sldae IV; Dladasia consoclata IV; afflictula ZO.

Sphaeralcea 
Hesperapls n. sp. F; Protandrena sphaeralceae IV?; Andrena sphaeralceae F;

CalliopsIs rhodophlla IV?; Collates sphaeralceae 	 Hypomacrotera
subalpinus subalpinus F; subalpinus andradensls P; Dufourea vandykei f;
Perdita arcuata dinognatha 17 ; brldwelll F; latter F; portal's F;
sphaeralceae sphaeralceae	 sphaeralceae alticola 17 ; magnIcepa IV;
haplura IV; letralonla albescens 20?; mohavensls ZO?; Dladasia lutz/
F; diminuta F; martial's F; sphaeralcearum sphaeralcearum F;
sphaeralcearum affints F; tubercullfrons F; valllcola F; megamorpha F;
ollvacea F+; palmarum F+.

ALE222E2
Perdita argemonls P; Andrena argemonls - emphasis only.

Eschscholzla
Nonadopsis obscurella F; Perdita inflexa F; interrupta Interrupts F:

mohavens's F; mucronata F; robustella P; duplonotata F; mohavensls
plmana ZO?

Abronia
Anthophora abronlae F.

Salvia
Ashmeadiella malaise P; Perdita salvia. IV.

Cryptantha 
Andrena cryptanthae F; Proterlades basIngerl F; bldenticulata F;

cryptanthae F; deserticola F; hamulicornIs F; incanescens Incanescens
IV; incanescens nevadensis IV; nanula nanula F; nlgrella attonita F;
nigrella nigrella P; pygmaea F; reducta F; simills F: palmarum F;
xerophila F.

CamIssonla
Andrena (Diandrena) sperryl F: (Onagandrena) boronensis F; chylisalae F;

convallaria convallarla F; convallaria subhyallna F; deserticola 1';
flandersi F; anograe F; mojavensis F; oenotherae F; rozeni F; rubro-
tincta IV; vespertina F; Dufourea boregoensis F; nudicornis F + Oeno-
thera; latlfrons F; scintilla F+.
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Oenothera
Hesperapts wilmattas - emphasis only; Andrena linsleyt F; Perdita pallida

F; bequaerttana F: Evylaeus aberrans F; Sphecodogastra noctivaga F;
Anthedonla nevadensis F; compta P; Tetralonia venusta venusta F;
Anthophora affabills F; aterrima F.

Nama
Conanthalictus deserticola P; minor F + Phacelia; namatophilus F;

rufiventris F; conanthi F; cotullensis F; Spheoodosoma dicksoni F;
pratti F; Protodufourea n. sp. F + Phacelia; Proteriades mojavensis
F + Phacelia; Anth000pa rupestris F; beameri F (both + Phacelia);
Perdita cuspidata F + Phacelia; namatophila F.

Ildestromia
Protandrena tidestromiae 207; Nomadopsis callosa ZO; Ezomalopsis

rufiventrla F; Perdita cladothricis F; drymariae ZO?
Verbena
Calliope's verbenas F; hirsutlfrons F.

Acacia
Collates platyonema IV; Eulonchopria punctatiesima F.

Ipomopsis
Perdita giliaa F.

Menodora
Simanthedon lInsley1 F.

Zuphorbia
Calliope's squamifera F; anomoptera F; rogerl P; limbus F; gilva F; fulgida

F; Nomadopsis n'gromaculata F; Protandrena euphorbiae ZO?; Pterosarus
nanulus IV; Ezomalopsis euphorbiae F; Perdita euphorbiae F; mellea F;
minima F: polycarpae F; hellanthi F; biguttata F; cochiseana IV;
crassula ZO; crotonls crotonis F + Croton; nanula F; obscurella F;

1122221a
Collates algarobiae F; deserticola IV?; perileucus ZO?; prosopidis F;

Hylaeus sejunctus IV?; Perdita ashmeadi simulans F; ashmeadi viereckl
F; diffictlls F; liscors ZO; ezolamans F; genalls genalis F + Acacia;
gen?lls panamintensis F; inno*.+‘,F;	 luclae F; luctae decors ?!
nuaerata numerals + 6allk; usaarata hesperia F; nigricorets F;
pallidipes F; prosopidis F; punctosignata punctosignata F; punoto-
signata flava F; punctosignata sulphurs& F; almosae F + Mimosa;
sonorensis F; stathamae stathamae F; stathaaae sluts IV; triangulifera
F; Ashmeadlella prosopidis IV?; Megachlle newberryae F + Acacia;
Chelostomoldes odontoatoma F + Acacia; brown' IV + Acacia.

Coldenia
Perdita aranaria F Hellotroplum; bellula F; coldenlae F; frontalis P;

maculosa F; optiva F; rhodogastra F + Hellotropium; scutellaris F;
sezfasciata F; wasbaueri F; triraselata 20?; vesca 207: diversa ?;
Conanthalictus n. sp. F.

Calochortus 
Nomadopsis cincta cincta F; Perdita bilobata F; bispinata P; calochorti

F; californica inopina F; leucozona F: arizonlca F; dlgressa IV?
Arctostaphylos
Andrena cristate F; Emphoropsis clnerarla IV.
Cactaceae
Perdita carinata IV; tezana tezana F; tezana ablusa 17 ; Lithurgus apicalls

apicalls F; apicalls opunttas F; arizonensis ZO?; s000rroensis EO?:
Melissodes opuntiella IV?; paucipuncta F; Ezomalopsis caret ZO?;
Diadasia australls australls F; australls californlca F; opuntiae F;
pierce' 207; rinconis rinconls F.

Echinocactus 
Dufourea echlnocacti F; Lithurgus echinocacti F : Idioselissodes duplocincta
Cucurbita
Peponapis prutnosa F; timberlakel F; craseldentata F; mlchelbacherorua

F; utahensis F; Xenoglossa strenua F; kansensis P; angusttor
patricla F; gabbll F.

Hellotropium
Perdita hellotropli neliotropil F.
Proboscides
Perdita hurdi F.
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Salix
Colletes zerophilus zerophilus F; xerophilus sonoranus F; Andrena

eressonl infasctata IV; papagorum IV: concinnula F; Perdita salicis
hirsutior F; salicis imperialis F; salicis laeta F; maculigera
maculigera F + Prosopis.

Croton
Perdita crotonis leucoptera F; cucullata F; titusi F; crotonis F:

undecimalis F.
Caoparidaceae 
Anthophora cockerelli IV; Centric californica IV; Perdita wilmattae

stanlayae F.
Cleome +
Perdita vittata tricolor F Wislizenia; zebrata flavens F; zebrata

zebrata F; cleomellae F; thelypodil F; wislizeniae P (WislIzenla):
Szomalopsis eriogoni 20?; Nomadopsis scitula lawae F; macswainl IV
- 41slizenia.

Descurainia
Andrena piper]. F.
Lepidium
andrena lepidli F; Perdita torttfollae tortifoliae F; tortifoliae

fremontii F; confusa F; geminata IV; greggiaa F; Nomadopais
australior F.

Lesquerella
Andrena prima F; mohavensis 207; capricornis F; jessicas F; mesillae

orimulifrons F; alamonis F; Dufourea pulchricornis F; Perdita trinotata
Lycium
Anthophora phenaz IV?: perdita lycli F: Anthophora coptognatha IV?.
Erlastrum
desperapis n. sp. F; Perdita compte IV; erlastri fusciventris F;

richardet 20.
Physalls/Chamaesaracha
Hypomacrotera callops callops F; callops persimilis F; Perdita binotata

ZO; physalidis F; rozeni 20; tents F; munita F; chamaesarachae F;
sezmaculata IV +?; Colletes scopiventer F; chamaesarachae IV.

APISMS1
Ancyloscelis sejunctus F.
Cercidium
Colletes oercidli 20?; Chelostomoides discorhina F ( +7); Ashmeadiella

clypeodentata clypeodentata - emphasis only.
Dasylirion/Nolina
Perdita dasylirli - emphasis only; rehnl - emphasis only.

Specialists In Great Basin

Compositaa
Colletes compactus hespertue F; gypsicolens P; laticinctus F; rufocinctus

F; simulans simulans F:
Andrena (Callandrena) ardis F: pecosana F; helianthi F - Hellanthus:

simulate IV; utahensis IV; vulptcolor F - Chrysothamnus; (Cnemid-
andrena) nubecula F; collettna F; ramaleyi F; chromotricha F;
zanthigera F; costillensis F; canadensts F: sulcata F; bendensis F;

Calliopsis chlorops F; coloratipas F; timberlakel F;
Perdita (Cockerellia) albipennis F-Hellanthus; hilaris F; (subfasciata)

subfasciata F; (Heraperdita) ignota ignota F; (Xeromacrotera)
cephalotes 20; (ventralls) brevihirta F; semlorocea F; (zonalls)
aemula aemula F; adjuncts F-Chrysothamnus; zonalls aequalls F-
Chrysothamnus; aemula quadrifasciata F-Chrysothamnus: aregonensis
oregonensis F; lepidosparti lepidosparti F; confinis 20; affect* ZO;
fraterna F; townsendi F; albopicta F; dubia partlis F; featl y* 20;
vestita F; haigi 20; munda ZO; similis similis F; similis pascosnsis
IV; subvestita Fl.toschiae 	 stottlerl stottlerl Ft (ootomaculata)
affinis F; aplopappt F; aridella F: electa F; hirticeps candidipennis
F; idonea F; knowItoni F; nude F; percincta F: reperta F; PhYmatas F;
rectangulata F; rhodura F: sejuncta F: snowli P; gutierreziae F;
imbellis 7: luteola F; mesillansis F.

Dufourea marginata halictella F; oryr F.
Ashmeadiella bucconis denticulate F.
Osmia texana F; coloradensis F: caliBrnica F; grinnelli F; montane

montane F; subaustralls F.	 (cont. over)
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ComposItae (cont.)
Megachlle agustIn1 F-Hellanthus; manifests F: nevadensIs IV?:

parallels facunda ?; asterae 207; nebraskana IV?; perlhIrta F.
Dlanthldlum curvatum sari F +?; heterulkel heterulkeL +?: parvum

parvum F: cressonl ZO?; sIngulare F: subparvum F: ulkel ulkel F.
Anthophora ezIgua F; macullfrons F (both Haplopappus/Chrysothamnus).
Svastra oblIqua ezpurgata F.
Mellssodes rIvalls F-CIrslum; lupin F; plumosa F-Hellanthus: metenua

IV; coreopeldls F; snowl F: coloradensle F-Hellanthus;	 lustre F-
Haplopappue/Chrysothamnue: &gins F-Hellanthus: blmatrls F-Chryso-
thamnus: menuachus F-Sollaiago/GrAndella: seetlupina 	 blcolorata
F—L•hrysothamnus: perpollta F; confusa F: robustlor F-Helianthus:
pallIdIsIgnata ?-daplopappus/Chrysothamnus; rustle& F; grIndellae
F; hymenorldls F: subagllls F-GrIndella; brevIpyga F-Haplopappus/
Chryeothamnus; lutulenta ?; utahensls F; vernalls F; saponellus F;
monoensla F-Chrytothamnus: microstIcta F.

Nothocalals 
Andrena nothocalaldls F.

MalacothrIz
Nomadopsls puellae F.

AsclaltLIAndrena ablegata F; evoluta F.
Stephanomerla
Perdita albonotata F.

Fenstemon
Anthocopa abjecta abjecta IV; abjecta alta F; anthodyta anthodyta F;

elongata F; pycnognatha pycnognatha F; trlodonta trIodonta F; Osmla
penstemonle F; spp. IV; Ashmeadlella australls F.

Fhacella
Chelostoma phacellae 2; Dufourea trochantera F.

Legumes
Nomadopsls zebrata bobbae IV?; Tetralonla chrysophlla IV; spp. IV;

Osmla Integra F: physarlae IV?; sedula F; clareecens F; gaudlosa IV?;
kIncal.:11 ri dcnsa dens ?; app. IV; Megachlle rchwerl	 :V; Ar.;;Lophora
porterae IV?; Anthldlum mormonum F +Phacella; stripes F; elYPeo

-dentatum F.
Trlfollum
Nomadopsls fIllorum ZO?; anthldlus lutea F.

Sallz
Perdita Ballots monoensle F; subtrIstls F; 'allele euzantha IV; salIcls

sublaeta IV; Andrena erythrogaster F; subaustralls F; 1111nolensls F;
labergel F; salletarla F; habit F: marlae F; sIgmundi F; strlatlfrons
F; wellesleyaea F: gIbberls IV; andrenoldes F.

Croton
Perdita crotonls caerulea F; crotonls juabensis F; crotonls dlluclda F.

Gayophytua
Dufourea scabrlcornie F.

Sphaeralcea
Perdita beatula F; Lattor F; zanthochroa F; Oladasla lutzl F; ollvacea

F +: nItIdIfrons F; Calllopsle rhodophlla IV?; Colletes sphaeralceae
F; Heeperapls sphaeralceee IV; Protandrena sphaeralceae ?

CamIssonla
Dufourea orovata F; Andrena nevadae F.

Oenothera
Andrena anograe knowltonl F; thorpl F; raven] F; chyllsmae F; rozenl F;

Tetralonla epeclosa IV?; Anthophora affablIls F; Megachlle umatIllensIs
F; anograe IV?; Anthedonla nevadensls F; Sphecodogastra noctivaga F;
Evylaaus aberrana F.

Mentzelta
Andrena mentzellae F; Perdita holozantha IV; lunulata F; albata F;

Conanthalictus mentzellae F.
Fx1ozonAll

Perdita zerophila dlecrepana F; pectoralis ZO?; gentllls F; jucunda F.
Petalostemon/Amorpha
Colletes gIlensIs ZO; petaloetemords IV; robertsonll F; albesc ans IV.

ALEtSeat	 WIslIzenla
Andrena argemonls - emphasis only .	 Perdita vittata conflnis F.

Cleome/Cleomella
Perdlta depresea F; zebrata zebrata F; Nomadopsls scltula F; personata F.
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Stanleya
Perdlta wtlmattae wllmattae F; wilmattae miricornls F; Andrena hallil IV.Lepidium
Perdlta florissantella F; Nomadopsls australlor F.

Ceanothus 
Andrena cleodora F; candidlformls F (+7).

Calochortus 
Perdlta sculleni sculleni 7; sculleni segona 7; Nomadopsts clnota clneta F.Arc tostaphylos
Andrena obscuripostica F; cristata F.

Lomattum
Andrena microchlora F.

Cryptantha
Froteriades remotula F; Incanescens incanescens F; Andrena chapmanae F.

Crucifers 
Perdita cruciferarum F; Andrena plperi F; scurra F.

CucurbIta
Peponapis prulnosa F; utahensls F; Xenoglossa strenua F.

rhelynodium
Andrena winnemuccana IV?

Potentilla 
Nomadopsis edwards11. F.

Specialists In Montane Western U.S.A.

Compositae
Collates fulgidus F; laticinctus F; compactus compactus F; rufocl.nctus F;

slmulans simulans F: lutzt monticola F;
aesperapis dispar F; carinata rodecki F;
Protandrena pectldis F;
Fseudopanurgis fraterculus tlmberlakel F;
Calllopsis chiorops F; coloratlpes F;
Perdita cillata IV; (Hezaperdlta) ignota ignota F: (zonalis) dubla dubla

F: dubla parilis F; stottlert stottleri F; oregonensts ezpleta
rivalis 2-Erlgeron; sweezyi F-Erigeron; (octomaculata) fallaz F;
snowil F; solidaglnis F; afflnls F; aperta ?; aplopappl F; luteola
F; gutterreziae F; melanostoma F: phymatae F; rhodura F;

Andrena (Callandrena) accepta P; calvata F; hellanthl F; neomezicana IV;
ofella F; pecosana F; simulata IV; sonorensis F; vulpicolor F;
(Stenandrens) pallidifavea IV; (Cnemidandrena) columblana F; surda F;
scutellinitens F; nubecula F; apacheorum IV; colletina F; sulcata F;
hirticincta F; costillensls F; canadensis 12 ; bocensis F: robervalensis
IV (all Cnemidandrena emphasis Aster/Solidag0).

Dufourea marginata marginata F; marglnata halictella F (both Hellanthus+):
Ashmeadiella bucconis denticulata
Heriades cressonl IV;
Dianthidium curvatum sayl F; ulkei ulket F;
0amia tezana P; coloradensis F; californica F; margInipennis F; montana

montane F; montana quadriceps F; subaustralls F;
Megachlle agusttni F; wheelerl F: parallels facunda F; perlhirta F;

fidells F; frugalls frugalis F; inielea sayl F; mellitarsis
pugnata pugnata F; pugnata pomonae F; subnlgra angelica F; frugails
pseudofrugalls F;

Anthophora curta 2 (+7);
Svastra oblique ezpurgata F;
Melissodes rlvalls F-Cirsium; lupin F; composita F; glenwoodensis F;

coloradensis F-Hellanthus: agtlls F-Hellanthus; perlusa F-Hellanthus;
montana F-dellanthus: confusa F; pallidisignata F-Haplopappus/
Chrysothaanus; grindellae F; subagilla F-Grindella; lutulenta F;
mlcrosticta F; lustra F; blmatris F-Chrysothamnus; robustlor F-
Hellanthus_; pullatella F; wheeleri F; rustles Pi snowl F;

Fhacella
Dufourea trochantera F; Proteriades laevtbullata 207; plaglostoma Z07:

rufina 107; Chelostoma phaceliae F; mlnutum	 Anthocopa copelandica
albomarginata F; copelandica copelandica F.

Polemonlum
Andrena ribblel 10?; segregans F.

4Igadenus 
.Andrena astragal]. 2.
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Specialists in Montane Western U.S.A.

Fraaeria	 Henchera
Andrena melanochroa F.	 Colletes aestIvalls F.
Prunus/Pyrus	 Hibes
Andrena miserabilis F (+?).	 Andrena (Dactylandrena) spp. F.
Cornus	 Stanley& 
Andrena persimulata IV; flocculosa ZO? 	 Andrena hallil IV.
Campanula
Dufourea campanulae F; maura F; dilatipes F.

SymphoricarPos 
Dufourea holocyanea F.

PotentIlla
Colletes nigrifrons F; Andrena birtwelli F: Nomadopsis edwardsli F;

Dufourea flmbriata fimbrIata F; flmbriata sierras F; Panurginus
bakeri F; cressonlellus F.

Calochortus 
PerdIta sculleni segona ZO?; leucostoma IV?; pulliventris ZO?;

tularensis F; Dufourea calochorti F; dentipea F.
Mertensia
Colletes paniscus paniscus F; paniscus scullenl F; consors consors F(4.7);

consors pascoensis F (+?).
Petalostemon
Colletes glIensls ZO; petalostemonls IV; robertsonil IV.

Steironema 
Macropis nuda F; steironematis apses IV.

Arctostaphylos 
Andrena cristata F; obscuripostica F; arctostaphyllae F; Emphoropsis

cineraria IV; Tetralonia aaarba F.
Gayophytum
Dufourea scabricornis F; spllura F; subdavIdsonl F.

Legumes
Andrena luptnorua F; Tetralonia aragalli IV; spp. IV; Nomadopsis zebrata

IV?; Megachile melanophoea calogaster F; melanophoea melanophoea F;
melanophoea submelanophoea F; melanophoea wootoni/rohweri IV; Osata
_rItegr8 F;	 F; ntfoata F; niari r --r/ F. physwriae /V?;
sedula F: trIfollama F; gaudlosa IV?; kincaldli F; =2Una F; denser F;
calcarata F; nigrobarbata 11 ; obllqua F; calla F; cyanopoda IV?;
regulina IV?; gabriells IV?; app. IV.

Salim
Andrena semipunctata F; strlatifrons F; sigmundi F; salicifloris F;

marias F; subaustralls F; erythrogaster F; nevadensts F; wellesleyana
F; andrenoides F; conclnnula F: trixonata F; labergel F; nigras F;
salictaria 11 ; illinolensis F; Perdita maculigera maculigera F;
numerata numerata F: saltcia coloradensis F; Ballots subtristis F;
wernerl ZO?

MImulus 
Dufourea versatilis rubrIventris F.

Ceanothus 
Andrena cleodora F; macklae F; scurra F; candldiformis F.

Ranunculus 
Andrena suavls F; caerulea F; cunellabris F.
Penstemon
Ashmeadiella australts F; Osmia penstemonis F; spp. IV; Anthocopa

triodonta shastensls F; triodonta triodonta F; oregona ZO; hebitls F;
abject& abjecta IV; abjeota alta F; elongata F; anthodyta anthodyta F.

Clarkla
Melissodes olarkiae F; Cerattna sequolae F; Diadasia angusticeps F;

Megachile gravita F; pascoensis F; Andrena lewisornm F.
Trifollum
Andrena plena F; Dufourea afasciata F; spinifera F; Nomadopsls trifolll

IV (011mulus); anthldius anthldlus F; micheneri F.
Lommtlua/Sanioula
Andrena microchlora F.
Agoserte
Andrena chalybtoides F.
Sidaleea
Diadasla nigrifrons F.

Crucifers 
Andrena scurra P.

Hydrophyllum
Andrena geranil F.
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Compositae 
Collates compactus P; slmulans F-Solldago/Aster/Bidens: rufocinctus

F-Solidago/Aster/Heterotheca; birkaann1 ZO?; laticinctus F-Pectis/
Gutierrezia; americanus F-Aster/SolIdago; mandlbularis ZO?; lutzi
IV?:

Andrena(Callandrena) accepts F-HelIanthus: allciae F-HelIanthus;
melliventris F-GaIllardia; rudbecklae F-Rudbeckia/datihida;
helianthi F-dellanthus; helianthiformis F-Echinacea; Irrasus
F-Amphlachrys; beamerl IV; simplex F-Solldago: asteris F-Aster;
bullata F-Heterotheca; HaynesI F-Hel1anthus; gardtneri F-Seneoto;
ardis F; berkeleyi Z0?; biscutellata ZO; tonkaworum - Engelmannia F.

Calliope's coloradensis F-Solldago/Hidens;
Pseudopanurgus aethlops F-dellanthus; albitarsis F-Helianthus; rugosus

F-Hellanthus;
rFterosarus labroslfrons dlstractus F; nebraskensls nebraskensis F;

composItarum ?; Innuptus 2-dellanthus;
Perdita (Cockerellla) shiners]. 2; purpuraecens F-Gaillardia: perpulchra

flavIdlor F; perpulchra punctatIssIma F-Heterotheca: lacteipennis
lacteipennis F; lepachidis lepachldis F-Galllardla; lepachld1s
pallIdipennIs P; lepachldis canadensis F; coreopsidls kansensts F;
(dezaperdIta) pratti F-Hellanthus/Heterotheca; cambarella
cambarella ?-Heterotheca; cambarella platyura F-Heterotheca;
zanthlsmae F; fedorensis ZO; bishoppl planorum F-Heterotheca;
ignota crawfordl F-Heterotheca; ignota ignota F-Heterotheca;
foveata foveata ZO; foveata brachycephala P; alezl F-dellanthus/
Heterotheca; (zonalis) stottleri F; (Pygoperdlta) nebraskens1s ZO:
(?) albipennls F-Hellanthua; (octomaculata) luteola F; rnodura F-
Haplopappus; gutierrezIae F-Gutierrez1a/Haplopappus; laticincta F-
Haplopappus; melanostoma F-GutlerrezIa; lasiogastra P-Pectis;
microsticta Z0; brunerl F-Solldago/GrIndelia: swank]. F-Solldago/
Grindelia; prionopeldls F; trldentata F-Hellanthus; fallax F-
Ballanthus; dolichocephala F-Helianthus; octomaculata termlnata F-
Solidago/Aster; atrtventrts F-Heterotheca;

Dufourea marginate F; oryx F (both delianthus);
NOMia heteropoda kirbIl F-Uelianthus:
Paranthidium Jugatorium jugatorlum F; Jugatorium perpIctum F (both

Hellanthus);
Dianthidium curvatum sayi F; curvatum curvatum F; ulkel ulkel F;
Ashmeadialla bucconis bucconls F;
Osmia subaustralis F; texana 1';
MegachIle townsendlana F; fortis F; parallela F; pugnata pugnata F;

fldelis P; policaris F; tnhmlca say]. F; perihirta F; frugalls F;
nebraskana P; manlfesta F; nevadensis F; wheeleri F;

DIadasIa enavata F-Hellanthus:
Svastra oblique obligua F; petulca F-Helianthus; brevicornis F-

Helianthus; comanche IV?;
MelIssodes trInodls F-Helianthus; vernonlae F-Vernonla; wheelerl F-

Hellanthus; elegans F; snow]. F; grindellae F; subagills F-Gr1ndelia;
agilis F-Helianthus; bldentis F-dellanthus/Hudbeckla: boltonlae F;
coreopsidla F; denticulata F-Vernonia; fumosa F-Solldago; Illata P;
menuachus F-Grialdelia/SolIdago: rustics F-Aster/Solldago; desponsa
F-C1rsium; coloradensis F-Helianthus; tucker]. F-Aster/Heterotheca;
dentiventris F; perlusa P; nIvea F; confusa F; palltdlsignata
F-Haplopappus/Chrysothamnus; gelid& F-Hellanthus; microsticta F;

Legumes
Chelostomoldes subezIlIs F; Megachile melanophoea melanophoea F; Osmla

dakotensts IV?; spp. IV; Anthidlum aaculifrons IV (emphasis?);
psoraleae IV (emphasis?); atrlventre astragal]. IV (emphasis?);
Tetralonla belfragel IV?: 111Inoiensis IV?; ohrysobothrys IV?;
spp. IV; Calliopats andren1formls F.

Petslostemon/Amorpna 
Collates robertson11 IV (+Amorpha); setzl Z07; kansensIs ZO?; aberrana

IV; albescens IV (+Amorpha); sesannas IV; wilmattae F; petaloetemonis
IV; Andrena crag1nd (Amorpha) P; Perdita perpallida F; Hoplitis
mIchenerl (Amorpha) IV; Xenoglossodes albata ZO?

Sallz
Perdita macullgera macullpennls P; macullgera bilineata F; Andrena

1111nolensIs F; salIctaria F; nigree; erythrogaster F; mariae P;
trizonata F; hi/canals F; arenicola F; wellesleyana F; andrenoides
Fluid& IV.
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Monarda
-7;TATT. gerhardt gerhardi F; gerhardt dallaslana F; variegate pura F;

variegate variegata F; Metapsaenythia abdominalls abdominalis F;
Dufourea monardae F.

Pyrrhopapous 
Hemihalictus lustrans F; Andrena verecunda F; aflmbriata IV;

crawfordl F (+Serinia); sitilliae IV; senticulosa IV (+Sonata).
Croton
Perdita crotonis crotonis F; crotonis dilucida F; crotonis subnitens P.

Steironema
dacropts clypeata F; nude F; patellata F; stetronematis F.

122ERSSAelitoma Lauren F; grlsella F; Cemolobus 1pomoea F; Ancyloscells
sejunctus F.

Oountta
Lithurgus bruesi F; apicalis apicalis 	 Perdita opuntiae F.
Nomadopsis hellantht F; Perdita labergi F.

Lesquerella
Andrena trapezoidea F; primullfrons F.

Physalls/Chamaesaracha
Colletes wickhaml ZO?; swenkt ZO?; Perdlta maura F; halictoldes F.

ItaalstaPerdita wilmattae wilmattae F; Andrena halll IV.
Oenothera
Tetralonia speclosa IV?: Melissodes flmbriata F; Anthophora aterrima F?;

Sphecodogastra texana F; oenotherae F; Megachile ;mica ZO; anograe F;
oenotherae F;

Callirhoe 
Diadasia afflicts perafflicta F; Xelissodes Intorta P.

Sphaeralcea +7	 Heuchera
Dladasla diminuta F.	 Colletes andrewst F.

Phacella 	 Speculate
Andrena lamellIterga F	 Colletes brevicornia F.

LEAERSIIAndrena melanochroa F. 	 Andrena breripalpis F.
Zlzta	 Zigadenus
Andrena zinae F.	 Andrena astragall IV.

Cleome 	 Hidrophyllum 
Perdlta zebrata zebrata F.	 Andrena geranli F.

Mentzelia	 Prunus/Pyrus +
Perdita wootonae F.	 Andrena miserabilis F+.

Verbena	 Leptdium
Calliopsis nebraskensis F.	 Nomadopsis australler F.

Melilotus?	 Hibiscus
Hylaeus bisinuatus IV.	 PtIlethrix bembiformls IV (+7).

Specialists in Northern Boreal Forests
Compositae 
Collates compactus F; stmulans F-Solidago/Aster; americans F-Solidago/

Aster; mandibularts ZO?; solidagints ZO?;
Andrena (Callandrena) hellanthi F-Helianthus; aliclae F-Helianthus;

simplex F-501111+40; placata F-Solidago; &starts F-Aster; asteroides
F-Aster; (Cnemidandrena) canadensis F-Aster/Solidago; hirticincta F-
Aster/Solidago; nubecula F-Solidago/Aster; peckhami ZO; chromotricha
F-Solldago/Aster; robervalensis IV;

Paranthidiva jugatortue jugatorium F-Helianthus;
Dianthidium simile IV;
031121A subaustralls 17;
Megachtle pugnata pugnata F;
Svaetra obliqua °Oilcans F;
Mellssodes deepens. F-Clrelum; &gills F-Helianthus; denticulata F-

Vernonla; dentiventris P-Aster; pieta F; rustics F; subillata F;
trInodls F-Helianthus;

?Pseudopanurgns albltarsIs F-Hellanthus; lebrosus F-Hellanthus;
?Pterosarus aestivalis IV; andrenoldes IV; illinnensis IV;

nebraskensis nebraskensis IV; solidaginds IV;
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Sallx
Andrena (Andrena) frigida IV; clarkella IV+; (Micrandrena) sallctaria

F; nlgrae P; (Thysandrena) blsallcis F; (Parandrena) andrenoides
F; nlda IV; wellesleyana F; (Trachandrena) sigmundi F: marlae F;
(Tylandrena) erythrogaster F.

Ericaceae 
Collates productus ZO?; Impunctatus ZO?; Andrena kalmiae (Kalmia) F;

bradleyi (Chamaedaphne) IV; carolina 	 (Ledum) IV; OsmIa inermis IV?
Legumes 
Megachile melanophoea F: Osmla Integra IV; spp. IV.
Cornus
Andrena persImulata IV; nigrifrons F: Integra IV; fragilis F.
Ponteder1a
Melissodes apicata F; Dufourea nova-angllae F.
Steironema
Macropis longiligua F; cIllata F; nude P; patellata F.
Penstemon	 Rhea
Osmia spp. IV.	 Andrena brevipalpIs IV.
Claytonia	 BydrophYllum
Andrena erigeniae F. 	 Andrena geranil IV.
Fragaria/4aldstelnla 	 Prunus/Pyres +
Andrena z1z1aeformis F; melanochroa F. 	 Andrena mIserabilis F.

Thaspium/Taenidia	 Cucurbita
Andrena zlzlae F.	 Peponapis pruinosa F.
Heuchera	 Oenothera
Collates andrewsi F; aestivalis P.	 Sphecodogastra oenotherae F.

Mertensia	 Echlua
Collates consors IV?	 Hoplitis anthocopoides F.

Melllotus ?
Hylaeus bislnuatus IV.

Bees of Boreal America (Tundra & Muskeg)

Mertensia
Collates consors mesosoopus ZO.

Potentilla
Collates nigrifrons F; Dufourea fimbrIata F.

Aster/Solldago +
Andrena (Cnemidandrena) nubecula F; canadensis F; hirtIcincta F;

columbiana IV; robervalensls ZO.
dalix
Andrena frigida IV; marlae F; salicifloris F; slgmundi F.
drtcaceae
Andrena bradleyi (Chamaedaphne) IV.
Legumes
Anthidium psoraleae zo?; Osmia longula ZO; (Acanthosmoides) app. IV;

Megachile melanophaea melanophoea F.

Specialists In Oak/Hickory & Mixed-Mesophytie Forests

ComPosItaa 
Collates solidaginis F; mandibularis ZO?: compactus F; simulans F-Aster/

Solidago; americans F.
Andrena (Callandrena) accepta F-Helianthus: alIclae P-Hellanthus;

rudbecklae F-Eudbeckla/BatIblda; helianthi F-Hellanthus; simplex
F-Solidago; placate F-Solidago: asterls F-Aster; duplicata F-
Hellanthus: gardlneri F-Senecio; fulvtpennis F; asteroides F-
Aster; (Cnemidandrena) hirticincta F-Aster/Solidago: nubecula
F-Aster/Solldago; robervalensis IV; eanadensis F-Aster/Solidago.

Pseudopanurgus rudbecklae IV; pauper ZO?; solidaginis IV; rugosus F-
Hellanthus; labrosus F-Helianthus?; hellanthl F-Helianthus?
albttarsis F-Ballanthus:

Pseudopanurgus rugosus F-dellanthus.
?Pterosarus albitarsIs IV-Hallanthus?; hollanthl IV-Helianthua?:

labrosus IV-Hellanthus?; andrenoides IV: compositarum IV; rudbeckiae
IV: solidaginla IV; labrosiformIs labrosiformls IV; nebraskensls
nebraskensls IV.

Heterosarus IllinoIensis F.
Perdita (Cockerellia) bequaertl Indianens1s F; (Hexaperdita) boltonlae

boltonlae F-Chrysopsls: (octomaculata) swank' F-Solidago/Crindelia;
octomaculata octomaculata P-Solldago/Aster.

(Joule heteropoda heteropoda F-Halianthus.
Osmla texana F.
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Specialists in Oak/Hickory & Mixed Mesophytic Forests (cont.)

Composltae 
Megachile Inimica sayl F; frugalls trugalis F; pugnata pugnata F;

parallela F.
Ashmeadiella bucconis bucconis - emphasis only?
Dianthidium simile IV.
Paranthidium jugatorium jugatorium F; jugatorlum lepidum F (both Malian-

thus).
Svastra obllqua obliqua F; petulca F.
Melissodes desponsa F-Cirstua; coloradensis F; &gills F-Hellanthus;

bidentis F; boltoniae F; denticulata F-Vernonia; dentiventris F-Aster:
fumosa F-Solldago; illata F; nlvea F; rustics F-Solidago/Aster;
subillata F; tincta F; trinodis F-Helianthus.

Monarda
Perdita gerhardt gerhardt	 Metapsaenythia abdowinalls tricolor F;

Dufourea monardae F.
Steironema
Macropis ctltata F; nuda F; patellata F; stelronematls F.

Cucurbita
Peponapis pruinosa F; Xenoglossa kansensis F.

Taenldla/Thasplum
Andrena personate F; ziziae F; neonana ZO?
Phacella 
Andrena lamelliterga F; phacellae F.

Oenothera
Sphecodogastra tezana F; Anthedonia compta F.

Cornus 
Andrena nigrifrona F; Integra IV; fragilts F.

Saliz 
Andrena erythrogaster F; illinolensis F; salictarla F; nigrae F; marlae

F; blsalicis F; andrenoides F; wellesleyana F; Hide IV.
1152a21
Megachlle ingenua IV; melanophoea melanophoea F; mucida 	 Tetraionla

atriventris IV; spp. IV; Anthldium macullfrons IV: Osmia spp. IV;
!Thus	 7.0"-usts 4.-0.reniformis

Andrena Arabi, F.	 andrena brevipalpis F.
ErIcaceae	 Polemonium
Collates validus IV?; productus ZO?	 Andrena polemonli F.

Fragerla/4aldstelnia 	 Hydrophyllum
Andrena zlziaelormis F. 	 Andrena geranil F,
Pyrrhopappus	 Viola
Hemihalictus lustrans F.	 Andrena vtolae F.

Krigla	 Penstemon
Andrena krlgiana F. 	 Osmia spp. IV.
Prunus/PYrus	 Physalls 
Andrena miserabIlis P+. 	 Perdita halictoldes F.

Specularla/Campanula	 Pontederta
Collates brevtoornls F.	 Dufourea nova-angliae F.

Heuchera	 Passiflora
Collates aestivalls F.	 Anthemdrgus passiflorae F.

Hibiscus	 Ipoeoea
Ptilothriz bombiformis IV? 	 Melitoma taurea F.

Malllotus ?	 Ceanothus ?
dylaeus btsinuatus IV. 	 Heterosarus pauper IV; virginicus

IX
Specialists restricted to Pine Barrens & Coastal Sandy E. U.S.A.

ComposItae
Collates mitchelli F; thysanellae ZO?; Andrena braccata F; placata F:

fulvipennis F; Perdita (Hexaperdita) bishoppi bishoppi F; bishoppi
tsopappi F; boltonlas chrysopina F; nubile F; (octomaculata) discrete
F; consobrina consobrina F; consobrina lepida F; Megachile inimica
inialca F; townsendlana F; Melissodes pilleata F; manipularls F.

Physalis	 Kuhnlstera
Perdita halictoldes F. 	 Collates howardi IV.

Monarda	 Pontederta
Perdita gerhardi monardae F.	 Melissodes aploata F.

Euphorbiaceae	 Hibiscus
Perdlta picturata ZO?	 Ptilothriz bombiformis IV (+7)

Opuntia
Lithurgus gibbosus F; Melissodes mitchelli IV.



418	 PHYTO LOGIA 	 Vol. 43, No. 4
Specialists restricted to Pine Barrens & Coastal Sandy E. U.S.A.

imaats
Melltoma taurea F; Cemolobus ipomoea F.

Ericaceae 
Colletes validus IV?; Andrena daeckl IV.

Oenothera 
Megachile oenotherae F; Mellssodes flmbriata IV; Anthedonia compta F.

Specialists in Oak/Hickory/Pine Forests

ComposItae 
Andrena (Callandrena) accepts F-Hellanthus; aliclae F-Helianthus;

ignota ZO; (Cnemidandrena) hirticincta F-Aster/Solldago; nubecula
F-Aster/Solidago;

Collates compactus F; simulans F-Solldago/Aster; amerIcanus F-Aster/
Solidago; eandibularis ZO?; solidaginIs ZO?;

Perdita (Cockerellia) bequaerti bequaertl F; (Hezaperdita) georglca F-
Chrysopsis/Aster; boltonlae boltonlae F-Chrysopsis; boltonlae
chrysopina F-Chrysopsis; (octomaculata) consobrina consobrina F-
Chrysopsis; octomaculata octomaculata F-Solidago/Aster;

Paranthldlum jugatorium jugatorium F; jugatorium lepidum F (both on
Helianthus);

Dlanthidium simile F; curvatum curvatum F;
Ashmeadlella bucconls bucconls F;
Megachile townsendlana F; parallels paralella F; pugnata pugnata F;

frugalls frugalls F; inimica sayi F; policarla F;
Svastra aegis F: obliques caliginosa P; petulca F;
Mellssodes desponsa F-CIrsium; coloradensts F; aglIls F-Hellanthus;

boltonlae F; denticulata F-Vernonia; dentiventris F-Aster: fumosa
F-Solldago: Illata F; nivea P; rustics F-Aster/Solldago; tincta
F-Aster/Chrysopsis; trinodis F-Helianthus;

Nomia heter000da heteronoda F-Helianthus:
Pseudopanurgus rugosus F-Hellanthus.
Heterosarus illinolensis F.
?Pterosarus albitarsis F-Helianthus; compoaltarum IV; labrosiformls

labrosiformis IV; solldaglnis IV; nebraskensis meusebecki IV.
Legumes
Anthidium maculifrons IV (emphasis onl y ?); Tetralonia atriventris IV;

spp.	 IV; Megachlle mucida IV: tngenua IV?: Chelostomoides spp. IV;
Osmla spp. IV; Calllopsis andrenlformls F.

Cucurbita
Peponapls prulnosa F; Xenoglossa strenua F; kansansis P.

Sall'
Andrena mariae F; bIsalicis F; andrenoldes F; nida IV; nlgrae P;

erythrogaster F.	 Ceanothus 7	 IVTaenidium/Thaspium	 Heterosarus pauper IV; virginicus
Andrena personata F; neonana ZO?; ziziae F.
Opuntia
Aellssodes mitchelli IV; Llthurgus gibbosus F.
Cenothera
Megachlle oenotherae F; Anthedonia compta F; Sphecodogastra oenotherae F.

ErIcaceae lei&
Colletes produotus ZO?; valIdus IV? Andrena krigiana F.
Ipomoea	 Fragarla/Waldstelnia
melitoma taurea F.	 Andrena ziziaeformis F.
Prunus/PYru s +	 Snecularia
Andrena miserabilis F (+7) 	 Colletea brevloornls F.
Corpus	 Gerardla
Andrena fragilis F.	 Perdlta gerardlae IV.
Pontederla	 Melliotus ?
Mellssodes apicata F.	 Hylaeus bialnuatus IV?
Steironema	 Potentilla

,ti cillata F. stelronematis F.	 YanurgInus potentials's, IV-
Passiflora	 Monarda
Anthemurgus passiflorae P.	 Metapeaenythia abdominalls F.
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Composltee
Colletes slmulans P-Solldago/Aster/Bidens; mandlbularle ZO?;

solidaginis ZO?;
Andrena (Callandrena) allelea F-Kellanthus; asteroldes F-Aster;

fulvipennis F;
Perdita (octomsculata) consobrine lepida F-Chrysopels; (Cockerellia)

bequarrti bequaertt F; lepactlidie levifrons Pt (Hezaperdlte)
georgics P-Chrysopsis/Aster; blatchleyi F; bishoppi bishoppi F-
Heterotheoa g graenloSeri F-Chrysopels; boltoniae chrysopina F-
Chrysopels; nubile F-grigeron;

Pseudopanurgue rugosue P-HellanthuS;
Heteroserua illinolenals F;
?Pterosarus nebraskensis meusebeeki IV; solldaginis IV;
Dufourea marginate F-Hellanthus;
Nona& heteropoda kirbil F-liellanthus;
Megachile parallels P; townsendiana. F; pugnate pugnata P;
Svastra aegis F; petulea F;
nellasodes desponsa P; agilis F-Heltanthus; boltoniae F; dentiCulate

F-vernonla; dentiventris F-Aster; fumosa P-Solldago; nivea F;
ruatlaa F...ester/Solidego; tineta F-Aster/Chrysopels; trinodie F-
Hellanthus.

LIEWaes
antadlum msculatum IV (emphasis only?); Osmia spy. IV; Tetralonia app.

IV; Chelostomoldes app. IV; Megachile ingenue IV.
Sall1
Andreae agree F; bisalleis F; andrenoldes F.
Iposcea
Melltoma taurea P; Cemolobus ipomosa F.
Cucurbita
Peponapia prulnosa F; Lenoglossa kansensis F; strenua F.

Oenothera
Ant .7edon • , com pte F; Melissodes fteb^leta F: Sphecodogastra oenotherae

P; MegachIle oenotherae
Opuntla	 Specularla
Lithurgus gibbosus F.	 Colletes brevicornis F.
Prunue/Pyrus +	 Ericaceae
Lerandrena misersb111s F (+7)	 Collates productus ZO?

PyrrhopeOPUS	 Thespluntreentdle
Hemihalletus luetraus F.	 Andrena zlzlee P; neonena ZO?

cerardts
Perdtta gerardlae IV.



ADDITIONAL NOTES ON THE GENUS PRIVA. VII

Harold N. Moldenke

PRIVA Adans.
Additional & emended bibliography: Spreng. in L., Syst. Veg.,

ed. 16, 2: 753 & 754. 1825; Mold., Phytologia 43: 297 & 324-334.
1979.

PRIVA ARMATA S. Wats.
Additional bibliography: Kobuski, Ann. Mo. Bot. Gard. 13: 2,

3, 7, 16, 23, & 32--[35], pl. 4, fig. 11, & pl. 5, fig. 20. 1926;
Mold., Phytologia 43: 332. 1979.

Illustrations: Kobuski, Ann. Mo. Bot. Gard. 13: [33] & [35),
pl. 4, fig. 11, & pl. 5, fig. 20. 1926.

PRIVA ASPERA H.B.K.
Additional & emended synonymy: Priva aspera Humb. & Bonpl. ex

Steud., Nam. Bot., ed. 1, 651 & 873. 1821. Priva aspera Kunth
ex Spreng. in L., Syst. Veg., ed. 16, 2: 753. 1825.

Additional bibliography: Steud., Nam. Bot., ed. 1, 651 & 873.
1821; Spreng. in L., Syst. Veg., ed. 16, 2: 753. 1825; Steud.,
Nom. Bot., ed. 2, 2: 397. 1841; Kobuski, Ann. Mo. Bot. Gard. 13:
1, 3, 4, 7, 18--20, 23, & 32--[35], pl. 4, fig. 14, & pl. 5, fig.
23. 1926; Mold., Phytologia 43: 332-334. 1979.

Illustrations: Kobuski, Ann. Mo. Bot. Gard. 13: [33] & (35],
pl. 4, fig. 14, & pl. 5, fig. 23. 1926.

PRIVA BAHIENSIS P. DC.
Additional bibliography: Kobuski, Ann. Mo. Bot. Gard. 13: 2, 4,

6, 10, 23, & 32— [35), pl. 4 & 5, fig. 9 & 18. 1926; Mold., Known
Geogr. Distrib. Verbenac., ed. 1, 38, 41, & 99. 1942; Jacks. in
Hook. f. & Jacks., Ind. Kew., imp. 2, 2: 628. 1946; Mold., Known
Geogr. Distrib. Verbenac., ed. 2, 89, 99, & 195. 1949; Jacks, in
Hook. f. & Jacks., Ind. Kew., imp. 3, 2: 628. 1960; D. de Andrade
Lima, Anaix XV Cong. Soc. Dot. Bras. 348. 1964; Mold., Phytologia
14: 343--344. 1967; Mold., Fifth Summ. 1: 169 & 187 (1971) and 2:
612 & 905. 1971; Troncoso, Darwinian 18: 360, 408, & 411. 1974;
Mold., Phytologia 43 : 334. 1978.

Illustrations: Kobuski, Ann. Mo. Bot. Gard. 13: [33] & [35],
pl. 4 & 5, fig. 9 & 18. 1926.

Recent collectors describe this species as a lank, perennial,
branched herb, 0.5--1 m. tall, or an "arbusto" [Pereira 9713, mixed
label?], the leaves pale- or dark-green and rugose, the flowers
very small, and the calyx [in fruit] inflated, pale-green. They
have encountered it in disturbed ground by cutover woodland, in
waste ground with scattered shrubs and marshy lake margins, in
cacao plantations "in coastal rainforest with small rivers and
clearings with disturbed ground", "in disturbed roadsides near
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