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PREFACE

The Scale Insects are a group of animals in the insect superfamily Coccoidea, which arein turn
included in the insect order Homoptera. The Homoptera are separated from other groups of
insects by Entomologists primarily because of piercing-sucking types of mouth parts situated
near the posterior ventral part of the head. All of the Homoptera are plant feeders. Many are
of economic concern to Agriculture in California and throughout the World. Scale insects are
encountered daily by Field Entomologists, County Agricultural and Extension Personnel,
University Researchers, Nurserymen, Quarantine Inspectors, Pest Control Advisors and
many others. Unfortunately, comprehensive books on the habits and economicimportance of
these creatures are in short supply. Further, few if any of the scale insects are studied in
University and College classes. Hopefully this book will fill some of these gaps.

This book is designed to be both a field guide and alaboratory manual for the minor (meaning
composed of very few species) scale insect families of California. It is the second part of what
ishoped will bea five volume set covering all of the Coccoidea and the Aleyrodidae (whiteflies)
of California. Thefive volumes will be divided as follows: Part 1, “The Soft Scales” or Coccidae
(already published); Part2, “The Minor Families” covered here; Part 3, “The Armored Scales”
or Diaspididae; Part 4, “The Mealybugs” or Pseudococcidae and Putoidae; and Part 5, “The
Whiteflies” or Aleyrodidae. The volumes are not being produced in any particular phyloge-
netic order, but rather in the order of need by those field personnel and scientists dealing with
scaleinsects on a day to day basis. The author’s reasoning is that two of the three major families
of the Coccoidea, the Diaspididae and the Pseudococcidae, have already been thoroughly
treated in the two excellent works by Howard McKenzie. However, the soft scales had never
been covered in a comprehensive fashion for California and their economic importance
dictated that they should be given first priority. All of the remaining scale insect families (the
minor families) likewise have never been treated comprehensively in California. Because of
this and because of their lesser economic importance, the minor families are included in this
volume.

While the whiteflies are not part ot the same superfamily as the scale insects, their appearance
and economic status are similar and they will be included in the fifth volume. Like the soft
scales and the minor families, the whiteflies have never been treated comprehensively in the
State. There has been much demand for such a treatise. However, the author wishes to
postpone publication on the whiteflies of California, at least for a time, because there may be
some important changes taking place in California and North American whitefly taxonomy
and nomenclature in the next several years.

All of the proposed volumes are essentially written. All that remains is to find the necesary
funds for publication and time for the physical typesetting and layout.

This volume is designed with the Field Entomologist and Agriculturalist in mind. Every
California scale species is listed along with its approved or suggested common name, other
historical common names, field characteristics, species which are similar and which are likely
to be confused with it in the field, lists of common hosts, general distribution, and summaries
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of its biology and economic importance. Selected references are provided at the end of each
species treatise. Color photographs of all of the more economic species as well as photographs
of some of the less important native or uncommon species are included.

The author has not attempted to give complete host and distributional records for several
reasons. Primarily, the Entomology Laboratory Unit, Analysis and Identification Branch, of
the California Department of Food and Agriculture, has not kept records of any insect
collections or interceptions in any manner except chronological order. With the advent of new
and superior computer equipment, it may now be possible to rectify that problem and to get
complete host and distributional data for the scale insects. However, data entry will still
require years of work and it was deemed more important to publish the volumes without this
data in the interests of both time and expense.

Control measures are notincluded even though they are probably the first concern of the Field
Entomologist. With the drastic changes in Pesticide Use Enforcement Regulations that have
occurred over the last 10-15 years, the author is really not qualified to dispense such
information. Also, several other very useful publications by other authors on the biologies and
economic importance of horticultural pests have been removed from circulation because of
changes in the legality of use of certain pesticides. It would be an obvious disaster to see this
volume follow the same path. However, Biological Control, as it relates to Integrated Pest
Management, is not affected by the same restrictions, and references to pertinent literature on
natural enemies is included whenever available or appropriate.

For the Laboratory Scientist and Taxonomist, this volume represents a complete checklistand
taxonomic treatment of eleven of the fifteen known California scale insect families. Complete,
full scale taxonomic illustrations and keys to the genera and species are provided as well as a
complete list of synonymies. The book is not, however, meant to be a taxonomic review or
revision. There are no species descriptions or changes in synonymies included; they were
deemed beyond the scope and general purpose of this book.

This book is meant to be complimentary to the Color and Host Identification Field Keys which
are available through this author or the Environmental Monitoring and Pest Management
Branch of the Department of Pesticide Regulations, Sacramento.
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INTRODUCTION

Scale insects (including mealybugs) comprise the superfamily Coccoidea in the order Homop-
tera. About 5000 species of Coccoidea have been described, and about 20% of them occur in
the United States. The group contains much variation and includes minute and highly
specialized forms. All scale insects which possess legs have 1 or 2-segmented tarsi, bearing a
single claw. The antennae are 1-13 segmented. Females are always apterous, but adult males
may be apterous or winged. When winged, they possess only 1 pair. Adult males have no
functional mouthparts. Eggs are usually deposited beneath the female or in a waxy ovisac.
First instars (crawlers) have functional legs and are mobile, but later instars including adults
may or may not have legs. Adult females and immature stages of both sexes feed on plants by
inserting their long stylets into a part of the host and sucking out its juices.

The families of scale insects which are considered to be most primitive are sometimes referred
to as the Archaeococcoidea. Adult females of these families usually possess abdominal
spiracles, and adult males often have faceted eyes. Representatives of two of these families, the
Margarodidae and Ortheziidae, are found in the United States.

The families of scale insects which are considered to be the most advanced are referred to as
the Neococcoidea. The adult females do not have abdominal spiracles, and the adult males all
have simple eyes. Representatives in 14 of these families are found in the United States. Notes
on each family are followed by selected references in the individual sections of this book for
the reader who desires additional information. Uncited references (such as original species
descriptions) can found in one of the following bibliographies: Morrison & Renk (1957), all references
through 1955; Morrison & Morrison (1965), from 1956-63; Russell, et al. (1974), from 1964-69 or
Kosztarab & Kosztarab, through 1988. All others are found in References Cited at the end of each section
and in the ‘Bibliography’ on pages 218-226 .

The following key can be used to distinguish the families of scale insects of California based
on the morphology of adult females. It is adapted from the key to the families of scale insects
of America north of Mexico by Howell & Williams (1976).

KEY TO THE CALIFORNIA FAMILIES OF SCALE INSECTS

(BASED ON ADULT FEMALES)
1. Abdominal spiracles present (Fig. 1,2) (ARCHAEOCOCCOIDEA) . ... ... .. 2
— Abdominal spiracles absent NEOCOCCOIDEA) . . . .. ................. 3
2. Analring distinct, with numerous pores and 6 long setae (Fig. 1); antennae 3-8 segmented
(Fig. 1) . Ce .+« . . . Ortheziidae
— Analring reduced wnh no pores or setae, eyes rarely stalked antennae 1-13 segmented
(Fig. 2) . . Margarodidae

1
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3.

10.

11.

Alargedorsal spine present near center of abdomen (Fig. 3); anterior spiracles much larger

than posterior; brachial plates present on dorsum near spiracles . . . .. .. Kerriidae
Nolarge dorsal spine near center of abdomen; spiracles about equal in size; brachial plates
absent . . ... e e e e e e 4

Anal opening covered with 2 triangular anal plates which form an operculum (Fig. 4)
(except in the genus Physokermes); abdomen with a well-developed anal cleft
(covered in Part 1, the soft scales of California) . . . ... .. ...... Coccidae
Never more than 1 anal plate (operculum) covering anal opening (though sclerotized
plates laterad of anal opening may be present as in Fig. 9); anal cleft, if present, usually not

as well-developedasinFig.4 . . . . . .. ... ... ... ... ... ... .. ... 5
A triangular or oval anal plate covering anal opening (Fig. 5); furrows or ridges presenton
caudal margin; usually found under leaf sheathsof grasses . . . . . . . . Aclerdidae
No anal plate covering anal opening; furrows or ridges not present on caudal margin;
habitatvariable . . . . . . ... ... ... oL 6
8-shaped pores presentondorsum (Fig.7,8,9) . . . . . ................. 7
8-shaped pores absent from dorsum; 8-shaped tubular ducts (Fig. 13) rare, when present
derm always with small irregularities (Fig. 13) . . . . ... .............. 10

8-shaped pores on dorsum and in a submarginal band on venter; ventral tubular ducts

scattered over body; antennae 1-9 segmented; on varioushosts . . . ... ... .. .. 8
8-shaped pores restricted to dorsum; ventral tubular ducts forming a submarginal band
around body; antennae 5-segmented; on oaks (Fig.6) . . .. . .. (in part) Kermesidae

Antennae 1-9 segmented; ventral bilocular pores (Figs. 8, 9) and sclerotized anal plate

Present . . . . .. e e e e e e e e e e e e e 9
Antennae 1-segmented; ventral bilocular pores and sclerotized anal plate absent (Fig. 7)
........................................ Asterolecaniidae

Antennae 1-segmented, with an associated cluster of 5-7 locular pores; sclerotized plate
lying over anal opening, triangular-shaped (Fig.8) . . . . ... ...... Cerococcidae
Antennae 7-9 segmented; without an associated cluster of 5-7 locular pores; sclerotized
plate lying over anal opening not triangular-shaped, much wider than long (Fig.9) . .

........................................ Lecanodiaspididae

3,4, and 5 locular pores usually in clusters, with a common duct (Fig. 10), scattered over
dorsum; numerous, thick, truncate setae on body; anal opening usually appears as a

transverseslit;onCactaceae . . . . . . . . . . . . . e Dactylopiidae
Pores not arranged as above; setae usually not truncate, though sometimes blunt; anal
opening variable;on varioushosts . . . . . ... ... ... oo oL, 11

Abdomen terminating in a compound pygidium or pygidium-like area (Figs. 11, 12); anal
opening simple; body covered by a secreted thin shield-likescale . . . . . ... ... 12
Abdomen without posterior segments fused to form a pygidium contrasting with anterior

2
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12.

13.

14.

15.

16.

segments of the abdomen; anal opening often setiferous; body not covered by thin shield-
likescale. . . . . . . . . e e e 13

Beak 1-segmented; legs usually absent or reduced to remnants; antennae 1-segmented
(Fig. 11A); multilocular pores absent; pygidium (Fig. 11A,B) formed of the fused terminal
abdominal segments, contrasting with the anterior segments of the abdomen; dorsal
ocellar eyespots absent; scale covering constructed around the 1st molted skin (not
coveredinthisvolume). . . . . .. .. ... ... .. ... .. ... .. Diaspididae
Beak 2-segmented; legs present; antennae 3 or 4 segmented; multilocular pores present;
pygidial segments less completely fused (Fig. 12); dorsal ocellar eyespots present; scale
covering not containing the exuviae of the earlier molts (Fig. 11C) (not established in
California). . . . .. .. .. ... ... Conchaspididae

Small irregularities present on derm (Fig. 13); legs absent; 8-shaped tubular ducts (Fig. 13)
occurring on dorsum and venter (very small and hard to see without high power
magnification); anal ring simple, with 0-2 setae and no pores; often associated with palms
......................................... Phoenicococcidae

Dermalirregularities absent; legs usually present; 8-shaped tubular ducts absent; anal ring
variable

Dorsal ostioles, ventral circuli, and trilocular pores (Fig. 14, 15) usually present; usually
with 1-18 pair of cerarii (Fig. 14, 15); anal ring with inner and outer layers of pores; tubular

ductsnotinvaginated. . . ... ... ... ... .. o oo e 15
Without dorsal ostioles, cerarii, circuli and trilocular pores; invaginated tubular ducts
present (Fig. 16, 17); analringvariable. . . . . . .. ... ........ .. ... ..., 16

Cerarii of adult females usually numbering 18 and consisting of 6-20 or more enlarged,
apically pointed setae set on large, heavily sclerotized plates; adult males with 5-7 pairs of
simple eyes (not covered in thisvolume). . . . .. ... ............. Putoidae
Cerarii of adult female may number 18 but usually less, and only rarely with all cerarii with
6-20 setae set on heavily sclerotized plates; adult males with 3 pairs of simple eyes (not
coveredinthisvolume). . . . . . .............. . ... .... Pseudococcidae

Tubular ducts, when present, scattered over venter of body; anal ring usually with pores
and setae; microtubular ducts present; usually with protruding anal lobes (Figs. 16,17) .

............................................ Eriococcidae
Tubular ducts arranged in a ventral submarginal band (Fig. 6); anal ring simple, without
pores and setae; microtubular ducts absent; without distinctly protruding anal lobes;
usually associated withoaks. . . . . ... ................... Kermesidae




SCALE INSECTS OF CALIFORNIA

CIRCULAR
PORE
CLUSTERS

O

ABDOMINAL
SPIRACLE

ANTENNA

Ay
~

AN

|||
v""
l \‘
U UK
\:"'
\”

|Il|:, ',':::‘:' "'.‘l :ll'll' u'|"|||| v‘.l!n h:f,»."(, "

il ""-".r,'.!.';

! |||||!
W
QA

I’I/
sl

ﬁ}?!'i\ '3'\} 5"," ”’;“ {",
,,. 5"""'”/"""" ﬂ ',;j,:,

’M’é

l;ll" |I"' '1)‘

I ‘u‘;,w".'ﬁn'\ "’av; r,/-

i

l, 1,
2."/.',7', i

e

‘*‘l‘é‘"
7
i A
¢ n"\ Zm Y
! }|‘ nﬂ“i,l“

\\.

M\\&Mf
N

TRILOCULAR,
QUADRILOCULAR
AND
DISCOIDAL
PORES

Fig. 1: Morphology of the family Ortheziidae
4

NR

INTRODUCTION

N

g \"‘:"’l'i (o
W)

 —11




SCALE INSECTS OF CALIFORNIA

ABDOMINAL
SPIRACLE

CICATRIX

%= PORE

AN
A :’
JO)
SPIRACLE

ADULT FEMALE

X5\ VESTIGIAL
;-5 SMOUTHPARTS

INTRODUCTION

3RD STAGE
NYMPH

2ND STAGE __,
NYMPH

Fig. 2: Morphology of the family Margarodidae

@



SCALE INSECTS OF CALIFORNIA INTRODUCTION

DUPLEX PORES OR
MARGINAL PORE CLUSTER
(MACRODUCTS OCCURING IN
\ A DENSE CLUSTER OF

SPERMATOZOOID DUCTS)

MACRODUCT

DORSAL
MICRODUCT

SPERMATOZOOID
N DUCT

)

MOUTH #
PARTS -
VENTRAL DUCT
(IN CLUSTERS)

POSTERIOR
SPIRACLE

®
QUINQUELOCULAR

PORES
(CANELLAE)

SPERMATOZOOID
DUCT

PERIVULVAR PORE
CLUSTERS

SUPRA-ANAL _ —=
PLATE

N c=iLL

AN AN

Schematic representation of
lateral view of adult female scale
body with wax test removed
(anterior to the right)

Fig. 3: Morphology of the family Kerriidae
6



SCALE INSECTS OF CALIFORNIA INTRODUCTION
TUBOLA ES!‘I\)LUCT wé’S&ﬁ%bc < \\ N

4 \
\:\./j\’\/\ o (5/_‘\\___ MARGINAL SETA

DORSAL
BODY SETA

_—_ SPIRACULAR
DEPRESSION

BILOCULAR
PORE

- VENTRAL
TUBULAR DUCT

also ! Y .
TWO- e (in SUBMARGINAL
m&ﬁd DorsalNz: ‘.”.-Ventral TUB%LAA,?DDUCT
INVERTED DUCT ViewANA\L Tes View MULTFI‘IEJORC!:EULAR )
TUBERCLE
) (ANAL OPERCULA)

Fig. 4: Morphology of the family Coccidae
7



SCALE INSECTS OF CALIFORNIA INTRODUCTION

MARGINAL
(ENLARGED)
SETA

SPIRACLE

Y4

-

MICROTUBULAR
DUCT

~ ~
ROSTRUM

= L]
A "ar}"lﬁ LA
Vi

o

ol
ilisitss

=~ MULTILOCULAR
A PORES

3
i’\\g s

QIR

INVAGINATED ANAL il

DISK PORE OPERCULUM MACROTUBULAR

DUCT

Fig. 5: Morphology of the family Aclerdidae
8



INTRODUCTION

SCALE INSECTS OF CALIFORNIA

! DISC PORE

* \MACROTUBULAR

DUCT

N
Re

SPINESCENT
PORE

D

==

| MULTILOCULAR
PORES

%
\
Ne /4

® B

Morphology of the family Kermesidae

Fig. 6

9



SCALE INSECTS OF CALIFORNIA INTRODUCTION

SPIRACULAR
FURROWS

DISCOIDAL

PORE BILOCULAR PORE

(MINUTE 8-SHAPED PORE)

MULTILOCULAR
PORE

Fig. 7: Morphology of the family Asterolecaniidae
10



SCALE INSECTS OF CALIFORNIA INTRODUCTION

8-SHAPED PORE
(4

* SPIRACULAR
_ - FURROWS

BILOCULAR
PORE

MULTILOCULAR
PORE

CRIBRIFORM ANA
PLATE L BING

Fig. 8: Morphology of the family Cerococcidae
11



SCALE INSECTS OF CALIFORNIA INTRODUCTION

TUBULAR
DUCT

SPIRACULAR

/ QUINQUELOCULAR
PORES

—— SPIRACULAR
/ FURROWS AND
PORE BANDS

\
SPIRACULAR
SETA

BILOCULAR
PORE

MULTILOCULAR
PORE

—=ill

Fig. 9: Morphology of the family Lecanodiaspididae
12



SCALE INSECTS OF CALIFORNIA INTRODUCTION

TUBULAR
DUCT

NARROW-RIMMED
QUINQUELOCULAR
T WIDE-RIMMED PORE PORE ——ill
LUSTER AND ASSOCIATED 7
TUBULAR DUCT

Fig. 10: Morphology of the family Dactylopiidae
13



SCALE INSECTS OF CALIFORNIA INTRODUCTION

A

OUTLINE OF ADULT FEMALE

SPIRACLES

C

GENERAL SHAPES OF
DIASPIDIDAE SCALE COVERS
SHOWING POSITIONS OF
THE EXUVIAE

NN

J ~ MICROTUBULAR
g DUCTS
’ ", | ADULT FEMALE COVERS
\ (TWO EXUVIAE)
N
\ \ \
\ BN \ \ \
L XY Py \ (
TUBULAR_\_\_ —- Y, S !
DUCTS N RN =L IMULTILOCULAR |
N A PORES U
, ~ | :
PLATESOR ._ __ ' \ ~(/ s
GLANDSPINES ~ ~~ W\r 9 o ,7,1
ANAL - TR p\‘('é?.':'m — MALE PUPARIA
B Ffne LOBES (ONE EXUVIUM)

PYGIDIUM AREA ENLARGED

Fig. 11: Morphology of the family Diaspididae
14



SCALE INSECTS OF CALIFORNIA INTRODUCTION

ANTENNA

EYESPOT

~ \
™ MULTILOCULAR
PORES

S=iLL

PYGIDIUM

Fig. 12: Morphology of the family Conchaspididae
15



SCALE INSECTS OF CALIFORNIA INTRODUCTION

_r =iy S 2 0D
Faoh ]l i a
//‘_"‘ = e AT A S5y \‘ =3
74 B
7 SR T T
f/‘{\ e % 2 \) S ) e
~ ¥ & \ R4
2 VNN N .
(,’f’ ; Vo 40 5 % _ ROSTRUM
be © / - R N -“
PR ~ QUINQUELOCULAR
e — L : PORE
LEI T P % - A ) 3
d =, . : —— -~ y ¢ l’,
oo = (- s &
. 7 ’ ‘ T 5 )) 3 ) -
/(rr R 7 )))));(i o
5 AP ¥ i !
= it - »N .S5
e . SPIRACLE 5% 4 A
10> 2
; ) TR
e 0 £
(( 7 \;Qv,)‘{_{ij(\,f JJ{ \ 3))\
) o ¥y
r L = s S L))
( 5 ~ AN )5 }
N 7 o }S ) )
2‘» ? 3 e~ ¥ 2
< T '\\_LU )y
r 7 ; .~ SPIRACLE ~ )y & TN~
N4 - ! N > N Jj\ )))
C
fse l b%’)‘f . 32
fl =] .::2%'_1.- 210 ,{’
t T 7 ]
2 7 //7 I & 5, = o ))’ {4, ,J}
< e 3 Yy
il ; — P ) 8-SHAPED
\(q ) e 7 54y j1l PORE
: b, 1
)
\ 7
DERM RUGOSITIES

Fig. 13: Morphology of the family Phoenicococcidae
16



SCALE INSECTS OF CALIFORNIA INTRODUCTION

wm ENNA )
A
L ¥
TRILOCULAR ‘ LY
PORE Af; @ Y TUBULAR DUCT

” E
L f g
N
RASRAR

B Lo
AR

_ ROSTRUM
-
-~ _SPIRACLES

\

~ TRILOCULAR
PORE

Ve
CERARII
(MARGINAL SPINE
CLUSTERS)
AN
\
}1 7
.
i ——
i a4t
:’f J ST
l'ﬁ 4
% .""}5:1‘\
b bl o f,.' .
/i fl j:.j N
- Py B\
B\
/‘§
TRILOCULAR fom
PORE Y
/‘r|\
/‘;«\'

NG

/
AN
RING MULTILOCULAR
NLARGED TUBULAR PORE
oucT =
TRILOCULAR
PORE

Fig. 14: Morphology of the family Putoidae
17



SCALE INSECTS OF CALIFORNIA INTRODUCTION

TRILOCULAR

/)
[}

]
/ 1
/ ] 1
/) I
/
ORAL RIM
TUBULAR DUCT
AN
\
DISCOIDAL Jd > SPIRACLES
PORE %
o ?
\\
\
CERARIl -~ \
(MARGINAL SPINE N
CLUSTERS) -~ TRANSLUCENT
\ —— LEG
NS PORES
\ ._\n
— CIRCULUS
. i
B rj
| ar a1 Te
O il 7:21;’:’; Z’ A
2. 9 o > "o i S~
ORAL COLLAR
DucT ~
ORAL COLLAR
pDucT
TRILOCULAR

E PORE

/
/

ORAL RIM y;
TUBULARDUCT / 7
/7
/ /
/ / /
J /
CERARI * a'l‘,f(';-
(MARGINAL SPINE i

CLUSTERS MULTILOCULAR il

PORE

Fig. 15: Morphology of the family Pseudococcidae
18



SCALE INSECTS OF CALIFORNIA

=
ENLARGED | NN
SETA k

QUINQUELOCULAR

PORE

MACROTUBULAR
DUCT

SPIRACLE o~"".

INTRODUCTION

oW, TSNSy PORE

" of 6o atl — spiRacLE

- ®

QUINQUELOCULAR
PORE

CRUCIFORM
PORE

Fig. 16: Morphology of the “ovaticoccin type” of the family Eriococcidae



SCALE INSECTS OF CALIFORNIA INTRODUCTION

MICROTUBULAR
G@> DUCT

QUINQUELOCULAR
PORE

v
= BODY SETAE

- CRUCIFORM
~2 PORE
* /7~ COXAL

& 4 ’ i /A.\T; ’u
Low TR
4/} ! pas PORES
) ~ R —
DORSAL /\/;‘;;.f’,‘ k] Sy
ENLARGED ‘.;;7»/ S Gl
SETAE : i Sy f o
r eyl e

—————— \. - %

d‘:; < / %

il N,

Y MACROTUBULAR
DUCT
\ (CUP-SHAPED
- INTERIOR END)
S _ - (ORIFICE
EXTERNAL)
/ l QUINQUELOCULAR
PORE
LATERAL =
ENLARGED
SETAE

Fig. 17: Morphology of the “eriococcin type” of the family Eriococcidae
20



2. Desmococcus captivus adults

7. Kuwania quercus 8. Margarodes heimalis?




b

15. Matsucoccus monophyllae adult

16. M. monophyllae adult calling 17. Pityococcus deleoni 18. Pityococcus deleoni adult




21. Stomacoccus platani adult

. Xylococculus betulae cysts 26. Xylococculus macrocarpae cysts 27. Xylococculus macrocarpae cysts




31. Xylococculus quercus wax tubes 32. Xylococculus quercus cyst 33. Xylococculus quercus adults

34. Arctorthezia occidentalis 35. Orthezia annae 36. Orthezia annae



37. Orthezia artemisiae 38. Orthezia artemisiae

42. Orthezia sarcobati

43. Tachardiella ferrisi 44. Tachardiella larreae 45. Tachardiella pustulata



48. Asterolecanium arabidis

50. Asterolecanium minus

52. Asterolecanium variolosum 53. Bambusaspis bambusae 54. Mycetococcus ehrhorni




56. Pollinia pollini

59. Lecanodiaspis thamnosmae

61. Cerococcus quercus 62. Aclerda californica 63. Aclerda sp.




67. A. essigi male puparium 68. Allokermes essigi 69. A. essigi old females

5

70. Allokermes ferrisi 71.”Eriococcus” gilletti 72. Kermes nudus




73. Kermes rimarum 74. Kermes shastensis

77. Dactylopius opuntiae 78. Dactylopius tomentosus

#

79. Dactylopius tomentosus 80. Acanthococcus adenostomae 81. Acanthococcus araucariae




82. Acanthococcus araucariae 84. Acanthococcus azaleae

“Eriococcus” borealis 86. “Eriococcus” borealis 87. Acanthococcus coccineus

88. Acanthococcus coccineus ovisac 89. Acanthococcus cryptus 90. Acanthococcus diaboli




sacs 92. Acanthococcus dubius

97. Acanthococcus eriogoni ovisac 98. Acanthococcus quercus 99. Acanthococcus quercus




101. Gossyparia spuria male 102. G. spuria nymphs, puparia

106. Oregmopyga neglecta 107. Ovaticoccus agavium . Phoenicococcus marlatti




FAMILY MARGARODIDAE

margarodids, giant scales and ground pearls
Color Plates 1-33

The family Margarodidae is a small family represented world-wide by diverse and hard-to

characterize groups of scale insects. Several subfamilies contain forms which have legs in the
first instar larvae, then lose their legs in subsequent instars, only to have them reappear in the
adult stage. In the subfamily Monophlebinae, however, all instars usually have legs. Some
groups form legless cysts in immature stages (ground pearls) which may survive for almost 20
years under adverse conditions. Species in the genus Steatococcus are unusual in that the center
of the abdomen of the adult female invaginates to form a marsupial-like pouch for protection
of the eggs. Other subfamilies are referred to as giant coccids. For example, in the Central
American genus Llaveia, individuals may reach well over 1/2 inch in length and 3/8 inch in

thickness. For more information on habits and distribution of margarodids, see Morrison
(1928).

Field Characteristics: This family contains a number of diverse forms. Field appearance and
other data for California species are included in the discussions of individual species. Some
species are easily recognized in the field and may be identified with the aid of the following
field key:

Field Key to California Margarodidae

(a) On conifers
(b) On trunk and branches of incense cedar, particularly in shaded locations . . . . . .

............................... Xylococculus macrocarpae
(b,) Under bark, in bark cracks, or at bases of needlesof pines . . . . . . .. ... ..

....................... Matsucoccus, Pityococcus, Desmococcus

(a,) On hosts other than conifers
(b) All stages subterranean . . . . . . ... ... 0oL Margarodes spp.
(b,) On aerial parts of plants, only occasionallyonroots . . . . . .. .. (Steatococcus)
(c)Extremely tiny, causing necrotic spots on leaves of sycamore . . . . . . ...

.............................. Stomacoccus platani
(c,) Large species; not on sycamore

(d) Large species on subtropical hosts; red body, black appendages, yellow

wax and white flutedeggsac . . . ... ... ... ... Icerya purchasi

(d,) On deciduous hardwoods such as oak and alder . . Xylococculus spp.

(d,) On desert shrubs; may have red body, black appendages, and yellow

wax, butno whiteovisac . . . .. ... ... ... .. Steatococcus spp.

(c,)Small red species under barkofoak . . . . ... ... .. .. Kuwania quercus

Biology: Most species feed on stems and branches of the host; a few feed on leaves or roots.
Similar Species: Ortheziids are very similar to margarodids. Some mealybugs and eriococ-
cids superficially resemble margarodids.
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Hosts: The family as a whole is not restricted to a particular plant group.
EconomicImportance: Only four or five genera contain species of economic concern, butsome
species are capable of causing serious injury to cultivated plants. See individual accounts of
Icerya purchasi and Margarodes meridionalis.

Distribution: Worldwide.

Diagnosis: The family has been thoroughly studied by Morrison (1928). It is characterized by
the presence of abdominal spiracles and a simple anal ring without pores or setae. Morrison
provides excellent keys to the subfamilies, genera, and species. California species are fairly
distinct and identifications can be made in most cases by studying the accompanying
illustrations and the Diagnosis sections. For the large genus Matsucoccus, a key is provided by
Charles Ray.

Most taxonomic keys to the scale insects are based on the adult female stages because these
stages contain most of the diagnostic characteristics which allow separation of the forms. In
these situations, it is usually a simple matter to distinguish between an immature or an adult
stage because of the presence of the vulva (or opening of the oviduct); in many cases by the
presence or absence of multilocular pores containing more than 5 loculi; and by the presence
of wings and an aedeagus in the male stages. Only occasionally are other stages such as
crawlers or adult males used for specific, generic, or higher category separations. In the
Margarodidae, however, the vulva is difficult or impossible to locate in some species and the
immatures of many species have multilocular pores. Also, there are such drastic differences
between the stages that it is extremely difficult to determine immediately the actual stage
present. For these reasons the following key will not bebased solely on the adult female stages.

References:
Morrison, H., 1928: U.S. Dep. Agric. Tech. Bull. 52:1-239.

KEYS TO SUBFAMILIES, TRIBES AND GENERA OF CALIFORNIA
MARGARODIDAE

(ADULT FEMALES AND SOME EARLIER INSTARS)
1. Legs and antennae greatly reduced or absent, if present then represented only by one

segment (appearing as low protuberance with associated sensory setae); normally under
bark of trees or subterranean— usually immature instars or cyst forms with one exception

................................................... 2
— Legs and antennae normal, or if reduced, with some segmentation . . . . . ... ... 7
2. Atrium of thoracic spiracles with associatedpores . . . .. .. .. .. ..., ... ... 3
— Atrium of thoracic spiracles without associated pores . . . .. .............. 4

3. Anal tube simple, lightly sclerotized, reticulate; under bark of Pinus monophylla in Great
Basin habitats; with clusters of thick-walled multilocular pores near most spiracles only;
adult female with vulva apparent and with simple multilocular pores scattered randomly
invulvarregion . . ... ... .. . oL o Desmococcus

— Anal tube complex, heavily sclerotized and associated closely with last pair of abdominal
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54

o

10.

11.

12.

spiracles; on other conifers and deciduous trees in most of California; with thick-walled
multilocular pores randomly scattered, numerous; vulvaabsent . . . . . ... ... ...
..................................... immature Xylococculus

Multilocular and discoidal pores present; body bright crimson; under bark of Fagaceae
........................................ immature Kuwania
Multilocular and discoidal pores usually absent; body yellow, brown or reddish brown,

never bright crimson; on other hosts or subterranean . . . .. .. ............ 5
Subterranean; body whiteoryellow . . .. .. ......... ... . ... Margarodes
Inhabiting trees, usually under bark; body yelloworreddish . . . . .. ... ... ... 6
Under bark or on needles of pines (Pinus); body red or brown . . . . . .. Matsucoccus

Under bark or lower leaf surfaces of sycamore (Platanus); body yellow . . Stomacoccus

Tarsi distinctly two-segmented; disk-like simple pores present [Xylococcinae] . . . . 8
Tarsi one-segmented, legs, if reduced, with some segmentation; disk-like simple pores
wanting . . .. ... e e 9

Thoracicspiracles with or withoutbar, this usually not strongly developed, and with pores
within atrium; abdominal spiracles with pores within atrium; abdominal spiracles defi-
nitely larger than thoracic; anal tube usually distinctly developed, quite evident . . . . .
............................................ Xylococculus
Thoracic spiracles withoutbar, without pores within atrium; abdominal spiracles without
pores within atrium; abdominal spiracles definitely smaller than thoracic; anal tube very

poorly developed, hardly or notatallevident . . . ... ... ....... Matsucoccus
Atrium of thoracic spiracles without multilocular disk pores . . . . .. ... ... .. 10
Atrium of thoracic spiracles with multiloculardiskpores . . . . ... .... ... .. 13

Large multilocular pores (7 to 121loculae, central area of porebilocular) and long body setae
numerous, randomly positioned; anal tube usually well developed, moderately scle-
rotized and usually with a well defined ring at outer end; ventral cicatrices present, usually
with a total of three arranged transversely, the centermost cicatrix largest; adult individu-

als of relatively large size (4 to 20 mm) [Monophlebinae] . . . .. .. ... ... ... 11
Anal tube or anal ring poorly developed or wanting; cicatrices if present aligned longitu-
dinally, centrally; adult individuals usually smaller that4mm . . . . ... ... ... 12

Eggs incubated in a white, posterior, waxen ovisac, ovisac produced by older, egg laying
females only (absent until just prior toegg laying) . . . . ... ... .. ... ... Icerya
Eggs incubated in a definite internal pouch (marsupium) at maturity; marsupium con-
nected with the exterior through a large circular midventral opening, marsupial opening
apparent in adult femalesofallages . . . . . ... .. ............ Steatococcus

Claw with several (6 to 12) large, knobbed digitules surpassing apex of claw; under bark
or lower leaf surfaces of sycamore (Platanus); body yellow [Steingeliinae] . . . . . . ..
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.........................

...................

FAMILY MARGARODIDAE

Stomacoccus

— Claw usually with 2 digitules, these knobbed and surpassing the claw apex, or short and
not attaining claw apex, if with more than 2 then these short, acute, not at all conspicuous;

ventral, apical areas of tibiae with capitate setae [Kuwaniini]

.......... Kuwania

13. Anterior legs much enlarged, fitted for digging (coxa and tarsal claw much enlarged);

subterranean on roots of many hosts [Margarodinae]
Anterior legs normal or similar in size to posterior pairs; known only from bark of shrubs

and trees

...................

Margarodes

............

Pityococcus

...................

THE CALIFORNIA SPECIES OF MARGARODIDAE

Genus Desmococcus McKenzie, 1942

Number of world species: 2.
Number of United States species: 2.

Key to the species: McKenzie, H. L., 1942: Microentomol. 7(1):1-18.

Desmococcus captivus McKenzie, 1942
captive pine scale

Fig. 18, Color Plate 1-2

Field Characteristics: Adult females ovoid to
round, 1.5 to 2.5 mm; nymphs round, 0.75 to
1.0 mm. All stages found within waxen cells
beneath bark of branches and trunk.

Similar Species: Desmococcus sedentarius
McKenzie is very similar, but thus far is
known only from Arizona. In habits and
appearance, this speciesis also similar toother
pine margarodids in the genera Matsucoccus
and Pityococcus.

Hosts: Pinus monophylla.

Economic Importance: Presently unknown.

Distribution: Known only from two collec-
tion sites—one at Mono Lake, Mono County,
and one at Westgard Pass, Inyo County.
Diagnosis: Recognized by the lack of legs,
presence of disk-like cicatrices on the ventral
median areas of the abdominal segments, and
by the presence of seven-lobed stellate pores
on the abdomen (Fig. 5-8). For more informa-
tion, see McKenzie (1942).

McKenzie, H. L., 1942: Microentomol. 7(1):1-
18.

Genus Icerya Signoret, 1875

Number of world species: About 40.
Number of United States species: 2.
Key to the species: Morrison, H., 1928: U.S.

Dep. Agric. Tech. Bull. 52:1-239. See also:
Rao, V. P, 1951a and b: Indian J. Entomol.
12:39-66 and 127-158.
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Icerya purchasi Maskell, 1879
cottonycushion scale (ESA approved)

Fig. 19, Color Plate 3-5, Front Cover

Other Common Names:

fluted scale, citrus fluted scale, white

scale, Australian bug.
Synonymy:

Pericerya purchasi (Maskell).
Field Characteristics: Length of adults with
ovisac (egg sac) fully developed 10 to 15 mm.
Most easily recognized when the white ovisac
is present, but even if the ovasac has not been
formed, the species should not be mistaken
for any other scale insect in the field, even in
the nymphal stages. The following character-
istics distinguish this species (see Plates 3-5
and front cover):

(a) The white ovisac is fluted, with a
series of uniform ridges running
lengthwise over the dorsal-poste-
rior surface.

Body color of all stages is red, with
conspicuous black appendages
and long black setae (hairs). Wax
secretions pale cream to lemon-
yellow. Early nymphs largely cov-
ered with yellow wax, while
adults and late nymphs retain
only a narrow median band and
interrupted marginal patches of
yellow wax.

Adults have tufts of short black
setae around the body margins.
All stages produce long, hair-like,
transparent rods of wax similar to
those produced by many soft
scales.

Biology: About three generations per year;
each individual can lay up to 1,000 eggs. For
further information, see Anonymous (1889),
Hale (1970a, 1970b) and Ormerod (1887). This
scale is a hermaphroditic insect. Further in-
formation on hermaphroditism in the genus
can be obtained from Hughes-Schrader

(b)

(©
(d)

(1930).

Similar Species: Soft scales in the genus
Pulvinaria produce a white ovisac similar to
that of cottonycushion scale, but it is never
uniformly ridged. Immatures and young
adults of cottonycushion scale are often mis-
taken for mealybugs. However, only two
species of mealybugs produce cream-colored
or yellowish wax. These mealybugs do not
have a red body, lack the conspicuous black
appendages which are so readily seen in cot-
tonycushion scale, and do not produce long,
crystalline wax rods. Icerya rileyi Cockerell is
asimilar North American species known from
Mexico, Texas, New Mexico, Utah and Ari-
zona, which may also occur in the southeast
corner of California. It differs from I. purchasi
in that it has irregular clumps of dorsal wax,
an unfluted ovisac and transverse streaks of
yellow. Scales in the Ortheziidae have fluted
ovisacs, but the wax plates are not uniformly
ridged and the body color is not red.

Hosts: The most common hosts in California
are Citrus and Pittosporum. However, the
number of other hosts attacked appears end-
less. For more information, see Merrill (1953),
Essig (1958), and Riddick (1955).

Economic Importance: After its initial intro-
duction into California about 1868, cot-
tonycushion scale became such a serious pest
that it nearly brought an end to citrus fruit
production in this state. Its introduction was
a major force behind the development of our
present biological control practices, our plant
quarantine system, and the use of oil sprays
for insect control. Two natural enemies—the
now famous vedalia ladybird beetle, Rodolia
cardinalis (Mulsant), and the cryptochetum
fly, Cryptochetum iceryae (Williston), were in-
troduced by Albert Koebele in 1888. These
natural enemies now effect adequate control
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of cottonycushion scale in most situations,
except where pesticides are injudiciously
used. Injury results in defoliation, fruit drop,
and the formation of honeydew and sooty
mold. For further information on the history
and economic importance of this species, see
Gossard (1901), Essig (1931), Quayle (1938),
Zimmerman (1948), Ebeling (1959), Quezada
& DeBach (1973) and Caltagirone & Doutt
(1989).

Distribution: ThroughoutCalifornia atlower
elevations. Rarely found on native hosts in
uncultivated situations. Found outdoors in
coastal and southern states, in greenhouses in
others. Known from most tropical and sub-
tropical areas of the world. Native to Austra-
lia.

Diagnosis: The shape of the ovisac, dorsal
wax patterns, black tufts of hair on the ab-
dominal margin and body color separate this
species from all others. However, aline draw-
ing of the morphology is provided (Fig. 19) to
further aid in recognition. A thorough mor-
phological study has recently been done by
Howell & Beshear (1981).

Anonymous, 1889: Bull. Misc. Info. Roy. Kew
Gardens 32:192-216.

Caltagirone, L. E. and R. L. Doutt, 1989: Ann.
Rev. Entomol. 34:1-16.
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Ebeling, W., 1959: Subtropical Fruit Pests.
Univ. Calif. Div. Agric. Sci. Bull., Los Ange-
les. 436 pp.

Essig, E. O.,1931: A History of Entomology.
The MacMillan Co., New York. 1029 pp.
Essig, E. O., 1958: Insects and Mites of West-
ern North America. The MacMillan Co.,

New York. 1050 pp.

Gossard, H. A.,1901: Fla. Agric. Exp. Stn. Bull.
56:311-356.

Hale, L. D., 1970a: Ann. Entomol. Soc. Am.
63(4):1040-1047.

Hale, L. D., 1970b: Proc. Hawaii. Entomol.
Soc. 20(3):533-550.

Hughes-Schrader, S., 1930: J. Morphol. Phys-
iol. 50:475-495.

Howell, J.O. and R.]. Beshear, 1981: J. Georgia
Entomol. Soc 16(4): 441-444.

Merrill, G. B.,1953: Fla. State Plant Board Bull.
1:1-143.

Ormerod, E.A., 1887: Simpkin, Marshall &
Co., London. 36 pp.

Quayle, H.]J.,1938: Insects of Citrus and Other
Subtropical Fruits. Comstock Publ. Co.,
Ithaca. 583 pp.

Quezada, J.R. and P. DeBach, 1973: Hilgardia
41(20):631-688.

Riddick, E., 1955: Fla. State Plant Board Bull.
7:1-78.

Zimmerman, E. C., 1948: Insects of Hawalii,
Vol. 5, Homoptera: Sternorhyncha. Univ.
Hawaii Press, Honolulu. 464 pp.

Genus Kuwania Cockerell, 1903

Number of world species: 4.
Number of United States species: 1.

Key to the species (in China): Borchsenius, 1960.

Kuwania quercus (Kuwana), 1902
Kuwana oak scale

Fig. 20, Color Plates 6, 7

Synonymy:
Sasakia quercus Kuwana.

Field Characteristics: Length of preadult sed-
entary females 1.75 mm. Length of mobile
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adult females2.25mm. Very secretive, usually
hiding under rough, loosened bark. The leg-
less, bright red preadult females cover them-
selves with a hard greyish or white waxen cell
which blends well with the color of the sur-
rounding bark. The bright red adult females
produce a dorsal mass of white waxen threads.
Biology: Unknown.

Similar Species: Species on oak which could
be confused with Kuwania quercus in the field
are Ehrhorn’s oak scale (Mycetococcus
ehrhorni), the oak eriococcin (Eriococcus quer-
cus), and the oak margarodid (Xylococculus
quercus).

Hosts: Normally restricted to oaks in the
genus Quercus. California records are from
Quercus douglasii and Q. virginicus. Recently
collected from American chestnut (Castanea
dentata).

Economic Importance: None.

Distribution: Originally described from Ja-
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pan; known also from China and Formosa. In
California, known from Yolo, Solano, Napa,
San Mateo and San Joaquin Counties. It has
been found infesting a commercial chestnut
orchard at Linden, San Joaquin County. First
found along Highway 128 in Yolo County,
where it is very common.

Diagnosis: The illustration, made from Cali-
fornia specimens, along with host restriction,
is sufficient to distinguish this species as cur-
rently understood. However, the specific sta-
tus of California specimens is suspect. Dr.
John Beardsley (pers. comm.) has noticed dif-
ferences between the California forms and
those from Asia.

~

Ferris, G. F., 1950: Microentomol. 15(3):70.

Morrison, H.,1928: U.S. Dep. Agric. Tech. Bull.
52:1-239.

Kuwana, S. I, 1902: Proc. Calif. Acad. Sci.
3(3):47.

Genus Margarodes Guilding, 1829

Number of world species: 6 [according to Jakubski (1965)]. Note: While Jakubski places many
species in other genera, some North American students of this group have not totally
accepted his generic placements. Because of this, the one known California species will be

left in Margarodes here for convenience.
Key to the world species: Jakubski (1965).

Key to the United States species: McDaniel, B., 1965: Proc. Entomol. Soc. Wash. 67(1):15-23.
Plus more recent species descriptions by McDaniel, B., 1966: Proc. Entomol. Soc. Wash.
68(3):237-240, and LaRivers, 1., 1967: Biol. Soc. Nev. Occ. Pap. 14:4-6.

Margarodes meridionalis Morrison, 1927
centipede grass ground pearl

Fig. 21, Color Plate 9

Synonymy:

Dimargarodes meridionalis (Morrison).
Field Characteristics: Length of sedentary
preadult females up to 2.5 mm. Length of
adult females 3.0 mm. The preadult forms
enclose themselves in a tough, waxen, cyst-
like covering. These cysts are ovoid or spheri-
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cal in shape with a pearl-like luster; hence, the
common name “ground pearls.” Adult fe-
males have legs, the front pair designed for
digging (see Color Plate 8). Adults appear to
lack major wax secretions, except when aloose
ovisac of white waxy filaments is formed.

Biology: All stages of the life cycle are proba-
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bly spent on or below the soil surface. A
complete life cycle probably takes from one to
two years and possibly longer, depending on
environmental conditions. One Margarodes
species has survived up to 17 years in the cyst
stage. For further information on biology, see
Kouskolekas & Self (1973), Barnes et al. (1954),
and Ebeling (1959).

Similar Species: No other known California
scale insects should be confused with this
species. Atleast nine closely related described
species occur in the United States, but are thus
far unknown from California except for one
undescribed species (see Diagnosis). Onespe-
cies, Margarodes chukar LaRivers, occurs in the
arid areas around Reno, Nevada, and inten-
sive collecting may prove that it also occurs in
adjacent areas of California. Eumargarodes
laingi Jakubski is not only similar, butis also a
serious pest of grasses in the South.

Hosts: This species is known from centipede
grass, bermuda grass, zoysia grass, St. Au-
gustine grass, lipia turf, and grapes.
Economic Importance: A serious pest of
lawns, golf courses, and grass farms in the
southern United States and Arizona. A pest of
uncertain stature in the Imperial Valley of
California on grass. Has infested grape vine-
yards in the same location. For further infor-
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mation on economic importance and control,
see Kouskolekas & Self (1973), Barnes et al.
(1954), and Ebeling (1959).

Distribution: Known infestations in Califor-
nia arerestricted so far to the Imperial Valley.
Probably occurs under similar conditions in
San Diego and Riverside Counties.
Diagnosis: The only described California
ground pearl. Adult females can be separated
from otherrelated United States margarodids
because they have enlarged fusiform setae on
the abdomen and two central macroloculi in
the central part of the multilocular pores.
There is an apparently undescribed Mar-
garodes known from Victorville, San Bernar-
dino County. However, it lacks the fusiform
setae.

Barnes, M. M., C. R. Ash, and A. S. Deal, 1954:
Calif. Agric. 8(12):5,10.

Ebeling, W., 1959: Subtropical Fruit Pests. Univ.
Calif. Div. Agric. Sci. Bull,, Los Angeles. 436

pp-

Jakubski, A. W., 1965: A Critical Revision of the
Families Margarodidaeand Termitococcidae.
Br. Mus. (Nat. Hist.), Gr. Britain. 187 pp.

Kouskolekas, C. A. and R. L. Self, 1973: Proc.
Second Int. Turfgrass Res. Conf., Blacksburg,
Va. pp. 421-423.

Genus Matsucoccus Cockerell, 1909

Number of world species: ?
Number of United States species: 17.

Keys to the world species: Boratynski (1952).

Keys to the United States species: Ray and Williams (1984).
Keys to the California species: Charles Ray (included here).

Most of the Matsucoccus from the western U.S. were described by Herbert (1919, 1921),
McKenzie (1941, 1942, 1943) and Morrison (1939). The genus Matsucoccus in North America
has been revised by Charles Ray of Auburn University.

Field Characteristics: Fully developed cyst stages are about 2 to 3 mm long. Adultfemales are
3 to 7mm long. Cyst stages of most species are hidden under the bark of the host where they
resemble pitch pockets and, depending on the thickness of the bark of the host species,
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probably could be found only be peeling the bark back with an ax or similar cutting tool. Cyst
stages of some species such as Matsucoccus acalyptus Herbert, M. fasciculensis Herbert, and M.
vexillorum Morrison, will be found under the needle fascicles or otherwise at the bases of the
needles. In heavy populations, those species found on pinyon pines may be found over the full
length of the needle. These externally-occurring cysts are easily seen, brown, and resemble
either seeds or fly pupae (see Color Plate 10,11). Adults of Matsucoccus arered, green or brown
and are free of wax secretions except for loose, woolly material (see Color Plates 11, 16) and
a similar loose ovisac. They will occasionally be found wandering about on the tree searching
for a place to settle and lay eggs. Females of one species, M. acalyptus, often congregate in large
numbers at the base of the host tree where the eggs are laid. The above information was
summarized from McKenzie (1942b, 1943), Keen (1952), McCambridge (1974), and Furniss &
Carolin (1977). For information on biological control of Matsucoccus see McClure (1987).
Similar Species: Scales in the genus Pityococcus are most similar in the field. No other similar
margarodids are found on California pines, except Desmococcus captivus McKenzie. Adults of
needle-infesting species like Matsucoccus acalyptus may resemble some of the conifer aphids,
and the needle-inhabiting cysts look like aphid eggs.

Hosts: Pines only.

Economic Importance: Several species in the Matsucoccus group are serious pests of pines in
the United States. High populations occur frequently and often serious outbreaks occur for
several years in a row. Injury includes needle drop, shortened needles, weakened crowns,
chlorosis in mature trees, and deformation or death in young trees. Ponderosa and Jeffrey
pines which are infested often show a characteristic “flagging” caused by retention of dead
needles on dead branchlets. Injury often resembles that due to other causes such as white pine
blister rust or certain other types of stress, and since the scales are often difficult to detect,
symptoms may be misdiagnosed. Trees infested with Matsucoccus become very susceptible to
attack by Ips confusus (LeConte) and other bark beetles. The major pests in this group are the
red pine scale (M. resinosae Bean & Godwin) in the New England states; M. vexillorum Morrison
in New Mexico and Arizona; M. acalyptus Herbert in California, Arizona, and the Southwest;
and M. bisetosus Morrison in California and the West. The above economic information was
summarized from McKenzie (1942b, 1943), Keen (1952), McCambridge (1974), and Furniss &
Carolin (1977). For information on natural enemies see Mendel et al (1991).

Distribution: Northern Hemisphere. Of the North American species of Matsucoccus, most
occur in California or the Southwest. The California distribution is based on too few
collections. The estimated range for these species is probably much greater than indicated, but
since these scales are so difficult to collect, itis impossible to be sure of their exact distributional
pattern. A number of species are known from Eurasia. Matsucoccus resinosae (Bean & Godwin),
an economic species known from the northeastern United States, may have been introduced
from Japan and probably is a synonym of M. matsumurae (Kuwana). See McClure (1983).
Diagnosis: Keys to the species of Matsucoccus have been developed for the United States by
Ray (1982) and by Ray & Williams (1984). The key to California species is provided here by
Charles Ray. Matsucoccus and Pityococcus may be easily separated because the tarsi are two-
segmented in Matsucoccus and one-segmented in Pityococcus. For more information on the
subfamily containing Matsucoccus, see Beardsley (1968).

Beardsley, ]. W., 1968: Ann. Entomol. Soc. Am.. 61:1449-1459.
Boratynski, K. L., 1952: Trans. R. Entomol. Soc London 103:285-326.
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Furniss, R. L. and V. M. Carolin, 1977: U.S. Dep. Agric. Misc. Publ. 1339:1-654.

Herbert, F. B., 1921: Proc. Entomol. Soc. Wash. 23:15-22.

Keen, F. P, 1952: U.S. Dep. Agric. Misc. Publ. 273:1-280.

McCambridge, W. F., 1974: U.S. For. Serv. For. Pest Leafl. 148:1-4.

McClure, M. S., 1983: Ann. Entomol. Soc. Am. 76:761-765.

McClure, M. S., 1987: Envir. Entomol. 16(1):224-230.

McKenzie, H. L., 1942b: Microentomol. 7(1):19-24.

McKenzie, H. L., 1943: Microentomol. 8:42-52.

Mendel, Z., E. Carmi and H. Podoler, 1991: Ann. Entomol. Soc. Am. 84(5):502-507.
Morrison, H., 1939: Proc. Entomol. Soc. Wash. 41(1):1-20.

Ray, C. H.Jr,, 1982: Unpubl. Ph.D thesis. Auburn University, Auburn Alabama. 282 pp.
Ray, C. H. Jr. and M.L. Williams, 1984: Ann. Entomol. Soc. Am. 77:765-769.

KEY TO CALIFORNIA SPECIES OF MATSUCOCCUS
by Charles H. Ray, Jr.

1. Adult females with an apical cluster of multilocular disc pores, each with a bilocular duct
openinginitscenter . . . .. ... ... L. L L Lo o Lo 4
— Adult females without an apical cluster of multilocular discpores . . . . .. ... .. 2

2. Adultfemales with fleshy setae only on terminal 4 antennal segments; occurring primarily

on pinyon pine (Pinus edulis, P. monophylla) . . . . .. ... ... Matsucoccus acalyptus
— Adult females with fleshy setae on terminal 5 antennal segments; occurring only on pines
of subgenus Pinus, sectionPinus . . . . .. .. ... ... . o 3

3. First instars with terminal 4 abdominal spiracular atria at apices of distinct tubercles . .

....................................... Matsucoccus secretus
— First instars with terminal 4 abdominal spiracular atria not at apices of distinct tubercles

.................................... Matsucoccus fasciculensis

4. Adult females with all body setae approximately equal in length; known to occur only on
Pinus ponderosa and P.jeffreyi . . . . . . ... ... ... ..., Matsucoccus californicus
— Adult females with body setae of 2 distinct sizes, setae near coxae and midventral setae 2
or more times length of other body setae

5. Adult females with smallest cicatrices greater than 10 p in diameter; occurring only on

Pinusmonophylla . . . . .. ........ ... ... ... ... Matsucoccus monophyllae
— Adult females with largest cicatrices less than 10 p in diameter; not known to occur on
Pinusmonophylla . . . .. . .. ... ... e 6

6. Adult females with 2 large setae on each trochanter; cicatrices numerous, usually more
than 110 in number; adult males pterygote; known only from pines of subgenus Pinus,
sectionPinus . . . ... ... . Matsucoccus bisetosus

— Adult females usually with only 1 large seta on each trochanter, cicatrices few, usually less
than 30 in number; adult males apterous; known only from pines of subgenus Strobus,
section Strobus . . . ... .. ... o o oL Matsucoccus paucicicatrices
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Matsucoccus acalyptus Herbert, 1921
pinyon needle scale

Fig. 22, Color Plate 10, 11

Field Characteristics: Fully grown immature
cyst stage 1.5 mm long and 0.7 mm wide;
black; bean-shaped (McCambridge, 1974), re-
semble aphid eggs. Adult females to 3.0 mm
long; brown or reddish brown; resembling a
mealybug without the mealy wax; widest pos-
teriorly. Eggs yellow, laid in masses sur-
rounded by loose, cottony white wax (Furniss
& Carolin, 1977). Males winged.

Biology: One generation per year. Mating
occurs in April; eggs hatch by May; last stage
nymphs are formed in late August. Overwin-
tering occurs in the last nymphal stage.
Nymphal stages feed on the needles. Adult
females migrate to the trunk and larger
branches of the host tree where eggs are laid.
Male pupae are formed in cocoons under
sticks and pebbles near the base of the tree.
The above biological information summa-
rized from McCambridge & Pierce (1964) and
Furniss & Carolin (1977).

Hosts: Pinyon pines, foxtail pines.
Economic Importance: Causes weakened
trees, due to needle drop. Young trees may be

killed outright. Trees weakened by this scale
become more susceptible to attack by bark
beetles. Not generally of economic concern in
California. Serious outbreaks have occurred
in Colorado and Arizona. The above eco-
nomic information summarized from Mc-
Cambridge (1974).

Distribution: In California, probably occurs
wherever one-needle pinyon occurs. Also
known from Arizona, New Mexico, Utah,
Colorado, and Idaho.

Furniss, R. L. and V. M. Carolin, 1977: U.S.
Dep. Agric. Misc. Publ. 1339: 1-654.

Herbert, F. B.,1921: Proc. Entomol. Soc. Wash.
23:15-22.

McCambridge, W. F. and D. A. Pierce, 1964:
Ann. Entomol. Soc. Am. 57:197-200.

McCambridge, W.F.,1974: U.S. For. Serv. For.
Pest Leafl. 148:1-4.

Pierce, D. A.,, W. F. McCambridge, and G. E.
Moore, 1968: ]J. Econ.Entomol. 61:1697-
1698.

Matsucoccus bisetosus Morrison, 1939
ponderosa pine twig scale

Fig. 23

Other common names:
two-setae matsucoccus.

Field Characteristics: Fully grown,immature
cyst stage 2 mm in diameter; brown; scle-
rotized; generally circular in dorsal view, but
overall shape varies with the size and shape of
the bark crevices where they are found. Adult
females 4 mm long, brown, broadest posteri-
orly. The above information summarized
from McKenzie (1942b).

Biology: One yearly generation. According
to McKenzie (1942b), eggs are laid under bark
scales and in bark crevices in April. However,
collections from Nevada County in 1986 indi-
cate that many females oviposit between the
bracts of the spent male flowers. Crawlers
hatch, wander about, and also settle under
loose bark and in bark cracks. Second stage
cysts are formed in July and August. Over-
wintering takes place in the second stage.
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Adult males and females emerge in March
and April, depending on temperature and
elevation. Part of the above biological infor-
mation summarized from McKenzie (1941a,
1942b) and Furniss & Carolin (1977).

Similar Species: Scales in this genus and in
the genus Pityococcus.

Hosts: Jeffrey, Ponderosa, Monterey, Coulter,
foothill, and lodgepole pines.

Economic Importance: Considered the most
damaging of the Matsucoccus scales in Califor-
nia. Feeds on the trunks, branches, and twig
axils, causing shortened, unhealthy needle
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growth, weakened and dead twigs, and trees
which are more susceptible to bark beetle
attack (Furniss & Carolin, 1977).
Distribution: Generally distributed in the
State wherever the hosts occur naturally.

Furniss, R. L. and V. M. Carolin, 1977: U.S.
Dep. Agric. Misc. Publ. 1339:1-654.

McKenzie, H. L., 1941a: J. Econ. Entomol.
34:783-785.

McKenzie, H. L., 1942b: Microentomol.
7(1):19-24.

Matsucoccus californicus Morrison, 1939
California matsucoccus

Fig. 24

Field Characteristics: Similar in appearance
and habits to M. bisetosus.

Biology: Apparently one yearly generation.
Found in cells and crevices deep beneath the
outer bark layer of the host trunk.

Hosts: Ponderosa and Jeffrey pines.

Distribution: Burgess Spring, Lassen
County, California; possibly Arizona.

Morrison, H., 1939: Proc. Entomol. Soc. Wash.
41(1):1-20.

Matsucoccus fasciculensis Herbert, 1919
needle fascicle scale

Fig. 25, Color Plate 12

Other Common Names:
fasciculate pine scale, three-leaf pine
scale.
Field Characteristics: Similar to M. bisetosus.
Biology: Apparently one yearly generation.
Second instar cyst stage usually found be-
tween the needles near the outer end of the
needle sheath or fascicle.
Hosts: Ponderosa, Jeffrey, and foothill pines.
Economic Importance: Amount of damage
not recorded in the literature. Causes discol-

oration and necrosis of needles at the feeding
sites.

Distribution: Probably generally distributed
in the state wherever the hosts occur natu-
rally. Recorded from El Dorado, San Benito,
Shasta, and Sonoma Counties, California; Or-
egon and Idaho.

Herbert, F.B., 1919: Proc. Entomol. Soc. Wash.
21(7):157-161.
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Matsucoccus monophyllae McKenzie, 1941
one-needle pinyon scale

Fig. 26, Color Plate 13-16

Other Common Names:
one-leaf pine scale.

Field Characteristics: Similar to M. bisetosus,
but smaller. Females light brown with a
yellowish tranverse abdominal band.
Biology: One yearly generation. Second in-
star cyst stage occurs on bark at bases of
needle bundles, in twig and branch axils, and
in bark cracks. The above information sum-
marized from McKenzie (1941) and Furniss &
Carolin (1977). Cysts collected from
Westgard Pass, Inyo County on April 2
hatched between April 10and April 17 (males
first). Females exhibited a pheromone calling

procedure with the abdomen raised and the
antennae vibrating rapidly.

Hosts: One-needle pinyon (Pinus mono-
phylla). Furniss & Carolin (1977) listiton Pinus
edulis.

EconomicImportance: Heavily infested trees
exhibitbranch die-back and “flagging” (McK-
enzie, 1941).

Distribution: Los Padres National Forest,
Kern County; Bishop, Inyo County.

McKenzie, H. L., 1941b: Microentomol. 6(1):2-5.
Furniss, R. L. and V. M. Carolin, 1977: U.S.
Dep. Agric. Misc. Publ. 1339:1-654.

Matsucoccus paucicicatrices Morrison, 1939
sugar pine matsucoccus

Fig. 27

Field Characteristics: Similar to M. bisetosus.
Biology: Probably one yearly generation.
Second instar cyst stage occurs on bark at
bases of needle bundles, in twig and branch
axils, and in bark cracks.

Hosts: Sugar pine, western white pine, and
limber pine.

Economic Importance: Causes death of
needles, twig dieback, resining and cracking
of the bark, and weakening and deformation
or death of small trees. Causes unthriftiness
and bark beetle susceptibility in older trees.
Symptoms caused by this scale resemble

symptoms caused by white pine blister rust.
The above information summarized from
McKenzie (1941¢c) and Furniss & Carolin
(1977).

Distribution: Butte, Kern and Mariposa
Counties, California; various localities in Or-
egon, Montana, and Wyoming.

Furniss, R. L. and V. M. Carolin, 1977: U.S.
Dep. Agric. Misc. Publ. 1339:1-654.

McKenzie, H. L., 1941c: J. For. 39(5):488-489.

Morrison, H., 1939: Proc. Entomol. Soc. Wash.
41(1):1-20.

Matsucoccus secretus Morrison, 1939
secretive pine scale

Fig. 28

Field Characteristics: Similar to M. fasciculen-
sis and M. bisetosus.
Biology: Unknown, but probably has one

yearly generation. According to Morrison
(1939), occurs secreted deeply within the
bundle sheath at the bases of the needles.
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Hosts: Ponderosa pine.

Distribution: Willow Spring, Lassen County,
California; Arizona, Nevada, Colorado, New
Mexico, Mexico.

FAMILY MARGARODIDAE

Morrison, H., 1939: Proc. Entomol. Soc. Wash.
41(1):1-20.

Genus Pityococcus McKenzie, 1942

Number of world species: 3.
Number of United States species: 3.

Key to the species: McKenzie, H. L., 1942a: Microentomol. 7(1):19-24.

Pityococcus deleoni McKenzie, 1942
DeLeon pinyon scale

Fig. 29, Color Plates 17, 18

Field Characteristics: Adultfemales1.0to1.5
mm long; pinkish-yellow; broadest posteri-
orly; active, resembling thrips nymphs. Cyst
stages unknown.

Biology: Unknown, but probably with a one-
year life cycle. Females are active in February
and March. They are found laying eggs under
green lichens at that time. The nymphal cyst
stages have not been collected, and their feed-
ing sites have not been located.

Similar Species: Scales in the genus
Matsucoccus.

Hosts: Four-needle pinyon pine.
Distribution: Laguna Mountains, San Diego

County, California. Known only from the
type locality, a small grove of four-needle
pinyon pines on a north-facing canyon wall
one mile east of Mt. Laguna, San Diego
County.

Diagnosis: Separated from P. ferrisi by the
small, nearly indiscernible abdominal spir-
acles in this species compared to the large,
readily visible spiracles. Separated from
Matsucoccus by the one-segmented tarsi.

McKenzie, H. L., 1942: Microentomol. 7(1):1-18.

Pityococcus ferrisi McKenzie, 1942
Ferris’ pine scale

Fig. 30

Field Characteristics: Adultfemales1.5t02.5
mm long; width 0.8 to 1.3mm; elongate, paral-
lel sided. Second stage cyst 0.50 t0 0.75 mm in
diameter; ovoid to circular depending on the
shape of the feeding site. Field appearance
otherwise unknown.

Biology: Unknown. Probably has one yearly
generation. Feeding sites are under bark
scales and in bark crevices on the trunks,
branches, and twig axils of the host.
Similar Species: Scales in the genus
Matsucoccus.
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Hosts: Sugar pine, white pine, and pinyon
pine (P. edulis).

Distribution: Lassen, Tulare, Mariposa, Inyo,
and Trinity Counties, California; Utah, Ari-

FAMILY MARGARODIDAE
zona, New Mexico, Colorado.

McKenzie,H.L.,1942a: Microentomol.7(1):1-24.

Genus Steatococcus Ferris, 1921
Color Plates 19, 20

Number of world species: 8.
Number of United States species: 2.

Number of California species: 1. (Note: There is probably at least one undescribed species of
Steatococcus from creosote bush (Larrea) in southeastern California. This species is often found
on the crowns and larger roots of the host, particularly during the nymphal stages).
Key to the world species: Morrison, H., 1928: U.S. Dep. Agric. Tech. Bull. 52:1-239.

Steatococcus townsendi (Cockerell), 1896
Townsend margarodid

Fig. 31

Synonymy:

Icerya townsendi Cockerell, Palaeococcus

townsendi (Cockerell).
Field Characteristics: Adult females 5 mm
long; subglobose or round; dark-pink to
purple; covered with a thin white or yellow
mealy secretion which is arranged in dorsal
and sublateral series of wart-like promi-
nences.
Biology: Found on aerial plant parts, but the
type specimens were collected from the bases
of branches. Otherwise unknown except that
it is ovoviviparous, the eggs being held in a
ventral invaginated abdominal pouch called a
marsupium. Adult females apparently active
in late summer.
Similar Species: A very similar, possibly
undescribed species of Steatococcus is com-
monly encountered on creosote bush (Larrea),
in southeastern California; it cannot be sepa-
rated from townsendi in the field except for
host preference. Mealybugs resemble this
species, but they are usually smaller and lack
thelongitudinal dorsal wax tufts and the pink
to purple color.
Hosts: The New Mexico collections are from
composites in the genera Pluchea and Gutier-
rezia. The California records are from Ambro-
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sia eriocentra and Peucephyllum schottii.
Distribution: California records are from
Hackberry Mountain, San Bernardino
County, and Shaver’s Well, Riverside County.
Diagnosis: Host plant preferences and the
morphology illustration provided should aid
in recognition. However, members of the
genus are very rare in collections and the
taxonomy of the group is poorly understood.
There may be several undescribed species in
the southwest as well. A common species,
Steatococcus morrilli (Cockerell), found on
Prosopis in Arizona is very similar to this spe-
cies morphologically except thatin morrilli the
smaller setae are much thicker, very straight,
and spinelike. The smaller setae in townsendi
are hair-like. Palaeococcus plucheae (Cockerell)
may be a synonym of this species according to
Morrison (1928). Note: the cicatrices (one
large and two lateral smaller circulus-like
structures on the abdominal venter of some
Margarodids) and the vulvar area are both
drawn up into the marsupial invagination in
specimens of Steatococcus.

Morrison, H., 1928: U.S. Dep. Agric. Tech.
Bull. 52:1-239.
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Genus Stomacoccus Ferris, 1917

Number of world species: 2.
Number of United States species: 2.

Key to the species: Ferris, G. F., 1941: Microentomol. 6(1):29-32.

Stomacoccus platani Ferris, 1917
sycamore scale

Fig. 32, Color Plates 21-23

Field Characteristics: Sedentary nymphal
stage up to 1.5 mm long; adult female 2.0 mm
long. An infestation is recognized by the
yellow or brown necrotic spots which first
appear on the young leaves in early spring
(see Color Plate 23). If the undersides of these
spotted leaves are examined, the egg-like yel-
lowish preadult females or their empty cast
skins will be seen (Color Plate 22, 23). Adult
forms are yellowish and greatly resemble
thrips nymphs.

Biology: Adults migrate from the bark to the
leaves in spring. As many as 9 yearly genera-
tions have been recorded, including the leaf
and bark generations. Summer development
occurs on the leaves through three to five
generations. At certain times of the year, the
scales also develop on the bark where they
produce large amounts of cottony wax. The
above biological information summarized
from Brown & Eads (1965) and Hamilton
(1977). For a thorough study on thelife history
and ecology of this species, see Calderwood
(1945).

Similar Species: Adults resemble thrips
nymphs; immature stages resemble insect
eggs. However, injury symptoms caused by
this scale on the host should identify it.
Hosts: Native and introduced sycamores in
the genus Platanus.

Economic Importance: A serious pest of or-
namental sycamores; control is sometimes
necessary. For information on economicim-

portance and control, see Brown & Eads
(1965) and Hamilton (1977). Injury consists of
unsightly spotted and deformed leaves and
premature leaf drop.

Distribution: Throughout California.
Diagnosis: The illustrations indicate the im-
portant distinguishing characteristics of this
species. S. platani is the only cyst-forming
California margarodid which always has
mouth parts in the adult female. The mor-
phology, host plant restrictions, and field
characters identify this species in California.
Stomacoccus capsulatus Ferris on Platanus from
southern Arizona is similar but differs par-
ticularly in having 20 or more tarsal claw
digitules instead of the 6 to 12 digitules found
in S. platani.

Brown, L. R. and C.O. Eads, 1965b: Calif.
Agric. Exp. Stn. Bull. 818:1-38.

Calderwood, M. M., 1945: Unpubl. Master’s
Thesis, Stanford University.

Ferris, G. F., 1941: Microentomol. 6(1):29-32.

Hamilton, D., 1977: Univ. Calif. Div. Agric.
Sci. Leafl. No. 2545:1-2.

Smith, R. H., 1941: Proc. West. Shade-tree
Conf. 8:30-39.

Smith, R. H., 1944: Arborist’'s News 9:9-15.

Smith, R. H., 1945: Pac. Coast Nurseryman
3:7,8,13.
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Genus Xylococculus Morrison, 1927

Number of world species: 4.
Number of United States species: 4.

Key to the species: Florence, L., 1917: Ann. Entomol. Soc. Am. 10:147-166.

Xylococculus betulae (Pergande), 1898
birch margarodid

Fig. 33, Color Plates 24-26

Other Common Names:

alder scale.
Synonymy: Xylococculus betulae Pergande,
Xylococcus alni Florence, Xylococculus alni
(Florence). Note: Xylococculus alni Oguma is a
distinct species known only from Japan.
Field Characteristics: Essentially identical to
X. quercus in all respects except hosts. See
Field Characteristics under X. quercus.
Biology: Apparently similar to that of X.
quercus. For information on the biology of
betulae in the eastern states, see Hubbard &
Pergande (1898).
Similar Species: Identical to X. quercus in the
field.
Hosts: Birch, beech, willow, and alder. Essig
(1934) also lists it from prune in the Santa
Clara Valley.
EconomicImportance: Caninjureandreduce
the quality of beech trees grown for lumber in
the northeastern United States. For more in-
formation, see Shigo (1962) and Hepting
(1971). Very rare and non-economic in Cali-
fornia.
Distribution: The species as it is now under-
stood occurs in Santa Clara and Del Norte
Counties in California, in Washington, and in
the north-eastern United States. The actual
distribution of this species in California is not
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known because of the current taxonomic sta-
tus of the group.

Diagnosis: The taxonomic status of this spe-
cies is confused. Xylococculus alni (Florence)
was considered a synonym of this species by
Ferris (1919) and X. quercus may also be a
synonym of it according to Ferris (1920). The
separating morphological characteristics
listed by Florence (1917) are not reliable, and
these species cannot be separated morpho-
logically. An illustration of X. quercus is pro-
vided here which will be adequate for recog-
nition of this species until the status of the
complex can be straightened out.

Essig, E.O., 1934: Pan-Pacif. Entomol. 10(1):44.

Ferris, G. F.,1919a: Can. Entomol. 51:108-113.

Ferris, G. F., 1920: Stanford Univ. Publ., Univ.
Ser., Biol. Sci. 1:1-57.

Florence, L., 1917: Ann. Entomol. Soc. Am.
10:147-166.

Hepting, G. H., 1971: U.S. Dep. Agric. For.
Serv. Agric. Handb. 386:1-658.

Hubbard, H.G. and T. Pergande, 1898: U.S. Dep.
Agric. Div. Entomol. Bull. (n.s.) 18:13-26.

Shigo, A. L., 1962: U.S. For. Serv. Northeast
For. Exp. Stn. Pap. 168:1-13.
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Xylococculus macrocarpae (Coleman), 1908
incense cedar scale

Figs. 34-39, Color Plates 27-30

Other Common Names:

cypress xylococcus.
Synonymy:

Xylococcus macrocarpae Coleman.
Field Characteristics: Length of preadult
stage to 4.0 mm; adult females up to 7.0 mm.
Preadult females dark red with chitonized
posterior areas brown. Adults brownish with
lighter appendages. The presence of this scale
is noticeable on the host, but it is difficult to
find. The bark of the trunk and larger
branches exhibits a blackish appearance
caused by sooty mold, along with mealy white
wax produced by previous generations of
scales. Preadult females will be found only by
peeling back layers of loose bark. Adult fe-
males occasionally will be found wandering
about on the bark or forming an immobile egg
laying stage (Color Plate 30) on the needles.
Biology: Adult females most commonly col-
lected in April and May. Has one generation
per year. The biology has been thoroughly
studied by Tate (1986) and Tate et al. (1990).
Similar Species: The cypress bark mealybug
(Ehrhornia cupressi) resembles the preadult fe-
males, but is normally found on cypress in
urban areas. Other species of Xyloccculus and
species of Matsucoccus are similar in shape,
but have different hosts.
Hosts: Incense cedar, Monterey cypress,
Juniperus scopularum, Cupressus sargentii.
Economic Importance: Causes host trees to
be debilitated and unsightly in appearance.
Young trees growing in shaded locations
seem to be most affected. For more informa-
tion see Salman (1933). For information on
natural enemies see Beardsley & Gordh (1988)

and Tate et al. (1990).

Distribution: Throughout California wher-
ever native incense cedar and Monterey cy-
press are found. Seems to be restricted to
stands of native trees and normally is not
found in urban areas. AlsooccursinUtahand
probably other western states.

Diagnosis: Descriptions, photographs, and
keys of three of the four known North Ameri-
can species are given by Florence (1917). Keys
to the three species are based on various stage
nymphs. Although much larger in size, adult
females of X. macrocarpaeresemble some of the
larger species of Matsucoccus and Pityococcus
morphologically. Xylococculus has atrial spi-
racular pores and thoracic spiracles some-
what larger than the abdominal spiracles. Im-
mature males of Xylococculus have legs and
resemble adult female Matsucoccus, but they
are distinguishable because the males have
spiracular atrial pores and novulva. Itshould
be noted that the presence or absence of dorsal
abdominal multilocular pores is a variable
characteristic of this species.

Beardsley, ].W., Jr. and G. Gordh, 1988: Proc.
Hawaiian Entomol. Soc. 28:161-168.

Florence, L., 1917: Ann. Entomol. Soc. Am.
10:147-166.

Salman, K. A,, 1933: Calif. Dep. Agric. Mon.
Bull. 22(2-3):132.

Tate, S.M., 1986: Unpublished Master’s thesis.
Univ. Calif. Berkeley. 71 pp.

Tate, S.M. et al, 1990: Hilgardia 58(2):1-19.
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Xylococculus quercus (Ehrhorn), 1900
oak xylococcus scale

Fig. 40, Color Plates 31-33

Synonymy:

Xylococcus quercus Ehrhorn.
Field Characteristics: Adult females 4 to 10
mim long; elongate-oval; dull reddish brown;
covered with a thin layer of white mealy wax,
resembling large, dark-colored mealybugs.
Adult females imbedded in cells in cracks in
the bark, although the females leave the
nymphal cells and wander about prior to ovi-
position. Immature stages, except for the
crawlers, arelegless. Immatureslivein waxen
cells formed in cracks between layers of bark.
Nymphs crimson; surrounded by white cot-
tony wax secretions. The nymphs produce a
single long waxen tube up to 1/2 inch long
which extends outward at right angles to the
surface of the bark (Color Plate 25). The pur-
pose of the waxen tube is probably for the
removal of honeydew away from the opening
to the nymphal cell and from the surrounding
bark surface.
Biology: Infests trunk and older branches;
presence may be indicated by long, thin, white
wax filaments which issue from the cracks in
thebark. Apparently one generation per year.
Males active in autumn; females overwinter
and produce eggs during winter and spring.
For more information, see Florence (1917).
Similar Species: Other species of Xylococcu-
lus are similar, particularly X. betulae. X.
macrocarpae is similar but prefers conifers,
while this species prefers hardwoods. Re-
sembles the mealybug groups in appearance,
but much larger.
Hosts: Prefers canyon oak (Quercus chrysole-
pis), but is known from at least one other oak
species and possibly also from chestnut (Cas-

tanea). See comments under Diagnosis.
Economic Importance: None.

Distribution: Known primarily from the San
Francisco Bay area; collected by Ehrhorn and
Florence in Permanente Creek and Stevens
Creek Canyons in Santa Clara County and in
other scattered locations in the coast range
nearby. A heavy infestation was discovered
on the trunks of several large valley oaks at
Lodi, San Joaquin County in 1981. Other
collections, not definitely determined to spe-
cies, indicate that the species may be widely
distributed in central and northern California.
Rare and localized in areas where it occurs.
Diagnosis: Host preferences and the mor-
phological illustrations provided will aid in
recognition. Ferris (1919a) questions the va-
lidity of the species. It is Ferris’ opinion, as
well as this author’s opinion, that X. quercus is
probably a synonym of X. betulae. These two
species, based on less than ample numbers of
specimens, cannot be separated morphologi-
cally although further studies of other life
stages, particularly crawlers and adult males,
may prove valuable in solving these prob-
lems. Florence’s (1917) key to the species does
not appear to be an adequate means of sepa-
rating the species. This information, plus the
records of this species on oak and the records
of X. betulae on birch, beech, alder, and prune,
indicate that only one polyphagous species
may exist.

Ferris, G.F.,1919a: Can. Entomol. 51:108-113.
Florence, L., 1917: Ann. Entomol. Soc. Am.
10:147-166.
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Fig. 18: Desmococcus captivus McKenzie.
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Fig. 19: Icerya purchasi Maskell.
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Fig. 20: Kuwania quercus (Kuwana). A. nymph. B. adult female.
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Fig. 21: Margarodes meridionalis Morrison.
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Fig. 22: Matsucoccus acalyptus Herbert. A. nymph. B. adult female.
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Fig. 23: Matsucoccus bisetosus Morrison.
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Fig. 24: Matsucoccus californicus Morrison.
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Fig. 25: Matsucoccus fasciculensis Herbert. A. nymph. B. adult female.
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Fig. 26: Matsucoccus monophyllae McKenzie.
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Fig. 27: Matsucoccus paucicicatrices Morrison. A. nymph. B. adult female.
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Fig. 28: Matsucoccus secretus Morrison.
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Fig. 29: Pityococcus deleoni McKenzie.
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Fig. 30: Pityococcus ferrisi McKenzie. A. nymph. B. adult female.
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Fig. 31: Steatococcus townsendi (Cockerell).
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Fig. 32: Stomacoccus platani Ferris.
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Fig. 33: Xylococculus betulae (Pergande). A. adult female. B, C. nymphs.
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Fig. 34: Xylococculus macrocarpae (Coleman), adult female.
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Fig. 35: Xylococculus macrocarpae (Coleman), first and second instar females:
A. Crawler. B. Settled crawler. C. Second instar.
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Xylococculus macrocarpae (Coleman), third

Fig. 36
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Fig. 37: Xylococculus macrocarpae (Coleman), second and third instar males:
A. Second instar. B. Prepupa.
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Fig. 38: Xylococculus macrocarpae (Coleman), pupal male.
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Fig. 39: Xylococculus macrocarpae (Coleman), adult male.
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Fig. 40: Xylococculus quercus (Ehrhorn).
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ensign scales
Color Plates 34-42

This family contains only five genera, two of which occur in California. The flag-like ovisac
of the females is responsible for the common name “ensign scale.” The characteristics of the
California species are typical of the group and should allow easy recognition to family level.

Field Characteristics: The distinctive features of the group are the dorsal and marginal white
wax plates arranged in various patterns; the large, slightly-flattened eggsac, which may reach
wellover twice the length of thebody; and thelong appendages. Nymphs arenormally similar
to the adults but lack the ovisac. Unlike most other scale insects which form an ovisac, the
ensign scales are capable of carrying the ovisac around with them. Species or genera may be
recognized in the field in certain circumstances, particularly if one is aware of host plant
preferences of the various species. The following field key utilizes this concept:

Field Key to California Ortheziidae

1. With triangle-shaped wax plates on median areas of the three thoracic segments (the two

species cannot be field identified) ColorPlate34 . . . .. ... .. ... .. Arctorthezia
— With transverse, elongate wax plates on median areas of the three thoracic segments
(Orthezia), Color Plates 35-42 . . . . . . . . . . e e e e e e e 2
2. Much of dorsum devoid of wax plates except along midline and along body margin, the
brownish or purplish body readily visible between the wax plates . . . ... ... ... 3
— Dorsum usually completely covered by wax plates . . . ... ... ............ 4
3. Host plants usually subtropical ornamentals . . . ... ... ...... Orthezia insignis
— Hosts usually grasses . . ... ........... Orthezia graminis-monticola complex

4. Species found on the following hosts:

a. Atriplex . . . . ... e Orthezia annae
b. Artemisia . . . . . . . .. .. e Orthezia artemisiae
C. Sarcobatus. . . . . . .. e e e e Orthezia sarcobati
c. Rubus. . .. ... . . . e Orthezia newcomberi

Similar Species: Cottonycushion scale (Icerya purchasi) and other large margarodids and
mealybug genera such as Puto and Nipaecoccus are all similar in field appearance.

Hosts: In California this family feeds primarily on native hosts. See individual species
accounts. Oneintroduced species, Orthezia insignis, feeds on a widerange of ornamental hosts.
Economic Importance: One or two speciesin the family worldwide occasionally causeinjury.
Only one species with economic potential, Orthezia insignis, occurs in California. See
comments under that species.

Distribution: Members of the group are rarely collected in California because they occur
mostly in areas of extensive native vegetation rather thanin cultivated areas, because they are
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secretive in habit and because several species are found most often on roots, in ant nests or
under rocks.

Representatives of the family can be found throughout the state, although some species are
restricted in their range. Many species occur in the southwestern United States, and while
most of them have not yet been recorded from California some of them may be found here
eventually. For example, Orthezia sarcobati Morrison has been recorded from Beatty, Nevada,
about 10 miles from the California border. It probably occurs in the Death Valley area.

Diagnosis: Ortheziids are separated from other scale families because they have abdominal
spiracles, a well-developed anal ring with pores and setae, and stalked eyes. Margarodids
have abdominal spiracles but have a simple anal ring with no pores or setae and the eyes are
not stalked.

Morrison (1925, 1952) has done much toward furthering our knowledge of this group
worldwide. However, our understanding of some of the forms known from the southwest is
still inadequate. The range of variation between species is not known at this time, partly
because they are so seldom collected, and the actual significance of some morphological
characters used by Morrison, such as sclerotization of the median areas of the head and the
number of spiracles, may require re-evaluation. Sense organs of the ortheziid antennae have

been thoroughly studied by Rosciszewska (1989). The morphology of theadult males has been
studied by Koteja (1986).

The ortheziids are hard to work with because the derm is usually so thoroughly covered with
spines that other important structures are difficult to discern. Also it is difficult to obtain
quality slide preparations of these insects.

The wax plates should be removed from specimens either by carefully manipulating them
with spatulas or by placing specimens for a time in xylene before they are placed in KOH,
Essig’s aphid fluid or other clearing reagents. THF is not an adequate wax solvent for these
species and the wax must be removed before they are cleared. If the wax is left on the

specimens during clearing, it greatly interferes with this process and the wax becomes much
more difficult to remove.

A checklist and key to the California species, their host plants, distribution, and illustrations
are given, but only two species, Orthezia annae and O. insignis, are dealt with in detail. For
further information on morphology, distribution, and host plants, see Morrison (1925, 1952).
The two papers by Morrison are extremely useful when studying the ortheziids, and it is
necessary to have both papers in hand when working on ortheziid identifications.

Koteja, J., 1986: Polskie Pismo Entomol. 56:323-374.

Morrison, H., 1925: J. Agric. Res. 30(2):97-154.

Morrison, H., 1952: U.S. Dep. Agric. Tech. Bull. 1052:1-180.
Rosciszewska, M., 1989: Acta. Biolog. Cracoviensia Ser. Zool. 31:1-17.
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Morphological Key to California Ortheziidae

1. Median dorsal thoracic spine clusters triangular; with a pore band within the opening of

the thoracicspiracles. . . . . . . o oo i vt i 2
— Median thoracic spine clusters transverse; without a pore band in the opening of the

thoracic spiracles. . . . . . . . oo oot e 3
2. Dorsal marginal pores arranged in circular groups. . . . Arctorthezia pseudoccidentalis
— Dorsal marginal pores not arranged in circular groups . . . . Arctorthezia occidentalis
3. Dorsal spine clusters reduced to narrow bands on median and submarginal areas . . 4
— Dorsal spine clusters usually little reduced, completely covering dorsum . . . . . .. 5
4. Spines completely absent within the ovisacband. . . . . .. ... ... Orthezia insignis
— With 4-6 rows of spines within the ovisacband. . . . . .. ... ... Orthezia graminis
5. Median area of head with asclerotizedband. . . . . . ... ................ 6
— Median area of head without sclerotization . . . . . ... ................. 7
6. With seven abdominal spiracles . . . . ... ............. Orthezia artemisiae
— With eight abdominal spiracles . . . . ... ............... Orthezia sarcobati

7. Spines in spine collar around thoracic spiracle opening much shorter than other body
SPINES . . . . . Orthezia annae
— Spines in spine collar around thoracic spiracles about the same length as body spines
....................................... Orthezia newcomberi

CALIFORNIA SPECIES OF ORTHEZIIDAE

Genus Arctorthezia Cockerell, 1902

Number of North American species: 3.

Arctorthezia occidentalis (Douglas), 1891
western ensign scale

Fig. 41, Color Plate 34
Synonymy: Hosts: Mostly grass roots; also Eriophyllum.
Orthezia californica Ehrhorn, Orthezia oc- Distribution: Western United States; com-
cidentalis Douglas. mon in San Francisco Bay area.
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Arctorthezia pseudoccidentalis Morrison, 1952
subterranean ensign scale

Fig. 42

Hosts: Grass roots, duff; frequently found
under rocks.

Distribution: Western United States; com-

mon in the coast range north of San Francisco
to Trinity County; also in the Sierra Nevada
and in San Bernardino County.

Genus Orthezia Bosc D’Antic, 1784

Number of world species: Approximately 51.

Number of North American species: 24.

Key to the world species: Morrison (1925 and 1952).

Orthezia annae Cockerell, 1893
atriplex ensign scale

Fig. 43, Color Plates 35, 36

Field Characteristics: Pure white to greyish;
body 2.5 to 3.0 mm long; total length with
ovisac to 8.0 mm. Dorsal surface and margins
densely covered by wax plates. The ovisacin
many individuals curls upward as it gets
longer.

Biology: Unknown.

Similar Species: Cottonycushion scale and
various species of ortheziids.

Hosts: Shad scales (Atriplex) and other plants
in the Chenopodiaceae.

Economic Importance: A native speciesof no
economic significance due to its restricted

host preferences. A rather unusual outbreak
of this species occurred on Atriplex in the Palo
Verde Valley of Riverside County in 1967,
possibly as a result of pesticide applications
for pink bollworm on cotton.

Distribution: Very common on Atriplex from
the southern San Joaquin Valley south to
Mexico and east to Texas.

Diagnosis: The lack of sclerotization on the
dorso-medial area of the head, the reduced
spines around the openings of the thoracic
spiracles and the six-segmented antennae of
the nymphs distinguish this species.

Orthezia artemisiae Cockerell, 1898
artemisia ensign scale

Fig. 44, Color Plates 37, 38

Other Common Names: sage orthezia.
Hosts: Primarily Artemisia.
Distribution: Southern California, Modoc

County, Lassen County, Washington, Idaho, Furniss, M. M. and W. F. Barr, 1975: U.S. For.

New Mexico (see Furniss & Barr, 1975).
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Orthezia graminis Tinsley, 1898
grass ensign scale

Hosts: Grasses.

Distribution: Recorded from Lancaster, Los
Angeles County (See Diagnosis).

Diagnosis: Ferris (1919a) lists graminis from
Lancaster in the desert area of Los Angeles
County. However, his specimens have been
examined and they are much closer morpho-
logically to Orthezia monticola Cockerell than
to graminis. Therefore, these ortheziids will be
referred to here as the graminis-monticola com-
plex until their true identity can be ascer-
tained. A morphological illustration will not

be provided because of the uncertainty of the
specificidentification. Specimensin this com-
plex are also known from Westgaard Pass,
Inyo County.

Ferris, G. F., 1919a: A contribution to the
knowledge of the Coccidae of the south-
western United States. Stanford Univ.
Publ., Univ. Ser. 68 pp.

Orthezia insignis Brown, 1887
greenhouse orthezia

Fig. 45, Color Plate 39

Other Common Names:

Kew bug, lantana bug, marsupial coccid,

lantana blight.
Field Characteristics: Body to 1.25 mm long;
total length including ovisac 3.0 mm. One of
the smallest of the California ensign scales.
Distinct from most other California ensign
scales because large areas of the dorsum are
free of wax plates. Thus the dark-brown body
can be seen, giving the species a bicolored
appearance. Dorsal white wax is restricted to
amarginal fringe and a band running length-
wise along the back.
Biology: Apparently unknown in California.
According to Epila (1986a), has multiple
yearly generations in Africa. Forinformation
on general biology, feeding behavior and
methods of infestation see Epila (1986b) and
Ezzat (1956).
Similar Species: Adults of this species re-
semble other ensign scales but other Califor-
nia species have the dorsum almost com-
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pletely covered by wax plates. Orthezia nig-
rocincta Cockerell, O. monticolaCockerell from
New Mexico, and O. pseudinsignis Morrison
from Mexico and South Americaaresimilar to
O. insignis in that the dorsum is largely free of
wax plates, but they do not occur in Califor-
nia. O. graminis Tinsley has two longitudinal
dorsal bands which are free of wax, but these
bands are much narrower than those of
insignis. Immature ensign scales resemble
mealybugs and putoids.

Hosts: Prefers Lantana in California. Also
attacks Citrus and a number of ornamental
hosts. For a host list, see Merrill (1953) and
Essig (1958).

Economic Importance: Has been a serious
pest in greenhouses in various parts of the
world. A pest of importance outdoors in
some tropical countries. Thus far nota serious
pest in California. For more information, see
Zimmerman (1948).

Distribution: Found outdoors along the coast
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from San Diego north to Santa Barbara. Has
been found throughout the state on indoor
ornamental plants. Elsewhere, found almost
worldwide on greenhouse plants; tropicopo-
litan outdoors.

Diagnosis: The reduced spine pattern on the
dorsum, lack of spine bands inside the ovisac
band, small size, and host plant preference
distinguish this species. Orthezia nigrocincta
from New Mexico has reduced dorsal spine
bands, but has spine bands ventrally within
the ovisac spine band. O. pseudinsignis from
Mexico and South America is identical to O.
insignis but the derm is heavily sclerotized on
the median areas of the head and thorax.

FAMILY ORTHEZIIDAE

Epila, J. S. O., 1986a: Insect Sci. Applic. 7:53-
59.

Epila, ]. S. O., 1986b: Insect Sci. Applic. 7:61-
67.

Essig, E. O., 1958: Insects and Mites of West-
ern North America. The MacMillan Co.,
New York. 1050 pp.

Ezzat, Y. M., 1956: Bull. Entomol. Soc. Egypte
40:415-431.

Merrill, G. B., 1953: Fla. State Plant Board Bull.
1:1-143.

Zimmerman, E. C., 1948: Insects of Hawaii,
Vol. 5, Homoptera: Sternorrhynca. Univ.
Hawaii Press, Honolulu. 464 pp.

Orthezia newcomberi* Morrison, 1952
Newcomber’s ensign scale

Fig. 46, Color Plate 40, 41

Hosts: Caneberries (Rubus).
Distribution: Sacramento Valley.
*Actual California identifications are in

doubt. They have been labeled as “probably

this species” by Harold Morrison.

Orthezia sarcobati Morrison, 1952
sarcobatis ensign scale

Fig. 47, Color Plate 42

Hosts: Sarcobatus.

Patrick, Washoe County, Nevada; Arizona;

Distribution: Death Valley and east of the Utah. California localities are only probable,
Sierra Nevada, California; Beatty, Clark as yet not officially collected in the State.

County, Topaz Lake, Douglas County, and
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Fig. 41: Arctorthezia occidentalis (Douglas).
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Fig. 42: Arctorthezia pseudoccidentalis Morrison.
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