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INTRODUCE&ON

This paper is based on Tield obcervations and colleetioﬁa
made by the author While connected with the Biologicai Survey
of the University of Kensss, in Northwestern Kansas., during the
sunmer of 1912. ©Specimens of fully developed insects, upon
which biological notes were based were identified by mesns of
the Snow Entomological Collectionss The caterpillars, parsgitic
larval, =nd cocoon, were identified to species or family as the
cése might be, by Fr:necis X. TWillismg, assistant curator of
the»Entomological Snow Collections.

The drawinge of nests were made by the author,first in the
field, 2nd fhen'were copied in the laboratory. They were inkéd
by Miss OrrelS M. Andrews, a gradusete student in Entomology.
Four drawings of woepe made from speciments in the collection
tre envircly her work. |

The author takes this epportunity to thank Professor 3.7J.
Hunter, head of the depsrtment of Entomology, te¢ whom he is
indebted for genersl oversight of the work and much helpful
criticism. He also wishes to thenk mMr. Fraencis EB.Williams for
help in ctudying the Tumenidae both in the field and inthe
laborstory; Mr. H. B, Hungerford, instructor in Entomology and
Miss Ruby C. Hosford, a preduste student in the department for
reading and criticizing the manuscript; snd Miss Orrel} M.

Andrews for assistonce in illustration.
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An account of the biology of almost any wasp must be, for
the most part, an account of nesting activities. Nest bullding
and provisioning is the mother wasp’'s life work. Her interrela-
tions with other insects, the food hatits of her offspring and
conceguently, to a large extent, her cconomic import:nce, are
directly connected with her nest and its contents. A study
of the larva, its hebits and modifieations in structure, refers
baok-to the nest. Those sctivities whieh in no way relate to
the nest,--the mother wasp's search for food for herself, her
avoldsnce of perils dsily end the 1dle male's pastimes,--those
sctivities are but indidents in the story. The main plot cen-
ters stout the nest,

The study of wasps, bees, and antc, owes much of its fas-
cination to their nesting habits. The Teatures in the accounts
of their lives sre more than growth and development. A range
of telents,--uceless to ordinary insects--are demanded of them
in the building and provieioninz of their nests. Their ecology
becomes more complex. The nest builder's lives are made pur-—
poseful; their chief aim Lecomes more than to est and avoid
béing eaten., By this laboj'r for their proreny facinating and
highly developed display of instinete is called forth.

The Zumenicds#e have received my specisl attention both be-
cause of their attractive hatits and because of their coa-
venience Tor study. The varied architectural skill of the
Zumenids mekes them attrsctive, for within the group are

petters, miners, masons, carpenters and more or less degeneratle
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builders. As colitery inseets, they offer adventages in that
the sctivities of the individual insect can eagily be isolated
and studied. This solitary habit also removes the opportunites
for imitetion and thus makes instincts more clearly difined.

In wester Kances the Eumenidae is an important group veing well
represented both in species and numbers.

A study of the nesting habite of Xangas Bumenidse, then , is
the chief lhurden of thie paper. Nine species are Lo be discussed,
3o much is it a study of nesting habits, that no wasps, whose
-nesting habits have not been obcerved, are considered. How-
ever with the account of nesting habits, are notes on all the
other activities of these eirht wasps, that I observed, and some
notes on immature stages. 1In addition to the biological notes
on immature stages., In addition to the biologiecsl notes I
have included decscription of the species discussed. I have also
added brief summaries of some of the litersture available on the
biology of the Eumenidse.

In my study my purpose was only to study and record scourately
the asctivities of these wasps. While the study of instinet is
fagcinating it has not been my eim to accumulate evidamce that
would have albéaring on the theories of insect instin&t and 1n—
telligence. Some data however relating to these theories has
been collected, but its collection has been incidehtal end of-

ten asccidental,-it was a by-product of the work.



SYSTEMATIC TO3ITION AND DISTRIBUTION

THe femily Eumenidase is placed by systematists with the
social Vespidae, and the parssitic Masaridag,in the super~
family Diploterga. llembers of this superfamily can be readily
be distinguished from the Fossorial wssps by the anterior
wings shich are tolded in plaits when &t rest. Beésuse of
the club-chapecd sntennae the family Musaridaé ig cet apart
from the other tvo Temilice whieh YT.ve, more or less Tiliform
antennae. 4 sinfle srur on the middle tibia, instend of two
spﬁrq, end unidentate tersel cluws, are the chief nmorphological

iTferences between the Tumenidse and the Vegpidae. These
differences sre not consldered by all to be of'anfficient in-
nortance to bhe used In fhe division of familées. 3Sharp says:
"Ve antleipate that the Bulanidae and the Vespidie will ul-
timately be f~und to constitute one family", De Jeussure .3id not
écnstﬁer the mortholorical 4i fferences of sufficient imporfunce
to meke even two distincttbibas of thé solitary wasps and the
coclal wesps: he divided .them bhecnuve 'of the 4! fference in
hetits.

In habits there is 1little likelihood of confumins these
allied fumilies. The socinl wnups, like the cociel bees have
three cnstsg,—¥ queens, drones, ~nd workers. Thelbrood cells
in the nests of the community are bnilt in combs. The 011~
tary wncps hove ohly fwo forms and o1l the work ls done by
fully-developed femalas.' Thererié no di?i?fﬂn‘ﬂf-13£0?, Tor

ench worpn builds 1ts own nest. Both groups are predacious
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but according to De Saussure the E;olit‘ary vasps are- the more 80,
The Tumenidae according to Sharp are distrituted widely
over the world in temperate é.nd tropieal regions. .Repigsehtw
gtives of the genus Odynerus eare found even on the f.'isnnla.:ted ‘
Hawaiisen Iclands. Aboul eight-hundred species have been decs-

C:‘"i'?.t;('l.



REVIEW OR LITERATURLE

The habits of the Bumenidae vary widely. Hven after my
sunmer's study'on'tha“Bidlogteal Survey I had no conceptiong
ol the extent of varistion, for provious’to that summer I had
mzde po-study of the group, wither by reading or otherwise.
After returnine, o review of the availatle literature on the
subjoct grectly videned my view and cast light on many details
that 1 hsad cntirely overlooked. Therefore, before beginning
my 1imited obaerfationﬁ;bﬁwa%single‘summer, I.8hall briefly
summsrlze thesworkiof okhers from various parts-of the worli;
paying specisl atbention to Americen observers.

De 3sussure seys:-that the members ol the genus Jethus

by their hahits seem to esteblish s Mifen" between the Odymer~

inze and the social wasps. WTe writes: "Certain species

(of Jethus) menifest e tendency toward goclial habdbits. They.
form smel) agglomersations of nests whieh resemble & 1ittle,
the irregular nests of humble bees, but grouped yet more comn-
Tusedly. But thore always prevoils this difference between
cells‘forméd<byﬂthéwﬂocia1,and‘thcsé;mﬁﬁﬁpbyxxhé:éﬁiitary
Bm' 810 Et er,i, the% the first have & eylindriceal inner space,
while the gecond are rather extqndeﬂﬂmassésrwhichHaranptg1ﬁ
regular Juxbaposition, g£o . thet they scem to be'm-re like
snhercs snd ¢llipsoids Joined topether than cells ceunstructed
side by side on a general plan. In other words the solitary
never seek t0'fbrm}aféomb;‘althoﬁgh,they gometimes form an

Sym, Am.¥asp Sol. pp 13-4



arglomrration of cells”

In the geners Jethus and iJumenes, .ccorliing to Ashmeads
gre potters. They build Elobular cells of clay and mud whickh
ere attached Ly & pedicel to a twig. The céli of E. ffaterna
i¢ usuxlly attached beneath the large leaves of the sdrub
Palmetta. According to Dr. Harris, it fTeeds upon cﬁnkhr WOXINE
in losse.

In florids it Teeds on other small caterpillsrs. From

these cells, in Florida were bred Phippiphorus dimidistus.

An instructive summery of the habite of & number of
EBumenids is given Ly 3Sharp 3.

His account of nesting habits of Sumeneg is as follows:
"Fabre has sketehed the habites of a species of Eumenes, pro-

bably Z. pomiformie This Eumenes constructe with clsy a small

vare=1ike esrthenware vesgel, in the wallg of which small
gtenes #are embedddd. This it fills with food for tle Joung.
The food consiste of esterpillars to the number of fourteen or
sixteen for esch nest. These enternillars sare belicved to be
gtung by the parent wssplas in the cese of the possorial Hy?
merioptera) but complete evidence of this does not seem to te
extant, and if 1t be so,'the,stinging does nol completely de~
prive the gsterprllere of the capscity of movement, for they
poccegs the power of using their mandibles and of makippg strokeg
or kicking with the posterior part of the body. It_iﬁ‘ciear
that 1f the delic:te egg of Eumenes or the delicste lerve that
_issueS'from if were pleced in the midet of 2 mass of this kirnd

2Zsyche May 1694, pp 76~78
33harp;Canbridge at.Hiet. Vol VI pp72-78
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it would probalbly suffer destruction; therefore to prevent
thig, the egg is not placed among the caterpillars, but is
gusnended from the dome covering the nest by a delic&te'thread
rivelling in fineness the wed of the spilder, snd being sbove.
the mass of foof it is safe. When the voung larva leaveg the
egg it 8till makes use of thershell 58 its hatritation, and
ents its first mesls from thé'fantage"pdihf of &ﬁépenslon.
although the mecs of the food grows lece Ty conswiption, the
little larva is enahled to reach it by the fact that the egg
shell splits up into = sort of & riblon and thus sdde to the
length of the suspensory thresd, of which it is theterminal
portlon. Finaily the heap of caternillars shrinks so much
hat it cin not be reached by the Jarve even ﬁith the aid
of the augmented length of the suspensory thread; by thig
time however, the 1ittle creature hss so much inereased in
gize snd strength that it is.able to teke its place aﬂongbt
the food without danger of being cru;hed by the msss, and

it afterwsrds completes its metamorphosis in the usual manner”

. unguiculate , sccording to Perrisd constructs an easrth-

en uect of irregular shape containing three cells in one mags.

Le coarelatel, a British mpecies attaches its nest to & twig

of a2 shrub while both previously mentioned speciec of this
genue, buiidtheir nests upon a flattened surface. K. conics,
according to Home3, con:tructs in Hindostan c¢lay nests with
very delicate walls, <+t is much attacked by parssites.

The likeness of the earthen nestg of Edmenes of vpottery

hze been spoken of by msny authors. Howard4 writes: Erof. O.
u,hgrgtgﬁﬁprlf ¢ Nat.Hict. Vol V1 pp 72-78
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T.Mason gays that certain besutifully shaped Indian vessels

and baskets have precisely the same form as these cells and
he thinks that the observant sborigines may have delibverately
copied the insect desgign.

3harp's account of the habite of Oreniformis, drawn from

Tosbre is as follows:

This insect (0. reniformis) provigions ite cell with smell

caterpillsrs to the number of t wenty or upvards. The egg is
deposited before the nezt ig stocked with food; it iS‘SuSPGﬂG~
ed in such a manner thut the suepengsory thread sllows the erg
to reach well down towards the bottom of the cell. The cater-
pillaers placed as food in tﬁe nect, are all curled up, eeach
forming & ring approximately adaptéd to the calatre of the
cell. Tabre believes these caterpillars to be partly stupi-~
fied by stinging, but the act has not been obzerved either

by himself, Reaumeer or Dupour. The first eaterpillar is
eaten by the wasp-larvae from its point of suspencion; after
this mesl has heen made the larva is supposed to undergo &
cnunpee of sking it then abandons the sssistance of the
sucpensory thread, takine up o position in the vacsnt chamnber
at the end of the cell and drawing the caterpillars to itself
one by one., This arrangemgnt permits the caterpillare to be
consume in the order in which they were placed in the cell,
s0 that the one th#t is the weakest on éocoﬁnt of its longer
period of starvation isc first devoﬁre&. Pabre thinks thet
all the above points sre essential to the suddessful develop-

ment of this wasp-larve, the suspension protecting the egg
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and the young lerva from destruction by pressure or movement
of the caterpillars, while the position of the larva when it
leaves the thread aﬁd takes its place on the floor of the cell
ensures its concuming food in the order of introduction.”

The species of Odynerus? are very subject to the attecks
of paresites. They are destroyed to an enormous extent by

Chrysididae and by & £y Argyromoeba sinuate. Mr. k. C. L.

Perkins obuerved O callosus lorming their nests in a clay
bank and provisioning them with larvae nesrly all of which
were perscitized.

PerkinsB-hus also observed some of the species of Hawallan
Odyncrus meke a single mud cell very like the pot of an Eumen-
6s, but eylindrical instead of sbherical. This little vessel
is often nlaced in a curled-up leaf, which slso shelters both

sniders and young mollusecs of the genus Achatinella. O punctum

an Eest Indian species, according to Horne nests in holes in
door posts.

Many of the genus Odynerus, according to Ashmesad, appropriste
galleries and cells made by different bees and 0ld mud daubers’
nests. 0. errings , in‘Flnrida, wase observed making its nest
in a door lock and in holes in a board fence. The author rear-

ed it in cells constructed in o0ld oak galls, of Amphibolips

cinerea., Nline gpecimens of varying size were reared from a

single gall. 0. allophaleralas has been tred from & gall of
A. confluens. O. Pulvipes was observed by Talsh building in a

spool. Cepra was observed by the Reverend T.W. Fyles provision~

ing ite nest with the lareh 3swfly. (Nematus erichsonii)




Odynerus 1s paresitized by Chrysididsese and by two or three

Jchneumonids. Linocerae Jjunceusi is the only Ichneumonid read

from them in thie country. Walsh records having dbred Chrysis

coerulang varbella from‘g. fraterna. Cocoons of Meteorus and

Micropester have been found in cells of Odynerus. These may

have been paresgitic on caterpillars stored.
A Devidgonb rrthered twires of Hams parryi on Mt. Vilson,

Californle, which contalned cocoons of Q. rufobacilaris. The

cocoons regemhbled firely grained csddis fly caces. The outer:
surfaces were covered with sﬁno; one end of the cocoon wes
truncste and the other rounded. The was presumably after
provigsioning each cell adde & quantity of send which is after-
werd utilized by the larva., From ten cells four parasites,

Epistenia odyneri , a chaleid emerged.

0 reniformis is described by Dufouré as & wasp which burrows

in & firm sand bsnk or in a clay terrsce. An egg is laid at
the bottom of each burrow, over which is placed green caterpil-
lare, rolled together, yet living. Over the entrance ofihe bur—
rov ig an arcuate earthen tube, Dufouré alsodescribed the ha-
bite o? 01 lsevipeswhich mskes ite nest in a dry bramble twig.
This wasp wasp also deposite ita egg at the bottom of the cell
and stores lively caterpillars above it.

Some of the genus Odynerus according to Froggatt build clay
nests in various shapes, cometimes forming a finrer ghaped row
of cley cells or rounded cup-shaped bdhambers.

5Psyche Vol VII p 335 ‘
6Ann, 3cilNat. ser2 Vol 11 1638 Trans. by Verhoeff,IntllachXIXpé©
7 Bystralian Insecte, p.11l
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Observation on the nesting habits of five species of
Odynerus are recorded by the PeckhamsB8. Three of these wasps
nested in plant stems, one excavated a burrow in the ground and
the fifth made her nest in the mouthpiewe of a horn.

O. perennis nests in July in raspberry and blackberry stems,
and partitions the cell with mud. In one cell were 16 cater-~
pillars nearly one third of which were desad.

A one-celled nest of 0. conformig and a two-celled nest of

O anormig were found in stalks. Both nests were freshly pro-
visioned, and in all three the egg was hung from the side about

one third way down. In the nest of conformis from which all

but one of the caterpillars had fallen out of the cell; the
egg hung loosely against thé wall. "In the other nests™, the
account reads, " the cover psrt was packed tightly with lé
small larvae, upon which lay the egg, supported in a horizontal
position, although attached to the side wall exactly as con~-
formis, and above were eight more caterpillars, the whole
forming a compact mass shut in by the usual partition of mud,
30 clogely were they crammed in, that after counting them we
were unable to get them all back again, and although motionlecs
in their narrow quarters they becsme quite active when relieved

from pressure. This is an entirely different arwangement from
from that of 0. remiform (described by Fabre) and since the

larva is in contact with the caterpillars from the moment of
hatching, the manner of the egg, laying has no sgignificance

in relation to the safety &f the young.

8 Wasps , Solitary and social® pp 89-95
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Conformis uprn hatching sloughted off the skin but remained

attached to it, thus doubling the length of the thread by which
it hung. The larvae of anormis upon hatching broke from their
attschment. They cocooned on the fifty day after hatching.

Ovaéus was noted bringing pellets from a "shark-edged
hole# in the ground, dropping thece 10 or 12 inches from the
burrow. This wasp was much distumbed by a red-headed match
8tuck in the ground two inches away from her burrow. For half
an hour she refuesed to work until the offending object was
removed.

A three-celled nest of,g.gggzg was found in the mouth-
piece of a £in horn. The cells contained a 1ar§a and a supply
of very lively caterpillars, of which ten were in the cell
most lately formed. One egg was found in another cell before it
waé provigsioned. In four days the larva made the appearance
slourhing off the skin and being free to crawl away.

Habits of two Tumenids, O dorsalis and O arvensis which
I have studied have beendesribed by mr. Carl Hartman in a Bul-
Jetin, published by the University of Texas entitled "Observa-
tions on the labite of Some Solitary Wasps of Texas". These
observations were made near Austin, Teses during the summer of
1903/

Mr. Hartman writes:"0Odorsalis builds pretty mud cells on
the ground , choosing a place hidden from view by & clump of
grass. The cells are broadly spindle shaped, pointed at one
end, which is left open until the cell is stored. The chambers
do nto touch each other for more of their length than is

9Bul.Univ.Tex.No 65 pp 6-1©



necessary for their mutual agglutimation. This almost entire
independence of the cells entails a concidérable weste of build-

ing material as compared with the hsbit of Pelopaeus cenentar-

ius , which builds its cells side by side in rows and tier of
rows"

A day's work with O dorsalis is to provision one cell and
congtruet another. 'The newly constructed cell is used as a
resting placc for the wssp herself during the first night.

In order to take a picture of the nest mr. Hartman pulled
awgy some grass blades and set up his camera. This disturbed
the wasp very little,"After once flying away for minute,P he
writes, "and cireling about onée or twice she wettled and
placed the caterpillar in the nest. ~*~ This done she cleaned
her antennae and flew away without seeming to take her bear-
ings™.

Very small caterpillare,--cotton worms,-- were stored. Of
seven found in once cell four responded perceptibly to
stimulation. The author believes that Odynerus occasionally
takes a caterpillar for her own delectation. He also ob~-
served this wasp picking up unwary ants that passed too near
her ag cshe was lying in her cell, on morning before going
to work,

From gix cells four wasps emerged in 39 days each. The
length of the stage for the egg and larva together was 20
days. The other two wasp lervae were killed by mites.

I shall quote nearly the whole of Mr. Hartmen®#s notes on
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O arvensis. He writes: "This species of Odynerusdoes not
possesgs the architesctursl s%ill of its cousin just describded.
Its h-me 1s not such an elaborate domicile, bullt, as it
vere, Yfor show as well'as for use, but consists of any convens
ient crevice in a wall or fence-post. The nest is completed
by closing the opening of the crevice with mud, much after the
fashion of Trypoxylon. I have made a few observations on two
nests of this Odynerus; those on the conditions of the cater-
plllare found are of particular interest. 1In general the fol-

lowing facts do not Jjustify Fabre's conclusion vhich he based
on the habits of Q reniformis.

At noon, August 4th, a temale arvensis wes closing her nest
in the niche of a brick wall. A few days before a Trypoxylon
had emerged from the very niche now intended to be the cradle
of another wasplet. I immediately opened the nest and drew
out eipght caterpillare all of which were alive, 8ix of them,
in fact, so lively that they wriggled around in the small vial
to which I had tranaferred them. 1 found no epgg at first,
but looking carefully into the dark recess, I discovered <the
egg cuspended from the ceiling ot the little room. After
breaking the suspensory thread with a knife and bmmshing the
eggout. I placed it among the caterpillars in the bottom of
the vial. Very few wacp's eggs could stand the rouph handling
which this egg received. The explanation of ite endurance lies
in the toughness of its chell, The larva hatched in two and
half deys, having shed a tourh translucent shell which could

safely be handled with a torceps. After titteen hours the



larva had attached itself fo a writhing ceterpillar and had
erovn perceptibly"”""*

The length of the epg stape of O arvensis is about two and
a half days; of the larval stare, tour and a half days; of
the pupal stage eighteen days.

Another nest which I observed an Arvensis store and close
on Aupuet 14 I opened nearly a monty later. (September 9) I
wos exnecting to cee a wasp emerge by this time and had placed
a bottle over the entrunce to receive it. I found in the nest
no offspring of the wanop, but a red pupa of a fly and fourteen
caterplllars, of which tour had dried up, three were dead
though in good condition and seven were actually alive. |

The caterplllars lived 43 days, one 46 1ays snd one re-~
mained for 68 days, in a condition pood encugh to be added to
any waeplinee' bill of fare.

A survey of theae few facts would seem to indicate that
#hile the suspension of the egp and the young larvae is &
desirable condition and increases their chances of suceessful
development, yet it is not an essential condition, as Fabre
contended. Nor is it esesential, in consideration of the
longevity of the paralized prey thet the caterpillare be de-
voured in the order in which they were stored.”

Three Kensac Eumeridae, --0 snnulatus, O gemenus, and 6

foraminatug --were observed by Messrs. Hungerford and F. X. Wil -
1iamel0, in Northwestern , Kenses, while on the Ksnsns Uni-
versity Biological Survey during the summer of 1910. 0O annulat .

us is one of the species whose nesting habite I observed. I
10Ent.qew8 Vol 23 pp250-255
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collected a number of specimens of 0. reminus but did not obdb-
serve any of its nesting activities.

The excavation of two nests of 0 annulatus was observed

vy the authos, These nests were burrows dug in open spacesin
the preirie; over the burrow -as constructed a short, almost
vertical tube. The wacp molstened the earth before digging
with water from a lagoon; in digging she employed her mouth
parts and forelegs. Excavated earth was used in tube con-
struction and the rest are carried off and dropred several feet
away., "It is noteworthy,"they write, "that Odynerus 1in dis-
posing of the pellets ot esrth (vwhich she does on the wing) doess
not esast them about indiscriminately, for it was observed that
one wasp dropped them at a distance of trom four to cix feet
from the nest, while the other disposed of hers at a distance
of about three feet, northwest of the burrow".

The nests were opened three days later. Bother nests were
one celled. One tube was 9/16 inches high; the other wae 1 1/30
inches high. Its diameter was nesrly % inch inside measurement «
In one case the tunnel was verticsl fop 1 4 inches gnd from
that depth curved in a westerly direction. The terminal cell
was slightly greater in dismeter than the gellery and was
horizontal. One cell contained an egg and two caterpillars;
evidently provisioning had just begun, Tn the other cell were
nine caterpillars and a small grub. The cell was closed with
"ae wad of packed soil 1/6 inch thick.

O geminus is a burrowing wasp but does not cover the en-~
trance with a tube. A part, if not all,of the pellets are



18

dropped within two or three inches of the hole. "The tunnels
of ggglggs which were often rather closély agsociated, were
in barren coil or more or less sandy loam, with plenty of
lapoong in the vicinity". These burrows included & number

of cells , some as many as eight. The authors‘suggestea thet
rossibly geminus wutilizes its holes for a second brood for
none oY thoce sxamined would indicate that they were newly
made., One nest contained refuse of 0ld cocoons, one presume
ably'of 6 parasite another revealed three pupal cells of =
muscoi@ean fly. The lLepdopterous larvee stored was probably

Pholisora catullus.

In comparing the nest ol the two species,--0 annulatus and

0 geminus, the authors suggest that the tube of the former
protects the nest from attacks of insect parasites.

Several specimens of Q. formainatus were dug out of a

decayed stump which m2lso kheléered nest of Crabrw interruptus.

The brood was apperently just emerging. The cells of foramin-
atus were separated by mud partitions.
Monobea quadredens 2, nests in an old burrow of a carpenter

bee (HMylocopas virginica). The sides of the burrow are renovat-

ed vy a then veneering of clay, then the burrow is filled with
clay cells from the bottom unward. More than one wasp had

been secn coming and coing out of a single burrow. It preys

11
on large cutworms. According to Comstoek this specles tores in

solid wood.

The Australean genus Abespadconstructs & nest with a funztell
2Psyche May 1894 pp76 ~-78
11 A Manual for t u%f ot Inseets p. 660
ACembridpe Nat His p7a-
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shaped entrance and of so large a size that it might pass for

the nest of a colony instead of a solitary wasp.

The females of Phygchium oculatum? according to Lichten-

stein Trom 15 to 20 cells in pithy plants and destroy from

150 to 200 caterpillars esch. The East Indian E. carnatium

uses hollow stems of bamboo. R nitidulum constructs clay

cells similar to those of Eumenes and fixew them firmly to

V00d . :
A number of observers have recorded tood habits of

various Kumenidae. Rileyl?Z writes that the PFraternae potter

wacp, Eumenes fraterha , according to Harris stores its cell

with canker worms. Its clay nestes are always clesely packed
with 18 to 20 worms. Thece nests are attached to golden-rod

or other plants in the open, or they are cemented under loose
bark of csome trees. Sometimes they are even attached to leaves
of deciduous trees.

Z. B. Southwickl3 also writes regarding Eumenes fraterna

which is one of'fhe worct enemies of the Parsnip worm(Depressaria
herecleana) . He says, "One of these wasps would alight on

the umbel in which a web was situated and would begin to peer
into it first st one end and then at another, all the time get-
ting more and more excited. On discovering the worm within it
would commence to run ite abdomen into the end of the web

with its head toward the opposite end as if trying to egect

the occupsnt, and every now and then darting at the orifice as

the vorm would approach it. In this way it wéuld work for a

c lep, Us3. Ent.Comm, III p 177
13 Ins. Life Vol V. © 187
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lons time, first at one end and then at the other no doubt
cach time thrusting out its sting. In this way the cell was
pecked at each end until it became too short to cover the lar-
va. “hen 1t showed itrelf it was gradbed by the mandidbles
ot the wasp snd dfaéged‘forth with more or less difficulty.By
repeated Jjerks and stings the larva wag dislodged then stung
again and carried away by tﬁe WOCPe

Nects were iound on an o0ld golden rod stulk in an open
wood; Four cells were all filled with lervae many of which
were larvae o¥ the Psriniy web worm.

Ii. 7+ Lichtensteinl4 writes of Q. crassicormis . This,wasp

he says, stores its nest with Coleopteross larvae ofthe genus

Phytonomus, (one of the Curenlionidse) wither P. variabilis

or O ruspiciostur which is common on luzerne.

farlottld described the food habits of a small Odynerus.
A small denerus was observed to examine the leaves of the

blaeclz locust, Podlinia pseudscscia . Some of these leaves were
] -~

sewed together by the larva of Pompeliagleditschielle. The

warp edentually rested on the upper surfsce of one of these
ticd-torether leaves, then ran to the under cide and vigor-
oucly bit through the lover leuf., The hole wae cut through
in & few geconds. Theh it grecped Pumpelia, gave it a few
turus with its mandiblec snd lew away. Sxamination showed

that the tree had been thwwoughly worked over by Odyneri.

17 Bull Bnt. 30c. Fr. Vol IV p. 88
15 Proec.Ent.30c. Wash., Vol I¥ pp 172 -X73
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3chivarzlé sald that the cells of Odynerus which are in
0ld burrows of Anthrophora around Wachington are always stored
vith Tortrieid larvee.
The Hewaian speciec acoordinf to Per¥kins 17, prey on

lervae of the Phyalida&, Toctuidse and Microlepidoptera,

16 Proc. Ent. 3o0c. Wash. Vol I¥ p 173
17Fauns Hawailensis Vol 1 part 1 p 321l.
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Du3CRIPTIONS OF SPLCIES.

There are nine species of the Eumenidae upon whose
neczting hebits I have made observations. There sre Zumenes

bolll, frsterna, Odynerus arvensis, annulatus, dorsalis,

hildagi papacorum, sulphuritinctus, and Pterochilus b-facitus.

I shall now glve a table to distinruish detailed descriptions

of them.
There 1s 1ittle claim for originelity for these descript-

ions. Tor the most pert 1 have compiled them from those pre-~
pared by De Ssussure, Cre.con and Vierick. In some plmces

I have quoted these authors directly, vwhile in other I have
paeraphrased thelr descriptions, making some additions and
subtrsctions.

The changes which I have msade are mostly of minor im-
portsance. 'y chief sim in revising these decoriptions st all,
ig to pive them more uniformity in rerard to srrangement,
terminolory, and parts dcscrided, which would scarcely pos-
@ible In unaltered work of three different authors. Also
1 wich the degcriptions to conform to the Kanrag varietieg
and am endesvoring to make the former d-serintions as brief as
posgible, Tor this paper is primsrially dioloric, not taxondémic.

The genera represented by the specles discussed can be
éepnrated by t he following tsble;

Anterior wings plicate In repoce; middle tibiae with a
8ingle terminal spur; tarsal clawe unildentste,----EUNINIDAE

8. Abdomen petiolate; ladbise palpi normal, 4 articulate
-------- i S s g i e s B A s e s =i < SN TN



L3 I 4
b &)

Ah. Al cmen sescile or subsegsile
B. Lobial pelpi 3 artlﬂulate lipectimate, fringed with
lone hairg, ~=~-~cmemmcrmc e ——————— Pterochilus

BeLs Lebial o 1pi 4 articulate, normal.--0Odynerus

Yhe following should separ=te the two species of Zumenes

Ae. Vacp largely black--—-~~—=-mcmrmmme e e fraterna
wacp, large yellow ferruglinoug--—-—-—~-—-c=mmmeee—- bolli

The following tadle should sepsrste the species of QOdynerus.
A. Firet abdominal sepgment punctste dorsally
B. 3mall wosps, 18 m.m. long; a free yellow later=z1 svot on
second asbdonminal segment.—-~~~—--—-—-—-——--~-~—panl%0rum.
B.B.Medium sized wasvs, 13 m.m. long, no ifree yellow latersl
spot on second sbhdominal serment.,-----~----~ gulpuritinctus
A.A. Firet abdominal serment not punctate dorsally.
B. Margin of zecond abdominal segment retlexed dorsally
————————————————————————————————————————————— hildegi
B.B. Msrgin of second abdominal segment no retexed dorsally.
C. Large species, 17 m.m. lon~. Clypeus tinely punctate.
o e o e e e e i e dorsalis.
C.C. Medium sized species 12 to 15 m.m. long.

D. Largely black wacp; clypeus, strigste punctate,-arvensis
D.D. Lergely ferruginous wasp; clypeus simply punctsate
e e ot S o o O i e o e annulatus
Q. arvensis Sausv,
0. nrvensis Sauge, Pev., de Zool. XX, 1869
O arvensis 3auss, Hise., Col, Omithsonian Inst., XIV pp
270-272/ 1870
£Totel leneth 14 m.m.:; wing 11 m.m.
b Y 12 mem. f g 0w
$4 medium sized mo=ztly blsel, cosrsely punctured wssp.
Clypeus widely pyriform strigate nunctate; truncate at tip,
1 toothed 2t €ides of truncution margins. Thorax slishtly

widened in front; scutellum with low indistinet medium curina;

post-gcutellum transversely ct&mulﬁte, the latero~ superior
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ridges blunted or effaced; the lateral edges of the hinder
plate produced intd & dentiform ﬁnvle. The first abdominal
serment smooth, truncate and a little rounded at the base; the
second sepment shért, densely punctured, its posterior border
offering a wide depresed zone, widened in the middle, very
coarsely cribose. The following segments similarly punctured.
Incect blaek, Mandibles red; & spot at their bacse and
2 broad bassl band in the élypeus; yellow; inner border of
orbits, & spot behind eésch eye and a spot on the front, either
yellow or reddish; scape of the antennae red, with & black
line above. Anterior border of the notum yellow, often fol-
lowed with red; tegulase yellow or red; post scutel and a spot
oneach side of the metathorax, above, yellow; segments of the
abdomen apicaly bor@ered with yellow, the first having its
bordervon each side widened or confounded with a spot or oblique
band, which is yellow surrounded with red, leaving above a
black triboled square spot. Legs yellow, black at the base,
Wings smoky or-a little reddened, with a light violet reflection,
" %pSmaller  Clypeus polygonal, yellow , wider than long, trun-
cate on its anterior border, offering a very small tooth on each
extrenity; its anterior portion a 1ittle prolonged so that the
rolygon is not regular; hook of the antennae black or ferru-
ginous; mandibles and ornaments of the head yellow or orange;
&8 red dot ormrthe flanks before the tepulae;;often the posterior
border of t he prothorax red. Fifth abdominal sepment often

bordered with yellow.



Habitat; "The United States, particularly the south"
writes De 3aussure. He records specimens from N.Y., I11, Kan.,
and Tenn. Both Hartman and Cammerar have recorded speciments
taken in.Texas.

Q. annulatus Say

A annulatus Ssy, Longs 3ec. Exp append, 29 (11-348)

Phynecheum annulatum Ssy,Bost. Journ I. 1837, 351, 4.
0. Bairdi Sauss Vevne Zool X 1858,

0 annulatus Seuss Bym. Zm. Wasps Vol. 273-27,( 1875)

?Total length 12 m.m. wing
\ " " 10 v on n 8 m.m.

$A meldium sized, rather slender largely ruifous wasp with
coarse and dense punctures. 'Th is wasp closely resembles O.
arvensis in form, from whiéh it dirrerschiefly AS»follown: gome~
what smaller and more slender. Clypeus broadly pyriform but
not as bwoad as that of O érvensis; surface of clypeus simply
punctate.

Head rufous except vertex, base of scape snd plasellum,
which are black, a spot on anterior portion of Drofhorlx, gecutel~
lem, a evot on scutum, tepulze, yellow; rest rf thorax rufous
‘excapt scutum and sides of megsothorax which are black; and a
gpot below terulae, pose scutellum, and a spot one each side
on the metathorac above snd sometimes the anterior margin of
the prothorax, part of the terulae and spots on the scutellum
which are yellow; usuelly there is a rufous spot in middle of
scutum, Ababminal segments rufous %~5 bordered with yellow,
the firgt having its border wideded on each side usually ex-~

tending forward to the anterior margin of the segment. Yellow
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maculse on sies of sesond segment. Often a black spot on the
middle of the forsum at the base of each segment. Legs ruf-
ous; wines light smoky.

Qgglypeus broader than hiech more regularly octagonal:;its
anterior margin straipght having tvo distant teeth -on either
¢ide. Mandibles elypeus, a triahgle on the forehesd, mnd a
ginus of the eyes, a lime on the scope, bricht yellowl'hook
of the antennae and post occular spots rufous. Othervise as
female.

This species is very variable in size and in coloration.
I heve specimens that messure 15 m.m. in length. In colorstion
the Kansas forms vary particularly in the amount of black on the
abdomen. In many zpecimens the bluck entirely replaces rufous
on the third and following abdominal segments. De Saussure
describes three varieties, a "black variety", & "rufous variety’
and a "Mexican variety" in which yellow predominates. The
Kencas formg are néariy like the "rufous variety”.

Habitat: According to De 3sussure this species is found on
the prairies from Mo. to Tex, in . m and the Mexicen Cordil-
lerss., In the Snow Collections are also many cpeciments from
Ariz- and ¥Xen. Cemeron revports gvecimens taken from Colo.

O dorsalis Febricus

Vespa dorsalis Fabr. Syst. Int, 367, 25 (1775)
Polistes QJorsalis Tabr. 3Syst. Piez 272, 19
Rlynchium battestum 3ay Boet Jour I 1837, 383, 1
fonobia sybstica 3auss Tt Wesped III 108

Thynchium Lousisnum 3auss. &t Vesped I 106, 7, 852
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Rhynchium dorssle 3auss. Et Vesped III 171
O dorsalis, Seuss Sep. Am. Tssps %ol 257-260, 1875
RTotsl length 17 m.m., wing 14 m.m.
® Totel length 17 m.m.:; " 12 m.m.

2 Lsrge brownish wsop, ornsmented with yellow elypeus, &
little wider than high by sub—pyriform; anterior margin trun~
cate or even & little rounded, finely punctate. Head and thorax
densely strongly punctate; prothorax retracted anteriorly; post .
gcutellum truncate, besring a ereﬁulntion interrupted in the
middle, metathorsx regoce upon its ‘orders, quite veriable ac-
cording to svecimens; ite hinler plate flattened, striate, form-~
ing on each side @ dentiform sngle ( ot times blunted) ; its
superior borders zometimes oulte trenchsnt, cometimes effsced.
Abdomen wide, bnnical; the ftirct segment truncate =svically but
rounded hacsglly; the cecond finely punctured, offering along
ite posterior margin & wide rugocse band, a little deprecsed,
garnished with cosrsze punctures; this bsnd a little widened in
the middle; the very margin is emooth; the followine sermente
gre stronerly punctured with the extreme marrin smooth.

"Rufous Variety--The whele insect rufo-ferrurinous except
scope bencath, middle of prothorax, terulse, & line in the vost-
scutellum, border of the first segment of the abdomen, yellow;
Teet most yellow; the flagellum of the antennae black.

Black Variety--~Insect blsck, mouth clypeus , & spot behind
each eye, articds one to three of the sntennae rufous, pro-~
thorax tegulse, scutel, equally rufous,"” ye’low ornementation

as on rufous variety, "legs black; knees, tivia and tersi
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yellow. Wings of a deep brown violet.”
These two varieties are described by De 3Saussure, from

whom I hsve-taken the fescriptions bodily. DBoth varieties and
every eradation between them im found in western Kansss. The
rutous veriety is much the better reprcrented of the two.

BOms1ler. Clypeus &5 long as wide. matatﬁorax lecs
blunted on the latero-superior borders of the concavity, the
superior edges more elevated Forming lines of salient rugosity,as
snd sepsrated from the post s-cutellum on each clde by a fissure.
Abdomen more conical. Border of second abdominal cegment deeply
channeled snd rugose.

Clypeus, mandiblec, inncr borders of orbits, spot on
the fron. a'line nn‘the seape of the antennae, horders of ab-
dominal segments 2-4, yellow, Wings not co deevly colored s in
femnle. OQthervwice marked as Temale.,

Habitat: - Aceording to De Ssucsure this species inhabits
"the United Ststes especiaily the south". He records specimens
from Penn., I11.; Tenn., La., 3.C., @and Mexico. In the
Snow Collections are specimens from Xan. and Tex,

O. nildagl Sauss.

~

0 hildsri Ssuss. DPev. et Mag de Zool IX. 1857, 275
0 hildsgei,Sauss. Syn. Am. Wgsp. 371 2505-2b4, 1875

¢ Total length 13-14 m.m. wing 10-111lm.m.
* 0 G A - %, PR 8 B, =

a medium gired rufous bluck and yoellow wiepe

2 The following déscription 1s teken directly *rom De
Saussure, with two slipht onicssions: '"Clypeus punctured, wide-
ly truncate, ite inferior part rathcr Tlattened snd laterelly

bicarinate. Thorax in the form on an eclongate squere, not
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contrected posteriorly, densely and coarsely nunctured. Post
seutel gharply trunc=ate, stronsly crenulate. Metathorax very
rourh in its superior lsteral face, itc posterior concevity ,
sfrihose chining; mercined wiﬁh sharp edges ©w hieh form on
esch side 2 very strong dentiform ansrle, and which terninatec
superiorly in two eminences separated from the post scutel deep
fissures. Ahdomen silky, quite conical, not othe,‘itu Tiret
germent lurre, ag wide ms the cecond, sharply truncste anteriorl)
the margin of the second =nd tolloving sepmente auite oomfsely
eridorze; the border of the cecond and third sepments reflexaq.
Inseet rutous and hlsck ond yellow, hesd tlsck; manditles
clyveus, merecing of the ortits entirely or interrupted at the
verﬁex, a gpot on the ¥or-hesd, and at the bree T the antennae
rufous; mesonatum blsck, prothoraxz, scutellum, mclsthorax sand
terulae rufous, aﬁtﬂrinr margin of prbthorax and & cnot below
the terulae rutous or yellow. Abdomen ruftous =11 segmenté maerglr
ed with yellow: the margin of the flrst sesment widened at the

t:ige; triangular *lsack svots at the base of the first and second

O

serments, on geccond this spot is very large sometimes covering
helf ~Y the dorsal surfsace.
® Clyrneus octahnnal. Handibleg, orbits, a trimnguler on
the Torehecad, a line on the scope ot the cntonnae, yellow, Mar-
gin of prothorax, secutel, = snot under *he bzse of wing, and
tibls otften yellow.
Hehitat; De 3sussure records svecies from N.Y., La.,

snd Mexico. In the Tnow Collections are svecimens from Kancos,

N.M. and. Ariz.
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0. pupsrcorum View
0 pepagorum’ View Trans. Am. Ent. 88, 3947395, 1907

QTotal length 9 m.m.; wing 7.5 m.m.
A2l " . 8 nmom, T 7 " "
L]

A sngll hleck wesp ornamented with yeilow.

Clypeus pyriform, terminsted énieally by'a very small
Coneave gdge, rether coarsely punctured. Thorax elongute;
metothoraz narrowed; 1te concavity strigate-puncste; its
sﬁp@rior laterial margins efTeced by punctstions. Abdomen
ovate; the first sepment sub—campénulate, much nerrower than
ceeond segment. Cell serment punctete, most cosrsely oxn
borders.

Black. The foldowing yellow edges of the Clypeus except
a bresk laterslly on esch side, a frontsl spot, a mark im-
mediztely above the insertion of the antennse, & mark in the
emsrgoination of the eyes, a post-ocular line, the anterior
border of the rronotum, s spot below the terulae, 8 dot nesr
the posterior mergin of the gcutum, post scutellum; =uperior
laters]l edres of the concsvity of the wmetsthorax, posterior
boriers of all abdominel cegments, snd a spot on each =ide
of the cecond abdominel serment. Tinge suh-hyaline deepened
to fuscous in celle along anterior edge; interior and middle
femors Ylsck, brown snd luteus, posterior femars Ylack and
brown; tidbis snd tarel reddish dbrown; ,1ddle and posterior
tivia orusmented with a lutens c¢trip on externs}] acpect.

¢Smaller. Clypeus polygoraml, deeply cmarginate snteriorly
finely vnunctured, ssuprecypesl mark extending to posterior

margin of the elypeuc and middle and posterior eoxse or w
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gpot on those coxal yellow.
Types gend & in “now Collections. This museum poccesses
cpecimens Trom Xan. and Ariz.
0 culfuritinctus Viep.
C culfuritinetus Vier Trons. Am. L-t. 88, 2893390, 1907

eTot+1 length 12 m.m., wing 11.5 m.m.
s N B 10 m-mm' Wil’lg 10 Clallla

A medium slie&, black weep, much ornsmented with yellow.
$Clypewr, pyrifTorm, longer that wide, antcrior edce emargi-
nezte. Thorasx elongate, narrowed behine; lhe concavity of the
mets thorex striste ite laterzal margins forming on esch side.
a dentiform apnle. Abdomen ovatle; Tirst eegment helf sc long
s gecond:; second segment rellexed. TEntire body distinetly |
snd dencely punctate: punctures f{inest on first sbdominal
seement and hese of Seoond segment. Tasp covered with sparse
rnolden pubecence.

Blsek, yellow confined ag f&EmOWI} @ 1line on the bssal half
of the mendibles, clypeus eﬁcepting the margins of the anter-
ior haelf and a trisngular spsce in the middle, a spot between
the incertion of the antennse, the anterior aspect of the
geape, =8 post¥ocu1afﬂspot of the thorax snterior; a wide border
of the prothorax, portion of the tegculae, a spot below the
tegulae, vost seutellum, & =vot on the suverlor latersl marginu'
of the concavity of the metsthorax; on the abdomen, all seg-
mente brosdly hordered apicelly with yellow, this border con-
tinuing 1éterélly, on the first and second segments, to bLasal
merging of the segment. Coxsl and base of femora bluck; spnicsl

end ¢f femora and +tibia yellow; targie yellowigh with tendency
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vtowsrd brovnsih, especislly in posterior pzir. Vings brownish
with yellow reflections.
pomaller. Differg from female as followe; clypeus entirely

vellow, no yellow marks in metathorax; yellow merks on anterior
coxae, fibia and tarsei more brownigsh then yellow.

Types 2 and B Snew colledtions, Unlversity of ZKansus.

Tebitat: The museium possescges specimens from Xen. snd Ariz,

Zumenes bolli Bress.,

E. b0lli Cresc, Tymenoptera Texand.Trsns.Am.Ent.4 1872
9 Total length 15 to 17 m.m.; wing 13 m.m.

'5 " " 13 non " o AL

? Clypeus octagonal; tlLe anterior side deeply emarginate
terminating on esach side in two teeth. the parellel lateral
sideg, with the anterior oblicue sides Torming dentifopm angles;
surface conves, finely punctured. A shert bul prominent carma
between the sntennae. Head and thorax coarcely punctured;
nosterior margin of scutellum convex..Petinle lengthened, pyri-
Torm; ainely punctete; a medium furrow at apicel end; csecond
gbdominsl serment slotose, densely punctate, =ith circular
depression at the apicsl middle. Clothed with a short dense
yellow pubecence.,

Hesd blsck, Clypeus, to labrum, a spot between the an—
tennae, s line in the emargination of the eyes, a post-oculsr 1i
line, yellow; mendibles fubvous; antennee with scepe and two
or three bagal pointe of the flarellum rufo-fubvous, prothorax
yellow ferruginous more or l-ss yellowish in front; meeothorax

tlack, sometimes tinged laterally with feeruginous, scutellum
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ferru=~inous i black posteriorly; post ccutellum yellow; mets-
thorax yellow Terruginous, bluck on bassl middle to apex;
pleurse ferruginous with antericr and posterior mersins
bleck; petiole ferruginous, basal h#lf with & Droad, mcdiam,
blsck stripe, sometimes nearly as wide ss the doraum; second
serment yellow, wi'h a larce blackish angular band, sometimes
quite broad, strrting from the bssal middle and forking poster-
iorly at about the bscgal third reaching the laterel margin at
the apex; remaining segments ferrugicous tinged with yellow
sbove, Tegs yellow ferrugnous; wings brownish with yellowish
reflections.

% Smaller, lessg robust: clypeus nsrrower; third and follow-
ing sepments hblack bended with yellow.

FTumenes frsterna Say.

( ?. fraterna Say. Long's 3ec. Exped.,Il. 344(Append 77)
1825.

E fervens Sauss. Vespides L, 40, 15, (1852.)
E mserops 3auss, ibid I. 41, 18, (var? 18£2
E minuto Ssuss ibid I.39,14, {Syn exclus.)

& frsternus Seuss. Syn Am. Vasps Sol. 95-98, 1875
? Total length, 17 m.m.;vwing 12 m.m.
» & G S

?In form regsembling E. bolli. Longer and more glender. Cly-
peus lece deeply emarginste, petiole longer at cecond serment
more graduslly Plobce. flat undernezth, mery conves above,
finely punctured, its postrrior border with double leaves. All
the body covered with short grasy pile,

Insect shining blsek; two oblinue spots on the bugal mar-

gin € the clypeus, the cerina between the anternae, a post

cculsr spot, & spot on the anterior aspect of the scape, anterior
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torder of the prothorax, pest scutellum 2 spot under the
terulae, a spotton each side of the post scutellum on the
sunmit of the metathorax, Spicai mereins ot riret and second,
and sé6metimes, third and fourth abdominal sesments, *nd a
varisble dot on each side of the second abdominal segment,
creany yellow, Legs black, tibia variable with creamy yellow;
wings brownish with violet reflections.

5Clypeus, deeply emarcinate, nlrroﬁer then that of female
entirely eream yellow or with black dot in middle; scope of
antennae marked with a yellow line; hook of antennae ferrugin-
ous. ‘

Habitat: "The eastern pert of the United States", writes

De Saussure " Very common ". De Ssussure records specimens
from La., 3.C., N.Y. Denn., Wis., Penn., I1l., Conn. Ashmead
records having found it in Fla, and Herris in Maes., In the
Snow Collections of Kansss University all the specimens are

from Xanges.

Bterochilus B~faciatus Say.
Pt. © faciatus 3ay, Long's Zxp. to Sourcesg of the 3t.
Pet., Dev., II. 3uop, 70 (1824)
Rhynchium 5 faciatiam, 3ay Bost Uour I. 1827, 385
Pt. D-Tacistue, Sauvs, 3yn, Am Waeps So0l. Z71-772 (1875)

2 Totel length, 17 m.m.: wing 15 m.m.
%. " " 1 2 wrn . | ]1 TN

@Mandiblrs lerge, armed with *¥-ur loriform teeth besides
apical poiﬁt, their external cldes ¢tronely ciliated with long
hair. Clypeus trsnsverse, sparsely punctate; posteriorly,
conves, ‘somewhat produced in the middle; anteriorly rapidly

narrowing toward apex, which is deeply cmarsianate; pointe of
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emar ~ination toothed. hole body punctate;hesd and thorax densely

s%asal halv-s of first and second abdominzsl cepments finely
and gpsrcely, punctations inereasing in dencity end cosrse-
necyg toward distal margins of the sespmentc, pegedium densely
punctate. Thorsx globular.

Abéomen ovate, sub-sessile; second sepment with a trens-
verse carina et the bsse. Apicsl cegments of the abdomen
nosterior edges of tibis and tarel covered with spsrse light
brown pubesence.

Beack strikingly msrked with ferruginous and yellow. Head
black except, mandibles, clypeus, first and second Joints of
sntennae and a vogt oculsr gepot, ferruginous. Thorax blsack,
except, prothorqgkhtegulae, 2 8pot on the anterior margin of
the scutum, sideslof matathorax, latersal merpins of its
conceivity and sometimes s spot below the teculae ferruginous;
two large spote on scutum, the post scutellum and sometimes a
spot under the tersulwe yellow. All the sabdominal segments
broadly margined with yellow. First abdominsl zegment fep~
rugirous with a wide black line slonc the center of the
dorgum; second seement black with large ferrusinous snots
gometimes touching the anterior mergin, on either side. The
remsinine sepmentc black, Vinpgs smoky. Coxae sometimes black
othervwise the legs are ferrursinous.
| »Smaller, Clypeus hexiponal, 7 sided, the anterior side
deeply notched; widegt antcriorly; yellow. Anterior Margin
of prothorax a spot below the tegulae and & post ocular line
yellow. First abdominal segment, there is & small yellow

spot in the lasrge furruginous spot on the sideg.
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Hebitat: Kan., Wo., Tex.,



a7
THE FIZLD OF OBSERVATION

The observation and collections upon which this paper
is based were made, ss I have previously stated, in twelve
countieg of Northwestern Kansss, IH connection with the Biolog-
ical Jurvey of the University of Kansas. The survey was made
under the directionm of Professor 3. J. Hunter. Mr. Francis XZ.
Williams was the head of the expesition. The party consisted of
four men, besides the chief, all graduate ctudents in the de-
vartment of Tntowology.

The purpose of the survey was to study insect distribution
in the territory covered and to add to the Snbw Entomological
Collections in the Museum of Natural History at the University
of Kansas. This plan necessitated that the major portion of the
time chould be spent in general coilection. However whenever
a Zumenid colony or a single nest was located I was piven ell
the time necessary to devote to the study of the wacp’s activi-
ties. Many nests which I would not have otherwise had oppor-
tunity to observe, were first located by Mr. Williams who
directed me to them. He glso made many helpful suggestions re-
garding my observations and the method of conducting them. 411
the Bumenids collected on the trip were plsced in msy charge,
in 6rder that I hight have sufficient material for & systematic
study of the group.

 The counties covered by the survey are included by an al-

most square area, occupying the Eastern half of Northwestern

quarter of the state. @bout one week was spent in each county.
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Camp was pitched, generslly in some central point near a
stream, and from this center radiated the daily collecting
trips. Tumenidae was collected in every county but one,
Barton.

The inenerscy in detail was ams follows: Barton County,
June 19 to 25, camp near Great Bend, on the Arkapsas river;
Rush County June 25 to Julylz, camp near Rush Center on Wal-
nat Creelk; Ness ubunty, July 2 to 9, camp near Ness City, on
valnut Creek; Trego County, July 9 to 16, csmp in southern
part of county, on the Smoky Hill river; ZEllis county, July
16 to 23, csmp near Hays on Big Creek; Russel¥ county, July 23
to 31, bnmp near Russell, on the 3Saline river; Osborne County
July 31 to August 6, caemp nesar Osborme, on the 3outh Tork of
the Solomon river, Rooks county, August 6 to 13, camp near
stockton on the South Fogk of the Solomon river; Graham county
August 13 to 20, cemp near Hill City, on the South Fork of the
Solomon river; Rorton county August 20 to 87 , oamp near Lenora
on the North Fork of the Solomon river; Phillips county, Aug-
ust 27 to September 2, camp near Xirwin, on the North fork of
the 3So0lomon river, 3mith county, September 2 to 6, eamp near
Smith Center on Rock Island Lake.

Most of the land on whihh wé collected except in the river
hottoms wse rolling. In Trego, Russell and Rooks countieg, it
waé very hilly with many prominent stone outecrops. Along the
rivers in those counties were cliffs varying from 80 to 150
feet in hhight.

Except along water courses and sround dwellings, the country
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had 1little timber. Even in the former situation the timber waus
either sprrse or a narrow strip sometimes 1CO yards wide along
the gtream., The amount of virgin soil veried in the different
situstions from 25 to 90 per cent.

The season wag unusually humid for that part of Kansas, It
rained sf leocst once during every week but two, while we were

in the fTield.
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ODYNERUS PAPAGORUM VIERICK

Rdges of streams and poole and the sunny sides of high
cliffs are the situations in whieh I found waesps of this
srecies most esasily. I first noticed them st a cattle cross-
ing on a creek. Coming end pgoing continuously, each wasp,
no doubt, made many trips a day £0 thet streuam, for its load
of water. Some of this activity, I lster found was ceniered
in home building in the cside of a c¢lny bank. 1 slso soon
learned to find them hunting on the heads of the sunflower
and gaillardia, the feeding ground of their caterpillsr prey.

I éollected this wesp of this svecies in five counties
and found their nests in four of them. Then in Ness County
from July 2 to July 9, theéewasps were abundant and the
nesting season seemed to be at its heipght. Hundreds of them
were at work there in the high banks of light earth. It was
in that plece that I rdve the mogt time to observing this
species., The first colonies found were near Hush Center,
in the bsnks of Walnut Creek, on June 28, In Ellis County,
from Mly 16 to 23, =2nd in Osborne County, from July 31 to
Aungust 6 T found a Tew 0ld nests and took & few sveclmens,
but no nest building was in progress. A Tow syecimens were
ulso teken in Trego County, Trem July 7 to 16.

Along "slnut Creek, ncar Nees City, in & bank rising
about thirty feet atove the water wae the favorite nesting

site of Q0. pupagorum . The lower half of the cliff vas zlop-

ing talus; the upper half was prectically perpendicular.
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In this upper half the nects were excavated. Most of
these were at least three feet above the t:lus, &lthourh
ocecasionally T found nests within a foot of it. T did not
observe a cingle nest within four feet of the top of the
cliff, Terhaps the deep roots of the prairie grass inter-
fered with digging there. All of the colonies were situated
along western or southwestern exposurcé. There were other
¢liffs facing north snd east, appsrently exactly like those
facing wect tut, I telieve, =withiout & sinple nest. A bank
in which there was much clay seemed to Le avoided, although
I did find & few nests in very hard clay. I did not find a
single one in banks thnt vwere shaded bty trees.

In choosingra location on the face of the ¢liff many
Wasps se¢med'to'prcfer & vartislly sheltered place. ILittle
earthen ledges which protruded anﬁ‘inch or more cheltered
many entrances tc burrows. A crevice or ¢ hole in the face
of the cliff often had one or two nests nesr ifts outer edge.

Tven in the side of the dererted burrows of the large digger

bee, Anthrophors oceclidentslis , some of thece waspe oxcavated
thelr homes.

Two colonies wecre located on Talnut Creekx in Rush County.
One colony with about 20 neste wus 1Ia a sunny, west—frnnting
cliff albng the creek. A1l the nests vere below the sod root
line, The ¢liff wae similar in both smpesrance and in
character of earth to the favored nezting site in Negs County.
The other colony was 1désted in an artificial hénk at the

entrence of & dugout cave nesr the ereek. This colony was



from three #nd a hslf to Tive feet sbove the gr-ound and the
hirchest nests were two feet from the top of the bvank.

In Osborune County only small celonles,~--the largect hed on-

ly seven nects, --7ere noted, ™is was in spite of the fuct
thot the ¢1iffs vhich furnishad necting cites viere similur iu

sppesrance to those in Ness County. They differed from thut
fovorite necting cite, in that the earth &t Osborne was much
more sandy. Also, as far ueg T obuerved, these luanks were
vlways shaded by treés, except on a few north exposurcs. It
was iIn thece unsheded vlsces that I found fhe colonies.

In Eilis Ccunty I found the remuzins of an o0ld colony,--
four tubes over empty burrovws,-- in the gides of & pit. They
were about two feet Trom the surfece and were ox the side fac-
ing east.

The home of Q. pspagorum , @s previously stated, is excavat-

ed in the face of an earthen bank. IExcavoted larval cells are
connectéd with esch other end the outcide world by a burrow.
These cells do not wlways open directly into the burrow, dut.
are cometimes arrsnged in gelleries, tHe lovier cells opening
into the upper. Over the entrance of L his nest is duilt a
fragile e=srthien tube, in dlsmeter saloutl 1/8 in., the same as
thet of ithe burrow, snd in lenesth verylng from 1/4 in. to 2 in.
The number of celle to 2 nest, in thoce whileh I investigsted
veried from 1 to 14. In Rush County, among 1l nests the
avera~e rnumber of cells per cest wac s (raction less than 4.

The largest number of cells to & single nest found there wag B.

In Less County the average number of cells per nest, amons 16
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nests opened., wsg 6. There I found one nest with 14 cells and
surther with 10 cells. There were no othere with more than 8.
At Osborne the averepge among the 4 nests excsvated ®as 2. Of
@ll the neste excavated during the entire éummer I found But 3
with only 1 ceil.

In the larger nests, the cells were invariably arranged in
galleries. The average number of cells to a,galléry was between
2 and 3. @Af all the nests that I dpened I found but one‘gallery
with 4 cells.

The burrow le& into the bank either in a borizontal direction
or pointing downward; it never pointed upward. At vsrious dis-
tances from the entrsnce, from 4 inch to 5 inches, there were
openings from the msin burrow into cells or into branch bur-
rows leading to cells.,

There was 1little uniformity in the arrsengement of the cells.
- Yet T have found a numher of nests in which symmetry prevailed.
This ﬁas the case in the largest nest that I found, one with
fourteen cells. These were arranged in 7 galleries of £ cells
each. The burrow terminsted in one‘gallery. .The other & gal-
leries were arranged in pairs at intervals slong the burrow,
One the other hand‘I found many neste in which all the cells
camé from the same éide of the burrow. 31till other nests had
8 varying number of»deiis to the gallery.

The size snd shape of the cells was nesrly uniform in all
that I measured. They were barrel-shsped excavetions 5/16 in,

(8 m.m.¥ in diameter. The long sxis of these cells generslly
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poirnted downward. In 20 per cent of the cells that_I nctied,
the long axis were nesrer horizontal that vertical. In a few
cases the long axis was actualiy horizontsl.

The burrow and the entrences to the cells were about 1/8
in. in diameter. The burrow was just big énough for the wagp
to enter but d4id not permit its turning sround vhile in the necta
The length of the burrow veried grestly, from 1/4 inch (6.4 m.m.)
to b in. The average distance for the first entrsrces to cells
to open into the burrow was 1 3/16 in. In one case which I
noted, the burrow opeﬁed into the first eell within 1/4 inch
(6.4 m.m.T of the outer entrance.

The earthen walls of the cells and burrows were packed snd
smooth. They were slwsys harder than the surrounding earth
forming & layer distinct from it due to the fact that water, and
perhaps caliva was appliﬁd to them

Farthen tubes projecting from the face of a bank, over
the entrances of burrows attracted my attention to the first
Iodynerus colony that I ever obgserved. Thege tubes were small
and frsgile being only about %'in.in diameter, inside measure-
ment. In lenegth they varied from % in. to nearly 2 in. Most
of those over 4 in., in length curved downward at the distsl
end., TIn texture the tube appeared to be made of a net work
of esrthen cors, which were 1laid close together longituinally,
ard wifh enough wide cross bands to hold them tosether, 1 did
not note a singlé tube in which the direction of the strands
of network were much longer at the distal end of the tube than

near the hasal end. At the base the tube walls were solid or
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with only very smsll openings. The width of the spsces at the
distal end of the tube was about the ssme ag the width of the
esrthen cords.

In spite of the apparent frapility of these tubes, they
vere gquite durable when exposed only tc natural conditions.
While they were so brittle trat I had difficulty in removing
them from the bank,.with a pair of tweezers, without breaking
them,; yet rsin and wind sppesred to have little effect upon
them. I have excavated nests in which all the cells were empty
except for puvel skins, and over =ome of these burrows were
tubes 1 & inches (38.3 m.m.) long. They had been built at least
8 month before, probsbly much longer than thet, and had been
expored to seversl rsins. The rains left no record of the
percentage of tubes they may have destroyed. The fact that the
vasps often select sheltered spots as nesting sites indicutes
that the weather may affect the durability of the tube. Yet I
believe that many of these tubes endure for longer than the
nest hss inhsbitants and far longer than their fragile appesrance
would warrsnt. This durability is due, I believe,, as 3harp
sucgests regarding Eumenes,to saliva or some other buceal
secretion which the waegp may mix with the earth and water during
the construction of the tube.

One purpose of this tube, as hss been éuggested by Messrs.

Hungerford and Williamg regarding the tube of 0. annultatus,

is to hinder psrsgsites from finding the entrance to the burrow.
T shall discugs this in my notes on parasites.

The very beginning of nest building, that is the location of
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the site, I observed but once, in Ness County, Here a wasp
was walking rspidly back and forth on the face of the c¢liff,
covering an area of a few sguare inches. Occssionally she
would step and test the surface with her mandibles. After
two or three minutes of thig surveyine, she took wing end sig-
zageed up and down a few inches in Trent of the area over
which she had been running. She alighted, then repeated the
uncertsain flicht in front of the c¢liff and again alighted in
the same place. Again she took:wiﬁp thig time making a few
large zig-zag circles before the face of the cliff and then
flying away.

I had watched her performance with curioslity but did not
not reslize its importance until she had returned a minute later
with water. She flew almost directly to the place she hud so
carefully surveyed, wet a spot and began digging.

0. papagorum dug rapidly both with her mandibles snd her

fore feet, pulling the mcist earth to the edge of tre burrow,

and there pressing it against the bank making a thick foundation
for the tube wall. While her head and forelegs were constantly |
at work within the burrow, the rest of her body also was in

motion, swinging around the burrow entrance. At one instant

the wasp was facing the lower side of the burrow; the néxt instant
she might have chenged her position so as to be facing the oppo-
site way. The burrow was an axis about which the wasp's body
swung back and forth.

Soon the tube became so long thal it was impossible to pull
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the earth to its edge without backing out. Then Mrs. Wasp
began to form the excavated earth into pellets which she car—
ried out in her mandibles to add to the length of the tube.
She would thenpress the tip of her abdomen against the outside
of the tube while she worked with her forefeet and mandibles
within.

After she had been digging for 3 % minutes she went for more
water. This trip occupied 40 seconds. The next three suc—
cessive'trips for water were made at intervals of approximate~
ly 4 minutes each.

After 15 minutes work the wasp was completely hidden in the
tube when digging. After 50 minutes the tube was 1 % in. long,
and near the tip it was curved downward. She then began dis-
carding the excavated pellets no longer using them to add to
the tube. She would back out off the tube with the pellet in
her manditles, poise on wing a moment, Jjust long enough to
dron the pellet, then she would reenter at once. When she
began dropping the pellets, I supposed that the tube building
wag finished. However, when I returned, within bnly two
hours after the exgavations had been started, the tube was 2
inches (50.8 m.m,) long. At this time it was finished I
believe.

I left her, then, still dropping pellets. She had begun
digging at 2.30 p.m., July 5. The next morning, when I took
ny pléce before the cliff she was provisioning her nest with
caterpillars, But the nest building had not been completed,

for in the afternoon of July 6, she was again excavating,
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probebly adding more rooms to her house.
I have observed many of these wasps at work on their mests,
a few of them I noted when the excavakion began, and the rou-
tine of work,--the method of dieging, the building of the tube,
the dropping of pellets and the occasional trip for water,--
was essentially the same,

There was little regulafity about when time should be spent
on tube building. The fube was always started at the beginning
of the work. Often it was finished before any of the pellets
of earth excavated from the burrow, were thrown awey. Un ﬁhe-
other hand I have noted s number of instances in which the
tube was scarcely more than started when §uilding it firthpr
seemed to be abandoned. Tﬁe excavated eafth was disqar&ed;_
ATker one or two cells had been dug and provisioned work én
the tube would again begin.

Farth used in tube building, ss I have stated previously, is
usually excavated from the burrow. There are rare instances
however in whieh this is not the case. I notéd one ﬁasp dig~
card most of the earth taken from her purrow one afterﬁonn.\
The next afternoon she laboriously collected particles of
earth from the side of the bank sevgral feet below her nest,
with which to lengthen her tube. I noted another wasp tét
about lengthening her tube after she had wasted much soft A
earth excavated from her burrow; This wasp was less scrupu-
lous than the one just mentioned for she stolo soft earth ﬂwash-

ly excavsted from its purrow from the tube af a neighbor the

digger bee, Anthrophors occedentalis, These cases of course are
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exceptional for such poor economy is rare among the Odyneri.
When the nest has been provisioned its entrance is sealed

with mud. There seems to be no rule os to exactly where it

shall be, Of eight closed nests that I investigated in Rush

County, three were ceiled in the basal end of the tube, at

the entrance to the burrow, two others were only at the distal

end, the remsining three were in two ﬁlaces, both at the dis-

tal aﬁd bagal ends of the tube. Barth for closing the nest

wag penerally teken from the ¢cliff near the nest.

In 811l their excavations and masonry these wasps use water,
Even when collecting earth from the sides of cliffs to close
their tubes they make frequent visits to gtreams. |

After the excavation of the nest it is provisioned with food
for the wasp grub. In all the nests fhat opened a Nooctued
caterpillar apparently of the group Heliothense was used. The

largest of these caterpillars that I took from nests were

13 m.m. in 1ength. Some were as sﬁort ax 10 m.m. Their dorsal
color was dark red or reddish purple with four longitudinal
white stripes. Ventrally they were greenish or purpligh white.
I found this caterpillér feeding on the hesds of several

gpecies of sunflower (Helianthus sp.) , the gaillardias (Gail-

lardia lutea), and the purple cone-flower, Brauneris purpuresa).

The number of caterpillars stored in éaqh cell varied from
5 to 10. The average per cell in Rush County was a little
more than 7 caterpillars; in Ness County the average was nearly
9.  According to thése estimates the aversge number of .cater-

pillars that should have been stqred in an avaragamsized Rush
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County nest is 30, The average number of caterpillars in
an average Negs Qounty nest éhOuld have been 54. The largest
nest that I found,--one with 14 cells,-- should, gccording'
to the less County average, have contained 126 caterpillars.

The largest number of caterpillars that I actuaslly found
in a single nest was 50. This nest had 8 cells. 1In 2 of
these cells there were no caterpillars for the wasp grubs
within were full grown. In another cell there were 7
caterpillars and a small wasp grub. In the other cells the
waspe had not hatched and consequently the larder remained
uhtouched., Three of these cells contained 8 caterpillars
each, 1 éontained 9,8nd another 10. The nest undoubfedly
at one time had contained at least 15 or 20 more caterpillars
than it did at the time when I 6pened.

¥hy should the sverage number of caterpillars per cell
have been so much higher in Ress County than in Rush County?
(There were two conditions that may have affected this dif-
ference) The datetpillar prey was much more abundant in Ness
Counfy; 80 were the wasps. A more imvortant item is, that the
cells,openedrin Ness 00unty; which I could consider in this
count were stored on an average a week later than those that
had been in the same condition in Rush County, for any cell
that had been stored more than three days before we opened
wags likely to have its larder more or lessldepleted by the
hungry wasp grub. The weather had been conaidefably warmer
while we were in Negs County and the activity of the wasps

was correspondingly 1ndreased. This may also have been one
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reason for the larger number of cells in the nests in Ness
County,

I noted these wasps frequently on their hunting ground,--
containing the fnod plants of their caterpillar prey. But
in Spite‘of the comrarative abundance of both the wasog and
the caterpillars I saw the capturing of prey only twice. On one
occagsion a wasp seized a caterpillar near the snal end and by
repeated jerks pulled it trom its hiding place between the
disk flowers in the pgaillardia head. When the caterpiilar
finally let co both rolled fpom the flower to a leafl below.
For an instant they were out of my sight. When I saw them
again the wasp'was holding the caterpillar by the neck and
was stincing it under the thorax. I noted two thrusts. Then
the wasp quickly bestrode its prey and begén maxalation. Some
movement of mine must have-disturbed the wasp, for it stopped
sudienly, watched me for & moment and then flew away leaving
its vietim on the leaf. The caterpillar appeared to be dead
and did not respont to any irritation. Unfortunately I ddd
not keep it to observe further developments.

On another occasion I noted a wasp on a sunflower as~
tride a caterpillar and maxalating it. Then she turned the
caterpillar ventral side up and continued chewing and twksting
its neck. They she flew away with it.

“When hunting, tpis wasp sometimes runs quite rapidly
over the flower heads. More often her progress is very‘slow
as it peers carefully amoﬁg'the dick flowers. |

I was anxious to observe the wasp's attack upon her prey
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more closely, and thought to bring this about by artiticial
means. With nails I pinned two sunflower heads in the midst
of a colonyg. Upon these sunflowers I placed about a dozen

caterpillars upon which 0. papagorum preyed. There were the

same specles of caterpillars for which the wasps had been
searching so dilligently in the field, within a few inches

of the very thresh holds of the wasps' storehouses. But my
efforts were fruitless. Not a caterpillar was sttacked. Not
only did the wasps ignore the caterpiilars I had placed there
for the convenience but they seémed even to be wholly unmind-
ful of the sunflowers., They flew directly to and from their
nests as if nothing hnd been-dhanged in the site of their col~
ony. |

The caterpillar is carried ventral side upward. With
manditles the waep grasps the caterpillars neck. One pair of
legs are also used in holding the caterpillar's body under
her own.

Upon reaching her nest the wasp with her mandibles and
legs oquickly moves the caterpillar, head first and ventral
gide upward, into the tube. Then she follows it in., As far
as I have observed the wasp always pushed the caterpillar with
her head. After the caterpillar is stored she backs out and
again goes on the hunt.

Storing caterpillers was not always an easy matter. On one
occasion I saw & wasp have considerable difficulty in pashing
a caterpillar ahead of her into the tube. The caterpillar

did not seem to be thorourhly paralized for as soon ag it was



pushed ahead of the wasp it would try to curl up or hold to
th; sides of the tube. After several attempts the wasp started
it into the burrow. About four minutes later she backed out
bringing the unruly caterpillar with her. She alirhted on
the side of the cliff and vigompously bit its neck and first .
etorasic segment. After belaboring it for about a minute she
pushed it in again, this time withlno apparent trouble.

0f all the caterpiilars that I took from cells not one that
I noticed was dead. Even those that had been iﬁ cells so long
that nearly all of their partners had been devoured by the wasp
grub, still responded to stimulation. There caterpillars were
paralized with varﬁing degreés of success. Some would only
mové their abdominal sepments ﬁhen ifritated, while others
could make thelr way out of the cell after‘it had been opened.
One caterpillar,that I had seen captured in the field, was
Apparently dead or totglly paralized. This was the only ex~
ception. It since oesurred to me that this state may have been

only temporsry. 0. papggorunm may totally paralyse caterpillars

when she captures them, thus making them more easily managed 4
during the storing process. After it 1s storéd the caterpillar
may partially recover from the paradpysis. |
Most ot the cells freshly stored were baked with a tangled
mass of caterpillars. Usually there was no vacant space in
the cell.
On removiﬁg the mass of caterpillars from the cell I often
found the egg sﬁspended from the roof of the cell by a white

thread. It was not suspended above the caterpillars. As far
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‘ag I observed it was always in the part of the cell farthest
from the entrance to the burrow. Sometimes it was attached
to the rodf at the lower end of the burrow, so that the egg was
nearly in the bottom of the cell, In.spite of the thread
attachment, in most cells the caterpillars must have been fair-
ly piled upon the egg.

Oviposition may tske place before any caterpillars ,or.
after only a few, are stored. The usual position of the egg
would indicsate that it was deposited a2t least before many cater-
pillars were sfored. ¥ d%d not open a single empty cell in
which I found an egg. However, I did find eggs suspended in
only partially-stored cells; in one cagi the cell had but two
caterpillars.

The-length of time reguired to make and store a nest de-
pends chiefly upon the number of its cells, upon the weather.
In cold damp weather the wasps are very sluggish énd work bdbut
little. Wind also has & discouraging effect upon work. On hot
sunny "days they were most active. I noted one three-celled nest
that was finished in two days. On the other hand I opened largen
nests which contained larvae and pupae of ages that must have
been at least ten dsys or two weeks apart. The length cof time
required for negt building also dapenas to & certaein extent up-
on the individual wasp, as some are much faster workere ‘than

others. It is also difficult to make an estimate of the length

of time required to store a cell, as I have found wasps with
‘a8 many as three cells open at one time and storing caterpil-

lars in 811 of them.
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An extract from my field notes may show about how fast
&an average wasp works on a favorable dey. It reads as fol-

lows:"0. pspagorum left nest 2t 8.40 a.m. Returned in 11

minutes with a eaterpillar. Stcring it reqﬁired 3 minutes.
Returned with second caterpillar in 20 minutes. 3tored it

5 minutes. Hunt for third catervillar took 25 minutes.
Spent 8 } minutes storing it. Returned in 53 % minutes.
Stored it in 3 minutes. Came out and backed 1ﬁto tube
(perhaps to oviposit). Stayed inside 5 minutes. Returned
with caterpillar in 26 minutes. -Storing it required 13
minutes.” ‘Thus 3 hours and 45 minutes wefe spent in captur-

ing and storing 5 caterpillars.
The egg of 0, papagorum is eylindriecal, slightly taper-

ing toward the rounded ends. It is eresmy white in color.
The filament attachment is white and about the same length
as the egg., The egg is 2 % m.m. long and 2/3 m.m. in its
grestect diameter.

The larva is a very stout grud much larger pbsteribrly
than snteriorly. Its Venfral outline is slipghtly curved and
when mature is about 10 m.m. in length. Its dorsal outline
ig strongly curved and is 13 4 m.m. in iength. Its greatest
diameter is 4 %~m.m. In color the grudb is whitish. The
puba is also whitish and is 9 to 10 m.m. in length.

Bloéeiy agssociated vith 0. papsgorum was & cuckoo-bee,

Chrysis pattpni. There green parantic bees were ubiguitous

on the faces of cliffs in which the wasps nested. They often
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seemed more numerous than the wasps themselves.
There dhrysiaids SPGnt most 6f their time searching the
face of the cliffs, investigating'evefy.hole of creviece in the
bank, aﬁd‘sdmetimes finding their way into the ‘tube of 0.

apu.sorun. These same cliffs were also used ac nesting sites

Tor small Andrenid bees. Thile I seldom saw a cuckoo bee

pass one of these burrows‘by without stopping to look into 1%,
I never saw one sctuslly enter an Andrenid nest. They seemed
to be searching for the storehonse of Odyﬁerus.

The tube over the entrance: to the burrow was of consider—
able importence, I believe, in keepinp these undagirable
guests Ouﬁ'of the nest. Because of thie tube‘ eﬁckoo bees
seemed at least to have great diffieuity in Tindine theiﬁ way
into the burron. fhen a cuckoa bee would come in enntact with
a tube it would Penera11y paas” 1t hJ, while 1t would casxly
_have fouhd AN open burrow. waever when 1t Jouna the antranoe
to the tuﬁelit would go’in at once, even though the wasp wight
happen to be within the nest. In the latter‘caée*the Chtzsidiq
would ceme out in gréét héste;

On one occasion I saw this Chrysis pattoni brewk open a

fube, vith ité'mauﬁibles. ' The tube had been ceiled the day
before by the wssp. Chrysis 3id not try to break the $ate”
at the base whbre it was thickest, but at the aisfaj dnd.‘i
took ngzgug Out of the nest aiter it had penetrated to the
main hurrch,

Eat_a_e_a_mzmn occasionelly Lhoweé aims ni’ “imstility %w’ar&

,the cuckoo bae, hy Zerting at 1% mhﬁn ﬁhe latter Vas toa nesr
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its nest. The cuckoo bee always made good its escape. It
also ghowed simns of fear when it entered the wasp's nest and
found the owner at home. Moot of the time However eaeh of
these insects ignored the other's presence.

In spite of the abundance of this cuckoo bae, T Pound littlc
e¥idence of parasites in any of the nests that T opened. Pupsl
cases, probably of some Chrysidid were sometimes found in nests.,

I found one nest with an unfamiliar grubd in 1t Teedlny In the
game cell with the Odynerus grub.

Jeint proprietors, with Q. papagorum, of the c¢liffs in

which the large colonies were located, were Anthrophora og-

caedentalis, several Andrenid bees, several species of Philan-
thide, Trypoxylon sp. and Q. hildegi, No advantages or -dis~
advantages to 0. papagorum seemed to result from this proximity
of other inuects except of Anthrophora. ITwice I noted Odynexus

taking mud from this bee’s tube, and the vacated burrows of
the bee zometimes furnished shelters for the bases of the ftubes
of @dynerus. Had they been more numerous . hildapgi might have
become a rivel for Tood as they preyed on the same caterpililare.
This wasp was strongly coloniel in habit. It mey have been
due to & certain extent to the secsreity of idesl nesting cites.
This doec not ceem to me to be gufficlent explanation however.
In Rush County o colony was locuted on an earthen wall at the
entrance of a durout cave, This wall presented an area of
egbout thirty-five square feet, ortificially made smooth., It
was in one plene a2nd 211 parts were almogt egqually exposed to

the weather as there were no ledges of earth for the protection
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of tubes to predjudice the locotion of a colony in a certain
place. 7TYet,a colony of 10 nests vac Jocated én a spsce 7 by

£l inches. The great colony in the cliffs.in Nese County wag
maede up of meny small colonies of 20 to 30 nests, while spaces
tetween these colonies, which offered situations for necting of
ececentially the sme chuaraceter, were untenanted.

I could not ofserve and adveniege gained by this colonial
hebit. However the wasps must have been influenced by each
other for hhere was & téndency in a2 colony for all to the same
wind of work at the same time: When I saw one wasp bring &
caterpillar to her‘hest p kﬁew thet the rest of the colony wasg
probsably elso on a huht. When I saw one wasp back 6ut of her
tube with a pellet of esrth I expected to see others elso,
either excavating or otherwise engaged in next htuilding.

The time of dsy slso seemed to be & dividing factor in
the %ind of work Q. papegorum would do. Mornings were generelly
spent huntine and storing caterpillars. Afternoons were genersl-
ly given to nest fuilding.

O+ papagorum began working between 7.30 and 8 a.m. during

my stay in Ness County. 3She began hunting at once in esrnest,
in contreet to come other Qdyneri who would work only in a
desultory way until the mornine was half cone. Iete in the
afternoon some of these masps vwould gquit working. Others I
noted were still busy just before sunset, The night was spent
in the nest.

Duringe the busy season these wasps muet make many trips a

-

day for water. Their Tamiliarity with water 2oee not meke themn
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incsutious about approaching it. Sometimes they will alight
upon still water, in tanks, pools, or in tracks beside streams,
but T have never seen tliem alight uvon running water or even
float upon it. When tuking water from stréams they alight at
the waters edge. Often they will take weter from the wet send
at the edge of a gtream.

ihen Q. papsagorum alightslon weter or on the side of a eliff,

or when hunting on a flower hesd, it always keeps its wings
spread and held up obliquely from the thorax, thus constantly
keepine them in a position to take flight at any time. Thig is
charscteristic of all the ngéggi that I have observed.

On their homecomeings these wapps alwaye, if undicturbed,
flew directly to their tubes, paying no attention to the tubes
of others in the colony. Was this due to a éense of direction
or to a memory of the nect's surroundings? I hzd noted e wasp
making e %ig-zag flight before a small area in the face of the
elfff In thch she loceted her nest. This sig-zag flight I had
supposed was 8"locality study"” to 2id the wasp in finding the
exaét spot again, This idesz I owed to' a suggestion from the
Peckhams; I considered it analogous to the many locality studies
they had observed.

When I pinned two sunflower heads, &én the face of the eliff
in the midst of & colony, this I have previously described, and
the wasps absolutely ignored these decorstions, my confidence
in their obser#tttonal ability was sheaken. ThQIWasps flew
directly to their tubes sg 1if there had—beén no chsnge in the

appearsnce of_the gide of the -colony.
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Thet afterncon I purposely knocked off two long tubes, when
the.owﬁers of the nests were away. When the wasps returned
they flew wibhout the slightest hesitation directly into their
uricovered burrows.

I want to anothercolony snd partielly mutilated three other
nests by knoexing off the tubes snd cutting out a part of the
burrow, and then with my knife I made gashes in the banl . for
gseveral inches around the entrancés of these nests. Twc¢ of the
wasps Tlew directly to their burrows and entered ss ususl. The
other wasp 1it & few inches at the side of the burrow, hesitated
8 moment snd then wadkad directly into it.

When observing these wasps they seldom seemed to resent my
‘presence. Ususlly they did not appear to notice me at all,

These wasps whose homes I hed mutilated were not blindly
unaware of the change. At the time I broke the tubes the‘ﬁaapéi
were enlarging their respective burrows. Apparently the tubes
were finished. But within ten minutes after I had broken the
tubes all of the wasps were building new ones. Only one of
them began work on the hew tube 2t once; all of the others
continued'discarding their excavated pbllets Tor several minutes.,
A1l three of the wd&ps,‘&hose nests I had mutilated with my
kni fe, inspaoted.my,éapradatinna geveral times before beginning
the rebuilding of the tube.

The effeat of a strong wind upon Xk work ‘of these wasrs I
had opportunity to observe on thﬁ afternoon of July 4. TA‘
gale was blowing furiously from the sauthwaat atriking diagonal—
ly the face of the eliff in which @he‘, yuerus colonies were
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were located. The temperasture was high as usual and ordinarial-
1y I would have expected to see the colonies very active.

For two hours I stationed myself in front of a smgll colony
of 8 burrows. During that time T saw 5 of the owners of these
burrows.

The first wasp ceme from the field unburdened, and entered
its tube. In 2 minutes it came out and backed in. It stayed.
in this position for 43 minutes, although three times it
showed its head st the entrence of the tube., At last it came
out but reentered at once head first.Bight minutes later it
again came out and backed into the nest. The rest of the time
I was there it occ#sionally showed its head at the entrance of
the tube but never ventured out.

The second wasp came home with a ceaterpillar. She had
difficulty in aliehting, for several times as she poised to
grasp the tube with her feet the wind would dash her agginst
the cliff. Then at last she wes successful in alighting she
had difficulty in pushing the caterpillar ahead of her, Ten
minuteé'later ghe came out of the tube and backed in. Twice
after thah she showed hercelf at the entrance, in 37 ninutes
after she had backed into the tube, snd again 10 minutes later.

Wasp number 3 stayed at home all afternoon. Onee she show-
ed her head at the entrance,.

- The fourth wasp was excavating when § arrived. She would

drop a pellet ebout every 30 seconds. After bringing out 6
~or 7 pellets she would go for water and battle with the wind

on her return. Only twice she mhde the trip without michap.
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Usually when she was sbout to slight the wind would dash her
against the cliff sometimes apparently causing her to lose
her losd of water for she Wbuld again fly to the creek. After
working in this wey for 35 minutes she backed into her tube
tostay, slthourh she showed herself at least two times.

The Tifth wasp tried to work the whole afternoon in spite
of the gele. TFor some renson she was collecting earth from the
side of the cliff and carrying it into her nest 8 few feetf
away perhaps to seal some cells. 3She was very ﬁnsuccossful
in her work, for nearly every time she would try to alight on
the end of her tube, she would lose her pdiée, be blown agsinst
the cliff, and would‘droﬁ her load of earth. She would then
go beck for another. When I first noted her she would gather &
load of esrth in her mandibles and fly to the tube, avnproximate-
ly svery 50 seconds, ITater in the afternoon she was much slower,

She was collecting e2rth when I first observed her, and made
seven attempts before she succeeded in alighting with her load.
She tacked out partway in 7 minutes, then disappeared agsin.
Five minuts later she came out and started for a second load of
earth., In 4 minutes she succeeded in alighting with a load.
She csme out and bsck in. Six minutes later she again begins
work.. It was 15 minutes before she succeeded in landing. She
remained in the nest only 4 mihutes; The next successful trip
required 20 minutes of struggle. When I left she was still
battling with the wind.
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ODYIZRUS ARVENSIS DE SAUSSURE

Cdynerus arvensis is one of the most numerous of the

Eumenids in western Ksnsas. I collected it in every county
covered by the survey, except the first one. it was common
throughout the summer being taken regularly between June 26 and
September 6. It was most readily found in lowland fields and
pastures or near water. |

Along the edges of streams, throughout the entire sum-
mer, this wasp was by far the moet conspicuous of the Ddzneri.
At crossings for live stock on streams, af tho‘edgcs of sand
or mud bars where the ingect can walk directly to the wqter's
edge, T always expected to find an assemblage of these wasps,

Where the approach to water in & stream was in any way abrupt

I never found them, like Q. papagorum, O arvensis never floats
on running water, However they were common floating on water
in cattle tracks at crossings or in small pools, At these
gituations wasps were constently coming and going. They were
the tugsy females getting water for nest building.

On sandy beachéa along watercourses I sometimes observed
dozens of wasps, a&lso of this species; apparently playiﬁg in
the sunshine. In contrast to those just desceribed they geemed
to have no particular Tusiness except to chage each other up
and down the beach, They were very wary and active like sand

robber flies, and were hard to take.with_a_net.' I collected
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14 of these idlers one afternoon in Rooks county, and without
exceptfnn they proved to be mﬁles. They could not have been
walting there for females to come for water for no where slong
that candy besch was there a place frequented by females. I
believe that males wait tor temales at the entrance of burrows
when the lestter are about to emerge. At any rate one was
brought to me By Mr. Mallory which he had taken waiting at the
entrance of a burrow in which was a female almost ready to come
out.

Both males ané females of this species were frequent in
lowland fielde and pastures, but I seldom saw one on & hill-
gside. 1In some places they were common én lamb's quarter
and croton plants. The former was the food plant of one of
its caterpillar prey. The later also may have béen’ fréquented
for the same reason but quite often I saw this wasp on the'
Croton tlower apparently seeking nectar.

O.Arvensis does not have the colonial‘nesting habit,
nor does it favor one nesting sife to the exclusion of all

others, as does Q. papagorum. Consequently its nests were less

easily dound and its habits not so readily studied.
0. arvensis,as I found her, was always & burrowing wasp.

Her burrowa were the least carefully made of the digging

Eumenidse that came under my observation, The variation that
may occur in the nesting habits of & single species of wasp

is here shown. This same species when observed by Mr. Hart-
man in Texas, made her domicile in any convenient crevice in

a wall or fence post.



An open space near water seemed to be the only
charscteristic common to all the nesting sites I observed. Dur-
ing the summer I noted 18 nests, in the course of construction
or finished. Of these 6 were located in the talus at the base
of ¢liffs along the edge of streams 2 in moist tlats within a
few teet of the waters edge; 5 were in cowpaths in pastures;

3 in open spaces in pastures; 1 in an open space in fillow land;
and 1 other in the dry bed of an intermittent stream. One of
these burrows opened in a short growth of grass, while the other:
were in spaces practically frew from grass or weeds. One was
lJocated in & cowpath running through & narrow strip of timber,
while all the others were in sunny pfaces. A1l the nests

were within thirty yarde of water, but one which was about a
hundred yarés from water. The character of the soll in which
the nest was located seemed to be a matter of no consequence;
there was every gradation from a hard clsy mixed with limestone,
so hard that I could scarcely dig into it with my knife, to the
soft alluviel soil of the flats beside the streams.

Observations on nesting habits were made, at intervals
throughout the summer. Nests were noted in Rush and He#s Coun-
ties, from July 16 to July 30, nests were found. None were
found in the next three counties, buﬁ in the last three visited,
Norton, Phillips and Smith, from Auguét 20 to Sept. 6, nests
were again located. Females were as numerous &t a pool near
Smith Center, September 3, as they had been st any place

visited previously, indicating that the nesting meason was still
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in full progress at that time,
The general direction of the digging of 0. arvensis, whether

she is vorking in level pround or in talus is downward, and not

horizontally like 0. papagorum. At the bottom of her more or

less perpendicular burrow are the larval cells. Over the ent-
rence of the burrow .is built & thick upright earthen tube.

0f all the nests that I observed, in only 8 had the burrow
been excavated ss far as the brood cell, when I opened it., Of
these only 2 were entirely finished before I interrupted the
process. These burrows ranged 3 $ to 7 inches deep. The aver-
age was 5 % ‘inches. The aﬁerage diameter of the burrow was %
in. This long burrow was never absolutely straight.

The number of larval cells to 2 nest varies gréatly. In
6 inehanées I found only one cell to:fhe nest; in another in~
stance I found 3 cells; in gtill another instance I found 6
cells,

0f thoge nests in which I found but one cell, only one bur—
row had been sealed by the wasp. Most of the other were still
being stored with caterpillars and might have had other cells
added lster. In 2 of these nests the cell vwas directly at the
bottom of the 5urrow; in the other 4 the burrow made & sharp
turn betore entéring the larval cell. All of the nests were
'sitﬁated in s0il eomparatively easy to dig in.

The nest with 6 cells wes excsvated in the_hard clay talué
at the base ol cliffs along the Saline river, The cells were
arranged in 2 galleries, 2 in each gallery; 1 cell being direct-

1y above the other. When I.opened the nest:5 cells were closed
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snd 1 vas.empty, cserving as a hiding place for the mother Vasp.

The other nest consisted of 3 cells esrranged one above the
other. It, too, was in the clay talus. It was located by Mr.
Mallory.

A1l but 2 of the eells in these nests were shaped like
short cylinders with somewhat rounded ends. The dismeter of
these cells averaged 4 in.,and the length ranged from 9/16 in.
to 5/8 in. In 2 cases the cells were lengthened and the ends
rounded - to such.ﬁn extent that they had the shape of elipsoids.

The cells and burrows of 0. arvensis were rourhly excavated.
The walls were packed a little but are not slways smooth, ss in

the case of Q0. papasorum . They never formed a layer of earth

around the nest distinet from the surrounding earth.

The tube which 0. srvensis built over its nest was an ercei,
or bent, ¢ylindrical, earthen chimney. In length 1t varied from
£ in. to 1 % in. The interior diasmeter of the tule at its bese
is about the same a&s that of the burrow, % inch (6.6 m.m.¥. As
the wall decreases in thiskness toward fhe términel end of the
tube, these inside meaéufements ot the tube grow 1aré@r. The
tube hss e substantial appearance. At the base the walls are
from about 1/8 in. in thickness. The tube wall is solid, not

& net work as the ture of 0. papagorum. . Its exterior has a

granular appesrance. The shorter tubes are generally straieht
while the larger ones are bent. ‘
In spite of its solid appesrance, this tube is only a

temporary structure. A 1ight rain will dissolve it. If it
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escapes the rain, Mro. Wasp tears it down when the nest finish=~
ed and stuffs it into the burrow. Thus the burrow, which could
easily be betrayed by the lsrge tube, is quite securely hidden.
The tube is vrobably s temporary defense sgainst parasites
while the provisioning of the nest is in progress.

The nest building I ohserved on five ocassions and in ité
very beginning twiece. In a2 dry bed of an intermittent stream
in Rusgell County, I noted a black Odynerus meke & "locality
study"~--a few irregular circles over an ares about 18 in..in
dismeter;--and then Tly awey. In less than two minubes she; ‘
was digeing in a spot over which she had been flying. She had
moigtened the spot and was working with her fbrq feet and mgn;
dibles. The excavated earth was used in tube building. She
workéd much as did O. pspagorum, putting the ffeshly excavsted

earth in'place, with her manditles, then working with her man-
dibles and forefeet inéide the tuhe while the tip of her ab@omen
pressed againat the outer wall. After the earfh was in pluce
she would guickly run down the burrow egain: for another losad.
Ivery three minutes as'regulérly gas if she had timed herself
by & clock, she went to the river for water. This trip took
from one minute gnd forty seconds to two minutes. After the
tube was half an inch high she began dropping pellets a few
inches from the burrow. :

I had watched her from 7,505a.m. ﬁntilﬁBuBQ 8.m, 'Aa;l
had other work for the morning 1 left her. When I returned

,'about noon she had deserted the nest., This observation was
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made July 24. The building of this nest waee fairly typical, as
far es I observed, of the nest building of the species.

qhen the nest is stored, the cells sre sealed, fhe tube
is torn down with the aid of severg} loads of weter snd is
famped into the burrow. Loose earth around the burrow is also
pushed into it until it is entirely filléd. This process I
observed but once.

Four species of caterpillars, three Pyraelids and one Noc-
tuid were found in the nests of Q arvensis thét I opened. I
did not find more then a single species of caterpillar stored
in one nest or even taken 1n one locality. On the other hand
ﬁith each change of locality there was & change in the cater-
piller prey. One of the catérpillars upon which this wasp

preys, Locostege stricticalis, is of considerable economie

importance.

The caterpillars in every instance were alive in the nest
when I opened it. 0. orvensis was often very eareless sbout
the state of mobility in which she left her prey. Once several
éaterpillars sctually climbed the sides of the glass viol in
which I had collectéd them, worked their way through the cot~
ton stopper, and were crawling actively about on the inside of
my colle¢tihg bag.

All of the caterpillars which this wasp collected were rather
SIender; A11 were larger than the wasp varying from 16 to 18
Wil U never found more than 7 eaterpillars in a cell.

4 blsck Odynerus storing caterpillers in her nest I observed
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in Norton County, August 22. Mr. Willisms had found this wasp's
tube in a small open space on a fallow hillside and called me

to see it, I waited 25 minutes before the owner of the nest
appeared with a caterpillsr. She deposited it quickly, backed
out of the nest and again went to the field. In 35 minutes she
returned with a second catervillar. I then interrupted the pro-
ceedings by teking the wasp and opening the nest.

Ter manner of entering the nest with the caterpillar differed
somewhat from any of the others of this genus that I have ob-
served. She flew to the tube &nd rushed ihto it at once dragg-
ing the eaterpillar'under her boﬁy, not stopping to push it
ahead of hér. Her method of csrrying the caterpillar, its
ventral side up, the wesp's mandibles grasping the caterpillar's
neck is similar to that of others of this genus. This wae the
only time that i observed the storing of caterpillars.

In this cell I found 3 very iively caterpillgrs. I also
found an egg suspended from the cell roof, as far as possible
from the entrance. Although this egg was'suspendedrit wis hang-
ing not above the caterpillars but among them. Had ® or 3 more
caterpillsers been added they would have been piled above the egg.

I assumed that in this case ovipogition had teken place be~
fore the storing of the cell had begun. At least I had seen
2 or the 3 catérpillars stored and oviposition had not taken
place while I was there., I found the egg of this waep on
one other occasion. It was suspended from‘the roof of the

cell ss far as possitle from the entrence. I had not seen the



7L

egg until ceversl caterpillars had been removed, but the cell
‘was so full that it must have hung smong them. This cell had
beern fully stored before I found it.

This wasp may not always be sctive from the time her nest
is begun until it is finished. The wasp with the celled nest,
previously deévribed, gave no sign of industry, during the
time I waited before her nest, which extended af intervals
through three deays. 3She visited the nest occssionally but
broupht no load. On one occasion she gtarted apparently to
enlarge her nest bringing out three pellets in 1 minute.and
40 seconds. After dropping‘the third pellet she flew away.
When I opened the nest I found the wasp with her head in the
entrance of the one empty unsealed cell.

The 5 closed cells were completely ravaged by a little

brovn snt, (Solinopsis sp) a few caterpillsrs' skins were

left in one of the cells but the others were empty excépt for
the ants. This is the only suggestion of sn insect foe of
0. arvensis that I noted except & cuckoo bee that I dug out
of a nest in Ness County, I was unsble to take it and so can
not give the species.

As far ag I observed, 0. arvensis never had any trouble
finding her way to her nest. She never seemed to be sensitive

to ohservation.
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ODYNERUS ANNULATUS SAY
I found no general rendezvous for the workers of this

species. This wasp is never found,unlike 0. arvensis and

0. pspsgorum, coming and going, in considerable numbers, for

water, to a particular mud bar or cattle crossing in 8 stream.

Q. annulatus is not usuallj céutious abéut approaching running
water. Many times I have seen her aiight fearlessly on & river,
roughened by the wind and ride over a riffle without mishap.
She can take water at almost any place along a stream; why
should che need a specisl watering place?

The males of this épecies, however, like the males of 0.
arvensis do assemble for a dmnce in the sunshine, I noted this
but once. On the west side of a stone outcrop, about 50 yemis
east of a small creek, wes & long sand bank. Up and down this
sand bank pldyed a number of male wasps of this sﬁecies. I
collected 6 of them. This observation was made August 15, in
Graham County.

This wasp was taken in 811 of the counties covered by the
survey in which Eumenidé were collected. It was less numerous
than O armensis and 0. dorsalis. It appeared in greatest num-
bers in Trego snd Graham counties, both in the western tier of
counties covered. These counties in the viecinity of our camps
were more nearly treeless than any other visited.

The variation of this wdsp in nesting habits are as striking
es its variations in color psttern. Sometimes she is a digger

wasp with a burrow and tube much like that of Q.arveneis. Messrs.
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Hungerford and Villisms described her &s a builder of one-cell~-
ed nests in open spaces in a prairie. I have found but three
nests. One had 3 cells; it was dug through a sod, in an
alluvial flood plain of a stream. Another had 22 cells; it

was dug in & barren, hard clay talus at the base of a cliff.

The third nest had been used previously by Pelopeus sp. and

was appropriated by a lazy or economical member of this species.
Because of the entirely different conditions cpnﬁected with

each of thece nests I shall deal with each separately.

The wasp that used the old nest of Pelopeus I collected in
Trego County, July 12, About 100 yeards from the Smoky Hill
river, near our cémp, were chalk rock c¢liffs 110 ft.high above
the flood plain. In cavities of these rocks and under ledges
were many nests of Pelopeus. While elimbinb among thesg‘rocks,

saw & Eumenid, which proved to be Q. annulstus, carrying a

caterpillar into one of these nests. I could not c¢limb uvo
to the place, so I took the nest, wasp and 8ll in my net.
3he had stored b caterpillars in one cell; all the caterpillars

were Loxostepe stricticalis.

At the base df the loess c¢liffs in Ness County, in which this
great colony of O papagorum was located, was a narrow alluvial
flood plein, which was matted with a variety of sedges and
grasses. In the midet of this tangle of vegdtation QO.annulatus
excavated a nest.

My attention was first attracted to this nest on the after-
noon of July 4, about 5 o'clock. The wasp had evidently not

been &t work long ftor the tube she was building was only about
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1/3 of an inch hirh. I watched her for nearly an hour, During
that time she made bl trips into the burrow to remove earth,
Ordinarily one of these trips was made in 30 seconds, though
occasionally more time was required. Two required over a
minute, each. She also made loytripé tfor water. She did not
fly directly to the creek for water, as did all the others of
this species that I observed, but went down stream to a sand
bar. In most of these instances shw would return to the nest
in 40 seconds but would not always alipght. She seemed greatly
disturbed by my presence, although I would always lie prostrate
on the grass when she went for water. BSeveral times on her
return from the creek, she would fly away again, without alight-
ing and would return several minutes later, hoping no doubt that
I would be pone. One time she was gone 8 minutes. She was also
bothered by the wind which had nearly stopped the mctivities

of the colony of Q. papagorum, earlier in the afternoon. She

would always alight on the grass, sbove the entrance of her
Eurrow, and seemed to do so with considerable difficulty. Be-
fore alirhting whe would slways make a number of horizontal el-
lipses in the air above her nesting site.  Perhaps these flights
above the nesting site were to locate the exact pblition of the
burrow.

This wasp worked much as d4id Q. srvensis. She always
backed out of her burrow'with the pellet of earth and applied
it to the chimney, with her mapdiblqs and forefeet. Shortly
before I left she begsn.dropping'pgllets 1nidap11g about 3

inches from the nest.
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The next afternoon I returned to wateh this wmap. ~She left
the nest coon after I arrived and returned in 1 hour and 20
minutes, with a caterpillar, She spent 5 minutes in the nest
and in 57 minutes she brought anothér"caterpillir. Like others
of this renus she carried it,head foremost, ventral side.up,
grasping it with her msddibles and one pair of legs. She enter-
ed the tube dragging the Gaterpillar under her body. | |
The next afternoon I found her digging again. I took her
for identitication and opened the nest.
The heipght of the tube was & little over % in. and its
diameter was % in. The tube.was but slightly bent. 1Ifts walls

were 3/16 in. thiek and their exterior surface was coarsely

granular, like that of Q.arvensis.

The burrow was ncurly ferpendicular. Including the cells;
‘its depth was 3 in. There ﬁeré %3 oells, 2 in one gallery which
were stored and sealed up, and a sinple cell which was being
excavated at the time I took the wasp. ~The cells were nearly
globular snd fere § in. in!diameter; Thesefhat*were stored
were closed with thin mud oaps. The walls of the burrow and
the cells were packed but did not torm & layer of earth dis—
tinect from that surrounding them.

The 2 olosed 6#lls were elorad with caterpillars, 4 snd 6
respectively. Nelther cell was paéked. ‘The caterpillar used
wag & naked green Noctuid with thrae rows nf aots on. its aides.
It averaged ‘1% m.m. in 1ength; I dia not: find the egg,

The third wacp of this speciea whoaa nesting aetivities
I observed worked in the hard élay talu& on & aliff by the
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Saline river, She wasan-hnusually Iafgeiwg3p-for this
species. This nest wasﬁfifsf Toundhb&ﬂﬁr; Williams, Julyl24.
He marked the place and showed it $o #d/that afternogds |
The burrow opened under a small'flatVsﬁdﬁb;%ﬁrather &

flat pebble,--which formed a protective 1edge.£ From the
entrancé of the bﬁrrow, under the stone;_ﬁhe wasp. built a‘
horizontal tube éimilar in texture to the tube of the nest
previously describe&.‘ ft vas ebout‘l/s iheh long. The clay
in which the nest was\excévated vas very hard, go that I
eould scarcely dig in 1t with my dirging‘kﬂife.,'

The wasp Was aarrying out pellets when I first saw her.
She would bsek out of the burrow, fly 4 or 5 feet and drop
the pellet and then returﬁ directly to work. TEach ex§a§ation
of o pellet reqnired from 2 minutes and 10 Seéands to 2 minutes
and thirty.seoonds. After evéry thirsd trip, ugually,-—samem
times after evary fourth ~=she would go for mater. This re-
quired 18 to 15’§econda. She would fly directly to the river
below and aligﬁtybn thg'sgitated water. Sometimes ‘she re~
mained on the wgtér for gs.short a period as 6 secdnﬁs.

She continu§d to work ih.this way for an hour and 40 minutes
and then flew‘away.. In 25 minutes she returned tO"Wpik and
. was sfill therefwhen 0% 4 o |

At different times during the afternoon the wasp had mani-
fested marked.uneasinebs becauae of my presence. If.I arawle&‘f
"1thin 8 or 10 feet of the burrow she would invariably aeo me, 
: when she came out to drop a pellet and then she woulﬁ not ;

‘ con;;nue wq;k%until I_had_withﬂxﬂmn several feet, he never
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offered to fly away as did.+the Wasp previously mentioned. 3he
showed her unessiness by keering up a zig-zag Tlirht about the
nestinﬁ site usually between me and the burrow. As soon as
I would retire she would return to work.

The next afterncon I found her digging egain. I caught
her Tor identification and opened the nect.

Opening the.nnst was & tedious task. Careful digging veas
very slow, I had expected to +~inﬂ a nest about 3 inches deep‘
and with not more than 4 cells'n In spite of that haerd ciay,
this nest was 7 ¢ in. deep and haﬁ 22 cells! Uhat induntry.
Whet s Herculean 1abor for = wasp! And her work had not been
finished.

The cells were arranged in 5 main gullerles' some of these
had small branches. The gallerles diverged obliquely in dif— _
ferent directions from the burrow outlining a sort of & cone
in the talue. The first division of the burrow Into galleries
was 3 in. below the entrance. The diameter of the hurfow wos

in.

&

The cells were Jiké ellipsoids.Bhe dimensions of an average
cell were 9/16 {nches (14,7 m. m.) by 7/16 inches (11.1 m.m.).
The largest number of cells in & uinpjn callery wae 6. The
walls of the cells and of the burrow were very smoothi almout
forming o layer of earth distincé from the surrounding talus.

. The nest had been‘in the course of construotion g0 long
that a part of the brood had alreaay emerged. might cells
contained only pupal sxuvlae, nlne calls contained pupal in

various stages of devequment, one of which emerged the next
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day in e glass vial, Four cells contained grubs, 3 or which
were evidently meture. In one pell with the other grub were
parts of two greenish caterpillars. Judging from the length
6f time.it took others of this genus to develope, it had
ﬁrobably been stored not more thaﬁ a week or 10 days.pravibusly.
There vere no freshly-stored cells.

One cell contained 12 cast-off pupal cases of some small
Dipteron, This is the only indiestion tﬁat-l found, of inter-~
ference with the abtivities of this waep, by snother insect.

The lervae and pupae of Q. snnulatus were like the larvae and

pupae of Q. papagorum, only larger. The mafure larva was 15 m.mo.
long, and very stouf beingVV‘m.m; in width at the widest part.
Tye ﬁupae were about]lz m.m, lohg.

The capturing and subdulng of the caterpillar prey by this
species I observed but twice.  In both instances the caterﬁfla

ler was Loxsstege stricticalis. = The first caterpillar was

teken on Russion thistle snd the‘sécond on alfalfa. These
observations were mede in Tregc Cdunty-oh July 12 and 13.

In the Tirst instence the wasp spent 5 minutes dislodging
the ceterpillar from its nest. At lagst she seized the ceter-
pillar by its anal end and deliberstely dragged it backward
over the thistle stem for seversl inches until they both fell
to the grouna. The wasp then qﬁickly gragped t he caterpil-
ler's neck, stung it 3 $imes undér:fhe.thorax and began
maxalstion. This prdcess contipﬁégifor 4 %_mihutés. The
wasp often rested cleanihg:itsﬂﬁbﬂdmen anqtiﬁtannag with its

legs. When she started‘t0 f1y»I‘GanEﬁt;hﬁr{
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In the other instance.the wasp worked much more rapidly.
She tore open the caterpillar’s web, grasped it by the ansl ‘
end snd they both dropped to the,ground."The wasp quickly
seized the evterpiilar's neck and stung it 3 times under the
thorax. Jhe then maxalated the caterpill&r and started to
dragg it away. After she had dragged it about 5 jards she
took wing, circled high in the air.and disappeared. The
entire process hed taken 2 minutes.

0. annulatus was common huntingon the Russian thistle

and alfalfa in Trego County.
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ODYIERUS DORSALIS Fabricus

This 1l-f#ge, brown wasp wss common in eleven of the twelve
counties covered by the survey, being collected regularly
between June 26 to Septemher 6. I have collected this wasp
as late as September 25 in Dongias County, on the State Uni-
versity campus. Like Q. arvensis 1t was most resdily found
in lowland pastures or by streanms,

0. dorsslis , ss { found her, was & burrowing wesp. I did
not know that she ever bﬁilt cells sbove ground until I resd
Mr. Hartman's psper. Usually she preferred to make her home in
an open spot in s lowland pasture, in a path or in a well tra-
veled road. These nests were never found in sod although
sometimes a fow blades ot grass might be found in the spaces in
which the nest was located. Even the vegitation around the
spaces was always short, except in-one instsnce. This exception-
2l nest I found in & stony knoll. The smgll gspace in which the
nect was located was surrounded by s tall growth of mesquite
grass., (Bnutelocia‘oligostachya)_ The soil in which the
nests were excavated was alwsys tirm. The nest was always
perpendicular or nearly perpendicular burrow at the bottom
of which were 1 or 2 cells. No tube was built over the
entrsnce. This situation was the, usual one.

A verdation from this form of burrow I found in the face
of a perpendicular earthen bank of ths ‘8gline river. I found
there a colony ot eight nests whoso burrowa Jed obliquely

or horlznntally for 1 or 2 inches intn the benk and then
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downward. The number of cells to each nestlvaried from 3 to
Te

The two types of excaveted nests present & cohtrast to the
earthen cells of the Texan dobsslis , built under a tuft of
grage, which are deseribed by Mr. Hartman. |

The nesting seeson of Q. dorsalis was at its height in
the month of August. A wasp carrying-a caterpillar was
brourht to me, July 24, by Ur, Willisms. This was the earliest
indication of nesting activities that ceme to my notice. 1In
Osberne Couny on August 4 and 5, the excavating and storing
of 7 nests was observed. At our next camp in Rooks County from
August 6 to 13, 4 nests came under by‘obsérvation. In Grahem
County Trom Auruet 12 to 20, I counted 36 nests, either being
puilt or stored, I mirht have found many more but‘they\were
g0 common that I did not hunt for thqm. In Forton County from
Auggsf 20 to 27 I'believe they were no less numerous but I
took no count. There was a decided decrease in this line of
sctivity in the next county, Phillips, where werwere from
August 27 to 3eptember 2. I found but 2 nests fhere. None
were Tound sfter that.

The dates including the period of nesting activities of O,
dorselis mey indicate the nesting period of only one generation.
The crlony locsted July 29, in the bank‘of_the-Saline river was
mature. When I found it none of the«waxpsfwgrg emerging from
fheir larval cells. II had no way_qutwgliqé;wﬁetherthese nests
were excavated earlier in the year,fbfiﬁﬁdtﬁér thej had been

built the year before and the emorging”wasps hhﬂwiintered there.
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Throughout the month of July, I had found 0. dorsslis quite
common about the watering plsces, but Tound no sign of a
nest.

The nests of 0. dorsalis tound along reads or in open spaces
in pastures, were, as I have stated, burrows vertical or nesrly
8o, at the bottdm of whihh the larval cells were located,one
abnrve the other. The depth of the burrow to the bottom of the
cells was sometimes 4 in.; the depth above the hipheat cell
varied from 3 to 2 in. The diameter of the burrow was % in.

In three~fourths of the nests that 1 opened, were two cells;
the remainder of the nests had only one cell. The cells were
 §1ways one heiow the other in the direct line of the-burrow
- never 2t one side.

In ¥form the cell varied from globular to barrel-shaped.

In size there wss &ls0 considersble varistion. Cells excavat-
ed in the samé locality, in the samé kind of soillénd-under |
the ssme conditions showed noticeable varistions both in

shape and’ size. Sometimes oells i the ssue nest dlffered
markedly from each other. The extent of th;s varistion may

be shgﬁn by = uompafisnn of messurements of cells of 4 nests
located in 6pen spaces in & pasture within 75 feet of'cach_
other. Therdeﬁcrittinns of these cells e rpiven in my notes
are 8§ foilows:

. Hest 1:--8 cells, slobular; celll--verticsl, diameter 10/16
in.; horizontal dismeter same. Cell 2--verticsl dismeter 11/16

in.; horizontal dismeter, %?«Mn.
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Nest 2: 1 cell: r]obulnr§ yertica1diémeter 10/16 in.,
horizontel diameter 11/16/in.

Hest 3: 2 cells, barrgil-shaped. Cell 1 --verticsl dia-
meter 14/16 in.; horizontal diasmeter 4 in. ‘7

- Nest 4: 1 cell, parrell-shaped; vertical diameter 3/4 in.;
horizontsl iameter % 1n.

No tube was built ovef the entrancewcf this burrow &g is
the case with so many of t%is Penus, but the earth GYQ&Vnted
wags not left about the-nest. The pellets are dropped in piles
from 18 inches to 2 teet from the entrange.

V"hen the nest vas Btnred With oaterpillars, 0. dorsalis
did not sturf the burrew with enrth. She simvly closed tha
¢ell and then csesled the entrance to the burrow, always leaving
i‘long vecant space in fhe ﬁﬁ?fﬁﬁ above the upper céll. The
thickness of this mud piug vhidh ghe ﬁuts in the entrence of
the burrow I have found to varj from 1/8 inch to 7/16 inches
¥3.2 m.m. to 11 m.m.)Q.s The plug with which the cells Wére
ﬁclosed varied in thickﬁess Irom'l/s‘inch to 5/16 inchés (3.2
m.m. 0 7.9 mm.).

The loca’ity of ﬁha“nest, ofter it wag closed, wes often
betrayed by & small bssin-~like dépreésién,;éf @hich.the closed
_entrance to *he‘burrowuﬁbs the center. The depression veries
lfrom % ineh . (1247 m. m.) %o 2 1nches {19 m.m.) in diameter.
;iIt was caused by the removal of earth from the edges o the
1%urrom entrﬂnce to be used in a@aling the buTIOM.

The neats wnore eatrances oprned 1n the face of the earthen

Qanl,'were similer to those alreaﬁy described,;in that the
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cells were arrenged one sbove the othe:;és & serieg of'enlarge&
ments of the burrow at ite 1dwér end.}rﬁpe,cells.were nearly
all verticesl as wes mosﬁ_of the burroﬁfﬁbove the cells, al-
thourh it gntered the brnk horizontaily;
| The number of cells to each nest wng & marked difference
between. +h@ neste of this eo‘ony‘and thoaeprevibusly deserited.
The 8 nects had » total of 3% cells- The-smalleét number of cell
in one nect was Do tﬁe'largest numher '7,' With one exeeption
the‘gells were arranged in a single géiiérj,- The‘cells of
the one hest which aid not'conform reré iﬁ!algallpries, of
4 and ”'ce]]s'each one exeavate& dlrectly behind the. other.i

The cells in this colony wnre quite ne&rly 111ke in shape
and‘81ze. A1l resembled barrels with rounded ends._ The
averape helcoht <es 15/1C inJy the average diaﬂetcr in.~”Thef
bu:row before 1t reached the 0p1¢s wes from 1. to 5 in. ]6ng
‘Its_diameter avera?ed 9/02:1ns The depth depehded upon the
numﬁer df ¢alls in the nest};:;n cng’in w¢iqn;there were G
-celis the base wag O inche§ ﬁéibW thefentrahq;, /The entrences
to the burrows and the cellémﬁbfe‘a@aléd wifh maa ﬁlugs very-
ing from 1/8 in. %o §in., in thiclmess

Let us now obgerve the Euil@iﬁg_of & nesb. :Avfaméle-

dorselis runhing nervous’ ) overfan'open,spaca‘aﬁout the size

o

of my hand, in an QOsborne’ County bottom la nd paature at-

tracted-ﬁy atténtibn. She. Tf'm:ic.lc'l vtép ’or am instant and with

'her fore ¢eet wmuld amaep daqt r pi 1y undﬂr her bodd. Then
.she mould run buck &nd forth agnin stooleg oeeﬂsLnna11§‘xn

ﬁiﬁfﬁregt partb of the ovpen space to repeet,tha.ﬂweeping. This
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;@lasted lar gbout five minutes, when after eoncentratinn her

fsweenla: on an arece of’ about one uquare inch clearing it of
‘Rioose earth and blndes i & LruUu, uﬂp tonk \inr, rede é c?ﬁcln
ing zig-zag flight over the scent of her activities andhflew

. away in the direction’of the river.

o rumrm ered that O. P prgorum and Q. arvenalu had b¢~

haved gamilurly beuo,f'bpginnlng worl ém a nest so I cat

aovn on the gmasa g&nevr the rpen space as I dared snd a*
walted davelopmenta.

In 40 seconds she returnﬁdh wet & spot in the 1ittle area

she had cleared an& beppn to,dig'W1th her mandihlee and forae,

feet gathering fh@ saruh 1ntb B pellet which she held in h~r

manditles. Af mr digving 30fseeondb she rose ana dreppcd the

pellpt about 18 inches from”thé hole. All the othar pellatm

bt

sne excavated wore drOpped ahaut the same place.k Trips for

d

mater followed regularly after,remnving.every 5 or 5 pellgts

of carth.

To abcertain hom muchﬁtimecvaS«ﬂpant in«carrying wntpr

how much in extracting eu%hapellet of‘earth an&uhoﬁ mueh

\)

v‘ridtion there waa 1n the htime spent on aach part of the,

work, I timed this wasp s trips. T kept tﬁeﬂtima recorq in

detsil _1n my notes, swow1ne the number of séennds used for

eaah trlp £hrrwate~«”nd Tor remov:ng eaoh pellet nf earth.

I shall here: give th‘!fir&t part oﬁ tnis record from my
' nbé; 11, :t‘ollews :

'Qgeoonds.i
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For water-40: Tor removing p9110t~~30 25,18, £6,20,20

WERRE 30; M o.m : . 15, 20 20, 15,00 10
B gy B el O 10,50, 25,35,15
MR BB i " 50,30,30,15,20, etd.

: Mademe Dorsalis worked very steadily, never vausing
whlle in the viginity of the burrow, She,would tike wing the
1nstant she backed out of the bu&zow,;and on dropning the pel-
lét'would fly directly beck to it,

~ She worked steadily Irom 10.35 &.ms until 11.15 a.m.
During those 40 minutes she had removed 86 yelletL and made
16 trips for water. Most of the time she hed been completely
hidden while digging. When she returned‘from‘her seventeenth
for water she’ flew to the burrow and started to enter but
wheﬁ half way in she stopped.sqﬁdenly and backed oubs For~a-
minute or two she geemed undecided. Jeveral times she put
her hesd into ﬁhe burrcw but did not enter, ,”hen.éhe 1oc§ted
aineﬁ.nestiny site, 2 %-inehEb frnm the firgt one,: clearing
the‘grounﬁ by sweeping with her Irnnt feet aa before.” At
ll 19 she brought hey first losd of watpr and bepan work on
her secnnd burrown
'_ The depth of the deserted burrnm ;whiéhathis wesp had
dug in 40 minnxes, the sesult oﬁmapﬁotalgof:lﬂaltrips,formp
water and fgr-remnvlnz earth was'l;i;incheé,, I could fiﬁai:
1o cauﬂe for'the desertion of this nest.

: 0. dorsalla worked hn the second-burrow us’industriouslyy
28 she hsd on the firat, and much in the same manner. At
lqOﬁ PsMe &he stopped digging end . flew away over the pasture

in aearch of catgrpillars, storing 6 in 1 hour and 5 minutes.
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‘Aftﬁr depositing the cixth caterpillar ghe came out of the
‘iburrow then becked into it, staying inside about 3 minutes,
I supposed 1o oviposit. Then the flew away toward ;ho river
é.nd on returning entered the burrow. Tater, when I opened the
necst I found that she had used earth from the sides of the bur-~
row to.furnish ma‘oeriall vith which to seal the entrance to
the cell, ' | ‘

Sealing the mou.thd;?:?the '_burz"owl wes the next work, Barth
et the edges of the bﬁirow'sJ entrame was moistened, then re~
moved and applied to the sidesg o'f;the_,.bﬁrro'w's entrence. When
enourh earth had been removed to completely close the burrow .

2 basin-like depression was 1eft1.”,"".’1‘1ig proceas, of é.ealing the
entrasnce to the burrow occupieé'.‘ 9 zi}inutes.‘ Two ,tri‘ps fgr '
water vere made each occunying 30 geconds. :

This wasp had completed the entire work of exeavating her '
negt, storing and closing it in & houls and 5 minutes. The ‘
burrow, which wes 2 1/8 inches dqe_p_,was exceveted in 1 hour
and 45 minutes.‘ PRy A | :

One of the wasps I .Qbse,rvred_‘ &ug’._somewhat ,fﬁster‘ ’g}}an the
one just descriﬁed. In 1 hour and 25 mlrutes she ebﬁavat'ed a
burrow uvith_one 0;9'11:‘:1 3 inches d}.eqp'.,“in contrast to 1 hour
and 45 minutés renuired to ewccévate é burrow. 2 1/8 inches
deep. Tor 8 § ,omites I timed her trips. During that time'
ghe went for water 4 times end - remo‘?ed 2g pellets.: T’he ‘tripar
for water reqnired about the same time 98 those of the :fiz:st
‘-"‘.vmsp but the rcmoval o:f a pellet OA narth xequired W 17

‘geconds cn the avera,gg while with the first wasp thm averaz:re
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was 22 Beconds;' The two wsops worked under the same conditions
as Tar as thaf is possible. DBoth nests were in the same open
space, being within 3 inches of each other. They 8léo had
the seme advantages of temperature for I wae watching both
neste at the same time.‘ The second wasp began working 10
minutes safter the first one had begun her second nest.‘ Al-
though the second wasp worked more r#pidly in digging it took
her twice ss long to store 6 caterpillars in her nest.

Two other nests, whose progress I had kept note of from
their commencement until their completion required & much
longer time for this process. One was closed 21 hours after
if hed been hegun. The other ﬁasmclosed 25 hours efter its
commencement. Both were nests with two cells.

Two Hesperid caterpillars Werelpfeyed upon by 0. dorsaelis
The lasrvse of the sppotted skipper (Pyrgus tesselata) was
taken by 0. dorsalis exelusively in Russell and OSEOrne coun-

ties, the larveae of the blsck skipper (Philosars catullus)

was the only ceterpillar that I found in ita-bu&rows,.'The
first caterpillar tas comfion on the poppy mallow (?n lirhae
involucrate) and abunﬂant and conspicuous plant.in #gny low-
1land pastures. . I always found the larvae in s nest , made

of a crumpled leaf or two whose edges were}held together by a
silken web. Cometimes this web was in the hesrt of the plant.
The black skipper larva Mr. Wi]liamsrcblleétcd on the pigweed

(Amayramthen retroflexzus).

One afternoon of the;first week.of=1ugu§x;‘ﬂt;about 3.20

o*clock, I ststioned myself before & burrow to watch particularl ;
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- the storing of prey; In 15 minutes the wssp visited the bur-
row but broucht nothinp. She left the nest quickly and in

2 3 mirutes returned with & caterpillar. Two minutes were
reguired in storiné it. 3he brcought another csaterpillar in

15 minutes, agaiﬁ staying In the nest 3 minutes, The next
caterpillar wae brought in 2 % minutes. She then epent 12
mirutes in the field &and returned with nothing. She brought
& Tourth caterpillar in 15 minutes and stored it in & minutes
more.,

Evidently the cell wes full for when she came out Hrs.
Vasp Tlew in the direction of the river and returned in a
minute with her mouth paete glistening. 3he stayed in
burrow 2 minutes, presumably to close the cell. Then she
came out and nuickly backed into the nest. Probably éhe
backed in to ovipotit in the empty upper cell. She stsyed
in 2 minutes and then went to the field again. In 2 minutes
she had brought a caterpillar. Here I left her for the day.

The next morning soon after 7 o'clock T was waiting at the
door of ﬁhr burrow. At 7.35 her head appeesred in the door-
way. Evidently she had backed into her burrow and spent the
night there. She waited there until 7.48 and then took wing.

Her morning's hunt wee entirely unsuccessful as far as I
observed it. Perhaps the edmparative coolness of the morn-
ing affected her. She made 6 successive tripe to the field
and returned each time without prey. The time required for
these trips respectifély was g Tollows: 163515,'21, 1ibe- .18,

and 15 minutes. The purpose of her return seemed to be to
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inspect the.nest; After her second trip to the field, it
appeared that she was about to begin further excavations in
her burrow. She carried out 3 pellets, the removal of esach
one requiring about a minute. “he then returned to the hunt.
After her eixth "empty-handed" return to her nest, I follow-

ed the wasp to the field, to learn, if possible the cause of
her lack of succéss. She seemed to be in earnest about
hunting. She would fly from one mallow plant to another,
running over the leaves and stems. Twice she found a cater-
pillar and strupgled with its web; but did not seem able to
dislodge the inmate. In one of these instances she worked -
4 minutes, trying to tear open 2 caterpillar's nest, before
she gave it up. Another time she was successful in dislodg-
ing & caterpillear, stung it twice, and then dropped it. She
thencontinued hunting on the same plant and onae,actuélly
waidked over the prostrate caterpillar but did.uotlappear to
notice it. After following her for 12 minutes I left her.
I returned to the nest an hour and a hdlf;later and fbund
her closing it. She at once located & new nesting site within
& few inches of the first one and begen excavations for
another nest. By noon snd throughout the afternoon, she was
again carrying caterpillars as bﬁsily a8 she had been the day
before. Both nests were two-celled.

Q. dorsalis was easy to follow while hunting in & mellow
patch., The plants were aﬁall and.spreading,aﬁd.could not hide
her movements. Her flighis from plant to g&qnt were short,

and she spent considerable time running over each plant. She
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seldom seemed sensitive to observation, snd her large size made
her conspicuoﬁu.' The sifﬁation in Ogborne County waé made still
easier for study;because the ﬁests of 0. dorsalis ware located
in a pssftfure overgrown with the poppy mallow. Thies often
made it possible‘for me to follow a wasp from the nest to the
field and after having obgerved the capture of a caterpiller
to run back to the before she had pushed the caterpillar in.

When O.dorsalis would come upon & crumpled leaf containing
the larve of the spotted skipper, she would commence tearing
energetically at the silken nest, first at one end, then at
the other. Although the wasp worked furiouely and without
paraing sometiﬁes.more than 5 minutes were required in dis-
lodging the ceterpillar. Usuzlly however in lesge then a
minute the caterpillar would be Jjerked violently from its
cover, seized by the neck and stung two or three times under
the thorax. Once I saw a wasp, seize a caterpillar by the
tip of the abdomen to jerk it out of its nest, and sting it
under one of the last abdominal segments. Then sghe quickly
seized its neck and gave it three thrusts under the thorax.
A vigorous maxalation inveriably followed the stinging.
The capture df a caterpillar generslly occasioned considerable
excitement on the part of the wasp. Sometimes she would lose
her footing and both insects would roll from the leaf to the
ground before the vietim could be subdued.

After m#xalation with Turther delay the caterpillar is

carried to the~hest. O. dorsalis always carried the ceter-

pillar in the same manner a&s did all the others of the genus
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that T have observed. The caterpillsr, head foremost and
ventral side up is grasped by the wasp's mandibles and one
pair of lege. The wasp always flew directly to the burrow.
Her flieht was usually quite slow for the caterpillar seemed
to e & heavy burden. On slightinge the caterpillar was pushed
ahead of her into the burrow and the wasp seizing its last
abdominal segment followed it in. Q. dorsalis was always in
& hurry.

The nugber of ca.terp‘illars in & cell, with the exception
of three cells, varied from 5 to 7. In Grshem County, August
19, I opened a nest \;vith two cells containing 3 and 2 cater-
pillars respectively. A week later in Norton County I opened
two—-celled nest, containing b é.n& 2 in each cell respectively.
The csterpillars were all about the same size.  They were
stored in a more or lecs tangled mass. In meny instances the
celllwas packed; sometimes L would find a fair sized space
above the csterpillars. _

A11 of the caterpillers that I took from nests of 0. dor-
salis showed signs of life. The abdominal segments invariably
regponded to stimulation. However I found mone &s active

as some stored by 0. pspaporum and 0. srvensis.

The egg was ususlly suspended from the ceiling of the cell
by a white thread, sometimes ae long ac the ege itself. In
an exceptional case the epg was on a caterpillar, being at-
tached by & thread to its sewenth abdominal segment. This

caterpillar was on the bottom of the cell and was probably the

first one stored.



Although attached to the ceiling the egg is not always
suspended above the caterpillars. It was only in exceptional
cases,~--in unusually large cells,~~ that I found it so. I
have found it hanging among the caterpillars. Usually I could
flot find the egg at all until some of the caterpillars had been
removed.

The time oviposition, in relation to the storing of the nest,
probably varies. On one occasion I noted a wasp back into its
cell after it had been stored, supposedly for oviposition, and
just before it had been gealed up. I concluded then that ovi-

- position takes place after the storing of the csterpillars.
'My'conclusion was upset when I saw a wasp back into a new cell
in which nothing had yet been stored. Several times I found
eggs suspended in cells only partially stored end twice in
cells that were entirely empty. I also opened a number of
empty cells in which I found no egg.

The egg of 0., dorsalis is ellipsoidal and rounded at the
ends. Its length is about 4.5 m.m. and it greatest diameter is
1.5 mem. It was more nearly fTlattened at the end of attach-
ment to the thread. It was also less rounded on one side then
en another. Ites shape reminded me 6f that of & cucumber. In
color the egg was creamy white. The thread attachmont was
white and about the same length as the egg. ‘

But one 0. dorsalis grub came under my observation. Mr.
Williems saw & wWasp closing its nest, on the afternoon of Aug-
gust 7. He marked the place and showed it to me. Five days

later I opened the nest. It had one cell containing 7 cater-
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pillars 2nd a grub. I shonld judge thaet was about one~
third grown. In appearance this grub was like those of other
specles of this genus, very stout beilng larger near the ansl
end snd whitish in color.

The last of the pupal stage, I had opportunity to observe
in thé tank colony of nests. Two pupae almost ready to dis-
close wasps were tsken from the lower two cells in a gal-
lery of four. In another nest in the lowest cell another
pupa was taken. The rest of the nests were empty. I placed
these pupae in glass viels. One emerged the next day and the
other two emerged on the thiré day after I had taken them.
All were females, These punne were colored almostvlike the
adults, except that the Ffufous on the abdomen was lighter,
snd the yellow ornaments were pallid. All were resting on
the tips of thelr abdomens, with their heads upward,

My attention was attsaeted to the location of this bank
colony be a number of males of Q. dorsalis which collected
on the face of the bank around openings.to these nests, from
which wasps had emerged. Occasionally one of the males
would inspect the entrances of all the open burrows in the
bank. At two of the burrows these males always stopped to
put in their heads and sometimes one would enter partway.

" While he would fly to the others in the course of his circuit,
Mr. Weep would stop at them only momentarily and then take
wing again. The two burrows in which the males manifested
such a speéial interest proved to be the one which contained

the female pupae, nearly ready to be disclosed.
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These males were very quarrelsome. Often when one would put
his head into the burrow another would dash at it and together
they would fsll to the base of the cliff. Occasionally they
would dach a8t each other without eny evident provacationl.

From the fact that only females were foﬁnd in the lower
cells of these nests, and that males were waiting apparently
for their emergence at the mouths of the burrows I should
judge that males emerge first as in the case of others of this
genus. Perhups the upper cells of the galleries, which were
empty had contained these males.

In & number of the emptj cells of this colony I found
heads of csaterpillars, probably Herperids, evidently dis-
cerded by the wasp grub.

Q. dorsulis had an abundance of insect enemies. The find-
ings in the cells of the bank colony may suggest the extent
to which btther insects intertere with their increase of num-
bers. Of 37 cells opened st least 18 did not produce 6.
dorsalis. In one of these 18 cells I found the pupa of a
Bombyliid, probably of the genus Anthrox. In one of these
cells was an empty pupal csise probadbly of & Chrysidid. In the
walls of two other cells I found Tachinid tlies. These tlies
had endeavored to bresk their way out of the'oolls by burrowa.
ing into the wall and had perished. 1In the remaining fourteen
cells were found many Pipterous pupal cases, perhaps also
-Tachinid. These flies may have been paraaiti¢fypbn the cater-
;piilars stored, but ah any rate they prevenfad'the dov&lopment

of the wasps.
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I opened a two-celled nest in Rooks County, in the upper
cell of which were 7 recently stored caterpillars; in the
lower cell were only caterpillar skins and many almost minute

gprineteils. I once took a Mutillid (Mutills simillima) in

a nest. The cuckoo bee (Chrysis intrica) was so closely re-

lated to the nesting activities of g. dorsalis that I shall
deal with it separately. | have taken & large robber fly
(Deromya sp.) carrying this wasp.

- Chrysis intrica always attended the exsavation and

storing of the nests of 0. dorsalis. I never watched the
domegtic activities of this wasp but that a cuckoo bee was
present. The degerus could scarcely begin digging before one
of these ubiguitous parassites would appesar.

Chrysis would wait patiently, facing the nest, on the tip
of a grass blade a few inches away. It manifested ite interest
in the proceedings by darting into the burrow occasionally,
and then hurriedly resuming its position on the grass blade.
Sometimes it would even enter the burrow when the wasp was with-
in. Often there would be two or three cuckoo bees waiting
around qne burrow.

- Ordinarially the wasp and the cuckoo bee seemed to pay
little attention to =ach other. The cuckoo bee was nearly.
always motionless in the wasp's presenco.' When the wasp did
dash at the cuckoo bee, it would take wing or drop into the
grass. The wasp was never successful in catching it. Whgn the
wasp would go back to work the cuckoo bee ﬁould resuméfits

position. Three *imes I saw 0. dorselis carry Chrysis out of
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her nest with her mandibles. But each time she dropred the
parasite like a pellet of earth and left it asvparently un-
narmed. _ _

On one occasion Mr. Williams and I watched Chrysis break
into a nest of 0 dorsalis after it had been sealed up. The
wasp had closed its burrow entirely and had gone for water
with which to melt some mud for the finishing touches. Sud-
denly the cuckoo bee, that had been passively waiting tor
some time, seemed to reaglize that she was about to be shut
out. She flew to the nest and with 1ittle difficulty made
an openings in the cap and disappeared just betore the owner of
the nest returned. Upon alighting the wasp paused a moment,.
She saw instantly that something.was wrong. She then tore
out entirely the cap she had so carefully made and rushed
into the burrow. She soon reappesred with the intruder in her
1naﬁdibles and dropped him on a pile ot pellets. She then
went for another losd of water and égain gealed up the bur-
row. Chrysis took her position on the grass blade and watch-
ed the proceedings but 4id not agsin interfere.

Q. dorsalis had a tendency to ncst in colonies. I some~
times found an isolated nest, but usually the nests were in
small groups, sometimes as msny as eipght. Usually only two
or three wasps would share &n open space in a pasture, each
wacp digging one or two nests. I never found them in populous
colonies like those of 0. pepagorum,

These wasps sometimes msnifested considerable curiomity

in each other's work. This characteristic I first noticed in
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two wasps digging in an dpen space within 3 inches of each
other, When one was gone for water the other would sometimes
leave its work and inspecf the work of the absent party by
pufting its head into the entrance. However I never saw a
visitor presuming to c¢nter. The visitor would always hastily
return to its own burrow at the near approach of the owner
of the inspected burrow. I never saw the females of this
species guarrel.

Q. dorsalis was alweys most active during the heat of the
day. On bdright sunny days during the nesting ceason the wasp
was apparently busy from 8 o'clock inlthe morning untilnear
sundown. I

O. dorsalis seemed to be the mosgt cautious of gll the
members of this penus about tloating upon water. Some
individuals would float upon pools, but never upon runiing
water. On a gravel basr on the 3olomon river I watched one
of the#e waeps come for water. She would alight about 6
inches from the water's edge and would walk out'to it. When
on water, or at work elsewhere, Q. dorsalis always kept its winge
sprezd and raised at an oblicue angle from the thorax ready to
take flight at apy instant.

cometimes collected mules of this species on send or
gpravel bsrs by streame, whe» they vere apparently sunning
themcelves. They were never abundant there, however &s was Q.
arvencis.

Q. dorsslis never seemed to have any difficulty in finding

her way to her burrow after a trip to the field. Usually she
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flew directly t6 it; I never saw her do otherwise when she

was returning from the field with prey. At times when she
returned from the field unladen, T have seen her pause at
another burrow in *he colony. This action may have been
prompted by curiosity, instead of beinys & mistske in locatione.
I heve noted a number of these wacps make a locality study a-
bove & spot selected for a necting site.

Altnourgh not genersally sensitite to obcervation,p dorsslis
waﬁ more responsive to changes in the surroundings of her
burrbw than was 0. papagorum. L ftew marks with a nife, %o
assist in Jocating a nest at a later time seemed to disturd
one wasp considerably. On her return to the nest she made
a prolonged obzervation fiirht of irrepular circles above
her mest, while she had been in the haedit of alirhting with-
out any hesgitation. On another occasion I mutileted slightly
the entrance to & burrow. Uron the wasps return she circled
around the dburrow a few times znd then alirhted about two
inches from the entrence. She flew away and returned in
about a minute and repeétéd the observation performance. Again
she 1lew away and returned withouﬁ énterin?. This time she

apparently deserted the nest.
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PTEROCHILUS & FACIATUS S5AY.

In the middle of a sandy fond, beside the Saline river,
Mr. Villisms and Mr. Mallory noticed & large Zumenid dragg-
ing a long caterpillar under her body. I was only & short
distance away and they called me to see 1t. The Eumenid enter-
ed a4thicket of Chenepodium, dragred the caterpillar to a largé
‘hole atout two Teet from the roadside, and entered it quiekly,

still dragging the caterpillar undexr her bodye.

We left Pterochilus 5 fsciatus there,--for she was so
identified later-- and continued on our way to locate and pitch
-n temporary camp. This obecervation was made at 12.30 p.m.

July 24.

I returned to the necting site at .40 p.m. and Pterochilus

appreared £5 minutes later. She brought nothing, but alighted
in the middle of the road, ran intc the weeds %to her burrow end
entered. A minute later she ceme out, not backwards as do the
members of the genus Odzneruu, but head foremost. She alweys
came out in this manner. She walked deliberately tc tre ownen
road before she took flight. Again, in 12 minutes she came
unburdéered as before and repeated her visit to thskqest, stay-
ing & minute, In 15 minutcs she returned with a ecaterplillar.
In my eagerness to observe every movement I moved forward
s8lightly and she ceemed 1o notice me. She poised a moment then
flew high in the air and out of éight. 3he returned in iﬁf?

minutes but without prey. This time she stayed about 2 minutes.
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She again flew away and had not returned by six o'elock when
I lelt for campe.

adame Pterochilus was filling her nest with sane vwhen I

returned the next‘ morning at 8.30 o'clock.s With her front feet
she viould vigorously scrape together & hesp of loose sand near
her burrow and then puslh it with her front feet into the en~
trance., After pushing'in several heaps she would go down no
doubt to pressb it in place more firmly. In less then § minutes
the burrow was practically i’ill_e_d. I took her then for identi-
fication. No water had been used in closing the burrow,

I then opened the nest. I was axcavating in very sandy
soil. The burrow led to two horizontal galleries, one of which
terminated in & single eell and the other in'three.‘ The main
burrow was & 4§ inches (6.98 mm.) deep &nd 7/16 inches (11.1 m m)
in diameter, slmost twice ‘the dismeter of the burrow of Q dor-~
salis, & wasp of nearly the same size. The direction of the
burrow wé.s obliquely downwerd with but one break in its course.

None of the cells were in the direct line of the main burro.,
nor did ény of them open directly into the ﬁurrow. At its bot-
tom the burrow branched abruptly into two horizontel burrows lew -
in opposite directions. One side burrow was ohly 1 inch (25.4 o
‘m) long before it reached the single cell. The other side burro:
was 2 4 inches (57.1 m.m.) long before it reached the first cell
of the gallery. When packed with sand the burrows were quite

hard to follow.
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The cells were shaped like short casks, lying on their sides,'
In the gallery with three cells they were arranged one behind
the other. The cells averaged § inches{19 m.m.) in length by
10/16 inches (16 m.m.) in diameter. The partitions between then
were of sand snd were from 1/16 inch {15.9 m.m.) to 1/8 inch
(?1.8 m.m.) in thickness. The particles of sand in the par-
titions seemed to adhere much better than the sand in the tube.
Thieg led me to think that some fluid had been added to it.

A1l of the cells were supplied with caterpillars. In one
cell 2 were stored. 1In another were 4, and in each of the
others were 3. The caterpillar was a rather stout naked Roe-
tuid. | In color it was light green, it had two rows of black
dote on each side and many white lines on its back and sides.
It vas from 23 m.m. to 25 m.m. long. |

Two eggs were found, They were suspended from the ceiling
of the cells st the end farthest from the entrance. The eges
were shaped like those of Odynerus, they were 3.75 m.m. long
by 1.2 mem. in diameter. The threads by which they were
suspended were about the same length as the eggs.

This wasp's manner of return to her nest was noteworthy.
She would always alight in the middle of the sand and then go
directly through the weeds to her burrow. She did not always
fly directly to the road however on her return trips. On

several occasions she circled over the Bhenipodium patch before

alighting, Perhaps she wes disturbed by my presence. When

leaving the nest she always went into the open before taking
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wing. On coming to the nest she would always appear high in
the air and on leaving she would alwaye rise high at the start.
This high flight may have been because her hunting ground was a
long distance from her nest,

Another burrow of Pterochilus 5 facietus I found in & sandy

bank by the Smoky Hill river. UWhile walking along the edge of
the stream I saw a large wasp dash from a burrow. Thinking she
was a‘Bembecid I swept at her with my net &nd quickly put her
in my killing bottlé, as 50 spoiled the opportunity for sbser-
vation.

When I saw that I had taken a Eumenid I opened the burrow,
I found just a straight burrow 3 inches deep lesading obliquely
into the sand: This burrow was located in a barren bank of loose
B;nd about 4 feet above the river and not 1C feet from its edge.

The observetion was made July 12.
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ODYNERUS TIILDAGI De Saugsure

While watching the nest huilding of O papagorum in loess

cliffs in Ness County my attention was sttrescted to a medium-
sized Odynerus, also entering a burrow in the face of the
eliff., ILater investigatimﬁs proved this wasp to be _(_}_ hildegi.
The following observations were made on the after noon of July 6
after 4.20 o'clock.

This mother wasp was busy storing her nest with caterpillars
v.-hen. I observed her., She used the same caterpillar, that wsas

the prey of 0 papagorum. It was very small in proportion to

the wasp and wss haridled with apparent esase.

The wosp always flew directly to the burrow, carrying the
caterpillar, ventral side up, under her body. She grasped the
caterplillar by the neck with her mandibles and also held it
about the abdomen with her middle pair of legs. When she
resached the burrow she hastily thrust the caterpillar ahead of
her, holding one of its lact segments with her mandibles &s
she disappeared.

l After she had stored 8 caterpillars in my presence, Madame
wasp returned from her ninth trip with s pellet of mud evident-~
1y from the creek. Sﬁe worked inside the burrow 5 minutes,
backed out, paused & moment =t the entrance and went in agein.
Again she came out and re-entered without taking wing. When”
she csme out the next time che stood on the edge of the burrow
and tried to beck in; presumatly to oviposit. But she .failed

to back in for she thrust the tip of her abdomen against the
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side of the cliff instead of into the burrow.

- Then followed the most ludicrous performsnce I had ever
knovn a Fumenid to be resvonsible Tor. FEleven times in suc-
dession this wasp stood with all six legs on the rim of the
burrow entrance and tried to curve her abdomen under her appar-
ently to thrust it into the burrow,. Instead of déing this,
each time she thrﬁst the tip of her abdomen against fhe cliff
sidé at the burrows edge. After each failure she would turn
around and peer wonderingly into the burrow to see whst the
trouble might be. Sometimes Shé would'go halfway into the bur-
row. After each investigation she would again poigse on the
rim of the burrow and again try to back into it.

Her twelfth attempt was partially successfﬁl. She would have
succeeded had she pushed'the tips of her wings into the burrdéw
as well as her sbdomen; but one of them caught in the edge,
She could back into the burrow only to the point of the wings
attachment on her thorax. Three minutes of strﬁg@ling feiled
to free the wing or to bend itl  She came out and reentered
the burrow head first.'-T@ice ﬁore gshe tried to enter the bur-
row and failed. Then in evident.d159ust gshe flew away.

S 8 minutes she returned, entered the burrow, ceme out
quickly snd again tried backing into it. Her third attempt was.
successtul. This time bnth of her wings ceught outside of the
rim of fhe burrow btut by several minutes of pulling and twisting
she bent them zo that éhe could enter. |

" 8he steyed in the burrow 4 minutes and then at once bepan

storing more céterpillars. After her sixth trip I causht her for
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identification.

This wasp was the fastest worker of &ll the members of this
genus that T had observed. The time she spent inside the bur-
row storing her catervillar varied from 5 to 8 seconds. She
entered the burrow quiekly snd 3id not waste & moment, start-
ing on the hunt as soon a3 she had backed out. Also she was
the quickest to return to her nest with orey. 3Seven of the
hunting trips which she made before trying to I timed as fol-
lows: 7, 6, 3, 4, 4, 8, and 7 minutes respectively. After
oviposition the time of the trins was a follows: 5, 1 %., 3,
4, 8, and 7 respectively. This wasp could go to the field
bring in a caterpillar and store it in the average tinme re~
quifed Ly O papagorum For the storing procecs sbove,

After tewing the wasp 1 opened the nest., It contained 4
cells, 2 in one gallery, and one c¢ell directly behind this
gallery. As the burrow entefed the c¢liff it pointed in
horiznnt311y and then curved downward. 'The cellec were practi-~
cally vertical, and were &rranged one above the other.

The bace of the lowest cell was about 2 inches (76 m.g.)
below the entrance of the burrow. The burrow &t the entrance
was nearly ¥ imnch (6 m.m.) in dismeter. The cells vere 10/16
tnetes(16 mem.) long, @nd 6/16 inches (9.5 m.m.)in their wid-
est diameter.

These cells were built in the cliff, they were not sinmply
‘excovasted but were dictimet from the earth thet surrounded

then: so that when it was removed I wag able to take out the
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cells and remove them to & box, When removed, these so close~

1y resembled the much larger cells of Anthrophora occidentelis

that I wus led to believe that the ﬁasp did not build this
nest but preempted 2 nest of one of the smaller digger tees.
The nesf was lined with a kind of paper and &0 wag the burrow.

The upper of these cells contuinea the 6 caterpillars that
T had seen ctored, and an egg suspended fwom the roof of the
cell, in e manner similar to that of the other Eumenids the
I observed. The next‘cell wasg packed withrcaterpillars, 18
of them, but I did not Tind the egg. All the cesferpillars
that I investigated recponded to stimuletion.

The two rcmaining cells ¥ 1eft unopéned and swept in a
tin box. bn September 14, a male wasp emerged from one of
them, gt least two monthe and 8 days after the cell had been
stored. Inafead of breaking open the csp of the cell when
he.emcrged.this wasp cut out & circular hole in the side of
the cell. He was influenced in thig, no doubt, because the
cell lay on its side in the hox instesd of upright ac it
should have done naturally. The length of time spent by the
wasp within the cell may also have been sffected by the
abnormal conditions. -

0 hildagi in 8 rare wasyp in wegtern Xasnsas. "But 4 speci-

mang were teken during the summer's €rip.
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ODYNERUS SULPHURITINETUS VIERICK

A sinple female of this species was taken by Mr. Williems
coming out of an 0ld mud-dobbers nest, locsted under a ledge
in the chalk ¢liffs on the Smoky Hill river in Trego Uounty.
It was the dnly specimeﬁ of this species teken during the .

summer. It was taken July 10.
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AUMEFES BOLLI Cresson.

On tall prairie grass and weeds in a ravine in Ness County
I found a fovorite night resort for thread-waisted Specids of .
the genus Ammophila . There, more or less protected from wind,
they would collect in the evening to spend the night, grasﬁing
the gracs stems with their msndibles and 1egs holding their
bodies rigidly away from the stems. A number of Scoliid elso
collected in this ravine, resting on horizontal branches of

weeds and on grass blades. There also I found a solitary

Eumenesg bolli.

This wasp was hanging on & horizontal branch of Dalea
sp. It d4id not hold its body rigid and in line with the
stem as did the Amophila but held itself ot right angles to
the stem, with its long petiolste abdomen curled under ite.
With its legs it held the branch sbove and with it®s mapdibles
it gripped a leaf which was to the branch betwéen its forelegs.
This was tsken July 6.

Two others of this species were taken the next week in
Trego County. One was flying elong the dry bed of an inter-
mittent streem and the other was taken on the leaves of a
solitary cottonwood tree. This species was Qbéerved on two
other occaesions during the summer, onee by Mr. Williams, on
Aupgust 2, in Osborne County, flying over & prairie hillside.

On the other occasion, Aupust 26, in FNorton County, I noted

Fumenes bolli take water at & stock tank in &n open pasture,
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She did not alight directly on the water but on a sunflower
lesf floating in the tank.

Three jug-shaped nests of Zumenes were found during the
summer. The first was found by Mr. Williems, on July 24, in

Russell County. This nest was in arravine attached to a

brend of Onosmodium molle, about 18 inches sbove the ground.
The nect had appsrently been built and then deserted. A second
nest I found on August 8 in Rooks County, in & ravine attached

to & branch of Auphorbis marginata. This nest had & circulser

opening in its top, not through the mouth of the jug,--from
which the wasp had evidently emerged. The next day I found a

third nest, attached to & twig of Plus cansdensis, about 2 3

feet above the ground. This shrub was growing on the side of

a send dune. TFrom this third nest a male Fumenes bolli emerged

August 28. One of these nests was within 50 yerds of water.
The other two were esch atout 400 yerds from water.

Heste of Zumenes have previously been descrided by others,
as jug-shaped c¢ells. The cells of E. bolli were like shorten-
ed jugs, which not considering the mouth, were nesrly globular,
The side which waes attached to the more-or-less upright plant
stem was somewhat flattened, The flaring mouth opened near
the middle or above the middle of the side opposite the point
of attachment. The dismeter of the jug veried from % inch
(12.7 m.m.) to 9/16 inches (14.3 m.m.7. The entrance in the
mouth was 3/16 inches (4.8 m.m.) in digmeter. On the exterior

of the jug were small rounded ridges and some rounded prominenes

showing how the layers of earth had been added by the potter.
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However the surface wes smooth not granular. These nests are
made of earth but I have thought that something besides waters;-
perhaps salive,--nust be mixed with the earth to insure the per-

manence of the nests throursh vearious kinds of weather.



EUMENES FRATERNA SAY

A two cellcd nest of E. fraterna was found by C. H.
Withington on a dogwood branch, Merch 6, 1909. #t the time
the nest was taken it contained full grown larvae. Two female
wasps emerged May 10, 1909. The nests and wasps with an ex-
planatory noté were placed in the Snow collections.

The cells of this nest were two earthen jugs attached
to each other so that are lateral wall served ¥or hoth. They
were similar in shape and size to the nests of E. bolli but were

flattened beneath where they were attached to the horizontal

branch of dogwood. While alike in general plan, these nests

showed considersble varistion in structure. One was higher,

more covex above and more nearly round, the other was consider-
ably larger. One nest was placed with its long axis at right

angles to the direction of the brench, the other obliquely fto

it.
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TUMENES ‘3B,

A Jug-shaped cell, 'sdmef-:hat like those of O. Bolli
wag brought to me, by Wili 7. Collins, s gtudent of En~
tomo:_Log_y at Xensas University, October 2l. This nest he
had found attached to the upper surface of & flat stone, in

2 wood gbout 3 miles south of the University campus. The

lower side of the cell, where it was in eontsct with the

stone wes much flattened. Otherwise it was similar in ap~

p'earance to the of . bolli, Two reprecentatives of this

genus have been taken in Douglass county,--E. fraterna
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SUMMARY .
I shall now summerize some of the date, that can rezdily

be groubed.

Zumenidee ore friends of plant life, The adult irsects

are to a certasin extent flower pollenizers. From Ur, Hart-
man's observations on 0. dorsalis, we learn that the adults
sometimes 2lso take animsl food for themselves. The food of
the wasp grubs as far as is known is exclusively plant feed-
ing larvae of other insects. Some of these larvae, preyed
upon, sre obscure species, making the work of wasps that prey
upon them neutral so far ss ecomomic importance goes. There
- are many other irstances of Rumenids destroying insects of con~

sidersble economic importance. DRepresentatives of the follow-
ing-families are recorded as being destroyed by Eumenids;
Tepidoptera--lctuidae, Pyralidae, Hesperidae, Tortricidse,
GeometPidee snd OecoPhoridée; Coleoptersa,-~Curculionidae;
Hymenoptere,--Tenthredinidae.

The economic insects destroped by Eumenids, that are noted

in this paper are ag follows: Cutworms, destroyed by Monobia

quadridens, noted by Ashmead; canker wormg, noted by Burris,

and the Tarsnip web worm- (Depressaria hearcliana) noted by

Southvick, both dectroped by Eumenes fraterna; +he Larch

saw fly (lemsotuc erighsoniil] ‘destroyed by O capra , observed
by Fyles, Pempelia gleditschiellas, destroyed by a small Ody-

nerus, obgerved by Merlett; the cottonworm, destroyed by

0O dorsalis, observed by Hartman; Loxgstepe stricticalis, des-




115

troyed by 0 annulatus observed by Hungerford and Willisms:
the same caterpillar destroyed by O arvensig, observed by
myself,

A comparison of four species that I observed indicates that
the tube which some species construct over the entrance of their
burrows is of value in excluding parasites. The observations
are too few to serve as snything more than an indication of
this. 0 dorsaliﬁtwhich built no tube was heavily parasitized,

while O papagorum, O_g;vénsis and 0 annulatus, all tube builders

seemed 1ittle troubled with parssites.

The mogt persistent pafasites of the Eumenidse are in the
family Chrysididae. Other families representatives of which
have heen foﬁnd,in nests of Eumenids are: Diptera-Bombyliidae,
and Tachinidae;_ Hymenoptera——Ichneumaﬁidae, Braconidae, Mu-
tilidae snd Myrniicidae:; Aptera, Robberflies(Asilidae) may
alos be listed as enemies of the Zumenidae slthough they have
not been taken in nests of Eumenids.

The purpose of the suspension of the egg from the roof of
the cell cen not be, fof all species, as Fabre contends to
prevent.the egg Trom cominlg in contact with the writhing lar-
vae. IT this,is the purpose of the suspensory thread, it is
unsuccessful in msny cases. In the observations of the Peck-
hams on the nects of 0 anormis and inmy own observetions on
four species, 0 papagorum, O dorsalis, O annulatus and C arvensis
the egg was found among the caterpillars. Riley refers to
Harris as stating.ﬁhat the nest of E. fraterna was packed with

caterpillars, which suggests that the egg could scercely have
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~ been suspended above them. Mr. Hertman's experiment with the
egg of 0. arvendis showed that being among & number of very |
lively caterpillars did not injuré the egg or the young
waszp larvee, at least in that instance.

The arréngement of caterpillars, as in the nest of Q.

reniformig which Fabre described, so that the wasp larvsae

could eat caterpillars in the order in which they were stored
can scarcely apply to many species of Odynerus. In 21l of
the nests that I obeerved the cecaterpillars were not stored
so that the wasp larvae would be able to select them in the
order iﬁ which they were stoted. With some wasps thét stored
their cells within one or two hours, the order of storing could
have made 1ittle difference in the relative strength of the
different caterpillars.

I collected éome date dn the observing ability of four
Eumenids., This evidence ig not sufficient to base any conclu-
sives upon and a part of it is contradictory.

O pupagorum, 0 arvensis and O dorsslis, all made locality

studies before beginning word on & burrow. This one locality
study before the beginning of work was the only one I ever ob-
served any of these wasps make, if undisturbed. They always
flew directly to the.burrow, becauce, I hed supposed they had an
accurate memory of their immediate surroundinge. 0 annulatus-
frequently mede & short locality study before alighfing at
her burrow. S '

When I put suiflowers in the midst of a colony of QY papa-



117
gorum, mutilated a number of nests in another colony, and

disfisured the face of thé cliff for several inches around
the colony, none of the owners of nests seemed to be dig=-
turbed, and at first only one wasp seemed to even notice the
chanre. They flew &g directly to their nests as before. IT
these wasps had any observational ability at all why were
they noﬁ a.larmed by the depredations aboiﬁ: their nests? How
did they know that those nesfs 'tha'.:]: they entered os con~
Tidently were their own? Could they haﬁu been guided by a
sense o:f:‘_direetién'arid not f)y ﬁlemory of the surroundings of
their nests?

0 :'.’aorsalis usually notice a few marks about her nest,
but only once did she seem to resent chﬁﬁges for any length
of time. 1In this instance * had cut tuay a part of the en-
trance to her ubrrow, and she deserted it. The same was
true of this species as observed by Mr. Hartman, When he
pulled up the grass before her nest, she waz distnmbed by
only for the moment. Neilther O. papagorum and 0 dorsalis
objected to beins observed.

0 annulatus was se‘nsitive even to my presence in the
vicinity of her nest, s.ind sometimes delayed work because
of 1it. None of these species were as extreme in mensitive-
ness as 0 vagus,mentioned by the Peckhams, which delayed
work for half an hour because of & rad match head wilhin
two inches ¢ her burrow; ~

It wac interesting to me to note that g annulatus |

which seemed to be the most plastiec in habits of all the
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species I observed was also was apparently the best observer.

O papagorum, whose habits seemed inflexible, at least in the

choice of & nesting éite, appeared to be a very poor observer.
A fact that pgreatly impresged me in my study and that
cometimes astonished me was the variability in hahlts‘exhibit—
ed by members of this family.f I héa expected the different
species of the family to differ from each other; Dbut wac wide

variation often exhibited by members of =z species.

Within the species 0 annulgtus I found one lazy indiwidual
that used a vacated‘mud-daubef?s nest as her store house, a-
nother individual éf_the game syecies 1aboriously excavated
a 22~celled nest‘in'the hardest of olay. The variation.among_
individuals of Q dorsalis is mot less sbriking. I W&ﬁ;?ﬁr".
prised, when I found that this wasp dug its nest in'two.i
situations,~~either in the side of a bank or in level ground,
My smrprise grew to astonishment when I read Mr. Hértmanfs
account stating that 0 dorsalis also constructs cells above
the ground. 0 arvensis, too, varies widely in its choice of
nesting eites;f I foundﬁﬁérfto be a-burrower in various
Situations,'ﬁhiie Hr. Hhrtman‘credits her with bullding in
convenient holes snd erevices;

Ag fafjés I observed, C Eagacor‘. is in many ways a dig—-
center 1§om this rule of veriestion, at laaﬁt in regard to
nestlng Bites and the type of nest used. ahe u@peared to have
but one favo“ea ncatin& site andthat raa 11mited by a number

of conditions. o believe her to be leas plastic also in her

other habits, than the qneoiea mﬂnﬁinﬁe&.' Yet within this:

" most stable species VQTiSuIOHS were on every hand. For
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instance consider the cells, their fariabiiity in nypmber in a
nest, in arréngement and in the direction ot their long axes.
Ur consider exceptions,--the wasp thet had not sufficiently sub~
dued her caterpillar, the woep thet 3iscarded‘the earth she
excuvated snd stole fresh earth ffcm the Anthrophbra tube to
build her own, or the wasp that sfruggled to carry earth into
ner nest, in,spite of & wind storm that forcéd the other mem~.
hers ¢f the colony to stoP'work. In‘many Of the mindf activitiéa
connected with the nest, thé bther sneciés, as We11 as 0. papﬁ; 
forum showed a wide runge‘of variability.

Yet these variétions ére not without o 1im1t. There were
in most cones certaln habitb, typlcal of a hpeolos ——aust g8
there are type opecimen° in stlucture and coloratlon for
each <nec1es ——about whlch the variations centered. 4s for
lnstence, mhile there mlphf be a yreat differcwce between the
chape of two cells of a species rnprcuentlng the two ex-
tremes 1n variatlon' yet the ma&ority of Qeils would be be-
tween the two extrames and the aifference between mgny of
them could be known only by careful and minute medsurcmentb._
Again, caterpillars in verying stafeﬁ of mobility were stored
by individuals of a species; yet thic difference in most
instances can searceiy be known‘without a clbsé comparison of‘
indlvidual caferpillars. I mow of‘no-mean between the twox'
extreme typea of neets of Q. dorsalis -—the burrow, and ths“

cells above ground ——-perhanu when our kn0nledge of thia gpeeiaa

is more oomplete this mean will be found.
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In spite of this variability in many hatits, there were
certain other habits that characterized the family,-~habits
that seemed inflexible and that occurred in all the species
observed. There were certain other fixed characteristics thab
belonged only to & species or to & genus. In the genus Odyner-
us the wasps do not turn around in the nest; if a wasp has
gone into & nest head foremost it comes out backwards. All
that I observed used water in nest building. I!Members of this
genus always take wing after taking out a pe}let from a bur-
row and drop the pellet while in the air. I have noted no
variations from these habits.

I shell mention some of the habits of the family, that
are legst flexible of those I noted. The food of the wasp
grub was always & plant feeding larva. With no exception
all of the Lepidopterous larvae whose environment I observed
or that I have read of were spinners. Why such should be pre~
fered I can not imagine., As far és 1 observed, the caterpil-
lar was always cgrries in the same way, its hesd foremost and
ite ventral side up. All the}Eumcnids suspend.their eggs
by filamente from the cell wall, & single individual of 0.
dorsalis violated this rule , possibly accidentally, by ate
taching an egg to the caterpillar. When floating on water
or at work elsewhere a Bumenids winge are always held open and
at oblique angles to its thorax; it is aiw#js.in positionmto
take flight at any moment.

These habits were conspicuous'among the activities of the

wasps that I observed, because of their uniformity both among
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the species and the individusls. To me they have seemed to

be invariable characteristics of the Eumenidae.
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41g. 1. Vertical section of u nest of Pt. 5 faciatus, egps
suspended in cells. i i n bl
Fig. 2,3 and 4, Vertiocal sections of nests of O.dorsalis, open—
ing in level ground; egps suspended in some cells.
Fig. 5. Vertical seection of nest of 0. dorsalis , ovening in
face of bank, AR :
Fig. 6 and 7. Vertical sections of neste of Q. arveusis; tube
over entrence. i .
Fig. 8., Hest of Bumenes on a rock.
Fig. 11. Earthen bank inhabited by 0. hiliagi and by a colony
of 0. papagorum . PFhoto by P.X.Williams.
Fig. 12, Nertical gection of nesgt of Q. hildag .
Fig,..183. Tell of nest of OLhildaE'.
Fig., 14. Vertiesl section of mest ef 0. amulstus, tube over:
entrance.
Fig. 15. Vettiecal section of nest of @. snnulstus, #11 parts
brourht into dne plane; tube removed.
Pige 16. Tube over entr*ncefto newt‘ﬂhOwn in fig. 15.
Fig. 17. Tube extending from bank over entrunce of nest of
Q»papagorun.
Fig. 18 and 19 Torlzontal sectlons of burrows of 0. papagorum
; showing arrangement of entronees of cellS end pal-
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Fig. 20 #nd 22. Vertical gections of nestg of O. nggggggg'with
tubes over entrance.
Tigl 21. Verticsl section of lower nart of & nest of O. PAPERZOT AT -
_eags in cells.
Fig. €3. Test of &. fraterna.
Fir. 24. Q. papagorum.
Fig. 25. 0. arvensis.
Fig. 26 . Bolli.
Fig. 27 Pt, S5-facisztus
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