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BIOLOGY OF SOME OREGON RAIR BEETLES,
PLEOCOMA SPP., ASSOCIATED WITH FRUIT
TREES IN WASCO AND HOOD RIVER COUNTIES

INTRCDUCTION .

In September, 1953, & decline of apple trees in
the Hood River Valle& was partly solved by the dlscovery
that @ruﬁa of the genus Pleccoma (Colecptera: Scarabaeidae)
were responsible. This was the first record of Pleocoma
causing injury to orchard trees . in Oregon., Two published
records from California (19,ﬁp- L4l end LB, ps 11l) noted
grubs éf this genus attacking roots of pear and apple.
Virtually nothing was known concerning the blology of
this group., Until raeéntly. the genus Pleocoma has been
a sclentific curiosity, beceuse of the strange habits of
the adults and thelr primitiva cheracters. Gcnéequently
they have been collectors! items and publlications on the
group dealt primarily with taxonomy and morphology.
Several articles have been published, concerning the
morphology of Pleccoma larvae occurring in California
(55, pe BL4=87; 60, pe 11-20; 26, pe 117=127 and 61,
pe 1h4=17).

Credit for dlscovering and assocliating the grubs
with injury belongs to Mr. Vernon Olney, then Research
Assistant In Entomology, Mid-Columbia Branch Experiment
Station, Hood River, Oregon. 4 survey by Mr. Olney in



the fall and winter of 1953, disclesed injury to be wide=-
spread in twenty or more corchards in the Hood River
Valleye Dr. Paul C. Ritcher, Chairman, Department of
Entcmology, Oregon State College, Corvallls, Oregon,
identified the grubs to genus.

An economie problem of considersble mapnitude
presented itself, as there are 12,000 acres of pome fruit
trees in the Hood River Valley, which potentlially could
be hosts of these grubs. Following this, in March 1954,
the grubs of Pleocoma were found attacking roots of sweet
cherries at The Dalles. Approximately 6,000 acres of tree
frults ér§ érown in this area.

One specles, P. minor Linsley was known to occur
in the Hood River Valley, since Hood River was cibed as
the type locality of this specles (L, p. 52«53). MNale
beetles, ldentifled as E. erinita Linsley were colle cted

in November, 1953, at the locallty where grub injury was
first found. The species at The Dalles was identified
as P. oregonensis Leach. Identifications were made by
Dr. E« Go Linsley, Department of Entomology and
Parasitology, University of California, Berkeley, Call~
fornia.

Research was needed to establish basic facts about
these insects soc that intelligent control measures could

be devised. Investi atlion of thelr bioclogy was begun in



1953, by Mr. Vernon Olney under the supervision of
Dr. Paul O, Ritcher. Upon the resignation of Mrs Olney
in 1954, I continued the study on Pleocoma in the Hood

River Valley and The Dalles.



REVIEW CF THE GENUS PLEOCOMA L

Position of the genus Pleocome in the Scarabaeldae
hes been a controversial subject for many years. Though
not settled, the opinion of many workers 1is that 1t
should follow the Geotrupini in a separate tribe. Early
workers had difficulty in studylng the position of
Pleccoma because of the poor and limlted material for
both adult and larval forms.

In 1856, LeConte (3l, pe 2l4) established the
genus and described P, fimbriata. LeConte sald of
Pleocoma, "apparently belonging to Dynastidae", followed
by some pondering concerning resemblance to Syrichthus |
and Athyreus, he stated, "Doubt must, therefore, be enter-
tained whether the genus should be placed with the
Dynastidae or Geotrupldae”".

This is remarkable, as the desceriptions and
placement of the genus were based on & single mutilated
male; found at an unknown locality in California by
Dr. Heermann. In the words of Horn (30, pe 12) "The
original specimen was badly mutilated, having been
partially eaten by a bird. The oral organs were destroyed,
the abdomen entirely gone; one antennae and part of the
legs remalned". Possibly the type locality is somewhere
in E1 Dorado County, California, as Horn (30, p. 6) stated
he had obtalned specimens of P. {imbriata from E1l Dorado
County. Fall (22, p. 66) added further, "Three males
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in my collection from El Dorado Cos are undoubtedly typl-

cal representatives of fimbriata".

In another article, LeConte seid (36, p. L40O),

"as the oral orgens and the abdomen are destroyed I
cannot tell whether this genus belongs to the Dynastides
or Geotrupides; in elther case, the four-jointed antennal
club is equally remsrkables The affinities, sc far as

I can understand them, seem to be rather with Geotrupes",
LeConte in a foot=note to this artlele mentloned having
specimens resembling P. fimbriata. However, the specimens
had seven segmented antennal c}ubs. In this foot-note is
written, "Although agreeing with Geotrupldae in the
eleven=-jointed antennae, the form of the antennae 1s
entirely anomalous in that and allied ;roups, and the
small size of the oral organs would seem to indlcate a
new group between Geotrupidae and Gopridaef.

An addltional note by LeConte (37, ps 71) described
oral organs (taken from a woodpecker's stomach) that he
believed belonged to P. fimbriata. In summarizing, he
thought the detalled characters were sulficient to
establish Pleocoma as a new group related to ﬁhe
Geotrupidae and Copridae, but with a strong tendency
toward the Dynastidae group. Horn (30, p. 6) thought
the deseription may belong to some other specles,

After placing Pleocoma in the Dynastidee group in 1859,



LeConte changed its status in 1861 by erecting the
tribe Pleocominil and placing 1t lower than the Geotrupini
(38, p» 128).

In & review of the systematlic position of the
genus Pleccoma (15, p. 126-127) Davis wrote, "Motschulsky,
who had seen five specimens in the museum at St. Peters-
burg, and wlth whom LeConte corresponded, regarded the
genus as allied to Ceratophys Fisher a division of
Geotrupes. Schaulfuss.ssesss concurred in this opinion,
but noted a similarity to Antishira Esch."

Osten Sacken (55, pe 64=07) described a Pleccoma
larva found deep in the seoll by Mre Behrens of San Frane
ciscos, After comparing this lerva with an analytical
table of lamellicorn larvae and a few larval deseriptions
of Geotrupldae, Aphodildae, Copridee and Trogldae, Osten
Sacken stated, "I soon percelve that the cholce will

lie between Geotrupidae and Trogidae", After some

speculation he favered a relationship of Pleccoma with
Trogldae rather than Geotrupldae. Osten Sacken's closing
remarks were, "Altogether, the material at hand for
comparison are too meagre for a final declsion upon the
relationship of the larvae". LeConte (4O, p. 82) noted
the characters of thils Pleccomg larva, justified the

placement of the genus as a distinet tribe near Irox and

Geoptrupes.



Gerstacker (2l, pe L36=450 and 72, pe 202-211)
took iasue with LeConte and the early work with Pleccoma
adultss GCerstaker stated he would place Pleoccoma wlith
Melolonthidae, or at least in a group remote from
Geotrupini., Later (72, ps 210-211) Gerstaker had grave
doubts concerning Osten Sacken's description of a
Pleocoma larva, stating he thought the larva described
was a larva belonging to the Lucanldae.

Horn immediately came to the defense of LeConte
and confirmed the position,of Pleccoma near the
Ga@trupini._ He also stated that the larva described by
Osten Sacken was truly & Pleccoma lsrva (30, p. 1-18;
31, pe 144 and 32 ps 233-235)

Pleocoms was placed in the subfamnily Pleccomineae
by Arrow (2, pe 4E4).

Leng (42, p. 252) favored the position that
Pleocoma should follow Geotrupini and placed the genus
accordingly.

Based on larval characteristics, Boving and
Craighead (6, pe 53) considered the genus as a subfamlly,
Pleccominae of the Scarabaeidae.

Paulian (56, p. 151-155) efter studying external
adult characters and the male genitalia of Pleccoma,
believed the genus should be placed in a distinet subfamlly,

Pleocominee in the family Geotrupidae. In the same



publication, Paulian pointed out the lack of detail in the
larval characters and figures as desecribed by Osten
Sacken. DBecause of thls there is no indication of the
position of Pleocoma. Paulian further noted this larva
does not approach the Lucanidae as suggested by
Gerstaeker,

Based on thelr study of one Pleocoma larva,
Hayes and Chang (26, p. 117-127) are of the opinion this
genus should be placed as a separate family, Pleocomidae.

In 1947, Ritcher (60, p. 11=20) described the
larva of P, hirticollis vandykel Linsley after comparing
numerous larvae of this species with larvae of four
other Pleocoma specles. At this time, Ritcher considered
placing Pleocoma in a subfamily close to, but distinet
from Geotrupinae.

Following the study of some unknown geotrupid
larvae, Ritcher (61, p. 3-27) concurs with Paulian in

that Pleocoma is a geotrupid genus.



REVIEW OF PLEOCOMA SPECIES IN WASCO
AND HOOD RIVER COUNTIES, OREGON

The three species, P. crinita Linsley, P, minor
Linsley and P. oregonensis Leach were deseribed from
elther one or two male specimens. Females of the three
species were unknown,

Pleocoma crinita was described (s pPe 53=54)
from two males, colleeted near Glenwood, Klickitat
County, Washington, in May 1936. Though the type specimen
is labelled as collected in May, a long series collected
by the writer were found only from October into March,

Prior to 1953, P. erinita was known from one
locality in Oregon (51, p. 145). The two males were
collected January 29, 1931 at Mosier, Wasco County, by
W, W. Lawrence, Males of P. erinita collected and
submitted to Linsley were misidentified as P. minor,
Ritcher and Olney (62, p. 42) were in error when report=
ing four males of P. minor being collected at Mosier,
Oregon on October 23, 1930, by D, C, Gillespie. They
further reported two of these speclimens were used when
the species P. minor was described. Actually the collec=
tion date of October 23, 1930, is associated with two
specimens of P. minor collected near Hood River, Oregon,
by D, C. Gillesple. The other two specimens were P,
erinita and are associated with the data, January 29, 1931,
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Mosier, Wasco County, collected by W. W. Lawrence
(51, p. 145). The brief note appearing in Coleopterists
Bulletin (63, p. 16) is in reference to P, crinita and
not P, minor.

Linsley (51, p. 145-146) published a paper
based on over 100 male and 80 female P, crinita from
two localities in the Hood River Valley, Oregon and a
locality near Husum, Klickitat County, Washington,
Linsley modified the original description and noted
differences in local populations, He also mentioned a
female beetle collected at Pine Grove, Hood River County,
by Olney, which differed from the other females in the
serles. Comparison of this single female with a long
series of P, minor collected by the writer at Pine Grove
and other localities, indicate that it is the later
species.

Males and females of P. crinita from widely

separated sites in the Hood River Valley vary greatly
in size. Males range from 19 to 2y mm., with an average
of 21.5 mm. in length and females range from 22-28.,5 mm,,
with an average of 2.7 mm. in length.*

Two males served as the basis for the deseription
of P. minor by Linsley (i), p. 52-53). These two males

# Measured from the tip of one elypeal horn to the apex
of the elytron on the same side.
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were collected near Hood River, October 23, 1930 by
D. C, Gillespie. At the time of the description, type
specimens were noted as being of small size (18 mm.).
In 1956, Linsley (50, p. 122) briefly reviewed
the species P. minor on the basis of 15 males collected
from a woodland site in 1954 and 1955 and 7 females
collected from the same locality. Many more males and
females from this and other sites in Hood River County
were collected in 1956 and 1957. Males range in length
from 17.5-23 nm. and average 19,8 mm., with length of
females ranging from 21 to 29 mm, and averaging 2, mm,
Pleocoma oregonensis Leach (33, p. 186) was
deseribed in 1933, from a single male taken at Wasco,
Sherman County, Oregon, in 1908, A long series of
males collected in Wasco and Sherman County, range in
length from 19 to 27.5 mm. and average 22.8 mm. Thirty
elght females collected from these same localities
range from 22,5 to 30.5 mm, in length and average 26,7 mm,



Ao KEYS TO THE PLEOCONMA OF WASCO
AND HOOD RIVER COUNTIES, OREGON
Linsley (49, pe 61=65) published & key to the
species of male and female Pleccoma. Unly males of P.
er nif&,'g. minor and P. oregonensis were characterized
in this_key since the females were unknown., The following

keys include females as well as males of all three speciles.
SEXES

Antennal lamellae long. Vertical horn prominent, pointed
at apex, Hind wings entire and functional sssees males

Antennal lamellae short. Vertical horn not prominent,
rounded at apex. Hind wings vestligial esesesses females

MALES

1. antannél club with four long lamellaes. Pronotal halrs
usually absent. Blcolorous: pronotum dark brownj

elytra light red-brewn ccsseesesessesee Oregonensis

Antennal club wlth six or seven long lamellse. Fronotal
hairs nearly slways present. Unicolorocus or bie
colorous; if blceclorous pronotum lighter in

color ST HICHRIOLI LB NN ISsENIBREEOICEOIBROEOREROLEBRIORRS 2
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2. MNedian longitudinal impression of pronotum with long
erect halrs present along the entire length and
scattered over other portions of pronctum;
pronotal puncta coarse. Color red-brown teo blacke

DIOWIL ssosssssnsnossvsassessnsbsscnsssne erinita

Median longltudinal impression of pronotum with short
erect hairs limited to the anterior one-third te
one~half and usually absent from cther portlions
of pronotum; pronotal puncta fine. Browneblack

to bleack; pronotum often reddisheblack ... minor
FEMALES

ls Antennal club with four short lemellse. Pronotal hairs
usually abgent seeesesessvvssccsscsnas 01‘080110!181‘!
Antennal club with five or six short lamellae. Pronotal

hairs present seesseessrsssenrscsccsecssnsanee 2

2+ MNedian 1ongltudinai impression of pronotum with halirs
present along entire length; a few minute halrs
scattered over other porticns of pronotum. DBody
unicolorous; pronotum and elytrae red

DYOWIL sevecescencnssssacssesssasesncsessossrinita
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Median longltudinal Impression of pronotum with halrs
limited to anterior one-~third tc one~half; hairs
usually absent from other portions of pronotum.

Body unsually unicolorous, oecasionally blcolorous:
pronoctun qsuany red-brown, occasionally black-brown:

olytra black sessessscscssvsvscoscnssssnnsoce mingg
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DISTRIBUTION ON THE
NORTH AMERICAN CONTINENT

All known species of the genus Pleocoma (45, pe
101-10k4; 46, pe 145-152; 4B, pe 110-114; 49, p. 61-65
and 52, p. 102-104) ocecur in western North America.
Members of the genus are known from Utah and from Aloma
in Baja California, northward through California and Oregon
to glenwood in southern Washington. At thils point the
distribution records are disjunct, with the next record
(P. trifoliata Linsley) being from Seward, Alaska.
Altogether some 29 species have been described.

From these records, a large region including
weatern Washington, Nevada, Idaho, lMontana, British
Columbia and Alberta should be suspected of having Pleocoma.

?he climate and vegetation of western Washington,
northward along the slopes of the Cascade Range into
southern British Columbia are similar to those of north-
western Oregon. Collecting in thls region should extend
the range of some species found in Ofogon or result in
the discovery of new species.

Two specles are recorded from Utah; namely P.
ulkei Horn and P, remota Davis, both based on single
males. With this in mind, other States in the Roecky

Mountain region could conceivably contain Pleocoma.
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DISTRIBUTION IN OREGON

81x specles of Pleocoma are known in Oregonj FP.
dubitalls leachi Linsley, P+ dubitalls dubltalis Davis,

Po 8imi Davis, P, garinata Linsley, Es grinite, P. minor
and Ps oreponensis. These specles are found in approxi-
mately one-fourth the total land area of the State. Ko
species are recorded from the coastal reglon or the
wes tern slopes of the Coast Range. A few scattered sites
are known on the western slopes of the Cascade Mountalns
southeast of Salem. The area from Hood River, west-
ward to Portland, is devold of records. With the excep-
tion of Wasco and Food River Counties, the eastern
flank of the Cascade Mountains and eastward to the Idaho
border is devold of records., The Umpqua and Fremont
National Forests east of Medford and Roseburg could
harbor species of Pleocoma, Other localities of special
interest where unknown specles may occur, are near Prine-
ville in the Ochoco Natlonal Forest or in the Blue
and Wellowa Mountalns and surrounding areas.

Linsley ( Ll, pe 51=52) reported the subspecies
Py dubltalis leachi, from West Linn and Colton in Clackamas
Countys The subspecles P. de. dublitelis, is listed from
Dilley and Forest Grove In Was'ington County, Salem,
Corvellis and MeMinnville (L5, pe 993 46, pe 151 and



17

48, pes 113). Ritcher and Beer (64, pe 101) further
recorded this subspecies from lereslltles on the eastern
slopes of the Coast Range, in the &lllamette Valley
and southeast of Salem on the western slopes of the
Cascade Mountaling.

Davis, (12, p. 24) dosoribad‘g; simi, giving the
type locality as Clevelend 1n Douglas County. According
to Riteher and Beer (perscnal communication) speclmens
ef this species have been ccllaetéd near Grants Pass and
at Spencer Butte, scuth of Bugene.

Pleocoma ecarinate is found only in scuthern
Oregon, being deserlbed from specimens taken at the base
of Mt. KcLoughlin, neer Butte Falls, in Jackson County
(L, De 56-57)s The species 1z elso recorded from Dead
Indian Soda Springs in Jackson County (46, ps 151).

Foth of these localitles are east of Medford.

Pleocoma crinite occurs et kosler, Wasco County,
Oregon; { 51, pe 145) in many Hood River Valley orchards
and woodlends, Hood R!ver County, Oregon (51, pe 145 and
62, pe 41-42); Glenwood and an apple orchard nerth of.
Husum, Klickitet County, weshington (LL, pe 53-54 and
51, ps 146). |

Bailey (L, Frontpiece) shows Mosler to border on
the semihumid division of the Transition Jone. Forest

trees in the area are yellow-pine, Douglas fir and Uregon
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oak (Quercus parryana). Frult growers in the area

surrounding Mosler, state they recelve 21 inches of
moisture annually.

Hoed River Valley with an average of 30.1 Inches
of moisture amually is in the humid division of the
Transition Zone (l, FProntplece). Some of the native

trees include Douglas fir, white fir (Ables concolor),

black cottonwood (Populus trichocarpe), Oregon meple, vine
maple and "islands" of yallbw-pine and Oregon oak in
scattered localitles Pleocoma crinitae is widely dlstrib-
buted in this habitat (Figure 1) and in adjoining pome
frult orchards, beginning west of Hood River at an
elevation of 260 feet, and southward to Odell and scuth=
west to Osk Grove at elevations ranging to 1150 feet
(Figure 5)« Ecologleally both localities in Washington,
where P, grinlita ooccurs are similar to the Hood River
Valley of Oregone
Pleocoma minor has a more limited distribution

than P. crinita, being lncwn only from Hood River County
(s pe 52=53 and 50, pe 122). This specles occuples

the same kind of habitat and 1s often found within one=-
fourth mile of areas occupied by P. erinita (Flgure 2).
The territcry occupied by P. minor begins southeast of
Hood River at an elevetion of 540 feet, extends south=-

ward in the vieinity of Dee, thence southwest of
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Hood River to an elevation of 2000 feet (Pigure 5).

The third specles, P. oregonensis has been record-
ed from The Dalles, Wasco County; 15 miles east of Wasco,
Sherman County (18, p. 431) and Wasco, Sherman County
(335 pe 186). It has the widest range in habitat,
distribution and elevation, belng found in the humid and
semihumid division of the Trensition Zone in Wasce County
and the Upper Soncran Zone in Sherman County (lj, Front-
plece)s The ground cover in these zones ranges from
mixed stands of Douglas fir and yellow-pine to pure
stands of yellow-plne or yellow=-pine and Oregon cak, or
sagebrush and short grass (Figures 3 and L).

Speclimens collected near The Dalles, are from
cherry orchards, pure stands of yellowepine or
associatiocns of yellow=pine and Oregon ocak at elevations
ranging from 350 to 600 feet. The known range extends
south from The Dalles to Friend (2430 feet) and Wamie
(1664 feet), thence northwest to Camp Baldwin (Boy Scout
camp) at 3700 feet. Pleocoma oregonensis is also
recorded from Wasco, in the Upper Sonoran Zone and 15
miles east of Wasco on the west bank of the John Day
River at an elevation of 550 feet, in Sherman Coutity.

The annual moisture in this area ranges from
13.6 inches at The Dalles, 15.3 inches at Wamiec, to over

30 inches at Camp Baldwin, Wasco in Sherman County has



11.8 inches of molsture annually.
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ECONOMIC IMPORTAXCE AND HOST PLANTS

Early reports which assoclate Fleocoma grubs
with roots of orchard trees are uncommon in the llterature.
In the period from 1953 through 1957, reports of Pleoccoma
larvae injuring rocts of orchard trees and other plants
inereased after the first discovery of injury in Hood
River pome frult orchards.

Two unpublished reports, made incwn to the
writer by Dr. Paul O, Rltcher, concern larvae now in the
Use Se¢ Hational Museum collection. In one instance,
larvae were reported by Mr. G. Ps Weldon as injuring
young frult trees near Sszcramento, California, On March
5, 1936, ¥r. Steward Lockwood collected larvae from
soll in & young pear orchard at Caminic, El Dorado County,
California. Thess larvae were suspected of causing
serious‘injury to neﬁly planted frult brees.

In Insects of Western North Azerica Ly Essig
(19, pe 4l41) there is an illustration of a P. fimbriate
grub and the injury it caused on roots of a young pear
tree. In 1945 (48, p. 114) Mr. H. H, Keifer was clited
as reporting grubs injuring roots of apple trees at
Leona Valley, Palmdale, Los Angeles County, Californiae.

Hayes and Chang (26, p. 119) referred tc a larva

of Plevecma in their collection as being discovered at
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the roots of a pear tree near Caminio, El Dorado County,
Californias.

Hr. Fred Platt (personel communication with Dr.
P+ Os Ritcher) wrote that Pleocoms grubs were injuring
roots of orchard trees in Butte and perhaps north-
eastern Shastae County, California. Later Mr. Platt
reperted P. edwardsii LeConte grubs were attacking roots
of apple trees in an abanéonad orchard at De Sabla,
Butte County, California (52, pe. 102).

Two facarﬂs knewn tc the writer, asscclate
Pleoéam& grubs with roots of plaﬁts, other than oréhard
trees. Larvee of P, hirticollis vandykel Linsley (60,
pPe 11) are noted as feeding on gress roots, neér Patterson
Pass, California. The other report concerned rocts of
a strawberry plant being attacked by & Fleocoma grub
at Hawberg; Oregon (personal communication with Dr. P« O.
Ritcher). |

The first recorded instance of Pleoccoma injury
to orc&ard trees in Oregon occurred at Hood ﬁiver in
1953 (62, pe 41-42). The report stated that P. minor
grubé (adults later identified as g.'crinita) were
causing serious damege to roots of apple and to &
lesser extent the roots of pear trees. After the repoft
of severe injury in the MeKeown crchard near Cdell,

Hood River County, other growers mentioned having had
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difficulty in establishing new plantings of frult trees
and observing injury of a similar nature on trees removed
in the paste. In December of 1953, damage was known to be
widespread In approximately twenty, Hood River orchards.
The writer has slsc cbserved P. crinita larvae feeding

on rocts of apple trees near Husum, Klickitat County,
Washington (51, ps 146).

The writer (17, pe 13) suggested that possibly
other species of Pleocoma pgrubs  were attacking roots of
frult trees in Hood River Valley and at The Dalles.
Following this report, I (18, ps 431) noted grubs of P.
oregonensis as Injuring roots of “weet cherrles at
The Dalles.

One other species, . mlnor, was kncwn to occur
in Hood River County (lliy; pe 52«53)s It wae not untill
mid=October 1955, that I ecllected adults in Hood River -
orchardss Purther investlgation in 1956 and 1957,
revealed F, minor tc be as common and widespread as P.
crihita and causing the same type of injury.

Fibrous, mein rcots and underground portions of
the trunk of besaring and non-bearing trees are destrcyed
or scored by the grubss The feeding injury may be
shallow or relatively deep occuriring as patches or
winding bands and often girdling the roots (Figures 6 and

7)s This injury may occur throught the entire root
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zone, and there 18 no relationship between variety
(above ground portion of tree) and grub injury,

Arractad bearing apple tzoes in the Heod River
Valley are low in vigor, with roliage being sparse,
small and vellow (Figure 8). Pear trees Infested with
grubs leck terminal and sucker’ grcwth. The leaves are
yellow and sparso with 11ttle or no fruiting (Figure 9).
Large pepulations of gruba may be causing injury in
only smell areas of 5 or 6 trees or may be spread over
10 or more acres. The 10 acre plot may be one-fourth
of one grower's entire holdingz. :

At present the d&clining apple trees in Hood
Riv@r are in the older age group (}0-50 years). However,
trees in tﬁa 25«35 year age group, though net showing
visible symptoms, have 1arg01populations of grubs
feeding on the rcots. Thi&vw:uld l;ad one to coneclude
that these grubs are not serious pests, unless present
in 1arge‘numbars, whereupon destruction of the fidbrous
root system results in a slow decline of the tree.

In 1954, at The Dalles, twenty six, twenty-year
old dead or dying Bing cherry irees were remcved because
of Ps oregonenslis grub injury. Since then, no further
reports of tree removal due to grub damage have been
receiveds, Sample diggings in three widely separated cherry

orchards, revealed grubs to be present in varying numbers.
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It is difficult to determine if grubs are responsible
for decline of cherry trees at The Dalles, Gthar factors,
such as drought,gopher injury ;6 roote, winter injury and
viruses are contributing tc the unthrifty condition of
many cherry trees in that area.

Approximately 6,000 acres of frult trees in the
Hood River Valley are lccet ed within the present known
range of P, erinita and P. minor. At The Dalles, 6,000
acres of tree frults lie within the known range of

P. oregonensise.

Larveae of P. crinite, P. minor and P« gregonensis

are oligophagpus in their feeding hebits. The two
specles in the Hood River Valley are feeding on the roots
of apple (Malus), pear (Pyrus) and sweet cherry (Prunus
avium rootstock)s I have found that grubs of P. crinita
and P. minor can shift their feeding hebits from roots
of Prunus to Malus and from Malus to Pyrus. Grubs of
P+ oregonengis at The Dalles, are feedling on rootstock
of cherry (lazzard or lahaleb) and on epple clonal root-
stock, Malling II and VII, This épeciea‘haa also shifted
feeding habits from Prunus to Malling II and VII,.

& grower at Hood Hiver, after remwoving three
acres of cherries, planted the plot to apple trees on
seedling rootstock. When leaves of the young trees be=

gan wilting in May 1957, investigation revealed one to
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L grubs feedin; on the root systems. One-third of the
trees in this three acre planting were severely damaged

or dled as a result of this feeding (Figure 10).

Pleocoma minor was luvoived Iin this instance. The writer
has also followed the history of one, 5 acre planting of
lz/ynar old Bartlett trees 1in Hood River. The original
pleanting was Newton apples with pears interplanted. The
apple trees were syvstematically removed to provide space
for growth of the pears. After removal of the apples,
grubs of P. erinita shifted thelr feeding to roots of
the pears.

At The Dalles, a growaf after remcving seven
acres of L0-50 year sweet cherries in 1956, replanted this
erea with apples on Malling ITI and VII rootstocke.

Pleocoma oregonensis grubs immediately began feeding on
these Malling rootstocks.
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THE EGG STAGE

Virtually nothing was lnown concerning the egg
stage or egg laying hablts of Pleccoma for & pericd of
97 years after the description of the genus and type
species by LeConte in 1856 (3L, p. 2&).

Davis, in 1918 (10, p. 117) disaected 50 eges
from a females of P. badia Fall, which were light yellow
in eolor, oval and about 1 mme long. He further stated
in 1935 (15, p. 129), "Oviposition must take place deep
in the ground, but of this nothing 1s known",

In 1953, Ritcher and Olney (62, p. 129) reporting
the first information on egg laying of P« crinite state,
"Some time after mating the females descend deeper in the
soll and there wait until the following summer before
depositing their eggse This 1s substantiated by finding
of one "nest" on September 17 which contained five
unhetched eggs and fourteen newly hatched larvse, and
other finds from then on of groups of small larvaes.

In every case the dead female was found in the midst of
her brood and at from 13.5 to 15 inches in depth. The
number of progeny from one female is about 20 to 25",

Three pepers, one in 1955 end two in 1956, added
further to our knowledge ol the egg stage of Pleocoma.
The writer in 1955 (17, pe« 1) found the eggs of P.

oregonensis were a quarter of an inch in length to
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three-sixteenth of an inch in width, while those of F.
erinita were slightly smaller, Also scome females of P,
erinita deposited cver 50 eggs, during June, with the
cluteh being vertical to the soll surface and grouped in
a space of 3 to 7 1inches.

In 1956, (18, p. 431) two P. oregonensis females,
under lsboratory conditlieons, depceited 35 and 48 eggs
respectively., These eggs hatched between July 25 and
August 2, 19554

Riteher and Beer in 1956 (6l, p. 162) wrote "It
was found that Pleocoma dnbltalis dublitalls has egg lay-
ing habits similar to those of Pleccoma behrensl LeConte
as observed by Je W, MacSwaln of the University of
California (personal communiecation) and similar to those

of Pleocoma erinite Linsley +..." «+ In the same paper

Ritcher and Beer dlscussed number of eggs, size, depth
and peried of egg deposition for P. dubltells dubitalis.
On July 23, 1954, they found a femele in the soil with 50
eggs between 12 and 17.5 inches in depth. Ten eggs from
one to three days old ranged from 3.9 to 5.1 mm. in
length and 2.7 to 345 mme in widthe In 1954, they
incubated 2l egcs at 60°F. with hatehing occurring be-

tween August 28 and September 8. Under laboratory cone

ditions in 1955, five female P. dubitalls dubltalls
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deposited 59, 61, 51, 33 and 53 eggs during the period of
lay 25 through June 1f, These eggs hatched between
September 1 and September 24. The egg stage for 13 eggs

of known age renged from 83 to 95 days.
Ao DESCRIPTION

Eggs of P. erinita, P. minor and P. oregonensis

have & smooth dull surface. They are white in color with
a slight yellowish tinge and ellipsocidal in shape
(Pigure 12). As the eggs become older they increase in
length and width, some becoming almost spherical. The
chorion is very tough. In discussing the chorion of P.
dubltalis dubltalls eggs, Ritcher and Beer (64, p. 183)
wrote, "The chorion is so tough that eggs cen be dropped
on a wooden floor without apparent injury".

Recently laid eggs of P, crinita and P. ninor were
nearly equal in size (Table 1).

Eggs of four P. crinita females (found July and
11, 1955) and eggs from two P, minor females (found
June 27, 1956 and June 17, 1957) were also of nearly

equal size (Table 1). The eggs of P. oregonensis

are larger than those of the other two specles., Egus
(soil cages July 20, 1955) from two females averaged

5¢9 mme in length and l.6 mm. in width (Table 1),
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Table 1. Egg sizes of three specles of Pleocoma.

Specles Noe of Age of Length Wwidth Average
eggs  eggs in nm. in mm.

Kax, Min. Max. kin, 1ls We

?.0 erinlta 16 &L hrs. 5.2 h—tB 3«’4 249 LI-‘? 3e3

O unknown 5.7 3¢l Leb 2.8 Leb 3.9

_P_. minor 8 63 hrs. 1.].09 l}.oh. 3.6 3e3 l}o? 301{.

h9 unknownm 506 l}.o} L|-¢6 301 LL.? 30'4»

P« oregonensis 61 unknown 6.5 Le9 5.0 349 5.9 L6

Be EGG DEVELOPMENT

When the initiel 1life history studles were begun

in 1953, nothing was lknown concerning development and

time of egy deposition.

¥r. Olney placed recently mated P« crinits femsles in

soll cages during the fall months of 1953

To investlgate these points,

Periodlcally,

during Merch and April, 1954, the writer dissected ovaries

and developing eggs from these females.

Egg development is very slow in Pe crinitae and

limited observations indlcate the same is true of P,

minor. Measurements taken of developing P. erinita

eggs 1n 1954, 1955 and 1957 show that eggs measured in

March were smaller than trhose of April and May (Table 2).



Table 2. Bgg development of two species of Pleocoma.

Range in Range in
egg length egy width
Specles Mated Diasected in rme in pme
P. erinite Fall, 1953 Mar. 1, 1954 l.6 = 3.1 1.3 - 2,0
Mar. 20 2e3 = 349 1.5 = 2.6
Apr. 12 2.5 = lely 1.8 = 2,8
Apre 15 le6 = lol 1.1 = 2.8
November 1954 Apre. 6, 1955 leb = 3.3 1e3 = 245
May 1b 2.9 = Lol 2.0 = 3.6
Fall, 1956 Apr. 30, 1957 30l = Leb 2.8 = 3.6
P. minor October, 1956  Apr. 18, 1957 2.1 = kol 13 = 3.1

1€



Ce TIME OF DEPOSITION

All data indicate that females mating in October
and November do not deposit eggs until May, June and Into
July of the followlng year. Pleccome crinlta and P, minor
begin egg deposition in mid-to late May and continue
deposition throﬁgh June., Limited observation indlcates
that P. oregonensis females deposit eggs in June.

On 3un§ i, 1954, a P. erinita femele and 47 eggs
were found in the soil in the McKeown orchard near Odell,
Oregon, This female later deposited 5 additional egs
in the laboratory.

In 1955, E._erinlte began egg depositlon the latter
part of May. In the laboratory one individusal, had
deposited three eggs by May 27. Two females discovered
in the fleld on May 30, had deposited 2 and 3 eggs
respectively. Ancther-individual dug on June 9, had
laid 20 eggs and upon dissection 12 addltional eggs were
founds On June 21, & femele with 1l eggs was taken from
the KeKeown orchard, and dissection revealed 20 unlaid
egEs.

Two P. erinite females teken from soll cages on
May 17, 1956, were found to have deposited 6 and 10 eggs
respectively, These females failed to deposit additional
eggs in the laboratory.
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Five P. crinita femsles teken In the B. Hukari
orchard on April 30, 1957, were placed in earthe1ll
quart jars. Upon examination May 22, these females were
found to have deposited 19, 2, 26, 29 and 32 eggs respece
tively. All five females continued epg laying in the
laboratory during the remalnder of May, with one fensale
continuing egyg deposition until June 2.

.« Pleocoma minor begins egy deposition in wid to late

May and continues to do so through June. One female
discovered in the G. Ogden orchard June 27, 1956, had a
cluteh of eggs Intact in the soil beneath her, This
individual was still allve, but later dissection revealed
egp deposition was completeds

Three P. minor females mated Cetober 22, 1956,
were kopt in & temperature cabinet in scillefilled quart
Jars at temperatures approximating those in the soil
where eggs are laid (37-56° Ps)s These females were
examined May 22, 1957, and found to have deposited 2, §
and 10 eggs respectivelys. Disturbance appsarently disrupted
egg deposition as these females falled to continue egg
layings Two other individuals, mated at the sane time
as the preceeding three, were allowed to remain in the
soil under naturel conditions. On May 27, 1957, these
females were dug from the soll and found to have

deposited 22 and 30 eggs respectively. Both females
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falled to deposit edditional eggse A female discovered
en June 17, with 4B eggs, deposited one additlonal egg
in the laboratory. Another individueal dug from an
orchard on June 25, was found to have deposited L6 eggs,
and she also deposlted one egg in the laboratory.

From limited observations, egy laying by E.
eregenensis occurs in Juney Two femesles were mated
November 6, 195l, and placed in soil cages. The soil
cages were examined July 20, 1955, and both females were .
found dead after having deposited 35 and L8 eggs respecs .
tively. November 8, 1955, three females were mated and,
retained in soll cages at The Dalles. The three cages
and contained femalea were examined June 20, 1956, One
individual (dead) had deposited nc eggs. Another (dead)
had deposited 9 eggse The third individual was alive and
had deposited L1 eggs. She later lald 7 additional eggs

in the laboreatory.
De PLACE AND MARHER OF DEFOSITION

Females of the three specles under study deposit
thelir eggs in the soil in rather a cheracteristic manner.
Riteher and Beer (6lj, pe 183) found that a P. dubltalls
dubitalis female deposits her eggs individually, beginning
at the bottom of a burrow and moves upward in a spiral

fashion within a vertlcal core of pulverized soil.
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Females of P, crinita, P. minor and Y. oregonensis
deposit thelr eg:s in the same memner, Eggs are deposlted
individually, each In cavity slightly larger than the egge
The female moves upward in's spiral fashion, pulverizing
a core of soil and depositing eggs therein,

The distance from the outer portion of one egg
to the outer portion of ancther egy, across the diameter
of the core of pulverized soil, varies slightly. In P.
erinita the distance ranged from 1 to 1.75 inches, with
2. minor being In the same range of measurements. Four
ege clutches of Pe oregonensis have been measured,wlith
the distance across the dlameter being l.75 inches.

After deposition of her eggs, the femsle dies
and is found in the soil, usually immediately above the
top-most egg.

E. NUMBER OF EGGS

There is considerable variation in the number of
eggs deposited by females of the three speclez. Under
laboratory and field conditlions seventeen P. grinita
females deposited a total of from 20 to 62 eggse
Seventeen P. minor females deposited from 2 to 63 eggs
under the seme condlitions. Five P. orepgonensis deposited
9 to L8 egys under laboratory and field econditions. In

several instances some eggs had begun hatching, but
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the newly ratched larveae had not dlspersed from the small
cavities in whiech the egys had been lalde In such cases,
counts were mede of eggs and larvae and considered & unilt
of eggs. (Table 3).

In 1957, individual P. grinita and P. minor females
were lsolated in the laboratory in an attenmpt to ascertaln
the number of eggs lald in a glven periods The number
of eggs deposited varied from 2 to & in a B hour period,
with a high of 6 in a 6l hour periods - Often, only one
egg was lald in a 72 hour period (Tables L and 5)s As
the freguency of handling increased the number of eggs
decreased.

A female of Pe gregonensis after depositing L1
eggs in the field by June 20, 1956, continued laying
eges in the laboratory. She lald 7 eggs between June
20 and June 30,

P« DEPTH AND VERTICAL DISTALCE OCCUPIED

The bottommost egg or eggs are found at varying
depths in the soil ( Table 6). The depth at wrhich P,
erinita females deposlt the first egps was found to
range from 1lh.5 to 28.5 inches., Pleccoms minor feuales
were found to begin egg deposition at depths ranging
from 17 to 29.5 inches. On June 28, 1956, one cluteh

of P. oresonensis eggs dug from the fleld dlsclosed the



Teble 3. HNumber of eggs deposited by three species of Pleocoma.

Specles No. by one Species No. by one Specles Ho. by one
individual individual individual
Fe crinita 20 Peo minor & 2 P. oregonensis # 9
B 20 # 08 # 35
% 2 #* 10 35
2 14 # LB
# 30 # 22 # LB
32 # 30
# 33 # 31
g 2
S
# L3 # 3%
Ll 3
# 45 # L1
50 # 42
52 # 45
# 52 # L7
61 % Jge
62 3

# Eggs from females under laberatory conditions

LE
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deepest egg at 23 inches. Females of this specles, when
isolated in scll cages, burrowed to the bottom of the
cages (4 feet) before beginning egy deposition.

Table L. HNumber of eggs deposited in glven perlod by
P, crinita.

Eggs deposited Noe Hoe
Pemale Dbefore disturb- Date eges hours
ance.
; § 2l
lay 22-25 [ g%
ilay 25«27 b L€
Hay 27-30 2 72
Key 30-June 1 1. L&
June l=lj 2 72
June L=7 2 72
June 7«10 3 72
June 10«13 2 72
June 13-15 1 48
June 15«10 0 72
2 19
May 22«25 3 gg
Mey 25«27 0
May 27=30 1 72
May 30-June 1 O 48
June l-l 0 72
June Le7 0 72
June 7«10 0 72
June 10«13 0 72
June 13-15 0 L8
June 15«18 0 72
June 186-21 0 72
June 2124 1 72
3 29 I "
May 222
lay 25«27 0 &g
May 27=30 1 72
L 26
May 22«25 b 6}
5 32
lay 22«25 1 6l
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Table L« (continued)

Eggs deposlited No. Nos
Femsle  before dlsturbe Date eges hours
ance.
May 25-27 2 L8
WMay 27«30 1 72
6 L7
June L=6 2 118
June 6=0 3 L8

The vertical distance occupled bj egegs in the
pulverized core of soil depends to a degree on the nuuber
of egss (Table 6)s In several instances a female was in
process of depositing eggs, however, an egy count was made
and & neasurement made of the spuce ovccupleds In some
instences it was not possible to measure & clutch of eggs
as some had begun hatching. In s:ch cases the newly
hateched larvae had not dispersed from the cavities in
which the eggs were lalde. Subseguently & measurement
was made of vertical distance occupied by the eggs and
newly hatched larvae aund considered as the distance

occupied by a cluteh of eges.
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Table 5. Number of egge deposited in given period by

Pe minor.
Eggs deposlted Ko Hoe
Female before disturbe Date eges hours.
ance.
1 22
- May 27-29 0 lg&
May 29~June 1 0 3
2 30 ‘
Mey 27-29 0 28 :
May 29«June 1 0 5
3 Unknown
May 27«29 & &
lay 29«June 1 L 3
June l-l 0 72
June -7 L 72
June 7-10 0 72
June 10-13 0 72
June 13-15 0 48
June 15«18 4 72
June 18-21 1 72
b L8
June 16«21 1 72
5 L6
June 26-July 1 1 96

The vertical distance ccoupled by P. crinita
eges ranged from almost none (2 eggs) tc 6 inches (62 eggs)e.
The vertical distribution of P. mincr eggs followed the
same pattern with the distance varying from 1 inech (14
egps) to 3.5 inches (U446 eggs)s In one case there wes
a distance of 5 inches; unfortunately the data on number
of eggs were losts Under laboratory conditions L egg masses

of P, oregonsensis occupied a vertical distance of 2 (9

eggs) to 5 inches (L€ eggs).
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Teble 6. Depth range of eggs and newly hatched larveae
for three specles of Pleocoma.

Vertical
Range in Hoe No. Total in distribu-
Specles inches eggs larvae ecluteh tion in
inches.
20 egrinita lBtO"‘l}oS 1!.}. - 14 105
11.0=1640 1 36 37 540
#130216,0 20 - 20 340
#1le 0=10, 0 50 - 50 L0
11#05"16 Yoo 20 20 l&o
1205"1{ 05 3 23 26 3.0 _
19.5«20.0 - 20 20 1.5
20.5=20.5 2 - 2 0s0
16,0-21.0 | 3 32 5 Q0
#1840=23,0 43 e L3 540
2245+23.0 3 - 3 00)
20'5“21‘-.5 u? B g %.0
#2)] «0=27.0 9 53 «Q
2200*28;5 X7 h-h. 61 bob
;.'P_g minor m.sﬁ'l? 0 - 3)4. :‘ng 2.5
lho5olg o5 | 35 3 340
15:5-1840 1 32 33 245
1“00"19.0 Data lost 500
1745-20. 5 45 - 45 340
23.0~2 12 - 1% 1.0
0~2 g . % 3¢5
0-27 0 3 - 3 3.0
0"27 ul . . h-l 3.9
+ 502045 f& e 31 2.0
P6.5‘2805 ; Qnﬁ hz a.o
2600"29-5 3‘.}. - 3).‘. ' 3!5
Ps orogonensic?6.0-45.0 9 - 9 240
- #3.0-48,.0 - - 35 540
#3.0=4840 L8 i 143 540
#1334 04,0 48 R L& 5.0
~=~= 2340 35 - 35 -

# From soll cages




Gs LENGTH OFf EGG STAGE AND TIME OF EATCUING

Eggs were lncubated in & constant temperature
cabinet at 54=-60°F,, from May 22 to August 18, 1957,

The temperature in the incubator was changed weekly to
correspond with the rise in the outdoor scil temperature
at the 18 inch level.

Laboratory observations Indicate thai on the
avera;e théieg@ stage of P. crinlte may be 7 days longer
than P. minor. | 3

The lengﬁh of the egg stage for 24 P. crinita ogps
of knowm age aveféged 69 days (Teble 7)es These eg; s |
hatched between August L and 18. Sixteen P. minor eggs
of known age averaged 62 days In the egg stage (Table 0).
The hatching period began August 1 and extended tc August
10.

Bggs of the three species collected in the field
during Mey, June and July were incubated in the laboratory
to determline the onset ol egg hatches Tempersatures in the
constant tempers ure cablnet ranged from SL°F. 1n late May
to 60°F. in early September,

Records for a perlod of four years (1954, 1955,1956
and 1957) show the hatehing period of P. grinite eges to
extand from July 21 to September 2., The records of 1956

and 1957, show a hatching period for P. minor egcs to be
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from July 15, to August 21, Two years records (1955 and

1956) for P. gregcunens's, show a hatehing period from

July 25 to August 27.

Table 7. Length of egg stage for P. crinita.

Date Meximum age No. of Date of No. days in
deposited 1in hours eges hateh egg stage.
Nay 22«25 6l 6 August % y o 1

6 3 Augnst 73
May 25«27 L 3 August 6 71
L6 2 August % 69
May 27-30 72 1 August 67
72 1 August 5 66
June lel 72 1 August & 65
June U7 72 2 August 12 67
June 7-10 72 1 August iﬁ 65
72 1 August 66
June 10-13 72 4 August 15 6%
72 3 August 1 6

June 13=15 48 1 August 1 6;
Total 2I Average days

Table 8. Length of egg stage for £, minor.

Date Haximum age No. of Date of lice days in
deposited in hours egEs hatch e stage
May 27«28 48 5 August 1 ély.

28 2 August 2 65
May 29=June 1 3 2 August 1 61
63 2 August 2 62
June l-7 72 2 August L 56
72 2 August 5 60

June 10«13 72 % August 10 gg
Total Average days




THE LARVAL STAGE M

Though this 1z the stage which 1s of econcmie
importance when assoclated with cultivated plants, our
knowledge of Pleocoms larvee has been limiteds Four
descriptions of Pleocome larvae have appeared in the
literatures, While two <f these papers, Osten Sacken (55,
ps B4«67) and Hayes and Crang (26, pe. 117-127) were based
en only single specimens, Riteher (60, p. 11-20 and 61,
ps 14~17) based his description on & serles of specimens

end a cast larvel skin.
A+ DESCRIPTION

The larva 1s typlically scarsbeeiform with a
whitish body and light yellowsbrown head (Figure 12).
The antennae are 3~segmante¢, with the first éegmant as
long &8s the seocond and third segments together and the
third segment small and about one-third the length of the
second segment. Head narrower then the pro-thorax and the
entire thoracie region with a larger dlameter than the
abdomen. The legs are well developed, l=segmented, with
stridulating orgens on the meso-and metathoracic legs.
The stridulatoery organs eppear ae & finely striated area
on the posterlor surface of the mesothoracic coxae and &
Veshaped row of sclerctized teeth on the metathoracic

tronehanter. Anal opening Yeghaped and not surrcunded
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by fleshy lobes; with a narrow, transverse band of 50 to
70 unarranged, short, stout setae located cephalad of the
lower anal l1lip.

Be 50IL A8 4 FaACTUR AFFECTING
VERTICAL DISTRIBUTION OF LARVAE

The distribution of orcreard tree roots is largely
a matter of the cheracter of the soil in which the tree
grows, The character of the subscil is one of the
most important factors influencing the depth of rooting.
In the Hood River Vallevy, 1t has been found that the
soil and 1ts affect on penentration of tree roots directly
effects the vertical distribution of Pleccoma larvae,
since these roots are the source of foode Indications are
that this effect alsc controls the vertical distribution
of P» oregonensis larvee in cherry orchards surrounding
The Dalles.

The Soil Con:zervation Service, at present is re=
clagsifying the soils in the Hood River Valley. I am
indebted to Mr. James Crane for gracicusly classifyling
the soil at & number of localltles, where P. crinlita and
P. minoy oceur in the Hood River Valley. ZFleocoms crinita
larvae are found in the following solls: Transition
series of Hood River silt of the Underwood type wlth a

restrietive layer at 24 to 30 inches, Cak Grove series,



446
which 18 & medium textured soll wlth & restrictive layer
at 2l inches and the Rockford serlies which has O-to 3 feet
of usable clay loam. Larvae of P, mipnor occur In the
same Transition series of Hood River sllt with a restrice
tive layer cother then plates of rock in certein locallities
and a Residual type whigh has & higher clay content than
the Chemawa series, but having no restrictive layer other
than the clay content.

I@,certa&n districets of the Hood River Valley,
rocts of apple and pear do not penentrate the soll in
excess of 2l«30 inches because ¢f the restrictive sub-
soll layer., In other districts, the loose, open subsoil
has allowed root penetration to a depth of 60 inches. In
some districts surrcunding The Dalles, cherry roots
penetrate the scil to depths exceeding 60 inches.

Larvae of P. erinita found in those districts
with the root zone limited to a 24-30 inch depth have
a vertical distribution ranging from 3.5 to 29 inches
(Table 9)« The grestest number of grubs occurs in the
€ to 2l inch level in orchards with a 30 inch root zone.
In those orchards witﬁ rﬂ;;s ceccupying onlf éﬂ‘igggoa,
the greatest number of grubs 1s found from € to 16 inches.
Larvae of P. erinita are not now known to occur in

districts with loose, open subsoils so 1t was not posslble

to determine larval dlstribution of this specles in
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situations where the roots po deeper.

Grubs of F. minor occur in localltles where roots
ere restricted to & 2l inch zone and also where root
penetration 1s to & depth of 60 inctes (Teble 10j.

Larvae of this specles cecurring in localities with a 24
ineh rcot zone are found in greatest numbers in the £=20
inch level, while grubs in the districts with a 60 inch
root zone are found in the greatest numbers at the 16-LL
1neh level, The oversall depths at whlich grubs of P,
miner are found in the Hood River Valley varlies greatly,
renging from 3.5 to 59 inches. While dlgging for P
minor grubs in the G. Ogden apple orchard scutiwest of
0dell, Hood River County, the writer encountered trees
with roots restricted to a 36«38 Inch zone by & plate of
golid roek, Larvae of thls species were discuvered within
one ineh of this plate of rock. In another instence a
tree growlng on the edge of a plate of rock was found to
have some roots restricted to a LO inech zone while other
roots were to a depth of over 55 inches. Larveae were
found conflned by the plate of rock and alsc to & depth
of 59 inches in the area cccupled by rcotse.

At The Dalles, P, cregonensis larvae are found
assoclated with cherry roots to a depth of 46 inches and
several samples dug from beneath yellow pine in Sorosis
Park, The Dalles, were found tc contain grubs tc a depth

of 38 tneches.
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Table 9. Vertical dlstribution of P. crinita

larvae.,
Apple root deptns ~Pear roct depth
Depth range 24 inches 30 inches 24 &n.,
in inches No. of larvae Noe of larvae
Ow3.5 0 g 0
-1]5.5 2l 71 L2
12-15.5 23 115 40
16«1945 15 116 3¢
20=23.5 4 51 9
2 ‘2705 18
20=29 2
Table 10. Vertical distribution of P. minor
larvae.
Apple root depths Pear root depth
Depth range 24 ins 4O in., 60 1in. 57 in,
in inches Nos of larvae Noes of larvee
O 345 0 0 2 0
g"? «5 u 0 3 Q
-11.5 1 0 6 0
12-15.5 2 18 1
16-19.5 2 5 20 0
20=23.5 5 3 16 3
2L=2745 11 21 L
32«3545 7 22 6
36=39.5 7 19 5
40« 345 15 3
“li7+5 i 7
“51.5 0
5545 i 2
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C. SEASONAL SOIL TEMPERATURES

A study of soil temperatures during a four year
pericd, 19541957 indicates that larvee of P+ crinita
live in an enviroment with limited flucbtuaticns iIn
temperature. This is 1llustrated by Filgure 13 and 1ll,
whieh shows the seaspnsl soll temparaturea for 1955, in
an Infested Hood River orchard, at the 6 and 18 inch level.

The greatest monthly temperature fluctuatlion at
the b=inch level ceccurred in June and Septembers In
June the fluctuation wes 12° F., while in September it
was 13° F. The yearly change at the 6-inch level
was 32° F, The minlimum temperature at the 6e-irch level
ocecurred in December, with a reading of 35° Fo. and the
meximum for December wes LO°F. The maximum temperatures
occurréd in the months of June, July, August and |
Septmber with readings of 66, 67 67 and 66° 7. respectively.

Konthly changes at the l8«ingh level were not as
proncunced as the b~ineh level. The greatest fluctuation
cecurring in May and October, was ' i F., and the yearly
change was 27°F. The minimum tenperatures at the 18~inch
level oeccurred in January, February, liarch and December
when the temperatures were 38, 38, 38, and 39° p.
respectively. The maxlimum temperatures occurred in July,

August and September, with readings of 6l 65 and 63%,
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On two ocecasions, scll temperatures were recorded
at the time of dig;ing for P. goregonensis larvee at The
Dalles. Soil temperatures bteneath yellow-pine, Scorosis
Park, on August 16, 1956 were found to be 67°F, at 9
inches and 63°F. at the 30 inch levels On  June 12,

1957, soil temperatures beneath & sweet cherry tree on
Skyline Road, The Dalles, were 63° P, at 24 inches end
60° F. at .30 inches.

It was thought these seasonal changes in soll
tempersatures would in?luence the vertical distribution
of grubs in the soil.i On several ccecaslons in the late.
fell end winter while digging for males of P. crinita and
and F. oregonensis, g;ubs of these two specles were
discovered close to the soil surface (.50 to 1.5 inches).
In the case of P. crinite, diggings in November, December
and January disclosed no overall change in the vertical
distribution cf larvae when compared with the distribution
for July, August and Septexber. Possibly a scattered
few of those in the 3 toc L inch level move upward, closer
to the soll surface cnce the righ soll tempersat ures of

June, 3uly, Aﬁgust and September have mocderated.
D. PERICDS COF FEEDING

In general, larvae of P. crinita and P, minor

feed thoughout the greater part of the year. In the
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case of smaell larvae 1t is difficult to determine their
period of feedlng, however, they are usually found in
close proximity to fibrous roots, It 1s only when
numerous lerger larvae ere discovered in semples dug from
beneath frult trees, that one can readlily determine if the
larvee are feedings. These larvae attack the larger roots
and are easily detected while feeding or are still close
to freshly gouged=-out areas on the roots. Fewer numbers
of large larvaee were found feeding durlng the moult
period and Iin flate January to mid-February.

Laervee of P, oreponensis fedd on sweet cherry
roots at The Dalles, during Mareh, April, May and June,
however, no larvae were found feeding on rooﬁs in
September. No samples have been taken durlng the
renainder of the year, nor for January and February.

Possibly late Instar larvae of Pleocoma feed
sparingly or not at all since Areekul (1, pe. 563)
found the eplthellal cells were reduced and degeunerated

in leate instar P. erinita larvae.
E. PERIOD OF KOULT

Frior to moulting, each larva prepares & cell
and moults therein, often consuming its cast skin follewing

the moult. Larvee of P. gcrinita, P. winor and



P. oregonensis moult during the summer montrs.

Sample diggings made in orchards every month of
the year disclosed that larvae of P. grinita moult once
& year. The earliest moulting ocecurred August 11, 1955,
with the latest being September 27, 1954. Recently
moulted larvae with cast skins are more commonly found in
mid-September. Larvae kept in the laboratory for a
pericd of cne year moulted during August &nd September.

Pleocoma minor larvae sampled for a period of
two vears (1956 and 1957) in the same manner as the
previous specles, were alsc found to moult once a year
in & ecell constructed by the larvae. The earliest
moulting larvae were found June 12, 1956 and the last on
August 31, 1956,

Limited cbservations indlcate P+ oregonensis lar-
vae moult during August. A large number of larvae found
in the soll on August 16, 1956, were moulting or moulted
in the lsboratory within cne week.

Hature larvae of P, crinite and P. minor dc not

moult the year of pupation.
Fo INSTARS

All other Scarsbaeidae rave ohly three instars,
however, F. crinita and Ps minor have many Instars and

indications are that P. oregonensis follow the same
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pattern., Some suthors have expressed an opinion that
the larval stage of Fleocoma was possibly three or more
Years in length,

Davis (14, pe 266) expressed his opinion in the
following manner, "Very little 1s known of the life
history, and very few larvae have ever been collected,
but indications are that the life of the insect may
extend over 3 to 5 years".

While dlgglng for P. hirticollls vandykel adults,
Smith and Potts (73, ps 117-118) found k4 larvee of three
distinet sizes. From these speclmens, they thought this
specles had & life cycle of more than one year.

In the fall of 1953. Riteher and Olney (62, pe
42) found P. crinita grubs of several sizes, They con-
cluded that the 1life eycle may take several years.

The follewing methods were employed in determining
the number of instars. Eggs of P. erinita and P. minor
were incubated in the laboratory (54-60°F.)s & large
number of the newly hatched larvae were preserved
shortly after hatehing and measurements were made of
head capsule widths to establish a range for the first
instar. Other newly hatched larvae were allowed to
undergo & moult, then preserved, whlch established the
second instar.

‘Head capsules c¢f lervae dug in the fleld were
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measured, larvee then placed indlvidually in soil-filled,
3-gunce salve boxes and stored in & constant tenmperature
cabinet (37~60°FQ). Lervae were checked monthly for
moulting and head capsule width re-measured. Also large
numbers of larvae were dug before the moulting period,
measured, then re-measured after the moult. In many cases
it was possible to garner three apparaté héad capsule
measurements for & single larvae.

Head capsule widtis of pre-pupac were also
determined, which gave & range of measurements for known
mature larvae.

The range in head capsule measurements for
laboratory reared first instars of P. cpinita was 1.99-
2,26 nms The head capsules of first Instar grubs collected
in the field measured 2.02-2.33 mm. Second instars reared
in the laboratory !ad head capsules measuring 2.29-2.53 um.
Those dlscovered in the field ranged from 2.29«2.53 mme

Pleocoma crinita does not pupate before the
ninth instar. Some larvee may continue moultlng past
the ninth instar and have what eppe&ar to be 13 Instars
before pupating (Table 1l).

The seme techniques were employed In establishing
the instars of P. mloor as were used in the case of E.

erinita, Maxlmum widths of head capsules of the first
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instars reared in the laboratory ranged from 1,85«2,26 mm.,
while newly hatched larvae collected in the fleld from
cavities in which eggs had been deposited, measured
1,89-2,23 mm, Head capsules of second instars reared in
the laboratory ranged from 2,23-2.45 mm, in width, Those
collected in the field measured 2,33=2.45 mm,

Pleocoma minor is in at least the ninth instar
before pupation ocecurs, Some larvae of this species
continue moulting after the ninth instar and may have
what appear to be 13 instars. (Table 11).

Limited investigation of P, oregonensis larvae
indicate it also has a large number of instars.

In comparing the range of measurements of
respective instars 1t was found the measurements of P.
erinita larvae were larger than for P. minor larvae. Also
it is to be noted that larvae of both species may pupate
during any of the instars following the ninth instar.

G. LARVAL POPULATIONS

Some orchards or portions of orchards in the Hood
River Valley have large populatidhs of grubs, but the
number of grubs per square foot beneath individual trees
varies. To determine the population of grubs beneath a

tree, soil from a sample area was removed layer by layer



Table 1ll. HNaximum width of head capsule for the instars of P. erinita and P. minor.

Hoe Pe crinita o Ps minor

Instar grubs Min. Max. Remarks grubs Kin. Heax. Remarks
in mm, in mme
1 9l 1.99 2426 Reared 60 185 2.26 Reared
4 Lo 2.02 333 Fleld 31 1.69 2423 Field
2 y2 2429 2453 Reared 30 2423 2445 Reared
2 37 2429 2453 Fleld 25 2433 245 Fileld
13; 62 2453 3410 " 8 2.6 2494 "
92 3427 [ 09 " 88 3410 3ef3 0 ®
5 53 3+59 LeTl . Ll 3ely3 392 ’
6 73 éaﬂl— 5-39 » 59 li.oﬂ? 1156 -
Y i 101 39 6636 " 92 Le56 5439 "
8 93 6,05 T+03 % &8 539 6421 -
9 67 7.03 7+ 68 Pugated 52 6405 6470 Pupated
10 69 Teb2 6418 55 6.70 7+36 '
11 54 8401 8.83 s 30 7419 Te52 -
12 50 8.67 9 alys . 37 768 8467 »
i) 32 Gelb 10.14 ” 11 Ce03 10463 "

9s
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with & hand trowel, The sample a&rea, within the "drip"
portion of the tree, was 36 inches square and to L4 or 6
inches below the depth at which the last larva was found.
Samples dug from one, 3 acre apple orchard
pear Odell, revealed the populatiocn of P. crinlte grubs
varied from »4li to 7.78 grubs per squere foot or from
19,350 to 330,800 grubs per acre. Ahother, one acre
plot of apple trees was found to have .78 grubs per
square foot, Two acres of pesars, sampled in 1955 and
1956, was found to average 2.67 grubs per square foot.
Pleocoma minor grubs are alsc abundant in
certain localities. A three acre apple and pear orchard
southwest of Odell, had an averagc of 3.66 grubs per
square foots Another apple orehard scutheast of Cdell,
had 21 grubs per square {oot, distributed to a depth of
60 inches.

At present, P. oreponensis larvae are not known

to oceur in large numbera at The Dalles. Four samples
taken from beneath western-yellow pine in Scroésis Park,
revealed grubs to be present Iin limited nuubers. The
semples ranged from 0 to 1,67 grubs per square foot.
Three samples taken from Beneath three cherry trees on
Skyline Road, disclcsed a range of .06 to «33 grubs per

aquare foote



THE PREPUPAL STAGE

Pleccoma erinita and P+ minor were found %o have
a rather distlinet prepupal stage (Figure 15) but the
time of onset is difficult to determine.

In this stage, larvee are creamny-white in
color, flaccid, immobile and may be found stretched ocut
on thelr dorsa in a cell constructed by the last larval
instars. The larvae do not feed during this stage and
indlcations are the stage may be over 30 days in lengthe

Pre-pupae of P. crinita may be discovered in
the scll in late June to early July, followed by pupation
In late July and early August. Pleccome minor pre-pupae
were commonly found on June 17 and 25, 1957. Some of
these did not pupate until July 12-20, 1957, however,

some pnpatéﬁ at an earlier date.
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THE PUPAL STAGE

Our previous knowledge of the pupal stage of
Pleoccoma was limited. Six papers are known to the writer
in which thereis information availsble concerning th's
stege. Davis in 1935 (1h, p. 120) wrote the following,
"Upon reaching its full size the larva approaches the
surface of the zround, constructs a cell from three or
four inches tv a foot beneath 1t, and pupates. The pupa
of Pleocoma has never been described. The only pupa in
good condition that I have ever seen was that of a female
Pe benrensi Lec. which had been taken at & depth of about
eight inches in the middle of a treail in Strawberry Canyon,
Berkeley, Calif. This pupa wes dug out while adults
were emerging from burrows withing a few Ilnches of 1t «.s
end the beetle proebably would not have emerged until the
following fall".

Pupal and larval skine of P. hirticellls
vandykel females were found at the bottom of fenale
burrows in five instances (73, pe« 117), however nc depth

was noteds In the other paper on P._hirticollis vandykel

(61, pe 17) seventeen females dug from burrows were found
at depths of 3 to 10 inches with either a cast pupal or
larval skin. A dead male wes alzo found In its pupal cell
at a depth of 5 inches.
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In 1953, Ritcher and Olney (62, p. 42) found
pupal cells of P, erinita between 7 and 21 inches in the
soil, The authors noted that pupation must occur
before the middle of September since fully colored adults
were found from that time on., The writer (17, p. 15)
described finding pupae of P, crinita at depths ranging
from 5,5 to 21 inches, I further noted that pupation in
the field and under laboratory conditions begins in
late July and early August.

Ritcher and Beer (6l, p. 184) on July 22, 1954,
found three pupae of P, dubitalis dubitalis in the soil
at depths of 7, 7.5 and 9.5 inches. One of these pupae
became an adult on September 5, 1954, On October 1,
1952, the same authors also found one male beetle in its
pupal cell at a depth of 5 inches,

A. DESCRIPTION OF PUPA AND PUPAL CELL

The white, exarate pupae of P, crinita and P.
minor have no processes on the pronotum nor are the sex
organs external as in certain other scarabaeid pupae.

Sex of the pupae can be determined by examination of
antennae and apical horn. In the males the antennal club
Js prominant wnile the apical horn is pointed; in

females the antennal club is not prominant and the apical

horn is rounded,
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Like the adults there 18 a considerable range in
size of Pleocoma pupaee. Only a limited number of pupae
have been measured to glve approximate size. Male pupae
of P. erinlta are approximately 41 mmes in length; the
female pupae are Ll mm. in length. Pupae of P. minor
are smaller, males being 33 mms In length and females
being 35 mm,

Pupae are found in pupal cells prepared by the
last larvel instars, lying on their dorsa and cccasionally
on their sides but rarely on thelr venters(Figure 16).

The pupal cells are 2 to 2,5 inches In length, .75 to
1 inch in diameter and are horlzontal to the soll surface.
The cast exuvia is located posterior to the pupa in the

cell.
B, DEPTH OF PUFATION

Pupae of Pe crinits end P. minor are found
scattered at depths in the soll which correspond closely
to the vertical distribution.of larvee. Fifty six E.
crinita pupal cells were cbserved et depthsranging from
5.5 to 2l inches, Sixty five pupal cells of P, minor
were found at depths ranging from 6 to 42 inches. leas~
urements are recorded cnly for those in which & prepupa,
a live or dead pupa, or a cast pupal skin was found

{Table 12),
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 Table 12. Depths of pupetion for P. crinita and P. minor

Depth Pe crinita Pe minor

range Root zone Root zone Koot zone
in inches 30 in, 24 in, 60 in.
No. pupae Noes pupae He. pupae

5.5-12 RIS 1L 10

12.5-1€ 29 7 12

18.5~2L 13 |

ey s

.50 ~ i

Two pupal cells of P+ pregonensis have been found
in the vicinity of The Dalles, Oregon. One dead male
with pupel skin was teken at & depth of 33 inches from
the J« J. Foster cherry corechard near Kill Creek,
September 13, 1954+ The cther pupel cell, containing a
dead female and pupal skin, was dlscovered at 37 inches
In Sorosis Park on August 22, 1956, These two records
fall within the range at which larvae of this specles

are known to occure
C. TIME AND DURATION OF PUPAL STAGE

The onset of pupation 1s diff'icult to ascertain
in the fleld and can only be determined by frequent
digging during the suwmmer or by use of a temperature

cabinet indoors. Pleccoma mlnor pupates end transforms

«
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into the adult stage at an earlier date than does F.
erinite (Table 13 and 1i)., Thils 1s further correlated
with the time of adult flight activity.

Approximate beglinning dates for pupation of P.
erinita in the field were secured in each of four years..
These dates were August 5, 19543 July 27, 1955; August 10,
1956 and July 2k, 1957.

In 1955, 26 P. crintta larvae pupated In a
cons tant t?mperatura cabinet where temperatures simulated
outdoor so?l temperatures at the 16 inch level (58-60°F.).
Under thssé laboratory conditions pupation begen July
27 and continued to August lljs Two P+ grinita larvae
pupated July 19 under laboratory conditions in 1957. The
length of the pupal stage for P. grinita ranged from 39
to 53 deys wlth an average of Ll days.

The firet pupe of P. mincr was discovered during
1956 in the W. Gale apple orchard, on Dethman Ridge, near
Odell, Oregon, Tris single female pupa was discovered
Aungust 1, at & depth of 10 inches. On August 8, 1956,
one male pupa at a depth of 24 inches was collected in
the G. Ogden orchard, scuthwest of Cdell, Oregon. On
June 14, 1957, & single male pupe, at a depth of & inches
was dug from the W. Larraway apple orchard at the junction
of Bagst Side and Whiskey Creek roads.
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A total of L, Ps mipor pupae were reared in a
constant temperature cabinet from grubs talten March and
June, 1956, in the Ogden orchards Of the 119 live .rubs
taken in March, one became & pupa June 28, The June
collection ylelded 62 grubs, of which 3 pupated on the
following dates; June 26, July 21 and July 23, 1956,

Thirty six prepupae of P. minor were dug from the
Larraway and Hagen oréhards on June 1. 17 and 25, 1957a,l
Under iaboratory condlitions i? of them pupated, beginning
June 17 and continuing to August l.. The length af‘tha ny
pupal stage for P. minor ranged from Ul to 51 days end
averaged 47 days. The mortality rete of P. minor pupae
was rather high since 9 of 21 pupae died.

The average length of the pupal stage for P.
erinita was 3 days shorter than for P. minor (Tables 13
and 1l4)s The length of the pupel stege did not vary with
sex of elither specles and all transformed into adults the

same year as pupation occurred,
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Teble 13, Time and duratlion of pupal stage for 2. crinita,
1955 and 1957

Date of Duration
pupeation Became adult in days Sex

July 27, 1955 September 16, 1955 53 Female
July 29 Septerber 9 L3 "
July 31 September 15 ﬁg Male
July 31 September 16 .
August 1 September 1l L5 Female
Auzust 2 Septeiver 17 L7 Male
August 2 September 17 L7 "
August 2 September 17 Lt "
August 3 September 19 L8 "
Auvgust 3 September 1h L3 Female
August 3 Pupa died - .
August 5 September 21 L8 Kele
August 6 September 1€ Iy Fenale
August 7 September 19 Lyl »
August 9 September 21 Ly .
August 9 September 22 L5 *
August 12 September 19 ﬁg .
August 12 September 21 Kale
August 13 September 21 Lo .
August 13 Septerber 21 Lo .
August 13 September 21 Lo .
August 13 September 21 Lo .
August 13 September 21 1O .
August 13 September 22 L1 .
August 1 September 23 L2 .
August Pupa died - Female
July 19, 1957 September 9, 1957 52 Mele
July 19, August 28 b1 Female
L day

average
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Table 14, Time and duration of pupal stage for P. minor
1956 and 1957

Date of Duration

pupation Became adult in deys Sex
June 26, 1956 Pupa died - Male
June 28 Pupa died - "
July 21 September 1, 1956 L2 Female
July 23 September 2 4l "
June 17, 1957 Pupa dled (1957) - Male
June 19 Auguat 3 L5 Female
June 22 August 7 L6 Male
June 25 Pupa died - »
June 27 Pupa died - "
June 27 Pupa died - "
June 30 August 15 L6 .
July 2 August 20 49 o
July 12 Pupa diled - Female
July 12 August 27 46 -
July 17 September 3 L8 Male
July 1 Pupa dled - Female
July 1 Pupa died - -
July 18 September 3 L7 .
July 20 September 9 51 Male
July 28 September 10 Ll Female
August 1 September 1l Il s

47 day

aversage
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THE ADULT 3TAGE
Aes PERIOD OF TRANSFURKATION

Pupae of FPo. erinita begin transforming into
adults in late August and continue until late September.
Transformation of P. minor pupae begins in late July
and continues to early September.

Under laboratory condltions (58-60°F.), P,
erinita pupae began transforming into adults on August
28 and continued to do so until September 23 (Table 13).
In the fleld, the first new adults have beén found in
thelr pupal cells on August 25, however, the majority of
pupae transform in early to mid-Deptember. Pupae &are
rarely found after Septenber 25.

Pleocoma minor pup&e began transforming into
adults on August 3, 1957, under laboratory conditions
(56-60° P.) (Table 14). Newly formed adults and pupae
were collected in the field, from pupsal ecells on August 1,
19563 no pupee were found in a sample digging on August
31, 1956 The earliest that new adults have been found
in the field was July 26, 1957. The najority of pupae
transform in August, with pupae being rarely found after

the first week of September,



B. HMOVEMENT FROM THE PUPAL CELL

Witrin & few days after transformation, adults
of P. crinite and P. minor begln burrowing from their
pupal cells. The burrow, one-half to three-querter of
an ineh in diameter, turns gradually upward {rom the
end of the pupal cell. Rarely, adults begln the tumnel
at 90 degrees to the pupal cells During the process
of burrowing, pupal cells become filled with tightly
packed, pulverized scil, The last larval exuvia and pupal
skin are compressed in tiis soil at the end oppusite the
exit tunnel.

In the early stage of burrowing, there 1ls usually
a space of 2 to 2 1/2 inches between pulverized soil
and soil through which the adults are tunneling. This
space diminishes in length as burrowlng progresses.

Upon attaining the soll surface or near the soil surface,

adults ars closely confined in the pulverized soil.
C. SEASCON OF ADULT ACTIVITY

The three species of Pleocoma in Wasco and Hood
River Countles, mate during the fall and winter secasons.
Periocd when meting of the three specles was observed 1s

glven in Table 15.
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Mating of Ps minor begins in early September and
may extend to mid-November, the peak of activity being
in late September and early October.

Pl%oooma oregenensis begins mating in late
September ?r early October and in certain years may
extend to iato November.

Pleocome crinita has the longest mating period.

Adult activity begins in mid-to late October and is at Llts
height in November and December, with sporadic activity
during January, February and early March, Since activity
of adults begins so late in the season, inclement weather
in mid-to late November and December often disrupts the
normal emergence. During these periods, soll is frozen
or covered with snow, however, these disruptions only
prolong the periocd of adult activity. This could well

be a case of & specles not too well adapted to its

enviromuent.
(a) EFFECT OF KOISTURE ANWD LIGHT ON ADULT ACTIVITY

The autumn and winter seasons with thelir rain and
saturated atmosphere have long been associated with flight
of Pleocoma maless Light or absence of light, seems to
influence the time flight occurs. Males and females of P.
erinita, P. minor and P. oregonensis, in Cregon are also
influenced by molisture and light or absence of light.



Table 15, Mating periods for three species of Pleccoma

‘ Pe minor P. erinita P. crinita
Year Hood River County Hood River County liasco Gounty

1930 Qctobar 23

1931 : . : January 29
195 . : Hovember 13 - Nareh &, 1954
195, October 19 . u October 22 - January 29,195
1955 September 27 - Cctober 27 Qctober 22 .= March 10, 195
1956 September 10 - November 13 October 17 - Mareh I, 195
1957 September 17 - October 30 Cctober 20 = January 15,195
1958 . . January 17
Year P. oregonensis P« oregonensis
Hasco County Sherman County
195 October lg - Hovember 6
1954 Cetober - November & Prieor to November 27
1955 October % - November 28 Hovember 7
1956 October - Hovember 9 October 19 - lovember 9
1957 September 30 - November 18 November 1l

0l
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Two of the earliest observations on occurrance
of Pleccoma activity were written by Ricksecker. DBoth
citations concerned P. fimbriata. In 1886 (57, p. 201-
202) he noted emergence began aiter the autumn rains
soaked the soll to a depth of L4 to 6 inches, with flight
being diurnal and of short duration. 4 note in 1888 (5€,
pe 212) stated & few Pleccoma emerged after a slight
rain, but alfter a storm lasting about & week the whole
brood emerged.

Other early observatlions appeared in the litera=
ture in 1689 and 1890. Rivers (65, pe 17) credited
Mr. Baron as observing and collecting P. fimbriata
flying in the rain during the evenlings Twc other notes
by Rivers in 1890, are concerned with the fli;ht habits
of P. behrensii. Specimens (67, pe 70) were collected
on 19, 20 and 22 of COetcber, while the second period of
heavy rain was at & peak. The other note (68, pe. 21-26)
stated that adults are found during the first heavy rains
of the season, which often is in the month of October.

Davis (9, ps 11-12) wrote "After the first rains
of the year +.¢¢. the beetles ccme to the surface. The
males come out and fly esse”

Following this early perlod, colleciors began

ncting the time or periocd of day when flight occurred
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and atmospheric conditions at the time of collectlon.

Pleocome hirsuta Davis is recorded (13, p. 68-89)
as being collected on January 22, 1933, at 5:00 a.m.
while flylng below the snowlines

Collection data on P+ shastensis Van Dyke indicated
this species flew during a varlety of conditions; On
October 22, 1932 (74; p. 184-185) males were collected,
flying in a snowstorm: Flizht (46, ps 151) also cccurred
in the early morning from about 6300 @a.ms to 10300 a.m.
and agaln in the afterncon and evening from about 3:00 pim.
to 9:00 peme-

Two records of P. nitida Linsley flight were
noted, both during pre-dawn and dawn. One occurred on
December 19, 1940, three-quarter of an hour before sunrise
during a perlod of radiation fog (46, pe 148)¢ The
other collectlon was made November 15, 1952, during the
third rain of the seascn, between L3155 p.me and 5125 pema
in intermittent light rain (28, p. 202).

Two years observatlions on P. conjungens Horn as
presented by Hageltine (27, ps« 188) showed males of this
species are active shortly alter sunset, during the
night and the period prior t. cr shortly after dawn.
During 1948, flight began between 7:50 and 8:00 a.m. on
October 27 and at 8:30 a.m. on December 13 (Pacifie
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Daylight Saving Time)s The largest flights oceurred
approximately one-half hour before dawn te one~halfl

hour after dawn on rainy days or when the humidlty was
near the saturation point. Large flights were noted

to begin at sunset and continue for L5 minutes under

the same conditions as the morning flights. On November
6, 1949, flight began at 103100 pem. and continued to

6300 asm., with a steady light rein the entire time. The
area was lighted by a nearly full moon shining through-
the fog=like clouds.

Plevcome puntlieollis Rivers, (28, p. 202) is
noted to fly both night and day in the second or third
rein of the fall semson, Males of P, sonomae (28, p. 202)
were collected in flight on November 1l, 1952, beginning
at 2300 pem. and lasting about 15 minutes, with flight end-
ing shortly after start of precipitations A male was
also observed flying at sunset in clear, ccol weather in
the same area on November 16,

Fall (28, p. 64=66) when describing P. sustralls
noted he collected the specimens in a drizzling rain.

This species was also recorded (48, p. 111) as flying at
3300 peme, October 24, 1941, in a drizzling rain.

Specimens of P. rickseckeri Horn (48, pe. 112) were

collected in the rain on November 9, 1940,
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In 1920, Hopping (29, p. 126~128) wrote

P. fimbrista, P. hoppingi Fall and P. behrensii meles

fly at dusk during & fine drizzle, but not during a raln.
In the ensuing years numercus records of P. behrensi
flight eppear in prints On the two days following

8 heavy rain at Berkeley, California, Cectober 15, 1925,
& number of meles were taken in flight or males and ra-_
males were dug from their burrows. (11, pe 110). Von
Bloeker (75, p. 208-289) wrote that P. behrensi males bee
gan flying as the sun disappeared behindlarin Polnt near |
Berkeley, California. This apparently was late altere
noon since flickers and jJays were observed capturing the
mele beetles in flight. In the fall of 1934, Linsley
(42, pe 1) found P+ behrensi had three flight periocds.
During the period of September 23 to October by the%e
was +09 inches of rainfall, with no flighta The first
flight occurred October 21 when there was 39 inches of
rainfall. On October 31 and November 1, .62 inches of
rain fell with & good flight of males and many females
opened their burrows. The largest flight occurred
November 17-18, when .77 inches of raln fell. During
the week following this last flight, large number of
both sexes were dliscovered in the soil.

In the Patterson Pass area of California (73,
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pe 116-117), P. hirticollis vandykei was found to emerge

after & scaking rain of about one-half inch or more.

"Males were observed flying from 12:00 noon until 6:15 pem.
under conditlions that varied frbm a heavy raln to late
afternoon sunshine to after dark, and from & slight
breeze to & northwest wind, T%ﬁy'appearédto be most
abundant about the middle of tﬁe afternoon, On the whole,
the weather was rather cold and threatening”,

Males of the sub-specles P. dubltalls dubitalis,
commonly found in certalin areas of the Willamette Valley
of Oregon, have been observed or collected in filght |
under verying conditions: It has been observed (48,

Pe 113) flying near dusk, during the fall rainy period
(October 23, 1938)s MNales have been collected

(64 pe 181) during October and November in rain or when
the air was saturated with molsture. Individuals were

also observed flying at 10300~11:40 aeme and 2305 peme

On October 16, 1954, flight cccurred between 6353=T7:L0 a.m,
with a light rain fallings The largest flights were
observed during early merning hours shortiy af ter dawn.

In 1953, Ritcher and Olney (62, p. Ll) recorded
flight of P. crinita males under the followiné conditions:
November 13, flight finished before £:00 a;m., lovember
1, Tlight from 5:50=7:25 a.m, and Hovember 18, one male



‘eollected in flight at 6:05 a.ms These same writers
stated that November 13 was the first flight of males.
A check of the precipitation data for that year showed
1.66 inches of rsain fell between September 1 and
November 13 inclusive. Observations for the years 195k,
1955, 1956 and 1957 indicate at least 1.00 inch of rain
falls between September 1 and the first flight of P.
erinita males and activity of females near the soll
surface.

Flight, in the peak of P. crinita activity

{(November and December) begins at 6100«6330 a.m, and
contlinues to 731007150 a.ms Males rarely fly after
7145 a.ms and are not known to fly in the late evening
hours or at nighte Males have been collected during pre=
dawn and early dawn under & wide range of clinatilc
conditions, which includes drizzling rain, radiation fog,
overcast sky or a sky with a few broken cluds,

Though E. minor belongs to the seven lamellate
group, 1ts flight habits differ from P. crinits. Two P.
minor males were collected in 1954 on October 19, between
6100+6330 aems in a drizzling rein and on October 27,
1955 & male was taken in flight during a slight drizzle
at 9:30 asm, (50, ps 122)., Two years records (1956 and
1957) indicate male and female activity begins after

nearly .50 Inches of rain has fallen.
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: The largest flights of P, minor occur In pre-dawn
(53005130 a.m,) and may continue to 7:4L5 a.m., however,
males are commonly cbserved flying in mid-morning

(11:00 a.n.) and mid-afterncon (3:00 peme)e Limited
observations indicate that this species has some flight
activity during the niyht hours, since one male was
collected at a lighted window in the Oak Grove distriet
at 10:30 p.ms during October, 1957. |

Irrigation of orchards yL;h sprinklers during
early Septemrber apparently iufluehces emergence of
P. mincr. In early September, 1957, two adjoining
orchards were observed for emergence of this specles.

One orcherd sprinkled in early Septembsr had a large
flight‘of P. minor several days before the first limited
activity cccurred in the unirrigated orchard.

Pleocoma oregonensis belongs to the lour lamellate
groups I recorded (18, pe 431) collecting males on
October &, 1954, during the first rain of the fall season,
and alsc noted male flight as occurring at 6:30 a.m. and
14330 peme, either in the ralin or at times when the
atmosphere was scturated. Four years observations (1954,
1955, 1956, 1957){;hbis adult activity begins when nearly
«50 inches or rain has fallen.

The largest flizhts occur in pre-dawn (LiL5 to
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5315 a.me) and may contlnue to TiU0 a.m., however males
have been observed end collected in flight at 9:30 a.me,
and at 1:00, 2330, 33100 and 4330 peme

As with males of the othar}two species, males of
this specles have been collected under the same wide range

of climatic conditions.
De ADULT POFULATIONS

Taken &s a whole, in the areas in which E. crinita
Ps minor and P. oregonensis oceur, there have been large
flights each year of afdults during the time the writer
has been investigating the hebits cof these specles,

When a speciflp area is observed for a number of
years, however, there ?ra differences in size of flight
from year to year. Anéorohard where F. crinita adults
have been observed ain?e*l?SB (large flight that year)
there has been & docre%sa in the emergence of adults since
1954« In two other orchards, large flights of P. grinita
were noted in 1956, but in 1957, ohly an cccasional male
was seen In flight or found dliggling down to the scattered,
few females.

During two yeara!vobaarvations in three orchards
where P. minor ocecurs in large numbers, there has been
no yearly difference in size of flights The {light of

P, oregonensis in Sorosis Park, The Dalles, for 1955,
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1956, &nd 1957 has not fluctuated notlcesbly during this
period. o o

Adults of all three species are abundant in
wocden areas asnd [lights are as large as those that oeccur
in orchard lands, From all indications, Pleocoma are
restricted to rather locallized areas and occur as colonles

in the wooded districts, the same as in the orchards.
- E. HEHAVIOR OF MALES DURING WATING SEASON

Considerably more has been written concerning
behavior of Pleccoma males than femglas. This is due in
part to males spending limited timn>ahove ground, searching
for the concealed, wingless fewales. Reports of male
behavior include flight characteristics, attraction to

water or light and the mechanics of locating a female.

{a) FLIGHT OF NALE

Two early collectors bplefly noted flight charace
teristlecs of males. Ricksecker (57, p.'zol-aoa) in 1886,
while collecting P. filmbriata noted flight was slow and
rarely attained a height of more than 6 or § feets In
1911, Fall (22, 6l=b6) cited the fllght of F. sustralls
in the following manner, "Beetles flew slowly and &ppare
ently almlessly, keeping as & rule a foot or two above

the ground".
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Davis (15, p. 129) says the flight of P. badia
is slow and blundering with males keeplng close to the
ground, wlle the flight of P« beherensi was direct and
and swift., Pleocoma nitidis males were said to be fast
flyers (28, p. 202).

smith and Potts (73, p. 117) described the flight
of Pe birticollls vandykel in deteil, Males, in search

of female burrows, made slow sweeping flight of 50 to
200 yards into the wind, During this searching flighs,
meles ‘were 12 to 10 inches or less above the soll sure
faces Downwind Ilights were long, stralght and swift,
with meles 10 to 15 feet above the ground. After this
downwind flight ancther upwind search flight would
begin. Freqently, flight was of leng duration, with
one male being followed for over & mile. When colliding
with & plant, males fell to the ground, crawled & few
inches, then took wing agaln.

Flight of P. dubltells dubltalis cited by Riteher
and Beer (64, p. 161=1062) was close to the ground (L to
12 inches), however, when dlsturbed, males flew erratically
and soarcd 20 or nore feet Into the air.

The writer has observed numercus, large flighis of
Ps crinita, P. g&gﬁg end P croponénliu during pre=-dawn
(5830-6330 a.ms) In the beams of eutomobile headlights
or during ecarly daylight (6:30-7:30 awuns)s In general
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the flight patterns of the three Fleocoma specles found
in Hood HRiver and Wasco Countles agree with those cited
above.

The undisturbed flight, while secking females, 1s
slow and meandering, males flying close (2 inches or less)
to 12 or 10 inches sbove the soll surface. DMNixed among
the slow flying, are others flying stralght end swiftly
at heights of 3 to 6 feets When disturbed, flight becomes
swift, erratic and often escape 1s made by scaring 10 or
more feet into the alr.

¥light is clumsy and blunderin , a&s males often
collide with wesds &nd clumps of tall grass, Upon
colliding with obstructions of this nature, male¢s tumble
through the tangled stems and with wings vibrating,
erewl & short distance before becuming air borne. 4.
large flight of beetles flying through or out of tall

grass create a noticeable,loud bﬁzzing sound.
(b) ATTRACTION TO WATER

Reports of Pleocoma males being found in small
streans and water filled dltches and puddles have been
cited on several occaslions.

Two early reports, one in 1888 and the other in
1889, are concerned with males of two specles. Horn

(30, pe 9) records B. hirticcllis males being found,
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(65, pe 17) reported a Po beherensgll male belng found
drowned In a pool of water.

Davis (15, pe 130) in 1935, wrote the following,
"lMany males are athracted to pools of water, plunge inte
them, and drown",

Hales of P. flmbrista have been taken from an
irrigation flume and irrigation water (52, pe 102-103).
Dr, Bs G+ Linsley (personal communication) noted P.
behrensi males being commonly tekerfrom e swimmling pool
in Strawberry Cenyon, Berkeley, Californlia and P.
tulerensis Leach from a flume and forebay in Sequoia
Hational Parke.

The wrlter had oeccasion to asscclate Po crinita
with water in two instances., On the morning of Karch &,
1954, a resident of Hcod River, found & male, alive, in
a puddle of water near her home. On December 7, 1955, a
fruit grower near Cdell, Hood River County, found Pleocoms
males in water-filled ruts. Collections made at this
locallty during December 1956, revealed P. crinita to be
present in the areas

Pleocoma minor males are alsc attracted to water.
A grower near Oak Grove, Hood River County, found a male
in a tub of water on September 2, 1956, Immediately
alter morning flights on September 20, 21 and Oectober 10,
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1956, I found P. miner males floating in water seeping
from an irrigation line. OSome of these males were allve,
while others were drowned. On September 20, 1956, two
males were diseoverad, burrewing into the scil within
ineches of this secpages

The writer collected (Oectober 22, 1956)
five P+ pcregonensis males {rom puddles of water in Sorovsis

Parik, The Delles, Oregone This apparently ceeurred

during the pre-dawn hours of October 22, since all males
were alive.

The assoclation of Pleocoms males with water
does nct appear to be accidental, since these records

now involve six specles.
{e¢) ATTRACTION TO LICHT

Certain specles of Pleccoma are reported to be
attracted to light, whlle other are not.

Rivers (66, p. 17) cited the experiences of
¥r. Baron during a camping trip in the following menner,
"while taking hils evening meal was surprised by a
visitation of a number of P. fimbriata entering hils tent,
charging upen his light and extinguishing {t",

Davis (15, ps 129-130) made twoc reports on Pleocomae
and their attraction to light and an 1nﬁeraating comnent

on light es an attractant. He said a kr. Kenneth Honroe
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told him of some iarge brown bugs {lying intc the {ire
during e rein at Pine Flats, near Pasadena, On the
same pages, males of P. badla were reported as not being
attracted to automobile headlights. Davis wrote further,
"A 1light of low intensity such as lantern,a fire, or the |
reflection of light from a surface of waber, is probably
more attractive to them than is a stronger light.".

Pleocoma nitidia has becn reported as nct attrncted
to 1ight (28, pe 202) and alsc as being collected thfco~
guarters of an hours before sﬁnrise at & light on the cront
porch of a house (45, pe 1&8)%

Twc other species (h6b Pe 151), Ps shastensis and
P+ rickseckerl are noted as baing attracted to 11&ht.

Smith and Potts (73, ps 117) found g. hirticollis
vandykel males were not attracted to light from a Coleman
lantern,

In 1950, Hazeltine (27, pe. 202) reporting on a
personal communication from Dr. J.A. Comstock says after
darky P. puncticollis are strongly attraeted to light.
The same aunthor (28, p. 188) reported Ps conjgggaxamaleu
are attracted to light early in the seeason, but later in

the seaon are not attracted to light,
Ritcher and Olney (62, pe. 41) found P. crinita

males were not attracted tc light, however, two specimens
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of this specles were teken at a lighted window, at 6:30 aem.
on January 15, 1958.

Pleocomsa minor males have repeatedly been collected

on & window s1ll beneath & lighted wihdow, near Oak Grove,
Hood River County,

I have never found P. erinita, 2. minor and L.
oregonensls males to be attracted to 1ight from @
Coleman lantern, keiosene light trap or automoblle head=
lightss While collecting males of these three speciles
with the &ld of automobile headlights, males have f{lown
against the automoblle near the @aadli&bta, but they have
also flown against unlighted Feftions ofvthe automobliles
This flying intc the autamobile is probebly due to
clumsy, blundering flight and t%e inability to avoid

large objects,
(d) LOCATING THE PEMALE

The manner in which Pleocoma males locate the
female 1s not easily explained.

Four brief notes, advance the thought that a
sensory mechanism may be involved. Ricksecker (56,
pe 201«202) wrote, "where the flying males discover them
by some acute sense and dig down to find their mates".

Rivers (68, p. 25) suggested males found females by scents
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pavis {10, ps 117) cited, "I had heard Scarabaeidae
smelled with the antennase, so I got all the strong
gmelling things I could think of such as acetle acid,
vinegar, ether, chloroform, etecy to all of these the
beetles paid no attention until the antennae were actually
touched, and then they frantically tried to rub the
antennae clesn with the forelegs". Davis (15, p. 129)
wrote, "The flylng males are probably attracted to the
female by scent",

During the perlod in which the female 1s near the
top of the ground the burrow is covered by a smeil mound
of pulverized sclls. It is difflicult to concelve of &
male finding a female burrow by sight, particularly
during pre-dawn darkeness, However, si;ht may be involved
in finding females, as there ls considerable activity on
the ground surface when one or more males are burrowing
to reach a female. In early morning, I have cbserved
several P. minoy males burrowing intc soill at the same
site. While observing these wales, other males [lying
near these sites, alighted and joined the others, This
has also been observed wlth P, gregonensis.

Odor and the sense of smell possible play & very
important role. The small mound of damp scil may retain
odor which attracts the males, since adult activity is

during drizzling rain or when the alr is saturated with
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moisture. Skunks ere also actively engaged In digging
female teetles from the ground at this time end may also
detect them by the female'!s scent. lale beetles are
attracted to burrows from which females have bLeen removed
aince males have been found in holes where skunks have
dug females. To¢ the writer, female beetles have a
distinet odor, while males do not,

I have observed P. minor meles flying near the
ground in search of females on several occasions, On
approachin. or passing over a female burrow, males drcpped
to the ground and began crawling rapldly toward the burrow.
The males held their antennae, with lamellae unfolded,
in the same plane as the body and at right angles to

the head.
F. BEHAVIOR OF FEMALE DURING KATING SEASQON

Felleowing transformation, females of the three
specles burrow tc the soll surface and upon reaching
the surlface, turn, re-enter the cld burrow a short
distance and awalt the meles. Pleoccoma crinita females
are an exception slnce they, more commonly then P. mihor
or P orejonensis, mey dlg a new burrow within inches
of the old burrow.

During mating season, a large number ¢f unmated

females of all three specles were cbserved in thelr
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burrows. The occurred at depths ranging from .50 to
1} inches, The majority, however, were less than 5
inches deep, head down and covered by pulverized soll.

A female Purrow can be detected by the presence
of a small wound of pulverized soll which 1s pushed up
in the process of breaking through the thin crust of soll
and dlgging baeck through the pulverized soll in the cld
burrow. The plug of pulverized soil beneath which the
female is hidden may extend from the goll surface to the
depth at which the femsle is hidden or 1t may be cnly
che~half Inch in thickness. v i

Kale or males upon locating & female burrow, begin
digging through the plug of pulverized scll and wupon
finding the female, mate in the burrow. O0Often, two or as
meny &s nine males heve been observed entering a burrow
occupied by a female, with two or more males being
crushed in the process (18, p. 431).

Under laboratory conditions females of the three

species will copulate with more than one male.
G+ BEHAVIOR OF FEHALE FOLLOWINC MATING

After copulation, females of P. minor and P.
oregonensis soon retreat to lower depths in the sollj

P. crinita females, however, remaln near the soil
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surface for considerable time.

¥r, Olney and Dr. P.0. Ritcher began investigations
on P. crinita female actlvity during November and December,
1953+ They dug numercus femalesfrom burrows, recorded
depth, position and amount of pulverized soil covering
the individual and thenreturned the females to the soil
and marked the location with & numbered stake. Unfortu~
nately the frult grower cultivated the orcherd and
displaced nearly all stakes marking location of these
vurrows. Those few marked burrows found Karch L, 1954,
showed that some females had retreated to & depth of &
inches while others were at the same level (2.5«6.5

inches) as when observed during December, 1953.

On December 10, 1954, I placed numerous mated
P. crinlte females in the soil at depth of 2 to 3 inches.
These places of introduction were marked for further
examination and on March 16, 1955 elght of these marked
female s were dug and found to be at 2, 2.5, 2.5, 35, Uy
Le5, L4e5 and 5 inches respectively. |

The wrilter placed lnown mated P. crinite females
in the soil on January 25, 1955, at a depth of 2«3 inches.
Twelve of these females were examined April 6, 1955 and
found at 245, 3¢ 3¢5, 345, 3¢5, L4y 5, 6, 6, 6, 7 and 19
inch depths. While dlgging for grubs on Karch 15, 1956,

a single femele beetle was found at a L inch depth.
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Observations indicate that by mid-to late April
end early May, P. crinita females are approaching the
depths at which eg s are known to be depcsliteds Three
mated females placed in the soil on January 25, 1954 and
dug on May 1ll, 1955 were found at 13, 1L and 18 inches
respectivelys Two females discovered April 16, 1956,
were at a depth of 20 inches and 5 females discovered
April 30, 1957, were 17, 21, 22, 23 and 23 inches in
the scil.

Skunks (Mephitis) were actively diggling out
and feeding on P. crinita females during January,
February and Narch of 1954, 1955 and 1956, This does not
oceur in the case of P. minor and E. oreponensis. The
only time skunks feed on females of these two specles 1s
during the mating period when females are near the surface.

Limited observations indlcate P. minor females

are near the depths known for egg deposition by mid-april.
Pive mated females placed in the soil on October 17, 1956
were removed April 17, 1957, snd found to be at 1645,
20,5, 21, 22 and 23 inches respectively. While digging
for grubs of this species on April 18, 1957, two females
were found at 18 and 22.5 inches.

He LONGEVITY

Although the longevity of male and female beetles
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was not known to early werkers, several wrlters presented
data which indicated females llived for considerable time,
Beg inning with the time of transformation, females of
two species under study were found to live for nearly 12
montrs, while males live a shorter peried (Figure 17).

In February, Hopping (29, pe 216-218) efter
finding the burrows which P. fimbriatae females had opened
to the soill surface, discovered these females at consider-
able depths in the soil (1830 inches).

In thelr brief review of P, crinlte life history,
Riteher and Olney (62, pe Ll-=l42) stated by the time of
male flight (November) meny females had opened thelr
burrows and retreated & shcrt distance intc the burrow
to await males, They further remarked that following
copulation females descended deeper into the soll ahd
walted until the following summer before deposlting thelir
eggse

Mating of P._dublitalis dubltalis occurs in October
and November, however & live female of this species
was found with her egg mass on July 23, 1954 (6l4, pe 161 -
183).

Transformation of P. crinlta pupae 1s khown to
ccecur in late August and early September, Females of
this brocd have beon discovered alive with thelr egss

as late as August 19 of the followlng years The latest



that males have been found allive was Karch 10 of the
year following transformation.

Pleocoma minor pupae transform in late July and

early Auguste Females from this brood have been discovered
alive on August 9, the year following, however males

have been collected only as late as November 13 of the
same year as transformatlon.

Limlted cbservetions indlecate [emales of f.
oregonensis may live for & considerable period. One
female mated November 8, 1955, and kept outdoors in a
soll cage was dlscovered alive with her cluteh of eggs
on June 20, 1956 The latest male flight for this
specles was known to ocour November 27, the same year
a8 cmergence.

At no time do adults feed. This 1s phenomenal,
considering the burrowing habits of the adults, flight of

males end mating, the length of time for egp development
and the number of eggs depcsited by an individual femele.
Energy for these activiiles apparently comes from stored

fats.
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DISPERSION

Obviously Pleccoma cen only be spread, cither
by slow movement of the wingless females or larvae or
they must be carried by some other aganey.

Other workers make note of female beetles leaving
the original burrow and digging a new one. Davis (10,
pPe 117) writes as follows, "The females of Pleocoma
sometimes leave thelr burrows to dig new ones...
"Probably the beetles do their traveling at night",
Hopping (28, p.galﬁ) states, "The females seldom 1f ever
come out of the ground". These writers 1n neither |
Instance record the distance moved Ly females.,

It 1s not uncommon to find where females of P,
gerinita have emerged from one burrow and dug a new one
within an inch or at most li inchess On three occasions,
in mid-morning, P. grinlta femeles have been seen
crawling over the soll surface in a Hood River apple
orchard. On November 23, 1954, e female was seen 2
inches from an open burrow. Two females were seen on
January 25, 1955 moving over bare ground. Of them, one
female was & foot from an open burrow and the other female
was 10 Inches from an area were there might have been a

burrow hidden in the grass. At 6:30, a.m., September
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27, 1957 & P. minor female was seen crawling on a packed
dirt road, 30 inches from a Treshly opened burrow. A
single female of P oregonensis was seen moving over bare
gromd November 18, 1957. This fenale was 36 inches [rom
a burrow, In one instance, a domestic cat has been
observed carrying a live female bectles

One means by which these beetles disperse 1s by
movement of the larvae through the scile. Diggings in
orchards and woodlands show larvae dispersed through
the soll at various depths and distances from rcots. A
larva in the soil, feeding on the roots, could move &
conslderable distance in the course of seven or more
vears.

Ken may also eid in dispersal. When orchardlsts
remove trees, Pleocoma crubs are often found in the solil
elinging to the rcot system, The usuel practice 1s teo
drag the stumps and roots through the orchards to & point
of dispogal, Often, thils dlstance 13 over a guarter of
a mile, Larvae could be dlslodged and drop by the wayside.
The seme could occeur during a land clearing operation wheh
the roots of forest trees are moved or the land leveled.
Road bullderscould also move larvae and gravid females
considerable distances when moving soil., Landslides and
water may be ancther means of dispersal.

In spite of the above observations, 1t 1s still
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difficult to understand how these species could spread

from place to place.
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NATURAL ENEMIES

Of all stages, the adults are the most vunerable
to attack by naturel enemies. This occurs malnly
during the mating period when male and female beetles are
near the soll surface or when the males are in flight,

At this time the adults are preyed upon by birds,
domestie fowl, chipmunks, squirrels, mice, skunks, coyotes,
foxes, dogs and other animals.

Davis (10, p. 118) writing of P. badle Fall, from
California reported finding elytra of this beetle in
feces of some kind of enimal and wrote, "The chipmunks
and squirrels eat hundreds of the beetless They must
go out in the rain to dig them from thelr holes".

Three elytra of Pleccoma were found at two ground
squirrel middens near Patterson Pass, California, January
21, 1944 (73, p. 115).

Linsley (47, pe 165«166) from the vicinity of
Yosemlte Natlonal Park, recorded finding the remains of
P, hoppingl Fall, in the nest of a white~footed mouse
(Paremyscus sp.) and also remains of hundreds of the same
species of beetle in coyote feces. Again in 1957,
fragments of P+ hoppingi males were reported as being
taken from three coyote stomechs (52, ps 103).
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Hopping (29, pe 218) reported foxes as preying
on P. fimbriata in the following menner. "Suddenly I
realized why I found so many holes in this red soll dug
by foxes: "krs Pleocoma” undoubtedly made a fine part of
Mr. Pox's meal®., This transpired at a ranger station
in the Sierra foothills five milecs from Dunlop, in Fresno.
Gounty,_salifornia.

Stellars and Califcrnlia Jays have been noted by}
Ricksecker (57, pe 202) as preying on male P. fimbriata »
In Strawberry Canyon, éerkeleyg Celifornia, Von Bloeker
(75, pe 288-289) reports cbserving Ccast Jays

(Cyenoclitta stellerl cerbonacea), Callifornia Jays

(Aphelocoma Ce éologtica) and Red Shafted Flickers
(Colaptes cafer colleris)eapturing male P. behrensi. This
occurred at sunset while the male beetles were in flight.
In Hood River Valley orchard lands, skunks
(Mephitls) are the greatest enemies of P. crinita and P.
minor adultss On numercus occasions the writer has observ-
ed skunks seeking and digging beetles from the scll in
the early dawn hours, The skunks kctively feed on the
adulbﬁ, whenever the beetles are near the soll surface.
In the case of P+ grinlia, beetles remain near the soll
surface Br & long period of time. On March 27, 1956,

gkunks were noted feeding on female beetles of this
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specles. These female beetles were from the brood which
began emerging in early November of 1955. In instances
of this nature skunks are capable of reducing a beetle
population. In some Hood River Valley apple orchards,
as high as 15 separate skunk diggings can be found

near & single tree.

In Sorcegis Park, The Dalles, where & large
population of P. orezonensis cccurs, evidence of skunk
digging 1s very common during the period of adult beetle.
activity. The excavatlons made by the skunks may be
only an inch or ti@ in depth. However, the majority of
holes are 4 to 6 i%ehos deep, with an cccasionel hole
10 inches deep. fhe deeper diggings in all probability
ylelded a female beetle,

To a limited extent, birds may also feed on
Pleccomaadults in Hood River and Wasco Countles, On
one occasion while collecting P. minor adults in the forest
near Dee, Hood River County, an adult male was found
with its abdormen sheared.off. This had occurred shortly
before belng found, as the legs of the male were still
moving. One other ceccurrence of the same nature was
ncted in an orchard near Odell, Hood River County, The
abdomen ¢f thls maele P« minor appearcd a&s 1f 1t had been

severed with a sharp instrument. Elytra and portions of
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the prothorax of P. minor adults have been found lylng
in logging roadways near Dee.s The remalins were fqund
within inches of disturbed scll, resembling that which a
bird would make when feeding.

During October, 1956, a resident near (ak Grove,
Hood River County, reported turkeys and & young dog
pursuing and capturing flying beetles. The turkeys
consumed the beetles. The dop, however, merely caught
the beetles, crushed and dropped them to pursue another. .
Colleetions &t this locality revealed the beetles tc be
P+ minor.

Adults, particularly the females of P. erinita,

Po minoy snd Ps oregonensis are commonly infested with
large numbers of mitesl {Ancetidee, Histicstome 8pa.)e
The mites are found congregtted ventrally on the thorax
and abdomen. Femele bLeetles Infested with these mites
have been carefully cbserved« The mites caused no
read11y~appdrent injury and the female beetles later
deposited fertile eggs.

A gearch of the literature reveals no parasltes
or predators belng recorded from larvee of other species
of Plevcoma. At Hood River and The Dalles, Collembola,

1 Determination by Dr. G.WJ*ﬁharton, Department of
Zoology, University of Maryland.
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Qligochuaets and Acarina have been found asscoclated with
living or dead FPleocome lervaes It could nct be ascertaln-
ed if the Collembola feeding on the dead larvae were the
cause of death or not. In 1954, two "sick", living
larvae of P, crinita were found Infested with 011gochaetoa§
Ordinerily Oligochaetes are found ohly in dead material
and are nct normelly parasites. Larvae of all three
specles of Pleogoma are frequently infested with the
sane group of mites as the female beetles. The mites,
often in large numbers, are found dorsally on the head
capsule or beneath the dorsal fcld of integument betwean
the head capsule and prothorax. As far as can be deter-
mined, these mites have no adverse affect on the larvae.

No parasites or predators have been cbserved

attacking the pupae and eggs of P. grinita or P. minor.

2 Determination by Dr. Ivan Pratt, Department of
Zoology, Oregon State College.
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MATERIALS AND METEODS

The writer had avallable a publication which
proved of great assistance. A number of the techniques
used in the white grub investigations in Kentueky by
Ritcher (59, pe 100 - 149) wore employed or modified
in pursuing thls studye.

For the study of Pleocoma distribution, male and
female beetles were collected from orchards, wooded areas
within the orehard distriets and surroundin: forests
throughout Wasco and Hood River Counties. Emphasis was
placed on obtalning mating pairs of P. minor end Bs
oregonensisg since females of these two specles were unknown,

A number of methods were used in obtaining informe
ation regarding sites for collectlion of adult beetles.
Frult growers, field representatives of grower organizetions,
Boy Scouts, L-H Club members and deer hunters contributed
knowledge of sites where larval forms were present or male
beetles had been seen in flight or where injury to frult
trees was suspected. On numerous cccasions individuals
brought beetles or larvae to the writer, Thelr localities
were noted and ccllectlions mede at appropriate times of

the year,
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The male beetles, especlally of P, crinita and
P+ minor, were taken in flight during predawn hours

with the aild of a flashlight and insect nets A search
through orcherds and woodlots seeking emergence holes

or places where skunks were dlg ing for adult beetles
gave additlional sitec for later collectings Another
method was to drive slowly cover country rocad watching
for flying bectles in the beam of sutomobile headlights.
Upon location of a mele flight theautomobile was stopped,
with the lights and motor operating. The male beetles
were collected in the 1lluminated area with the aid of
an insect net.

Information on-adult behavior was gained by
investigating newly planted orchards wherc old apple and
cherry orchards had previously growne. These newly planted
orchards are usually under clean eultivation which leaves
the soll surface smooth and devold of grasses and other
debris. On this bare scll it 1s easy to note mele cmere
gence holes, disturbed soll where females have cpened
burrows or where males have entered the scil.

Alr and soll temperature records were cbtalned
through use cof Te-day recording instruments. All
instruments were located in the KcKeown epple orechard
near Odell. Alr temperatures were recorded by a

hygrothermograph in a weather shelter. A four pen,
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portable, recording thermometer was used bto obtain soil
temperatures. The bulbs were placed in the soll at 6,
12, 18 and 2l inch levels. The temperature data at the
18 inch level was then used in operating several
incubators (constant temperature cabinets) in the
laboratory. The incubators proved very satlisfactory for
detalled life history studles.

Eggs were obtained by confining mated females
or cdpulating pairs in twelve~inch clay flower pots
filled with packed, moist solls The pots were placed in
the ground and the tops covered wlth & screen. MNated
females were also placed individuelly in wide mouth
quart jars rilled with molst scil. The jar 1id was then
‘serewsd on the jars and the jars placed in a incubator
where the temperature aimulated cutdoor soil temperatures.
Ancther type of cage was utlilized to confine adult beetles
and larvae. This cage was constructed of 1 x 8 inch pine
lumber. The boards were nailed together to form &
rectangnler box with a length of 3 or L feets OUne end
was closed with window screening. The top of the box was
also fitted with & wire ball for lowering and raising.
One board was nalled to the others with the nall heads
protruding. This facilitated removal of & side for exame
ination of the contents. A hole was made in the ground

with a post hole auger. The soll cage was filled with
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tamped soil and lowered in the hole by means of the balle.

Teoo {requent disturbance of fémale beetles
‘disrupted egg laying and thé females dled or failed %o
deposit more than 5 or 6 eggs.

The clumps of soll containing eggs were broken
and the eggs placed on packed soll in & three-cunce salve
box. The best method found, was to place the eggs singly
.in small cavitles made with the eraser end of a pencil
(Figure 11)« The eggs were incubated in a constent
temperature cabinet at 5u~60° Fe

Within a week of hatching the larvae were trans~
ferred to two-ounce salve boxes containing firmed, molst
solls The sharpened end of & lead pencil was used to
to meke a hole in the soil. A single first-stage larva
was dropped into the hole and the box closed.

The activities of larvee, adults and pupae in
the soll were studled by means of samples dug in areas
where populatiocns of & glven species occurred. When
po:ssible, semples were dug et two week or monthly inter-
vals. The area examined was usually 36 inches square and
to a depth 6 inches below the level of the deepest grub,
The sod laver of sbout l inches was removed from the
sample area end examined. Hext, the scll was removed
layer by layer with a hand trowel., Neasurements of

larvae, pupase, adults and egpgs were made in situ to the
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closest half inch.

The injured larvae were placed singly in numbered
vials of 75% alcohol. The uninjured larvae were each
pleced singly in numbered salve boxes filled with soil.
All data obtained in the fleld was noted and later ‘
transferred to bound notebooks under appropriate sectionss

At the laboratory maximum width of the head cnpxuiel
of the larvae were measured with a binoccular microscope
and ocular micrometer, After measurement the uninﬁﬁrod
larvaec were placed singly in three-ounce salve boxes
rillﬁd with molst soll and blite of root for food. Every

month or six weeks the larvee were removed, head cepsules

measurements made and fresh soll placed in the contalner.
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SUMMARY

A blologlcal study was nade of three Pleocoma
species (P. crinits, P. minor and P.oregonensis) and
their relationship to frult trees in VWasco and Hood River

Counties, Oregon. The results of this investigation can
be briefly summarlized as follows.

Two specles, P crinita and P. minor are found
assoclated with epple, pear and sweet cherry orchards and
the Douglas flr assoclation in FHeood River County, whille

Pe orezonensis is found in swect cherry orchards, Douglas
& 2 ’ g

fir and yellow-pine forests of Wasco County. The later
species is also known to occur in a segebrush assoclation
in Sherman County and P. crinita in the Dougles fir and
vellow~pine assceiatlon surrounding losler, Wasco County.
The first anthenticated records of Pleccoma grubs

injuring roots of orchard trees in Oregon occurred in
Hood River County in 1953, and Wasco County in 1954. These
reports invelved 1njury to roots of apple and pear in the
Hood River Valley and roots of sweet cherry in the vicinity
of The Dslles.

| A detailed survey dlsclosed P« crinits and P.
minor to be widely distributed in 6,000 acres of pome
fruit orchards in the Hood River Valley and P. oregconensis

was found widely scattered In cver 6,000 acres of atone
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fruit orchards surrounding The Dalles.

Larvae atbtack {ibrous roots, main roots and unders
ground portions of the trunk of bearing and non-bearing
trees. The féeding injury is shallow or relatively deep,
cceurring as patches or winding bands and often girdling
the roots.k As a result of this injury bearing trees are
low in vigor, with sparse, yellow follage and preduce
small fruits. Young non-bearing trees dle as &a result
of the deatruction of the rovot system or growth of the
above ground portion is inhibited.

After mating in the fall, egg laying begins 1In
mid-to late May of the followlng year and continues through
June. Eges of the three specles are dull white in color,
averaging L6 to 5.9 mme in length and 343 to L6 mme in
width, with the eggs of g, ofagogeﬁéia belng the largest.

Femeles deposlit the first eggs at depths ranging
from 29.5 to lh;B inches and move upward in a spiral
fashion, laying eggs singly each in a cavity slightly
larpger than the egg; Following the depcsition of a small
humber to as high as 63 eggs, femeles dle atop thelr egg
mass.

In the laboratory (5&»60“?.) the egg stage of P.
minor averaged 62 days in length with egg hatch oceurring
between August 1 and 10. Eggs collected in the fleld
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hatched between July 15 and August 21. Under laboratory
conditions (54=~60°F.) the egg stage of P. crinita averaged
69 days with hatch oceurring between August L and 18,

and eggs collected in the fileld hatched between July 21
and September 2. PFPleocoma oregonensis eggs, collected in
the field, hatched between July 25 and August 27.

Larvae are closely assceclated with roots of frult
trees. &So0il affects the depth tc which roots penetrates
Larvee of P, crinita end P. minor are distributed vertically
from near the soill surface beginning st 3.5 inches to the
total depth of root penetration, which may be nearly 60
inches. Pleocoma cregonensls larvae have been found to
a depth of L€ inches beneath sweet cherry trecs at The
Dalles.

Soil temperatures reccrded for 1955, at 6, 12, 18
end 2l Inches indicate larvae of P. crinita live in an
environwent with limited fluctuations in temperatures The
greatest monthly end yesarly fluctuatlions are at the 6
ineh level.

Feedlng of E. erinits and P. mincr larvae occurs
throughout the entire year. The number of larvae feeding
on fruit tree roots is less during the moult period and
in late January to mid-February. Limited observations

during March, April, May and June showed P. oregonensis
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larvee to be feeding on roots of sweet cherry at
The Dalles.

Larvae of the three species moult onee per year,
during the summer months. Pleocoms grinita woult from
mid-August to late September and P. minor being in mide
June and are usually completed by late August. Larvae
of the species at The Dalles have been dlscovered moulte
in In mid-August,

Larvae of the two Pleocome species in Hood River
County, have meny instars. From & four year study it
would eppear larvae of P. crinita have at least 9 Ilnstars,

but may have as many as 13. Pleocoma minor dces not

pupate before the ninth inster and also appears to have
13 instars. Larvae of these two species may pupate
during any of the insters following the ninth. 4 limited
study of P. oregonensis larvae Indicate it alsc has
numercus instars.

Pupae are found at depths closely corresponding
to the vertical distribution of the larvee. Pupation of
Pe erinite begins in late July and early August, with
an average pupal pericd of L days. The pupal perloed fer
P. minor starts in mideto late June and early July, with
an average pupal period of 47 days.

Pupae of Ps crinlita begin transforming into

adults in late August to early September and those of
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P. minor transform in late July and early August,

Shortly after transformation, adults burrow from
one end of the pupal cell, turning jradually upward
toward the soll surface.

Mating activity of the three specles occurs during
the fall and winter rainy pericds. Flight of P. crinita
males begins Iin mid-October, 1s at i1ts helghth In
November and Decexber, with limited ectivity in January,
February and early Marche. Hating flight of:g, minor
starts in early September and is complatéd by mid-November,
while P. oregonensis mates in the short peried of late
Septenber to mid-November.

Nearly 50 inches of rein 1s needed to startflight
of Pe minor and P. oregonensis males, while over 1 inch
of rain falls before flight of P. grinita commences.

The wingless females open their burrows to the
goil surfece, retreat into the burrow tc a depth of .50
to 1l inches and there await thelr mates. By early lay,
the ferales are at depths cleosely corresponding to depths
at which egg deposition tegins.

Pleocoma are restricted to rather locallzed areas
and occur as colonles in the wooded districts, the same
as in the orchards. Life of a male beetle 1s short when
compared to the female, which may live for nearly 12

monthse
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Kembers of thls genus are dlspersed naturally
only by movement of the grubs through the soll or by
wingless females crawling over the soll surface. Grubs
and gravid females may be dispersed by landslides, cther
movement of earth or by water.

Orchardists removing grub infested tree roots
and then dragying the earth encrusted roots containing
larvae through thelr orchards cen dlisperse larvae.
Anlmels and birds may also move female beetles &ceidentallﬁ.

The ohly enemies of Flegocoma In Wesco and Hood 3
River Countles, are skunks which feed on adults during
mating season. No insect parasites or predators were

recorded.
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Fig. 1

Native habitat of P. crinita,
Hood River County, Oregone
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Fig., 2

Native habitat of P. minor,
Hood River County, Oregon.
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Sagebrush habitat of P. oregonensis,
east of Wasco, Sherman County, Oregon.
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Pig. 6
Larval injury on apple root.

Pig. 7

Injury to root oi sweet cherry
by larva of P. oregonensis.




Fig. 8
Apple tree showing effects of grub injury to roots.

Fig. 9

Pear tree showing effects of
grub injury to roots.




Fig. 11
Eggs of Pleocoma

Fig. 10

Grub injury on root
of young apple tree.
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Fig. 12
Pleocoma larva,
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TEMPERATURE °F.
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FIG.13. SOIL TEMPERATURES (1985) AT THE 6 INCH LEVEL. D. MCKEOWN APPLE ORCHARD, ODELL,
HOOD RIVER COUNTY, OREGON.
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15
of Pleocoma,

Fige

Prepupa

Fig. 16
Pupa of Pleocoma.





