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ABSTRACT 

The scale insects or coccoids are morphologically specialized plant parasites that mostly 
either live under a protective cover derived from their waxy secretions and/or old 
exuviae or live concealed by plant tissue, including within galls of a diversity of forms. 
Out of more than 7,000 described species of scale insects, about 230 species (or about 
280 if undescribed taxa are included) induce galls that range in complexity from simple 
pits and foliage distortions to woody, enclosed structures of elaborate morphology. 
Only 10 of the twenty or more families of scale insects induce galls and the highest 
proportion of galling taxa (approximately 45 percent of described species and 57 percent 
of recognized species) belong to the Eriococcidae. Almost all eriococcid gallers occur in 
Australia, where their major host-plant family is Myrtaceae. Gall-inducing 
Pseudococcidae have radiated in Hawaii. For other coccoid families, the gall-inducing 
taxa are scattered among diverse genera and show no particular patterns of distribution 
or host use except that gallicolous Lecanodiaspididae are most common in Australia. 

Just over 50 percent of gall-inducing scale insects (about 140 described plus 
undescribed species) induce covering galls, in which the insect is enclosed by plant 
tissue except for a small orifice through which phloem feeders can eliminate honeydew 
and females can mate and subsequently release their offspring. Almost all eriococcid 
galls are of this type. The second most common gall type is the pit gall. Pits are induced 
by over 70 species (almost 30 percent of total coccoid galls), including most gall-induc­
ing Asterolecaniidae and Lecanodiaspididae, more than a third of the galling 
Diaspididae, a few Eriococcidae and one species of Pseudococcidae. Pouch galls, only 
about 3 percent of the total coccoid galls, are induced by just a few Diaspididae and 
Pseudococcidae. Blister galls are characteristic of less than 5 percent of the gall-induc­
ing species, including a few Australian eriococcid genera, two species for each of the 
Diaspididae and Margarodidae, and one species of Asterolecaniidae. Rosette or bud 
galls are induced by the feeding of a few Beesoniidae, Eriococcidae, and Kermesidae 
and account for less than 7 percent of the galls of the gallicolous coccoids, although 
there may be numerous undescribed beesoniid galls of this type. Roll and fold galls are 
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induced by about 7 percent of the gall-inducing coccoid species, namely a few species 
of Diaspididae, Eriococcidae, and Pseudococcidae. 

The male coccoids of species whose females induce galls exhibit one of three life 
cycle strategies: either they do not induce galls, or they feed and develop in the mater­
nal gall, or they induce a gall of their own. For gall-inducing males, the morphology of 
the gall may be similar to that of the conspecific female or it may be very different. 
Sexually dimorphic galls characterize at least one species of Asterolecaniidae, one 
genus of Diaspididae, and six genera of Eriococcidae. 

Adult female and adult male scale insects display a number of morphological adapta­
tions to gall life. Females commonly have reduced appendages, sensory structures and 
body secretions, as well as modifications of body form to fit within or plug the gall cavity. 
In contrast, the major modification of male body form is an elongated abdomen or elon­
gate genitalia to allow the male to impregnate the female within her gall, often via a tiny 
gall orifice. 

Gall induction by scale insects begins only after insertion of the threadlike mouthparts 
(the stylets), not at oviposition. The stimulus for gall induction in scale insects appears to 
be transferred to the host plant in the insect's saliva during stylet feeding, but the chemical(s) 
or other agents responsible remain unknown. The galling habit has evolved independently 
multiple times within most families of Coccoidea, and at least four times within the Aus­
tralian Eriococcidae. 

INTRODUCTION 

Scale insects, the Coccoidea, are obligatory plant parasites that occur world­
wide except in polar regions. Many scale insects are important as pests of 
agriculture, horticulture, and forestry. They are mostly small (less than 5 
mm long), often cryptic in habit, and estimated to comprise more than 7,000 
species (Ben-Dov et al. 2003). They look very different from other hemipter­
ans because the adult females, which are most commonly encountered, 
often resemble outgrowths of the host plant with only the enlarged dorsum 
visible, or the body is hidden under wax and/or old exuviae or inside a 
gall. Indeed many characteristics of coccoids have been interpreted as adap­
tations to a sedentary life as plant parasites (Miller and Kosztarab 1979). 
The name 'scale insects' derives both from the frequent presence of a pro­
tective covering or 'scale' and from the appearance of many of the female 
insects themselves. Most species produce a waxy secretion that covers the 
body either as a structure detached from the body (a scale or test) or as a 
secretion that adheres to the body surface. Scale insects display remarkable 
diversity in genetic systems, for example, parthenogenesis, hermaphrodit­
ism, and paternal genome elimination, as well as diversity in chromosome 
number, sperm structure, and types of endosymbioses (Miller and Kosztarab 
1979, Cook et al. 2002, Normark 2003). 

Scale insects have been assigned variously to more than twenty families, 
but the family-level classification is controversial (Cullan and Kosztarab 
1997, Cook et al. 2002). Often the Coccoidea is divided into two major, 
informal groups, the archaeococcoids (or archaeococcids) and the 'advanced' 
scale insects or neococcoids (or neococcids). The neococcoids comprise the 
overwhelming majority of scale insect species and include almost all of the 
gall-inducing taxa. Representatives of one family of archaeococcoids 
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(Margarodidae) and nine families of neococcoids (Asterolecaniidae, 
Beesoniidae, Cerococcidae, Coccidae, Diaspididae, Eriococcidae, Kermesidae, 
Lecanodiaspididae, and Pseudococcidae) induce galls. For details of the 
classification, nomenclature, distribution, and host plants of scale insects 
consult the database ScaleNet (Ben-Dov et al. 2003). 

Scale insects exhibit sexual dimorphism, which is most pronounced in 
the adult stage (Fig. 1). Adult males are delicate, ephemeral insects that lack 
functional mouthparts and, although generally winged, are characterized 
by diptery and simplified wing venation. The wingless condition of adult 
females has been attributed to neoteny because of their nymph-like appear­
ance and because they have fewer instars compared with coccoid males and 
other stemorrhynchans (Danzig 1980, Koteja 1990). In contrast to adult males 
and most immature stages, the adult females are relatively long-lived, often 
for several months or, in a few species, for more than 1 yr (Cook and Gullan 
2002). They produce a variety of waxy secretions, including protective cov­
ers for the eggs, and many have highly modified bodies, especially among 
the gall-inducing taxa. Females either lay eggs (ovipary) into a secreted 
ovisac or a cavity under their body, or retain the eggs in the reproductive 
tract until they are ready to hatch (ovovivipary). 

Dispersal is accomplished by the highly mobile first-instar nymph, or 
crawler, which has relatively well-developed antennae and legs. Males have 
four and females have either two or three immature or nymphal instars. 
With few exceptions, nymphs of all stages feed actively, except those of the 
male penultimate and final immature stages, which are termed the meta­
morphic or the 'prepupal' and 'pupal' instars (Fig. 1). Scale insects generally 
feed from either the phloem or parenchyma and their host-plant associa­
tions range from monophagous to polyphagous. Phloem feeders usually 
produce copious liquid excreta, called honeydew, which attracts ants into 
facultative, and sometimes obligatory, interactions with the scale insects 
(Gullan and Kosztarab 1997). 

GALL STRUCTURAL DIVERSITY AND GALL INDUCTION 

There are many different classifications of gall types, but here we follow the 
empirical scheme, outlined by Dreger-Jauffret and Shorthouse (1992), that 
recognizes different modes of gall development, which are partly depen­
dent on the initial position of the gall inducer. In this scheme, the galls of 
scale insects can be categorized into six common types: covering, blister, pit, 
pouch, bud or rosette, and roll or fold galls. 

One of the commonest types is the covering gall (Table 1), in which the 
insect becomes enclosed within the gall, but has an opening (an ostiole or 
orifice) to the exterior. The first-instar scale insect settles on a leaf or stem 
and elicits strong hyperplasia (increase in number) and hypertrophy (increase 
in size) of the surrounding plant cells, which quickly grow over the 
developing nymph. There is usually considerable differentiation of the gall 
tissues as seen in the galls of many Eriococcidae, such as those of Apiomorpha, 
Ascelis, Cystococcus, and Opisthoscelis. Covering galls of males are usually 
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Fig. 1	 The developmental stages of Apiomorpha munita tereticornuta Gullan (Eriococcidae), 
which induces complex covering galls on Eucalyptus species in Australia. (a) First­
instar nymph or crawler; (b) second-instar male; (c) prepupal male; (d) pupal male; 
(e) adult male; (f) second-instar female; (g) adult female. Scale bars for (a) = 50 I!m, 
(b)-(f) =0.5 mm, (g) =1.0 mm. (Drawing by P.J.G.) 

tubular, the orifice being about the same width as the gall cavity, and the 
male simply backs out through the opening at the completion of development, 
Le., after adult eclosion. In covering galls of females, the orifice is often 
closed during nymphal development by a necrotic plug of plant tissue, 



Table I A summary of the genera and number of species of gail-inducing scale insects arranged by coccoid family with information on host-plants. 
distribution and gall types 

Family Genus Number of gall- Host family Host genus (no. Distribution 
inducing species gallicolous coccoid 

spp.) 

Asterolecaniidae Abditicoccus acaciae Fabaceae Acacia South Africa 
Asterolecaniidae Amorphococcus 2 Clusiaceae Mesua (1) Sri Lanka, 

Calophyllum (1) Singapore 
Asterolecaniidae Asterodiaspis about 7 Fagaceae Quercus Palearctic, 

Oriental 
Asterolecaniidae Asterolecanium about 19 Many families, each species on widespread, 

but each species 1 or few genera but 10 spp. 
only on 1 family in Australia 

Asterolecaniidae Bambusaspis cerifera Poaceae bamboo Sri Lanka 
Asterolecaniidae Endernia despoliata Fagaceae Quercus Russia 
Asterolecaniidae Frenchia 3 Proteaceae Banksia (1) Australia 

Casuarinaceae Allocasuarina or 
Casuarina (2) 

Asterolecaniidae Neoasterodiaspis castaneae Fagaceae Castanea China 
Asterolecaniidae Planchonia about 5 Polyphagous or Each species Palearctic 

on 1 family on 1 to many 
genera 

Asterolecaniidae Russellaspis 2 Polyphagous widespread, 
South Africa 

Beesoniidae Beesonia 3 Dipterocarpaceae Dipterocarpus (1) Myanmar, China, 
or Fagaceae or Shorea (1), Japan, Korea, 

Quercus or Nepal, Singapore 
Castanopsis (1) 

Gall type of 
female (no. spp.) 

blister, on twig 
covering gall on 
stem, or leaf fold 
pit 

pit on bark 
(12) or leaf (7) 

pit on leaf 
pit on branch 
complex leaf gall 
(1) or stem 
covering gall (2) 

pit on bark 
shallow pit 

shallow pit 

Gall type of 
male (no. spp.) 

male unknown 
male unknown 

no gall 

no gall 

male unknown 
no gall 
no gall (1), 
tubular stem 
gall (1), 
unknown (1) 
male unknown 
no gall 

no gall 
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<.r> 
It 
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pit (1) or covering no gall, or none 0: 
ro

gall (2) on twig known .eo. 

(Contd.) ... 
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Family Genus Number of gall- Host family Host genus (no. Distribution Gall type of Gall type of 
inducing species gallicolous coccoid female (no. spp.) male (no. spp.) 

spp.) 

Beesoniidae Echinogalla 2 (1 described) Dipterocarpaceae Shorea Malaysia echinate bud gall within maternal 

Beesoniidae Gallacoccus 4 Dipterocarpaceae Shorea Malaysia, 
on stem 
rosette or bud 

gall 
within maternal 

OJ
o' 
0" 

Singapore gall on foliage gall, or unknown ~ 
Beesoniidae Mangalorea hopeae Dipterocarpaceae Hopea India echinate rosette among spines of m 

n 
gall on stem maternal gall 0 

0" 
Cerococcidae Cerococcus gallicolus Euphorbiaceae Euphorbia Madagascar stem gall? unknown ~ 
Coccidae Cissococcus fulleri Vitaceae Cissus South Africa covering gall no gall OJ 

:J 

Coccidae Coccus resinatum Asteraceae Baccharis Chile stem gall male unknown CL 
m 

Coccidae Ctenochiton 3 Polyphagous Many genera (1) New Zealand leaf pit no pit Q. 
Proteaceae 
Apiaceae 

Toronia (1) 
Pseudopanax (1) 

!'i.
o' 
:J 

Diaspididae Abgrallaspis liriodendri Magnoliaceae Liriodendron United States leaf pit gall unknown S, 
Diaspididae Adiscodiaspis ericicola Ericaceae Erica Portugal stem swelling unknown () 

~ 
Diaspididae 
Diaspididae 
Diaspididae 
Diaspididae 
Diaspididae 

Adiscojiorinia 
Anastomoderma 
Aonidia 
Aonidiella 
Aspidiotus 

secreta 
palauensis 
loranthi 
taorensis 
3 

Malvaceae 
Verbenaceae 
Loranthaceae 
Euphorbiaceae 
Verbenaceae 
Acanthaceae 

Grewia 
Premna 
Loranthus 
Euphorbia 
Clerodendron (1) 
Strobilanthes (1) 

Sri Lanka 
Palau Islands 
Sri Lanka 
Canary Islands 
Taiwan 
Sri Lanka 

leaf pouch gall 
twig pit gall 
stem gall 
stem or leaf pit 
leaf fold (1), leaf 
pit (1) or abnor­

shallow pit 
unknown 
no gall 
no pit 
no gall 

T 
:J 
CL 
c 
Q. 
:J 

(JQ 

» 
;:+ 
:::r 
C3 

Polyphagous Many genera North Africa, mal leaves (1) "0 
0 

with distortion on Europe and ~ 

only a few (1) Australia 
Diaspididae Carulaspis visci Loranthaceae Viscum Palearctic leaf pit no gall 
Diaspididae Chionaspis salicis Salicaceae Alnus Central Europe bark pit no gall 

(Contd.) 
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Family Genus Number of gall- Host family Host genus (no. Distribution Gall type of Gall type of 
inducing species gallicolous coccoid female (no. spp.) male (no. spp.) 

spp.) 

Diaspididae Chrysomphalus fodiens Fabaceae Acacia Australia leaf pit no gall 
[) 
!!!.. 

Diaspididae Cryptophyllaspis 4 Globulariaceae Globularia (1) Canary Islands, leaf pouch gall (4) shallow pit or :I': 
:J 

Malvaceae Grewia (2) Madeira, Sri unknown CL 
c 

Apocynaceae Cerbera (1) Lanka, Papua n 
S' 

New Guinea 
()Q 

(J) 

Diaspididae Diaspidiotus 4 Lauraceae 
Hamamelidaceae 

Persea (1) 
Liquidambaris (1) 

Portugal 
United States 

leaf edge curl (1) 
or leaf pit (3) 

unknown, leaf 
pit, or no gall 

n 
OJ 
ro 

Zygophyllaceae Nitraria (2) Tunisia, Israel ~ ro 
Diaspididae Diaspis 2 Boraginaceae Cordia (1) Brazil eriophyid-like unknown or no n 

G1' 

Theaceae, Thea or Ficus (1) India leaf gall (1), or swelling I 
Moraceae twig swelling (1) ro 

3 
Diaspididae 
Diaspididae 

Dinaspis 
Discodiaspis 

taiwana 
gallamformans 

Lauraceae 
Zygophyllaceae 

Actinodaphne 
Zygophyllum 

Taiwan 
South Africa 

leaf margin roll unknown 
rounded twig gall unknown 

-0 
I'D 
Q) 

Diaspididae 
Diaspididae 
Diaspididae 
Diaspididae 
Diaspididae 
Diaspididae 

Dynaspidiotus 
Epidiaspis 
Emmereziaspis 
Lepidosaphes 
Leucaspis 
Maskellia 

britannicus 
leperii 
galliformens 
ulmi 
podocarpi 
globosa 

Liliaceae 
Rosaceae 
Rubiaceae 
Ericaceae 
Podocarpaceae 
Myrtaceae 

Smilax 
Pyrus 
Gaertnera 
Calluna 
Prumnopitys 
Eucalyptus 

France 
Central Europe 
Mauritius 
Central Europe 
New Zealand 
Australia 

leaf pit unknown 
deformed stem unknown 
leaf gall unknown 
swollen stem unknown 
leaf roll leaf roll 
twig covering gall leaf pouch gall 

(J) 

I'D 
3 
~ 
3­

"< 
:J 
n 
::J 
OJ 

Diaspididae Mauritiaspis 2 Euphorbiaceae Mallotus (1) Mauritius pouch gall (1) no gall or n 
0 

Diaspididae Melanaspis obscura 
Sapotaceae 
Fagaceae 

Mimusops (1) 
Quercus United States 

or leaf pit (1) 
shallow pit, 
distorted twig 

unknown 
no distortion 

n 
n 
0 
0: 
ro e 

Diaspididae Nudachaspis fodiens Loranthaceae Loranthus Sri Lanka leaf!stem blister no gall 
Diaspididae Parachionaspis galliformens Rubiaceae Hedyotis' Sri Lanka stem or midrib no gall 

blister 

(Contd.) 
CT\ 
U1 
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Family Genus Number of gall- Host family Host genus (no. Distribution Gall type of Gall type of 
inducing species gallicolous coccoid female (no. spp.) male (no. spp.) 

spp.) 

Diaspididae Poliaspis media Myrsinaceae Myrsine New Zealand leaf roll probably in 

Diaspididae Protodiasps cinchoniae 
Rubiaceae 
Rubiaceae 

Coprosma 
Cinchona Bolivia eriophyid-like 

female leaf roll 
unknown 

OJ
o' 
0" 

leaf gall ~ 
Diaspididae Thysanojiorinia nephelii Sapindaceae Nephelium 

(=Litchi) 
Australia, 
Taiwan, China 

leaf pit gall no gall m 
() 
0 
0" 

Diaspididae gen. nov. sp. nov. Fagaceae Lithocarpus Singapore witches'-broom unknown ~ 
Eriococcidae Aculeococcus 2 unknown or unknown (1) Brazil leaf covering gall unknown OJ 

:::> 

Lauraceae Cinnamomum?(1) China 0.. 
m 

Eriococcidae Apiomorpha c. 70 species Myrtaceae Eucalyptus Australia covering gall on covering gall on <
Q. 

Eriococcidae Asce/is 
(39 described) 
4 Myrtaceae Corymbia (2) Australia 

leaf or stem 
covering gall on 

leaf or stem 
within maternal 

cg. 
:::> 

Eucalyptus (1) leaf (3) or twig gall or male 8­
Melaleuca (1) (1) unknown Cl 

~ 
Eriococcidae 
Eriococcidae 

Atriplicia 
Callococcus 

gallicola 
leptospermi 

Amaranthaceae 
Myrtaceae 

Atriplex 
Leptospermum 

North America 
Australia 

leaf roll 
covering gall on 

unknown 
males within 

:::> 
0.. 
c 

Eriococcidae 
Eriococcidae 

Calycicoccus 
Capulinia 

merwei 
crateraformis 

Icacinaceae 
Myrtaceae 

Apodytes 
Eugenia 

South Africa 
Brazil 

twig 
leaf covering gall 
covering gall on 

maternal gall 
no gall 
male unknown 

Q. 
:::> 

O'<l 

» 
;:+ 
::0­

stem 0 
Eriococcidae Carpochloroides mexicanus Myrtaceae Eugenia Mexico covering gall on male unknown "D 

0 

petiole ~ 

Eriococcidae Casuarinaloma leaii Casuarinaceae Allocasuarina or Australia covering gall on males within 
Casuarina branchlet tip maternal gall 

Eriococcidae Cylindrococcus 2 Casuarinaceae Allocasuarina Australia rosette gall rosette gall 
Eriococcidae Cystococcus 3 (2 described) Myrtaceae Corymbia Australia woody covering males within 

gall on stem rnaternal gall 

(Contd.) 
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Family Genus Number of gall- Host family Host genus (no. Distribution Gall type of Gall type of 
inducing species gallicolous coccoid female (no. spp.) male (no. spp.) 

spp.) 

Eriococcidae Eremococcus 4+ (3 described, 1 Myrtaceae 
with 2 subsp.) 

Agonis (1) 
Leptospermum (2) 

Australia covering gall on 
leaf or stem 

males within 
maternal gall or 

CJ 
2.­.. 
S' 

unknown Q. 
c 

Eriococcidae Eriococcus 11 (10 described) Asteraceae Celmisia New Zealand (8 leaf (4) or stem old pit of female Q. 
:::J 

Ericaceae Erica spp.), Mongolia (1) pit, covering (1) or unknown ()Q 

Vl 

Escalloniaceae 
Fabaceae 

Carpodetus 
Olneya 

and Kazakhstan 
(1 sp.), Europe 

gall on cladode 
(1), leaf (2) or 

(10) n 
'" ro 

Nothofagaceae Nothofagus (1 sp.), southwest US twig (2) fold, ~ 
CD 

Loranthaceae Elytranthe (1 sp.) stem swelling (1) n 
[7 

Myrtaceae Metrosideros I 
Oleaceae Gymnelaea CD 

3 
Podocarpaceae 
Rubiaceae 

Phyllocladus 
Coprosma 

"D 
fD 
~ 

Tamaricaceae Tamarix Vl 

Eriococcidae 
Eriococcidae 

Eriococcidae 

Floracoccus 
Kuwanina 

Lachnodius 

elevans 
obscurata 

c. 14 (3 
described) 

Myrtaceae 
Myrtaceae? 

Myrtaceae 

Eucalyptus 
Eucalyptus? 

Eucalyptus 

Australia 
Australia 

Australia 

blister on bark unknown 
blister on bark gall not obser­

ved 
pit on leaf or twig pit until second 
(11 ?), covering instar 

fD 
3 
0;.. 
'< 

:::J 
n 
:::J'" 

'" 
Eriococcidae Madarococcus 2 (1 described) Nothofagaceae Nothofagus New Zealand, 

Australia 

(3?) 
pit or small pouch unknown 
on leaf 

n 
0 
n 
n 
0 
0: 

Eriococcidae N eotectococcus lectularius unknown unknown Brazil leaf covering gall tubular leaf gall 
CD e 

Eriococcidae Opisthoscelis c. 25 species (15 Myrtaceae Eucalyptus Australia covering gall on tubular leaf or 
described) leaf and/or twig stem gall 

Eriococcidae Pseudotectococcus anonae Annonaceae Annona Brazil covering gall on tubular leaf gall 
leaf ... 

(Contd.) 
a-. 
'I 
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Family Genus Number of gall- Host family Host genus (no. Distribution Gall type of Gall type of 
inducing species gallicolous coccoid female (no. spp.) male (no. spp.) 

spp.) 

Eriococcidae Sphaerococcopsis 4 Myrtaceae Eucalyptus Australia blister on bark blister gall until 

Eriococcidae "Sphaerococcus" I 2 (1 described) Myrtaceae Eucalyptus Australia blister on bark 
second instar 
male unknown 

ro 
o· 
0 

Eriococcidae "Sphaerococcus" II 8+ (5 described, Myrtaceae Kunzea (l?) Australia rosette or bud among bracts of ~ 
1 with 2 subsp.) Melaleuca (8) gall maternal gall, or m 

() 

unknown 0 
0 

Eriococcidae Stegococcus oleariae Asteraceae Olearia New Zealand leaf male unknown ~ 
Eriococcidae Teclococcus ovatus Myrtaceae Psidium Brazil covering gall on smaller than '"::J 

Kermesidae 
Kermesidae 

Fulbrightia 
Olliffiella 

gallicola 
cristicola 

Fagaceae 
Fagaceae 

Quercus 
Quercus 

China 
southwest US 

leaf 

rosette gall 
covering gall 

gall of female 

unknown 
unknown 

0.. 
m 
<
2.­
i'i­o· 

Kermesidae Reynvaania gallicola Fagaceae Quercus Indonesia rosette gall unknown ::J 

Lecanodiaspididae 
Lecanodiaspididae 
Lecanodiaspididae 

Brookesiella 
Gallinococcus 
Lecanodiaspis 

tuberans 
leptospermi 
9 (8 described) 

Fabaceae 
Myrtaceae 
Polyphagous 

Acacia 
Leptospermum 
Many genera (1) 

Australia 
Australia 
Australia (6 

swelling 
may not gall 
shallow or deep 

unknown 
unknown 
no gall or male 

~ 
CJ 
!':!....
S· 

Annonaceae 
Asteraceae 
Ericaceae 

Xylopia (1) 
Parthenium (1) 
Epacris (1) 

spp.), Brazil, 
Mexico, 
Singapore 

pit on leaf or stem unknown 
(8, also 2 induce 
twig swelling), 

0.. 
c 
():so 

OQ 

» 
Fabaceae Acacia (3) (l sp. each) twig distortion ;:+ 

::;,.-

Rutaceae Citrus (1) (1) (3 
""0 

Myrtaceae Eucalyptus (1) 0 
~ 

Lecanodiaspididae Prosopophora circularis unknown unknown China small pit no gall 
Lecanodiaspididae Stictacanthus azadirachtae Meliaceae Azadirachta Sri Lanka, pit unknown 

India, Indonesia 
Margarodidae A raucaricoccus queenslandicus Araucariaceae Araucaria Australia covering gall on male unknown 

stem 
Margarodidae Conifericoccus agathidis Araucariaceae Agathis Australia leaf blister leaf blister 

(Contd.) 
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Family Genus Number of gall-
inducing species 

Host family Host genus (no. Distribution 
gallicolous coccoid 
spp.) 

Gall type of 
female (no. spp.) 

Margarodidae Matsucoccus gallicolus Pinaceae Pinus North America bark blister 

Pseudococcidae 
Pseudococcidae 
Pseudococcidae 
Pseudococcidae 

Pseudococcidae 
Pseudococcidae 

Pseudococcidae 

Cataenococcus 
Eurycoccus 
Gallulacoccus 
Grewiacoccus 

Lantanacoccus 
Miconicoccus 

Nesopedronia 

gallicolus 
sternlichti 
tenorioi 
2 (1 described) 

sauroides 
ruebsaameni 

5 

unknown 
Fagaceae 
Myrtaceae 
Malvaceae 

Verbenaceae 
Melastomataceae 

Gleicheniaceae 
Dicksoniaceae 

unknown 
Quercus 
Metrosideros 
Grewia 

Lantana 
Miconia 

Dicranopteris (4) 
Cibotium (1) 

Madagascar 
Israel 
Hawaii 
South Africa, 
Zimbabwe 
Haiti, Jamaica 
Peru 

Hawaii 

twig gall 
twig gall 
leaf pouch 
leaf pouch 

leaf pit 
covering gall and 
stem swelling 
rolled pinnule (4) 
or rosette gall (1) 

Pseudococcidae Phylococcus ohauensis Urticaceae Urera Hawaii leaf gall 
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which is lost at female maturity, allowing copulatory access by the adult 
male and, later, the exit of the crawlers. Alternatively, the gall ostiole may 
be plugged by a modified and usually sclerotized part of the female's body, 
as in Cystococcus and Ascelis, or by exuviae and wax secretions as in 
gallicolous species of some other families. 

Blister-shaped galls occur in a few Australian eriococcid taxa such as 
Floracoccus, 5phaerococcopsis, Kuwanina obscurata (Maskell), and '5phaerococcus' 
pustulans Green, and in the margarodids Conifericoccus agathidis Brimblecombe 
and Matsucoccus gallicolus Morrison. Blister galls might be considered a kind 
of covering gall in which the upper gall surface is very thin, or they may be 
thought of as an extension of a pit gall in which the pit has been covered 
over by a thin layer of plant tissue. Pit galls occur when a slight depression 
is formed under the body of the insect and the cells surrounding it enlarge 
and/or increase in number. Pits usually occur either on leaves or stems. 
Such galls are typical of most gall-inducing asterolecaniids and 
lecanodiaspidids, several diaspidids, and a few eriococcids such as some 
species of Lachnodius. Pouch galls develop as a bulge of the leaf blade, 
forming an invaginated pouch on one side and a prominent bulge on the 
other. They are typical of certain gall-inducing psylloids but do occur in a 
few coccoids such as mealybugs of Gallulacoccus and Grewiacoccus 
(Pseudococcidae), and armored scales of Cryptophyllaspis (Diaspididae). Fre­
quently the top of the depression in pit galls or the opening in pouch galls is 
blocked by wax secretions, a scale cover, or exuviae, as in some diaspidids. 

Bud or rosette galls vary in complexity and cause enlargement of the bud 
or sometimes multiplication and miniaturization of new leaves, forming a 
gall that sometimes resembles a pinecone. The galls may be quite complex; 
for example, there may be a platform where the insect feeds. This type of 
gall is induced by at least one diaspidid, some beesoniids, a few eriococcids 
such as Cylindrococcus and a group of Melaleuca-galling '5phaerococcus' spe­
cies, and by the kermesids Fulbrightia and Reynvaania. 

Roll and fold galls occur when the feeding activities of the insect provoke 
differential growth of the plant tissue, resulting in rolled or twisted shoots, 
stems, or leaves that are often swollen. Such galls are induced by the feed­
ing effects of a few diaspidids, eriococcids, and pseudococcids. Sometimes 
the plant distortion is complex enough to completely enclose the body of 
the insect and does so.in a consistent manner (e.g., the asterolecaniid 
Amorphococcus mesuae Green). In other instances, it is so slight and so simple 
in nature that it hardly qualifies as a gall, especially in comparison to cover­
ing and rosette galls of many scale insects. 

Gall Induction and Growth 

Gall induction by scale insects occurs almost exclusively on actively grow­
ing plant tissue. One exception includes galls of males of some Apiomorpha 
species that develop exclusively on galls of adult females and, occasionally, 
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galls of males and females which sometimes develop on mature galls of 
other Apiamarpha females (Gullan 1984a, Cook et al. 2000). Another prob­
able exception is the armored scale Diaspidiatus liquidambaris (Kotinsky), 
which appears to initiate its leaf pit galls when the leaf is nearly mature 
(Larew 1990). Gall induction by scale insects begins only after insertion of 
the stylets (threadlike mandibles and maxillae), not at oviposition. 

The stimulus for gall induction in scale insects emanates from the saliva 
(Beardsley 1984, Parr 1939, 1940) but the exact mechanism(s) for induction 
and subsequent control of gall growth, especially in covering galls, is un­
known. Parr (1939) injected salivary gland extract of the margarodid 
Matsucaccus gal/icalus Morrison into the new growth of the pitch pine host 
and demonstrated that the stimulus for gall induction came from the saliva. 
Plants injected with the extract showed swelling and yellowing around the 
injection site, typical of the symptoms of gall induction for this species, 
whereas controls showed no such symptoms. In a series of additional 
experiments on the asterolecaniid Asteradiapsis varialasa (Ratzeburg), Parr 
(1940) produced gall-like swellings on host plants after injections of salivary 
extracts but not when the extracts were heated to 60°C. He inferred that 
salivary enzymes or enzyme-like substances control gall induction. 

The scale insect is in control of most aspects of gall induction. Death of 
the insect leads to cessation of gall growth, suggesting that growth is depen­
dent on continuing input from the insect (Anthony 1974b, Gullan 1981). In 
gall-inducing beesoniids and eriococcids at least, gall shape appears to be 
independent of the host-plant species and the host-plant organ on which the 
gall grows and is determined by the species and sex of the insect. Gall 
shapes are recognizably species-specific and structural complexity is often 
considerable, with the gall sometimes resembling a fruit or other organ not 
found on that host plant. 

The process of gall induction and development has been examined in 
very few coccoid taxa. The following paragraphs summarize what is known 
for different types of galls. Pit galls have been examined in two species of 
Diaspididae (Carulaspis visci (Schrank) and Diaspidiatus liquidambaris 
(Goidanich 1960, Larew 1990) and two species of Asterolecaniidae 
(Asteradiaspis varialasa and Planchania fimbriata (Boyer de Fonscolombe)) (Parr 
1940, Meyer 1987). These pit galls are characterized by cell hypertrophy and 
hyperplasia around the feeding insect, following apparent dedifferentiation 
of leaf tissue. Plant cells near the insertion of the stylets are usually small or 
they collapse, leading to the formation of a pit under the insect's body. In C. 
visci there is no distinctive nutritive region and the insect feeds from vascular 
bundles. In D. liquidambaris, however, the insect's stylets are associated with 
putative nutrient cells that are less vacuolate than nearby cells. The blister 
gall of Matsucaccus gal/icalus (Margarodidae) develops in a similar manner 
to the above pit galls except that the collenchyma that proliferates around 
the insect totally encloses it except for a small apical opening (Parr 1939). 
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Galls of Gallacoccus anthonyae Beardsley and G. secundus Beardsley 
(Beesoniidae) resemble shoot buds but are anomalous in that their growth is 
induced on the midrib (G. anthonyae), stipule (G. secundus) or petiole (both 
species) (Anthony 1974b, Rohfritsch and Anthony 1992, Takagi 2001). That 
is, the insect does not make use of an existing bud but initiates meristematic 
bud tissue de novo in a novel position-the leaf. Therefore, gall induction 
requires dedifferentiation of leaf tissue and a stimulus for the origin of a 
new bud meristem. The bud-gall meristems give rise only to scales, not true 
leaves, and are determinant in that only three scalelike leaves are produced 
in G. secundus and 24 in G. anthonyae. Growth of the gall is initiated proxi­
mal to the first-instar female, rather than beneath or around the nymph as 
occurs in most other gallicolous coccoids, and therefore the site of gall in­
duction is displaced from the site of stylet insertion. After molting, the 
second-instar female moves to a position under the first scale-like leaf. The 
female molts and moves again to its final feeding position at the base of one 
of the scale-like leaves within the gall. In both Gallacoccus species, the insect 
feeds from cortical parenchyma that is connected to vascular bundles by 
specialized tissue, supposedly to increase nutrient supplies. Male nymphs 
of both Gallacoccus species feed and mature within the maternal gall, whereas 
female nymphs disperse and initiate new galls. 

Galls of another beesoniid, Mangalorea hopeae Takagi, are initiated on 
young buds, rather than inducing bud-like galls de novo (Raman and Takagi 
1992). The bud does not differentiate normally but swells through prolifera­
tion of parenchyma, covering the female near its base. Epidermal and sub­
epidermal cells in the developing gall produce multicellular echinate spines 
surrounding the gall. The female feeds from parenchyma whereas her male 
offspring disperse amongst the spines of the gall and feed from phloem 
strands in the central column of the gall. 

The covering galls of Apiomorpha begin via the swelling of plant tissue to 
form a rim around the first-instar nymph, thus resembling the pit galls of 
diaspidids and asterolecaniids. In Apiomorpha, however, the growth contin­
ues until the nymph is completely enclosed about 4 wk after settling (Gullan 
1981, Cook and Cullan 2002) (Fig. 2). Within 1-2 wk of a male crawler of A. 
pileata (Schrader) settling on a leaf, cells beneath and around the nymph 
dedifferentiate, losing their chloroplasts, whereas the tissue on the opposite 
face of the leaf remains unaffected. Early gall growth involves increased cell 
division beneath and around the nymph. After the nymph is fully enclosed 
a necrotic plug forms by cytolysis in an arc of cells at the apex of the gall. 
The plug seals the gall until maturity when a larger opening forms. Early 
gall growth has not been examined for females of Apiomorpha but mature 
galls of females are among the most structurally complex of insect-induced 
plant galls, with well developed vascular bundles, sclerenchymal regions 
and secondary tissue (Kuster 1937). 

Feeding Sites 

During feeding, most plant-feeding hemipterans produce both a watery 
saliva that contains digestive enzymes, and a solidifying type of saliva that 
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forms a sheath around their stylets and leaves a permanent record of their 
feeding track (Figs 3 and 4). Stylet sheaths can be seen by sectioning plant 
tissues and thus stylet penetration in coccoids has been shown to be mostly 
intracellular, whereas the actual feeding site, that is, parenchyma, phloem, 
or xylem, varies among taxa (Parr 1940, Cullan 1981). Beardsley (1984) hy­
pothesized that short stylets, typical of most gall-inducing scale insects, 
indicated that the insects feed from nutrient-rich parenchyma cells rather 
than from phloem. In Apiomorpha, it is hypothesized that females are paren­
chyma feeders in their first two stadia and then become largely phloem 
feeders as adults (Cullan 1981). The stylets of young nymphs are too short 
to reach the vascular tissue and only adult females have been observed to 
produce the sugary honeydew that is indicative of phloem feeding. How­
ever, adult females of Apiomorpha have never been observed with their stylets 
inserted into gall tissues (Cullan 1981, L.G.c., unpublished data). Presum­
ably excision from the gall always disrupts feeding and causes rapid with­
drawal of the stylets. 

THE GALL-INDUCING TAXA OF SCALE INSECTS 

Approximately 230 named species of scale insects (280 if undescribed spe­
cies are included), or 3 percent of the described coccoid fauna (or 4 percent 
if undescribed galling species are included), induce galls on their host plants, 
although only 10 out of a total of at least 22 families of scale insects include 
some species that are gallicolous (Table 1). In seven of these 10 families, 
namely the Cerococcidae, Coccidae, Diaspididae, Kermesidae, 
Lecanodiaspididae, Margarodidae, and Pseudococcidae, very few species 
induce galls. In the Asterolecaniidae, there are about 40 gall-inducing spe­
cies, but the galls are mostly pits or depressions, distinct from the more 
complex galls of many other gallicolous scale insects. In the Beesoniidae 
and Eriococcidae a substantial proportion of species are gall-inducing (mostly 
undescribed in the Beesoniidae) and some genera are entirely gallicolous. In 
the Eriococcidae there are 24 and in the Diaspididae 29 genera that contain 
at least one gall-inducing species (Table 1). Of the other families, the num­
ber of genera with at least one gall-inducing species is 11 for Pseudococcidae, 
10 for Asterolecaniidae, four for Beesoniidae, probably only four for 
Lecanodiaspididae, and three for each of Coccidae, Kermesidae, and 
Margarodidae (Table 1). Thus the trait of gall induction occurs occasionally 
among most families that contain galling taxa, with only the Eriococcidae 
containing a substantial number of genera in which all species induce com­
plex galls (18 of 24 genera with at least one gallicolous species). 

Family Asterolecaniidae 

The asterolecaniids or pit scales were given their common name because 
several of them induce pits in their host plants (Fig. 5). There are approxi­
mately 21 genera of asterolecaniids encompassing more than 220 species. 
They occur in all zoogeographic regions of the world and are found on a 
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sclerotized posterior abdomen of the adult females may be convergent, as 
suggested by Beardsley (1984). Males have not been described. 

Apiomorpha 

All species of Apiomorpha induce galls on Eucalyptus and are found 
throughout much of Australia and in a few localities in Papua New Guinea 
(Gullan 1984a). Galls are often morphologically elaborate (Figs 11 and 13) 
and have complex anatomy (Kuster 1937, Gullan 1984a). They do not alter 
the shape of the organ (leaf, stem, or bud) on which they grow, for example, 
a gall developing on a eucalypt bud does not prevent that bud from maturing 
into a seed-bearing fruit (Fig. 15). Male and female insects of Apiomorpha 
induce galls that are morphologically distinct (Figs 11, 12 and 14), although 
often formed from apparently identical tissue on the same plant. Galls of 
females are large (one to several cm long), often woody structures produced 
on stems or more rarely on leaves and have a species-specific shape; there is 
always an apical orifice that is often plugged by necrotic tissue, covered by 
a cap of gall tissue, or otherwise hidden prior to maturity of the female 
(Beardsley 1984, Gullan 1984a, Gullan and Jones 1989). In contrast, galls of 
the males of the various species are generally similar to each other and 
consist of much smaller (no more than 1 cm long), tubular structures on 
leaves, stems or galls of females (Figs 12 and 14). 

Currently there are 39 described species of Apiomorpha (Gullan 1984a, 
Gullan and Jones 1989), but we estimate that there are at least twice that 
number (L.G.e. and P.J.G., unpublished data). Adult females of Apiomorpha 
have a turbinate body (Fig. I), 3-34 mm long and 1-15 mm wide, and lie 
within the gall with their sclerotized anal lobes directed towards the gall 
orifice. First-instar nymphs are sexually dimorphic only in species in which 
the males induce their galls on the galls of conspecific females (Cook et al. 
2000). The life cycle of males is rarely more than 1 yr and adult males (Fig. 
16) survive just a few days after leaving their galls. In contrast, the females 
of many Apiomorpha species are remarkably long-lived as adults (up to 5 
yr), during which time they may produce thousands of crawlers (Cook and 
Gullan 2002). This longevity can result in the overlap of generations on one 
host tree. The long reproductive life of females also ensures survival of 
populations in the event of catastrophic disturbances such as wild fires. The 
survival of just one or a few females in patches of unburnt vegetation can 
provide a source of crawlers to allow colonization of regenerating eucalypts. 
The crawlers of some species of Apiomorpha appear to be well adapted for 
long distance dispersal (Cook et al. 2000) and can re-establish populations 
relatively rapidly after local extinction events (Gullan et al. 1997). 

Most Apiomorpha species have been collected from more than one euca­
lypt species and most from five or more eucalypt species (Gullan 1984a), 
but there is considerable karyotypic variation (Cook 2000) and allozyme 
differentiation (Cook 2001a) within some morphological species of 
Apiomorpha, suggesting that cryptic species-complexes occur. A detailed study 
of A. munita (Schrader) has shown that each of its three subspecies is 
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Figs 11-16	 Galls of four species of Apiomorpha (Eriococcidae) on Eucalyptus species 
from Australia (note the extreme dimorphism of galls of males and females). 
Fig. 11 Galls of females of A. munita (Schrader). Fig. 12 An aggregation of 
galls of males of A. munita on a gall of conspecific female. Fig. 13 Mature gall 
of female of A. umalis (Tepper). Fig. 14 A compound gall of males of 
A. pharetrata (Schrader) on a maternal gall attached to a leaf (the compound 
gall is cut in half to reveal the tubular chambers in which the males develop). 
Fig. 15 Gall of female of A. malleeacola Gullan on eucalypt fruit. Fig. 16 Adult 
male of A. pharetrata copulating with adult female through orifice of gall. 
(Photographs by P.J.G. except Fig. 16 by L.G.C.) 
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restricted to discrete sections of the eucalypt subgenus Symphyomyrtus and 
that each subspecies exhibits considerable chromosomal variation (Cook 
2001b). Furthermore, karyotypically differentiated populations of each 
subspecies are often restricted to only one or a few eucalypt species or 
series. These differences are sufficient to recognize the subspecies as distinct 
species. Thus, if the full extent of genetic variation within and among all 
Apiomorpha species was known, there may be much greater host specificity 
than is currently recognized. 

The parasitoids of Apiomorpha and the inquilines of its galls include a 
range of chalcidoid and proctotrupoid wasps, weevils and even pyralid 
moths (Froggatt 1893, Gullan 1981). Females of Apiomorpha are parasitized 
by the bizarre dart-tailed wasps of the genus Cameronella (Hymenoptera: 
Pteromalidae). Adult female wasps have the apex of the gaster dilated into 
three leaf-like extensions, resembling the flute of a dart. Only one of these 
parasitoid wasps is reared from each adult female of Apiomorpha. 

Aseelis 

This Australian genus has four described species and only the females in­
duce galls (Miller and Gimpel 2000). Ascelis attenuata Froggatt induces blis­
ter galls, about 1 mm in diameter, on Eucalyptus piperata Smith (Froggatt 
1894). A. praemollis Schrader and A. schraderi Froggatt both induce leaf galls 
on Corymbia gummifera (Gaertner) K.D. Hill and L.AS. Johnson (formerly 
Eucalyptus corymbosa Smith) (Myrtaceae) in coastal areas of New South Wales 
(Froggatt 1894, 1921a). Galls of A. praemollis are spherical, 12-20 mm in 
diameter, whereas those of A. schraderi are flattened blister galls similar to 
those of A. attenuata but larger (about 12 mm in diameter). A. melaleucae 
Fuller induces galls on the stems of its Melaleuca host in Western Australia 
(Fuller 1899). Unlike the galls of the other Ascelis species, those of A. melaleucae 
are divided into two chambers, with the insect occupying the lower chamber 
and a glassy filament from the abdomen projecting into the outer chamber 
and often protruding from the orifice at the conical apex of the gall. 

Adult females of Ascelis are characterized by their lack of antennae and 
legs, and by their globular body with a somewhat prolonged abdomen 
that ends in a heavily sclerotized, buttonlike structure, which plugs the 
gall orifice. Males complete their development within the chamber of the 
maternal gall (Schrader 1863, Froggatt 1921b); in A. melaleucae, males live in 
the outer chamber (Fuller 1899). Although the life cycle of Ascelis has not 
been studied in detail, it is likely that male first-instar nymphs eclose well 
before their sisters and that female crawlers are unable to exit the gall until 
after the mother's post-partum body has shrunk and allowed the gall orifice 
to be unplugged. 

Atriplicia 

This genus has only one described species, A. gallicola Cockerell and Rohwer, 
known from leaf galls on Atriplex species (Chenopodiaceae) in western North 
America (Cockerell and Rohwer 1909, Ferris 1955, Gill 1993). The female 
causes a swelling of the base of the leaf and the sides of the leaf fold 
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upwards leaving an open slit above with the leaf margins curling outwards. 
The general morphology of the adult female closely resembles that of non­
galling Eriococcus species and there are no special modifications related to 
living in a gall. The habits of the male are not known. 

Callococcus 

Currently, Callococcus has four described species, C. acaciae (Maskell), C. 
leptospermi Maskell, C. newmanni Froggatt, and the type species C. pulchellus 
(Maskell), and is placed in the Asterolecaniidae (Morrison and Morrison 
1927, Coles et al. 1988, Miller et al. 1998). We here transfer Callococcus to the 
Eriococcidae based on molecular data from C. acaciae and C. pulchellus (L.G.c. 
and P.J.G., unpublished data), study of male morphology of C. leptospermi 
(C.J. Hodgson, unpublished data) and our re-examination of adult female 
and, where available, crawler morphology of all species. 

Of the above species, only C. leptospermi induces galls; the other Callococcus 
species live exposed on the stems but remain covered by copious waxy 
secretions or within an elaborate waxy test (Fuller 1899, Froggatt 1921b). 
The gall and most female and male instars of C. leptospermi were described 
or redescribed and illustrated by Coles et al. (1988). Each gall consists of a 
woody swelling on a twig of Leptospermum (Myrtaceae), induced by the 
feeding of the female. Coles et al. (1988) made detailed observations of the 
life cycle of C. leptospermi and suggested that it took 2 yr. First-instar nymphs 
display sexual dimorphism, which is unusual for scale insects but occurs in 
several other gall-inducing taxa (Cook et al. 2000). First-instar females feed 
on maternal gall tissue and disperse from the gall as newly molted second­
instar nymphs which migrate to new galling sites on the twigs. Males ex­
hibit similar behavior but do not induce galls. During their first stadium 
and probably most of their second stadium, male nymphs feed in the mater­
nal gall. Second-instar males then leave the gall and settle either in crevices 
on its outer surface or in nearby sites on the stem or bud of the twigs, where 
they form loose waxy cocoons and pupate. Nymphal development in C. 
leptospermi requires further study because a few of the determinations of the 
immature female and male instars made by Coles et al. (1988) are unusual. 
For example, Coles et al. described three immature instars for the female of 
C. leptospermi but all other eriococcids (and asterolecaniids) are believed to 
have only two female immature stages. 

Calycicoccus 

This monotypic genus was described by Brain (1918) for C. merwei Brain on 
Apodytes dimidiata E. Meyer ex Am. (Icacinaceae), which is a small tree 
common along the southeastern coast of South Africa. C. merwei is unusual 
in being the only eriococcid native to South Africa. Females of C. merwei 
induce galls of two distinct forms on the leaves of the host plant. Galls of 
the most common form open on the underside of leaves and are about 3 
mm in diameter and flatly conical; glassy filaments from the posterior of the 
female's abdomen protrude from the orifice in the center of each gall's cone. 
The second form of the gall, which occurs on the upper leaf surface, is about 
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4.5 mm in diameter and has a 5 mm-Iong tapering point curved to one side; 
Brain (1918) considered this gall to be an inverted form of the gall because 
the insects from the two types of gall appeared identical although differing 
in size. Males do not induce galls and probably feed on the lower leaf 
surface. 

Capulinia 

Of the four described species of Capulinia, only C. crateraformis Hempel 
induces obvious galls (Hempel 1900a), although the New Zealand species, 
C. orbiculata Hoy, develops in circular depressions in the bark (Hoy 1958). 
The crater-shaped galls of the female of C. crateraformis occur on the bark of 
branches and twigs of the fruit tree Eugenia jaboticaba Kiaersk. (Myrtaceae) 
in Brazil (Hempel 1900a). It is reported to cause considerable damage to its 
host. The adult female has reduced hind legs and no fore or mid legs. Males 
and crawlers are unknown. There has been no recent, detailed study of this 
species and it is not even certain whether it is congeneric with the type 
species, C. sallei Signoret. 

Carpochloroides 

This genus contains two species, Carpochloroides viridis Cockerell from Brazil 
and C. mexicanus Ferris from Mexico (Ferris 1957a). Both feed on Eugenia 
species (Myrtaceae), but only C. mexicanus induces galls on its hosts. The 
adult female of C. mexicanus has a membranous, rounded body less than 2 
mm in diameter, highly reduced antennae and no legs. Its gall is almost 
globular, up to 2 cm long, and involves the petioles on small twigs; the gall 
orifice is obscure. Males and their habits are unknown. 

Casuarinaloma 

The single species, Casuarinaloma leaii (Fuller), was described from galls on 
an undetermined species of Casuarinaceae from near Perth, Australia (Fuller 
1899), and later was reported from eastern Australia on both Allocasuarina 
and Casuarina (Froggatt 1933), but the latter specimens have not been com­
pared with Fuller's material and may represent a second species. Fuller 
(1899) described the adult female as pink, subglobose, and segmented, with 
short, stout legs, and the gall of the female as somewhat spherical with 
fluted sides and growing at the apex of branchlets. Froggatt (1921b, 1933) 
described the galls as occurring in clusters of three or four, or singly, at the 
tips of branchlets, each gall a flattened sphere, circular in cross section 
(about 6 mm across), flattened on top, and with 10-12 ridges running from 
apex to basal attachment. Froggatt (1933) described the adult female as 
broadly rounded, 1.5 mm long, red, and with well developed legs. Males 
develop within the maternal galls (Froggatt 1933). 

Cylindrococcus 

There are only two named species of Cylindrococcus, C. casuarinae Maskell, 
and C. spiniferus Maskell (Gullan 1984b), but at least one new Western Aus­
tralian species has been recognized (P.J.G. and L.G.c., unpUblished data). 
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All species induce galls on Allocasuarina species (Casuarinaceae) and galls of 
females, which can be up to 30 mm long, somewhat resemble seed cones 
(Fig. 17). Galls of males and females are similar in structure but those of 
males are smaller and more slender than the galls of their conspecific fe­
males (Fig. 18). Each gall is composed either of imbricating whorls of 
bladelike bracts or of thickened, coalesced bracts, and the only entrance to 
the gall chamber is where the bracts come together at the gall apex. The fore 
legs and antennae of adult females are reduced to c01l1cal stumps, whereas 
the other two pairs of legs are lobelike and lack evidence of segmentation 
(Gullan 1984b). The dorsum of the posterior abdominal segments of C. 
casuarinae is sclerotized and anal lobes are lacking, whereas in C. spiniferus 
the anal lobes are modified into a pair of irregularly semicircular projecting 
plates bordered posteriorly by stout spines. The abdominal modifications of 
both species may serve to plug the entrance of the gall and perhaps deter 
parasitoids. The most amazing feature of adult males is their extremely 
elongate external genitalia, which just exceed the length of the abdomen 
and are more than half the length of the body. An elongate aedeagus and 
penial sheath presumably allow the male to penetrate the tightly imbricate 
bracts of the female's gall to impregnate her (Gullan 1978). 

Figs 17-18	 Galls of Cylindrococcus spiniferus (Eriococcidae) on stems of AJlocasuarina 
species from Victoria, Australia. Fig. 17 Mature gall of female. Fig. 18 Young 
gall of female (f) and galls of males (m). (Photographs by P.J.G.) 

Cystococcus 

This remarkable genus occurs only on the genus Corymbia (formerly part of 
Eucalyptus) in northern and central Australia. There are three species, 
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Cystococcus echiniformis Fuller, C. pomiformis (Froggatt), and an undescribed 
species (Froggatt 1893, Fuller 1899, Gullan and Cockburn 1986). The females 
induce woody, subspherical galls on the stems of their host tree (Fig. 19); 
the galls of C. pomiformis sometimes reach almost 9 cm in diameter although 
most galls are less than 5 cm in diameter (P.J.G., unpublished data). Males 
complete their development within the maternal gall, feeding from a layer 
of nutritive tissue lining the gall cavity (Figs 21 and 22). Galls of Cystococcus 
are called bloodwood apples or bush coconuts and are used as food by 
Australian Aborigines who consume the female raw and then scrape out 
and eat the edible, white nutritive tissue of the gall (Froggatt 1893, Latz 
1995). This genus is notable for its highly sexually dimorphic first-instar 
nymphs, its sexual dichronism, in which male offspring are produced be­
fore female offspring, and its intersexual phoresy, in which adult males 
carry their first-instar sisters on their bodies when they leave the maternal 
gall (Gullan and Cockburn 1986). The adult male has a long slender abdo­
men that facilitates the transport of his tiny, tortoise-like sisters (Fig. 23). 
This phoresy is apparently an effective means of dispersal for female crawl­
ers because their galls occur more evenly distributed among suitable host 
trees than do those of other gall-inducing eriococcids (Gullan and Cockburn 
1986). 

The mouth region of the adult female is firmly attached to the tissue at 
the base of the gall cavity and the gall orifice is plugged by her abdominal 
apex, which has a slight prolongation that ends in a highly sclerotized, 
black, buttonlike structure (Fig. 20). The mature female can attain a length 
of over 2 cm (P.J.G., unpublished data) and is globular prior to reproduction 
and then gradually changes to a cylindrical shape as her body shrinks after 
oviposition. This shrinkage eventually leads to the retraction of her abdomi­
nal apex from the gall orifice allowing the departure of her adult sons 
carrying their tiny sisters. It is not clear whether adult males mate with their 
mother inside the maternal gall or whether they impregnate virgin females 
in other galls as suggested by Breeden and Breeden (1972). When adult 
males land on the natal or nearby trees, their sisters alight and disperse over 
the foliage and initiate new galls on young stems. 

Eremococcus 

This genus contains four described Australian taxa (formerly in 
Sphaerococcus). They are Eremococcus pirogallis (Maskell) from eastern main­
land Australia, E. rugosus rugosus (Maskell) and E. rugosus elongatus (Maskell) 
from southwestern Western Australia, and E. turbinata (Froggatt) from Tas­
mania (Maskell 1894, 1897, Froggatt 1921b, Miller et al. 1998). E. rugosus 
elongatus was described as a 'variety' of E. rugosus by Maskell (1897) but 
may not be distinct (Miller et al. 1998). Usually, Eremococcus is treated as a 
member of the Asterolecaniidae (Morrison and Morrison 1922, Miller et al. 
1998), but here we treat it as a member of the Eriococcidae (L.G.e. and 
P.J.G., unpublished data). All species induce structurally similar galls on the 
leaves or stems of species of Agonis and Leptospermum (Froggatt 1921b, P.J.G., 
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Figs 19-23	 Cystococcus pomiformis (Eriococcidae) on Corymbia species from central 
Australia. Fig. 19 Mature galls of females. Fig. 20 An adult female removed 
from her gall. Fig. 21 A gall cut open to reveal the adult female and her 
nymphal male offspring lining the cavity. Fig. 22 Enlargement of second-instar 
males feeding from the nutritive tissue of the gall wall. Fig. 23 An adult male 
with his phoretic, first-instar sisters clinging to his abdomen. (Photographs by 
P.J.G.) 

unpublished data), which are two closely related genera of Myrtaceae. The 
record of E. turbinata from a Melaleuca species is believed to be erroneous 
(Miller et a1. 1998). 

The galls induced by females of all species in this genus somewhat re­
semble the fruit or flower buds of their host plants. Depending on species, 
mature galls range from 4-13 mm in height, are globular, subgobular, fusi­
form, turbinate or pear-shaped, and have either a rounded or a conically 
pointed apex (Maskell 1894, 1897, Froggatt 1921b) (Fig. 24). The gall orifice 
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is near the base of the gall on the stalked attachment except in E. rugosus 
elongatus in which the orifice is on the opposite side of the leaf to the body 
of the gall. In E. pirogallis, at the apex of the cavity in the gall of the female, 
there is a small saucer-shaped platform on which the female sits and feeds. 
According to Froggatt (1921b), the galls of E. pirogallis often cover the foli­
age on huge stands of Leptospermum plants growing in the vicinity of Sydney 
and in the Blue Mountains in New South Wales. The gall varies during the 
course of development from green, pink, and red, to light brown when 
mature. Adult females have no or reduced antennae and no legs (Maskell 
1894, 1987). Males are unknown for E. rugosus rugosus and E. turbinata, 
however, for E. rugosus elongatus Maskell (1897) wrote: "Male pupae in galls 
similar to those of the females, but smaller, more cylindrical, yellowish or 
brownish, and somewhat less wrinkled". Unfortunately it is not clear from 
this brief description whether each gall has a single male or several males. 
The distinction is important because if each gall has a single occupant then 
that insect is likely to have induced the gall, whereas the presence of mul­
tiple males in one chamber suggests male offspring developing in the ma­
ternal gall, as described in detail for E. pirogallis (Maskell 1894). Males of E. 
pirogallis pupate in the gall of the female embedded in white cottony mate­
rial with each male occupying a cell in the cotton and all males lined up, 
pointing in the same direction. The adult male has an extremely long, slen­
der and very elastic penis which Maskell assumed is used to impregnate the 
adult female which sits at considerable distance from the gall orifice. Maskell 
stated that the galls containing male pupae also each had an adult female 
gravid with eggs, which we believe is good evidence for sexual dichronism. 
Maskell, however, conjectured that the males could not be the offspring of 
that female and must have entered the gall cavity from other galls and then 
pupated, which is unnecessarily complicated and probably incorrect given 
our knowledge of several other eriococcids with similar habits. 

friococcus 

The large genus Eriococcus as currently defined (i.e., as treated tentatively 
by Miller and Gimpel 2000) was not monophyletic in a phylogenetic analy­
sis based on SSU rDNA (18S rDNA) data (Cook et al. 2002). Very few of the 
species presently placed in Eriococcus (Acanthococcus in some literature) in­
duce galls and, of those that do, most occur in New Zealand. 

At least seven described New Zealand species of Eriococcus (sensu lato) 
are gallicolous (Hoy 1962, Miller and Gimpel 2000, R.c. Henderson, per­
sonal communication). These species are probably not closely related, be­
cause they differ in host-plant preferences and in female morphology. The 
species are E. abditus Hoy, E. acutispinatus Hoy, E. arcanus Hoy, E. cavellii 
(Maskell), E. elytranthae Hoy, E. fossor (Maskell), and E. montanus Hoy; each 
induces galls on the leaves, stems, or cladodes of a member of a different 
host-plant family (Maskell 1887, Hoy 1962, Miller and Gimpel 2000, R.c. 
Henderson, personal communication). E. cavellii is not listed as gallicolous 
in Hoy (1962) or any other literature because Maskell's original description 
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was based on a mixed collection of E. cavellii and E. nelsonensis Hoy and the 
description of E. nelsonensis in life was given erroneously for E. cavellii (RC 
Henderson, personal communication). Hoy's (1962) descriptions of the galls 
of these species are very brief, but the females live in leaf or stem pits in E. 
acutispinatus (stems at nodes) (R.C Henderson, personal communication), E. 
abditis, E. elytranthae, E. fossor, and E. montanus; and are in enclosed cladode 
galls in E. arcanus (Fig. 25). The female of E. cavellii lives on a stem swelling 
at the leaf bud axil (R.C Henderson, personal communication). In addition 
to these sev~n species, females of E. fuligitectus Hoy induce leaf fold galls 
when they feed on the main vein of Carpodetus serratus J.R Forster and G. 
Forster; the affected leaf folds in half and curls along the main vein (RC 
Henderson, personal communication). Males are unknown for most New 
Zealand species, but in E. abditus the white, felted, cocoons of the males 
have been observed on the inside edges of old, open female galls, not com­
pletely filling the pit (RC Henderson, personal communication). 

Figs 24-25	 Galls of females of two genera of Eriococcidae. Fig. 24 Eremococcus turbinata 
m Leptospermum nitidum Hook. f. from Victoria, Australia (photograph by 
P.J.G.); scale bar = 10 mm. Fig. 25 Eriococcus arcanus on the cladode of 
Phyllocladus trichomanoides D. Don from Auckland, New Zealand (photograph 
by R.C. Henderson); scale bar = 2 mm. 

There is one species of gall-inducing Eriococcus, E. orbiculus (Matesova), 
from Tamarix species (Tamaricaceae) in Kazakhstan and Mongolia (Miller 
and Gimpel 2000). The adult female, its gall, and the life cycle were de­
scribed by Matesova (1960); nymphal feeding induces the growth of fleshy 
folds that close to form a gall, which is vacated by the female in autumn 
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after the folds of the gall open. Apparently infestations with this galling 
eriococcid can be so heavy that growth of the plant is depressed (Matesova 
1960). Eriococcus devoniensis (Green), from the Bristish Isles and continental 
Europe, so distorts the stem of its host Erica (Ericacae) at the point of feed­
ing that the stem may curl in a circle to enclose the insect (Williams 1985b). 

Floracoccus 

This genus was erected for a single species, F. elevans (Maskell), that induces 
galls on the bark of Eucalyptus dumosa Cunn. ex Oxley in Victoria, Australia 
(Beardsley 1974a). Only adult female insects are known. Their blisterlike 
galls, 4-7 mm in diameter, are similar to those of Sphaerococcopsis except 
that the minute central orifice is more irregular and the galls are shallower 
in Floracoccus. The female is globular with highly reduced antennae and legs 
and a distinctive central, approximately circular, raised and sclerotized boss 
composed of pouchlike invaginations. This peculiar structure presumably 
acts as a plug to occlude the gall orifice. 

Gallacoccus 

We consider this gall-inducing genus to belong in the Beesoniidae, as dis­
cussed under that family. 

Kuwanina 

This genus contains only the non-galling type species Kuwanina parva 
(Maskell) from the Palearctic and the gall-inducing K. obscurata (Maskell) 
from Australia, and they may not be congeneric (Miller et al. 1998). Females 
of K. obscurata live in blister galls on the bark of their host trees (Maskell 
1896, Froggatt 1921b, Ferris 1919). They are globular, small (about 1 mm 
wide) and legless. Males are known only from their empty pupal tests and 
they either do not induce galls or they vacate their galls to pupate, as in at 
least one other Australian blister-gall-inducing genus. There is some confu­
sion in the literature concerning whether the hosts belong to Acacia or Euca­
lyptus or both (compare Maskell 1896, Froggatt 1921b, Ferris 1919), but it is 
almost certain the true host is a eucalypt, given an annotation in Froggatt's 
notebook and because no other eriococcid is known to induce galls on Aca­
cia species. 

Lachnodius 

Only four species of Lachnodius, 1. eucalypti (Maskell), 1. hirsutus (Froggatt), 
1. hirtus Maskell, and 1. lectularis Maskell, have been described (Miller and 
Gimpel 2000), but about 18 more species have been recorded cr.W. Beardsley, 
unpublished data). All species of Lachnodius feed on Eucalyptus (Myrtaceae) 
(we regard Maskell's (1896) record of an Acacia species as the host of 1. 
hirtus as erroneous) and occur only in Australia. Adult females have ovoid 
bodies that are quite flattened dorsoventrally and bear a marginal row of 
often spinelike setae. Legs and antennae are usually well developed. Males 
have been described only for 1. eucalypti (Maskell 1892) and are not known 
for most species. 
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At least 14 species of this genus induce pit galls or, more rarely, enclosed 
or partially enclosed galls. Most of these species develop in open-top leaf or 
twig galls; twig-galling species are the most common (J.W. Beardsley, un­
published data). Mature females of one species, L. hirsutus, have been col­
lected from partially enclosed, woody twig galls that had irregular wedges 
of plant tissue surrounding the gall opening. It appears that the galls of L. 
hirsutus and related species may split open about the time of female matu­
rity because enclosed globular twig galls of nymphs have been collected in 
association with empty galls, similar to those of L. hirsutus (J.W. Beardsley 
and P.J.G., unpublished data). The immature stages of a few undescribed 
Lachnodius species appear to feed under bark, rather than induce galls, and 
the habits of several other new species are not known. Collection of adult 
females under bark does not mean that nymphal development occurs there. 
Life cycle observations have been made for only two species, L. eucalypti 
and L. lectularius (J.W. Beardsley, unpublished data). Nymphs develop in 
pit galls until the adult stage for females and the second instar for males 
and then vacate their galls and migrate to the bark of the trunks and branches 
of their host tree. Females oviposit there and males form pupal cocoons in 
protected locations, usually under loose bark. The place or timing of copula­
tion is not known, but ovipositing females have been found during spring 
and summer. 

~acracanthopyga 

This genus is known only from the type species, M. verganiana Lizer y 
Trelles, from Argentina (Lizer y Trelles 1955). Ferris (1957b) considered it to 
be gallicolous and closely related to Aculeococcus and Calycicoccus; Beardsley 
(1984) also included it in his list of gall-inducing Coccoidea. However, it is 
clear from reading the original description in French, that the female of M. 
verganiana forms a hard wax cover that is firmly attached to the host-plant 
branch and does not induce a plant gall. 

~adarococcus 

There are six described species of Madarococcus, all from New Zealand, and 
only M. cunicularius Hoy induces enclosed galls (Hoy 1962). Five of the 
species feed exclusively on Nothofagus (Fagaceae), mostly on the underside 
of leaves. The adult female of M. cunicularius is less than 1 mm long and 
lives in a small gall that opens on the leaf underside. Feeding by the females 
of M. viridulus Hoy causes curling and distortion of the host-plant leaf (Hoy 
1962). Males pupate in white felted cocoons, sometimes in close proximity 
to a group of females, and do not cause noticeable deformations of their 
own (R.c. Henderson, personal communication). There are at least three 
undescribed species of Madarococcus in southeastern Australia and the females 
of one species from Tasmania inhabit small leaf galls (P.J.G. and L.G.c., 
unpublished data). 
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Neotectococcus 

This monotypic genus was erected for N. lectularius Hempel, which induces 
galls on the leaves of an unknown host plant in Itatinga, Brazil (Hempel 
1937). Galls are sexually dimorphic. The gall of the female is lenticular, 3 
mm in diameter, and much lighter in color than the rest of the leaf. The gall 
of the male is tubular, more protruding, and smaller in diameter than the 
gall of the female. 

Opisthoscelis 

There are 16 described species of Opisthoscelis, but O. prosopidis Kieffer and 
Jorgensen, from a leguminous host in Argentina, is not considered to belong 
to this genus (Miller and Gimpel 2000). All other species of Opisthoscelis 
induce covering galls on Eucalyptus in Australia (Froggatt 1921a, Miller and 
Gimpel 2000). In addition to the 15 named Australian species, there are 
about another 10 undescribed species (P.J.G., unpublished data). Adult fe­
males of all Opisthoscelis species are characterized by extremely reduced 
fore and mid legs and greatly elongated hind legs, which accounts for the 
generic name (Greek: 'opisth'-'hind', 'scelis'-'leg'); in a few species the 
hind leg length of mature females exceeds the body length. Galls of females 
occur on twigs or leaves, are usually conical, spherical, mammiform, or 
thorn-shaped, and up to 14 mm high in O. maskelli Froggatt but usually 
much less than 10 mm high in other species (P.J.G., unpublished data). Galls 
on twigs are woodier than those on leaves but the gall wall becomes ligni­
fied with age in all species. In leaf-galling species, the gall orifice can be on 
the upper or lower surface and it may be at the top of the main gall protu­
berance or on the opposite leaf surface to the body of the gall. Galls of males 
are smaller than galls of females (2-6 mm high), tubular and occur on leaves 
in most species (Froggatt 1921b, P.J.G., unpublished data). 

The species fall into two distinct groups that differ in female and male 
morphology, reproductive mode, and use of the gall chamber. The first 
group includes the type species, O. subrotunda Schrader, and is character­
ized by an adult male with a short, broad abdomen bearing glandular pouch 
setae apically, and a globular adult female that completely fills the gall 
chamber; the female is ovoviviparous, retaining eggs in her body until they 
hatch. Species in the second group, such as O. jibularis Froggatt, O. mammularis 
Froggatt, and O. maskelli Froggatt, have an adult male with a long, attenuate 
abdomen lacking glandular pouch setae (as illustrated by Theron 1968), and 
a pyriform or ovoid adult female that occupies only the lower part of the 
gall cavity; the female is oviparous, laying her eggs into the spacious gall 
chamber. Presumably the modified abdomen of the adult male allows im­
pregnation of a female whose vulva is at considerable distance from the gall 
orifice (Gullan 1984c). 

Pseudoteetococcus 

There is only one species, P. anonae Hempel, which induces small galls on 
the upper leaf surface of cultivated Annona (Annonaceae) and has been 
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collected only at Vi~osa, Brazil (Hempel 1935). The galls are about 3 mm 
high, 1.5 mm in basal diameter, and open on the lower leaf surface. Galls 
are sexually dimorphic; those of females are conical, whereas those of males 
are approximately cylindrical. Eggs are reported to be numerous in the gall 
chamber of females. The adult female is fusiform, about 2 mm long and has 
a heavily sclerotized pair of large anal lobes (Hempel 1937, Miller and 
Gimpel 2000). Pseudotectococcus may be related to Tectococcus as suggested 
by Hempel (1935). Some recent research reported chemical changes in leaf 
tissue of Rollinia laurifolia Schlecht. (Annonaceae) galled by P. anonae (Soares 
et al. 2000). 

Sphaerococcopsis 

The four described species of 5phaerococcopsis, 5. inflatipes (Maskell), 5. 
platynotum Beardsley, 5. simplicior (Maskell), and 5. umbilicus Beardsley, all 
induce blister-like galls on the bark of Eucalyptus species in southeastern 
Australia (Beardsley 1974b). Adult females of all 5phaerococcopsis species 
have a globular body, 1-2 mm long, and the hind legs are conspicuously 
larger than the first two pairs (Beardsley 1974b). Second-instar females have 
highly reduced appendages and regain their legs at the imaginal molt. Ma­
ture galls of 5phaerococcopsis consist of a small swelling covering a shallow, 
circular cavity beneath a thin layer of eucalypt tissue (Beardsley 1974b). 
Very young nymphs are completely enclosed but older galls have a dorsal 
orifice (approximately 0.5 mm in diameter in mature galls), which is plugged 
by exuviae and waxy secretions in galls of nymphs, and later is occluded by 
the sclerotized shield that forms a central disc on the dorsum of the female. 
Beardsley (1974b) reported that 5. simplicior is probably univoltine because 
oviposition was observed in early summer, fully grown first-instar nymphs 
were present in completely enclosed bark galls in June and July (midwin­
ter), second-instar nymphs appeared in August and September, and adult 
females were first observed in October. Male nymphs deserted their galls in 
September (spring) and formed loose waxy cocoons under the bark or in 
crevices. 

'Sphaerococcus' species 

5phaerococcus Maskell used to be a 'dumping ground' for scale insects of 
uncertain taxonomic placement, although the type species is a mealybug 
(Pseudococcidae) and 5phaerococcus (sensu stricto) has been redefined (Wil­
liams 1985a, Ben-Dov 1994) and a number of other 5phaerococcus species 
have been transferred to other genera (Miller et al. 1998). However, a num­
ber of Australian gall-inducing eriococcid species, originally described as 
species of 5phaerococcus, have been retained as '5phaerococcus' until their 
relationships can be elucidated and new genera described. These species 
are: '5.' ferrugineus Froggatt (currently listed under the Beesoniidae in Ben­
Dov et al. 2003), '5.' froggatti Maskell, '5.' morrisoni morrisoni Fuller, '5.' 
morrisoni elongatus Fuller, '5.' pustulans Green, '5.' socialis Maskell, and '5.' 
tepperi Fuller (Maskell 1894, 1897, Froggatt 1898, Fuller 1899, Green 1905a, 
Miller et al. 1998). 
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Females of '5.' pustulans live beneath flattish, circular, blisterlike swell­
ings, 4-5 mm in diameter, on eucalypt bark (Green 1905a). The adult female 
is about 2 mm long, legless, and has highly reduced antennae. Males are 
unknown. We concur with Beardsley's (1974a) suggestion that '5.' pustulans 
is closely related to, but not congeneric with, Floracoccus and 5phaerococcopsis, 
based on our assessment of the original description of the adult female and 
its gall (Green 1905a) and the eriococcid features discussed by Miller et al. 
(1998). Beardsley (l974a) also stated that he had collected an undescribed 
species related to '5.' pustulans. 

The other six '5phaerococcus' taxa listed above induce complex galls on 
paperbarks, Melaleuca species (Myrtaceae) (Maskell 1894, 1897, Froggatt 1898, 
Fuller 1899), although '5.' tepperi may have been collected on either Melaleuca 
or the related genus Kunzea (Fuller 1899). The galls of these species are 
mostly 10-30 mm in diameter, globular or elongate-obovoid and covered 
by bracts that either are filamentous ('5.' ferrugineus, Fig. 26), curling and 
cylindrical ('5.' froggatti), sheathing ('5.' morrisoni morrisoni and '5.' morrisoni 
elongatus), or imbricating ('5.' socialis and '5.' tepperi) (Figs 27 and 28). Males 

Figs 26-28	 Mature galls of 'Sphaerococcus' (Eriococcidae) on Me/a/euca species from 
Australia. Fig. 26 'S.' ferrugineus from northern New South Wales. Fig. 27 Gall 
of'S.' socialis cut open to reveal male pupae in their cocoons. Fig. 28 A group 
of galls of'S.' socia/is from southwest Western Australia. (Photographs by 
P.J.G.) 
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develop amongst the bract bases within the maternal gall in '5: socialis 
(Maskell 1897) (Fig. 27); males are unknown or poorly known for the other 
species, although a single live adult male has been collected with an adult 
female inside a gall of '5.' morrisoni elongatus (P.J.G., unpublished data). In 
some galls of '5.' socialis there are multiple adult females (Maskell 1897) and 
these appear to belong to more than one generation (L.G.e. and P.J.G., 
unpublished data). There are several undescribed, gall-inducing species of 
this group on Melaleuca in southeastern and southwestern Australia (P.J.G. 
and L.G.e., unpUblished data). 

Stegococcus 

This New Zealand genus was described for 5. oleariae Hoy, the females of 
which induce leaf galls on Olearia (Compositae) (Hoy 1962). The galls open 
on the upper leaf surface but protrude as a swelling on both leaf surfaces. 
The adult female is only about 1 mm long and presumably the gall is very 
small as well. Hoy (1962) believed that 5tegococcus was closely related to 
Eriococcus, several New Zealand species of which also induce galls; the 
adult females can be distinguished by the lack of large tubular ducts on the 
dorsum in 5tegococcus. Males and their habits are unknown. Another, 
undescribed, species of 5tegococcus from New Zealand lives enclosed in 
flask-shaped stem galls on divaricating Olearia species (R.e. Henderson, 
personal communication). 

Tectococcus 

This monotypic South American genus was erected for the Brazilian species 
T. ovatus Hempel, whose female induces circular galls, up to 8 mm in diam­
eter, on the leaves of its host plants (Hempel 1900b, 1901). Hempel stated 
that the galls protruded on both leaf surfaces but opened on the underside. 
A more recent study (Vitorino et al. 2000) described the galls as convex on 
one side of the leaf and acuminate on the other, up to 8.5 mm deep, and 
with the gall orifice on the acuminate side, which was usually the upper leaf 
surface. Hempel described the host as a shrub belonging to the Myrtaceae, 
but later Hoy (1963) reported the hosts as Psidium variabile Berg. (Myrtaceae) 
and Daphnopsis racemosa Griseb. (Thymelaeaceae). Hoy's citations are un­
likely to be correct given the results of recent host specificity testing and 
field observations by Vitorino et al. (2000), who studied the biology of T. 
ovatus around Curitiba, Parana, Brazil. Galls of T. ovatus developed only on 
Psidium cattleianum Sabine and P. spathulatum Mattos and not on the com­
monly cultivated species P. guajava L. Vitorino et al. (2000) also described 
the female and male insects, their life cycle and behavior, their galls and the 
growth of the galls, and the natural enemies. Galls of males are narrower 
and more acuminate than galls of females. Reproduction is believed to be 
facultatively parthenogenetic; males appear in spring and sometimes in late 
fall. Females lay up to about 600 yellow eggs into the gall chamber between 
late fall and early winter and to a lesser extent oviposit again in midsum­
mer. One of the host plants of T. ovatus, the Brazilian endemic known as 
strawberry guava, P. cattleianum, has become an invasive weed in places 
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outside its native range, especially in Hawaii. T. ovatus is considered a suit­
able agent for biological control of strawberry guava because heavy gall 
infestations result in leaf fall and subsequent weakening of the trees, and 
populations of the insect can be cultured successfully (Vitorino et al. 2000). 

Ferris (1957a) redescribed the adult female, described the first-instar 
nymph and illustrated both stages. The adult female appears to display no 
special adaptations for gall existence and resembles a typical eriococcid 
except that the anal ring is small, lightly sclerotized and bears no setae. 
Hempel (1935) suggested that T. ovatus may be related to Pseudotectococcus 
Ilnonae and Ferris (1957a) indicated that it may be closely related to, or even 
congeneric with, Neotectococcus lectularius. 

Family Kermesidae 

The kermesids or gall-like scales include 91 species in 10 genera. They occur 
primarily in the northern temperate areas and are unknown from the 
Australasian and Neotropical regions. Based on an analysis of the host data 
presented in Miller and Gimpel (2002a), kermesids are found primarily on 
Quercus (Fagaceae). Females typically have three immature instars and males 
have four (Miller 1991, Bullington and Kosztarab 1985). Most species of 
Kermes and Allokermes become quite rotund, have a mottled external color 
pattern, and look like plant galls or plant buds. Most kermesids lack con­
spicuous wax on their bodies, but Kermes nudus Bullington and Kosztarab 
and K. shastensis Ehrhorn are exceptions, with a white wax covering. 

There are only three species of kermesids that induce galls (Table I), or 
about 3 percent of the total kermesid fauna. The galls associated with two 
(Fulbrightia gallicola Ferris and Reynvaania gallicola Reyne) of the three spe­
cies are bud-like, and may arise because the internodes fail to elongate, 
coupled with malformation of leaves and/or bud scales. It is possible that 
these two species are related because they are similar morphologically and 
induce similar galls. 

Fulbrightia is a monotypic genus including the Chinese species F. gallicola 
that induces galls on Quercus delavayi Franch. (Ferris 1950). The female ap­
parently attaches itself to the base of a twig bud and the developing twig 
becomes distorted in such a manner that the lateral twigs arising beyond 
the point of attachment are greatly shortened, the leaves are reduced in size, 
and each twig with its leaves forms a gall that looks like a cone (Fig. 29). 
The area shared by the bases of several of these cones becomes swollen. The 
scale insect that induced the deformation is buried in the swollen base of 
the cone. Ferris (1950) noted that male insects were developing in a 'cottony 
case' in the galls he studied but that no adult males were present. There are 
nymphal males among the bracts of the galls in the type collection of Ferris 
(P.J.G., unpublished data). 

Olliffiella is considered to be a monotypic genus, but see the discussion 
below concerning the status of a second species, O. secunda Ferris. O. cristicola 
Cockerell induces woody galls (Fig. 30) on the undersides of leaves of Quercus 
emoryi Torr. and Q. hypoleucoides A. Camus in Arizona, New Mexico, and 
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Figs 29-30 Mature galls of female gall-like scales (Kermesidae). Fig. 29 Fulbrightia gallicola 
on Quercus devalayi from Yunnan Province, China (after Ferris 1950). Fig. 30 
Olliffiella crist/cola on a leaf of Quercus emoryi from Arizona, USA. (drawing by 
G.L. Miller) Scale bars = 10 mm. 

Mexico. Galls develop along the midribs of leaves and are thorn-shaped, 
with the narrow apex pointing down away from the lower leaf surface 
(Cockerell 1896, Kosztarab 1982). The adult female occupies about a third of 
the gall chamber at the narrow end, and her dorsal body surface is sclero­
tized and faces the gall opening. The kermesid's stylets are inserted in the 
narrow end of the gall and an opening to the gall is located on the upper 
leaf surface. Males of this species have not been reported. The thrips 
Torvothrips kosztarabi Johansen is a common inhabitant of the galls of O. 
cristicola (Kosztarab 1982). O. secunda Ferris has been mentioned as a second 
species of gall-inducing North American kermesid, but Bullington and 
Kosztarab (1985) indicated that the original description was based on a 
third-instar female and most probably is a synonym of O. cristicola. The 
process of gall development apparently is similar in both 'species'. 

Reynvaania gallicola is the only species in Reynvaania and induces thick 
cottony or plushy galls on the twigs of Quercus lineata Blume in Indonesia 
(Reyne 1954). Globular galls are usually formed on the terminals of young 
twigs, but sometimes are subterminal, with the young twig running through 
the gall. The gall consists of a cluster of radially arranged buds that are 
covered with numerous long, flat, red hairs. Sometimes full-grown leaves 
are attached to the galls. A chamber is formed inside the gall where a single 
adult female resides. Crawlers were found among the hairs on the outside 
of the galls; males were not mentioned in the original description. 

Family Lecanodiaspididae 

The lecanodiaspidids, or false pit scales, contain 11 genera and 78 species 
and occur in every zoogeographic region (Ben-Dov and German 2002). Most 
described species are in the Oriental region (25), but there are many in 
the Australasian (19) and the Afrotropical regions (13). The Nearctic, 
Neotropical, and Palearctic regions each have fewer than 10 species. The 
family occurs on a diverse array of host plants encompassing about 67 
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different plant families, but nearly twice as many species occur on hosts in 
the Fabaceae than on species in any other host family. Little biological infor­
mation is available on lecanodiaspidids, but what is known indicates that 
females have two immature instars and males have four (Miller 1991). Males 
have been reported for most species and they pupate in a test that re­
sembles the test of the female but is smaller. The female test is often rather 
ornate and is formed of felted wax produced in the second instar (Howell 
and Kosztarab 1972). 

Thirteen species (17 percent) in five genera of lecanodiaspidids induce 
galls or some form of host deformation (Table 1). Eight of these species are 
from relatively dry areas of Australia and the remaining five are dispersed 
around the world. Like asterolecaniids, several species of lecanodiaspidids 
induce pits on the host. In the genus Lecanodiaspis, Anthony (1974a) de­
scribed the process of pit formation associated with an unknown species 
from Singapore on Xylopia malayana Hook.I. and Thoms. (Annonaceae). Ap­
parently the area under the body of the insect collapses and becomes fis­
sured and the area surrounding this area grows rapidly and forms a fusi­
form swelling. This account is virtually identical with the observations made 
by Parr (1940) for the pit induced by the asterolecaniid Asterodiaspis variolosa. 

Brookesiella is a monotypic Australian genus described for B. tuberans 
Lambdin and Kosztarab. It apparently does not elicit a pit on its acacia host 
but does induce a swelling at the feeding site with associated gum accumu­
lation (Lambdin and Kosztarab 1974). 

Gallinococcus leptospermi (Morrison and Morrison) is the only species in 
Gallinococcus (formerly in Amorphococcus) and has a complicated taxonomic 
history (Miller et al. 1998). Ferris (1919), Morrison and Morrison (1927), and 
Lambdin and Kosztarab (1973) consider this species to induce enclosed galls 
and, although we do not have definitive information to counter this obser­
vation, we suggest that it is incorrect. The galls of G. leptospermi have been 
assumed to be the same as those described and illustrated by Froggatt (1921b) 
for Sphaerococcus leptospermi Maskell because the type specimen of the 
lecanodiapidid was said to come from galls determined to be S. leptospermi 
by Froggatt (Ferris 1919). The galls illustrated by Froggatt (1921b) undoubt­
edly belong to S. leptospermi (Maskell 1894), now Callococcus leptospermi 
(Maskell) (Coles et al. 1988)-discussed in the Eriococcidae in this chapter. 
Thus the known specimens of the lecanodiaspidid, G. leptospermi, either 
must have come from galls that Froggatt mistakenly identified as those of S. 
leptospermi or they settled in the opened galls of C. leptospermi rather than 
eliciting the gall on their own. The galls of both species are described as 
woody swellings on the branches of Leptospermum and both apparently oc­
cur in the same areas of New South Wales. No other lecanodiaspidid in­
duces enclosed galls and thus it is most likely that G. leptospermi does not 
induce galls. 
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Of the 52 species treated in the revision of Lecanodiaspis by Howell and 
Kosztarab (1972) only eight are reported to cause some form of host defor­
mation. They are: L. acaciae (Maskell), L. convexa Froggatt, 1. dilatata Froggatt, 
1. distincta Howell and Kosztarab, 1. eucalypti (Maskell), 1. mirocribraria 
Froggatt,1. parthenii Howell and Kosztarab, and 1. rugosa Hempel (Table 1). 
The general nature of the gall is basically the same in most species, although 
in 1. acaciae, 1. dilatata, and 1. distincta the body of the insect is not only set 
in a pit, but the twig also is abnormally swollen where the insect rests. Some 
species induce deep pits whereas others live in shallow ones. In 1. mirocribraria 
there is no pit or definite gall, but its host (Epacris impressa Labill., 
Epacridaceae) is abnormally twisted where the feeding lecanodiaspidids are 
located. The galls of 1. eucalypti are shallow pits, but they are unusual 
because pits form on both leaves and stems. In all other cases, the pits are 
limited to either the stems or twigs of the host. No mention has been made 
of galls being induced by male nymphs. Although it is likely that a few 
other species of Lecanodiaspis cause host deformation, this phenomenon does 
not appear to be common. In several instances an explicit observation was 
made that certain species, e.g., 1. quercus Cockerell, 1. atherospermae (Maskell), 
and 1. sardoa Targioni Tozzetti do not induce pits or host deformation (Howell 
and Kosztarab 1972). 

Prosopophora has five species, all from the Oriental region (Ben-Dov and 
German 2002), but only Prosopophora circularis Borchsenius has been reported 
to cause pits on the stems of its unknown host plant (Borchsenius 1960). 

Stictacanthus is a monotypic genus from the Oriental region. The single 
included species, S. azadirachtae (Green), induces shallow pits on the young 
stems of Azadirachta indica A. Juss. (Meliaceae) and several species of Derris 
(Fabaceae) (Green 1909, Lambdin and Kosztarab 1973). 

Family Margarodidae 

The margarodids, sometimes called giant scales because of the large size of 
the females of many groups, comprise over 400 species in more than 70 
genera (Foldi 2001) and are the only group of archaeococcoids with gall­
inducing species. The Margarodidae is very diverse morphologically 
(Morrison 1928) and contains some extremely ancient lineages sometimes 
recognized as family-level taxa (Koteja 1974, 1990, Gullan and Sjaarda 2001). 
Host-plant use is diverse (Morrison 1928), but no catalog is available. They 
exhibit an amazing diversity of life cycle types and habits, including free­
living with or without copious wax coverings, bark dwelling, cyst forming 
on plant roots and, rarely, gall inducing. They have two or three immature 
female instars and four immature male instars. Males generally have habits 
similar to their conspecific females but are absent in a number of taxa and 
poorly known in others. 

Only three species in three genera of margarodids induce galls and all 
are restricted to conifers (Table 1). One genus, Matsucoccus, is Holarctic and 
feeds on Pinaceae, whereas the other two genera, Araucaricoccus and 
Coniferococcus, occur only in southeastern Queensland, Australia, on host 
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