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ABSTRACT
The genus Trabutina includes five species, T. crassispinosa Borchsenius, T. elastica 
Marchal, T. mannipara (Hemprich andEhrenberg), T. serpentina (Green), and T. tenax 
(Borchsenius). All occur in arid zones of the Palearctic and are restricted to Tamarix. 
Two species, T. mannipara and T. serpentina, are widespread from Italy to northeastern 
China. The range of T. crassispinosa is from Turkey and Iran to China. Two other species 
have local distributions: T. elastica, in North Africa and Spain, and T. tenax, in 
Tadzhikistan (Central Asia). New subjective synonymy includes: Trabutina leonardii 
Silvestri and T. bogdanovikatjkovi Borchsenius as junior synonyms of T. mannipara; 
Naiacoccus serpentinus var. minor Green as a junior synonym of Trabutina serpentina. 
The genera Naiacoccus and Trabutinella are considered to be junior synonyms of 
Trabutina for the first time based on results of the phylogenetic analysis. It is 
recommended that researchers examine T. crassispinosa, T. mannipara, and T. 
serpentina as the most likely biological control agents of Tamarix in the United States. 
KEY WORDS: Scale, manna, mealybug, tamarix, salt cedar, Trabutina, Coccoidea, 
Pseudo- coccidae, biocontrol.

INTRODUCTION

The genus Trabutina was described by Marchal (1904) and until our study included six 
species (Ben-Dov, 1994). The genus is best known for Trabutina mannipara (Hemprich and 
Ehren- berg), which is believed to be one of two mealybug species that produced the "manna" 
that fed the Israelites during their wanderings in the wilderness in biblical times 
(Bodenheimer, 1929); the second species is Naiacoccus serpentinus Green, which we now 
consider to be congeneric with Trabutina. Interest in the genus has recently heightened 
because of the potential of its species as biological control agents of Tamarix spp., a weed in 
riparian habitats in the southwestern United States (DeLoach, 1989). Tamarix (Tamaricaceae) 
or salt cedar is a genus of trees and shrubs native to Europe, Africa, and Asia. It is normally 
found in desert areas and contains about 54 species (Bailey and Bailey, 1976). Until now, the 
systematics of Trabutina was so poorly known that it was difficult or impossible to recognize 
most species.

The objectives of this study are: 1) to provide a systematic revision of Trabutina including 
keys for the recognition of species and a summary of all specimen label data; 2) to analyze the
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status of the genera Trabutinella and Naiacoccus which appear to be either very closely related 
to Trabutina or to be part of the genus; 3) to provide descriptions and illustrations of each instar 
of at least one species so that biological control workers can recognize different life stages; and 
4) to study the phylogenetic relationships of Trabutina with other similarly appearing mealybug 
genera.

M ATERIAL AND METHODS

Morphological terminology follows McKenzie (1967) and Danzig (1980) for adult females, 
Afifi (1968) for adult males, and Miller (1991) for immature instars. Measurements and 
numbers were taken from 10 specimens, when available, and are given as ranges followed by 
the mean in parentheses.

In the “Material Examined” section the host plant is listed only in records that included the 
specific name of the plant; otherwise, the host is Tamarix sp. but is not spelled out.

Cladistic analyses were performed using Hennig86 (Farris, 1988). The data matrix consisted 
of 8 taxa and 15 characters. Outgroup comparison was used to determine polarities of charac
ters, and Nipaecoccus nipae (Maskell) and Amonostherium lichtensioides (Cockerell) were 
used as outgroups because they possess dorsal conical setae and black body contents, features 
presumed to be important for characterizing a group of closely related genera. The functions 
mhennig “mh*,” branch swapping “bb,” and ultimately implicit enumeration “ie” were used to 
determine the structure of the tree. Diagnostics involved “dos equis” (xx) and “character 
coding” (cc) functions. Characters 3 and 11 were treated as unordered.

Abbreviations of depositories are as follows: the Natural History Museum, London, United 
Kingdom (BMNH); Instituto di Entomologia Agraria, Portici, Italy (IEAP); the Coccoidea 
Collection, Department of Entomology, the Volcani Center, Bet Dagan, Israel (ICV); Institute 
of Zoology, Almaty, Kazakhstan (IZK); Muséum National d ’Histoire Naturelle, Paris, France 
(MNHN); United States National Museum of Natural History, Beltsville, Maryland (USNM); 
Zoological Institute, Russian Academy of Sciences, St. Petersburg (ZIN).

The work load for this project was shared equally by each of the co-authors.
The mouthparts of Trabutina are especially large, are situated on a membranous flap, and 

cover significant portions of the body if mounted in the normal direction with the labium 
directed posteriorly. It is best to mount specimens with the mouthparts directed anteriorly to 
avoid this problem. See Marotta and Spicciarelli (1995) for more details.

TAXONOM Y

Trabutina Marchal, 1904

Trabutina Marchal, 1904:449; Leonardi, 1920:450; Archangelskaya, 1937:26; Borchsenius, 
1941:123, 1949:188; Ter-Grigorian, 1973:117; Ben-Dov, 1988:387. Type species: 
Trabutina elástica Marchal, 1904, by original designation.

Naiacoccus Green, 1919:117; Borchsenius, 1949:193. Type species Naiacoccus serpentinus 
Green, 1919, by original designation, n. syn.

Trabutinella Borchsenius, 1948:584. Type species: Trabutinella tenax Borchsenius, 1948, by 
original designation and monotypy, n. syn.
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d e s c r i p t i o n  OF GENUS. Body of adult female oval, elastic, with distinct segmentation, black in 
alcohol; dry females black and shiny. Mounted specimens up to 6 mm long. Antennae 6- or 
7-segmented. Legs stout, hind coxae and tibiae with translucent pores. Claw with small denticle 
near apex. Tarsal digitules equal in size on hind 2 pairs of legs with slightly bent apex but no 
distinct swelling; digitules on front legs unequal, 1 similar to other tarsal digitules and 1 short 
and setose. Claw digitules either without or with small apical swelling. Dorsal ostioles usually 
present, but not always distinct. Ventral circulus absent. Anal ring incomplete; 6 long setae on 
ring. Anal ring surrounded by conspicuous concentration of elongate filamentous setae. Cluster 
of large discoidal pores anterior of ring. In young adult females anal ring located near posterior 
apex, in fully grown specimens situated on dorsum over vulva. Vulva located more than 1/4 of 
distance from posterior apex to hind legs, segment VIII greatly elongated on ventral surface. 
Anal lobes weakly developed, with long apical setae. There are three types of pores: trilocular, 
multilocular, and discoidal. Trilocular pores variable in their distribution, never scattered over 
both surfaces as in most other genera of pseudococcids. Tubular ducts of oral-collar type, 
abundant on both surfaces of body. Cerarii of usual type absent, but remnant of C18 present near 
anal ring.

FIELD CHARACTERS. Female (except T. serpentina) enveloped in oval or almost circular ovisac 
constructed of rubbery material; 3-5 mm long. Ovisac closely attached to host plant; area 
adjacent to plant with small opening opposite mouthparts. Second, larger opening situated 
dorsally above anal opening. Ovisac of T. serpentina filamentous, unusually long (up to 
25 mm).

COMMENTS. The genus Naiacoccus was differentiated from Trabutina by Green (1919) based on 
the long filamentous ovisac of N. serpentinas. However, critical examination of the microscopic 
characters reveals that this species is so similar to Trabutina crassispinosa that specimens of 
N. serpentinus have even been misidentified as T. crassispinosa (Ter-Grigorian, 1973). In 
laboratory rearing studies of T. mannipara , DeLoach (personal communication) observed that 
second- and third-instar females produce a filamentous secretion typical of most mealybugs and 
of N. serpentinus. It also is of interest that T. mannipara produces a longitudinal band of 
filamentous wax on the dorsum soon after maturing (Fig. 9), but this wax eventually is covered 
by the rubbery material. Therefore, it appears that N. serpentinus has lost its ability to produce 
the rubbery ovisac that is so characteristic of its congeners (see the phylogeny section for 
details). It is our opinion that the genus Naiacoccus is a junior subjective synonym of Trabutina.

The genus Trabutinella was described by Borchsenius to include the single species T. tenax. 
He distinguished Trabutinella (Borchsenius, 1948, 1949) from Trabutina by the following: 
(1) Absence of conical setae, except those of cerarii. This character is not diagnostic of either 
genus since the type species of Trabutina and Trabutinella both lack conical setae, and 
Trabutina mannipara has specimens with and without these structures. (2) Absence of filamen
tous setae on anal segment. We found that “Trabutinella tenax" actually has these setae, but they 
are thinner and less numerous than in species of Trabutina. Because the distinctions suggested 
by Borchsenius do not clearly discriminate Trabutina and Trabutinella, we consider the genus 
Trabutinella to be a junior subjective synonym of Trabutina. For additional evidence see 
phylogeny section.

Trabutina appears to be most closely related to Amonostherium Morrison and Morrison. 
They share: a rotund body enclosed in an ovisac that is the same shape as the body; a small
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denticle on the claw; antennae that are 6- or 7-segmented; black body contents when placed in 
alcohol; and an unusually elongate ventral abdominal segment VIII. Amonostherium differs 
from Trabutina by having: a felted ovisac; clubbed tarsal and claw digitules; no cluster of 
filamentous setae around the anal ring; and an anal ring that completely encloses the anal 
opening. Trabutina, on the other hand, has: a rubbery or filamentous ovisac; tarsal digitules that 
are curved apically but not clubbed; claw digitules that are simple apically or have a very small 
club; a cluster of filamentous setae around the anal ring; and an anal ring that does not 
completely enclose the anal opening.

The genus Trabutina consists of five species, distributed in the arid zones of the Palearctic. 
Trabutina mannipara is widespread from Italy to northeastern China, and T. serpentina occurs 
in the western Palearctic up to Egypt. The range of T. crassispinosa is from Turkey and Iran to 
China. Two other species have more restricted distributions: T. elastica, in North Africa and 
Spain, and T. tenax, in Tadzhikistan (Central Asia). All species develop exclusively on Tamarix. 
Unfortunately, we have been unable to judge the degree of host specificity that Trabutina 
species show on species of Tamarix, because the data for most collections do not indicate the 
species of the host.

Females occur on thin twigs of Tamarix, in large groups. Adult females and late-instar 
nymphs excrete large amounts of honeydew that at first look like pellucid drops of liquid; these 
drops harden, crystallize, and cover the host plants and soil. The honeydew produced by 
Trabutina mannipara and T. serpentina is believed to be the source of “manna” that served as 
food for the Israelites during their journey in the wilderness of the Sinai in biblical times 
(Bodenheimer, 1929, 1959; Donkin, 1980; Ben-Dov, 1988). Manna is especially abundant 
following rainy periods, and when the mealybugs feed on Tamarix nilotica var. mannifera 
(= T. mannifera according to Baum and Zohary, 1966). This species of Tamarix seems to have 
unique physiological characteristics that make it a better source of manna (Bodenheimer, 1929). 
According to Ben-Dov (personal communication, 1995) there are several factors that affect the 
removal or accumulation of honeydew including ants, other insects, and rain. Therefore, it is 
very likely that the described layers or crystals of honeydew (manna) will not be observed by 
future workers in Israel. There is a possibility, however, that manna will be produced by 
specimens introduced into the drier areas of the United States if the mealybugs are not attended 
by ants.

Trabutina tenax is unusual in that it has a characteristic transparent layer of dried honeydew 
over the ovisac. This is apparently caused by the poorly developed anal ring and associated setae 
which are less able to thrust the honeydew away from the body of the insect. In T. elastica the 
honeydew forms crystals that cover the ovisac of the adult.

In some cases, species such as T. crassispinosa, T. mannipara, and T. serpentina occur 
in such large numbers that they cause withering and significant damage to Tamarix and are 
considered to be pests in the Palearctic (Matesova, 1957; Bazarov, 1968; Monaco, 1977). 
In the United States, plans are being made to release T. mannipara as a biological control 
agent of Tamarix (DeLoach, personal communication). Other species of Trabutina may be 
effective biological control agents in the future (see “Conclusions” section for other recom
mendations).

The parasite fauna of several species of Trabutina has been studied by Trjapitzin (1989).
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KEY TO SPECIES OF TRABUTINA (ADULT FEMALES)

1. Dorsal surface of abdomen with conical setae at least on posterior segments . . . .  2
— Dorsal surface of abdomen without conical s e ta e .....................................................  4

2(1). With less than 40 filamentous setae surrounding anal ring; conical setae with base 
narrowed; without unusually large oral-collar tubular ducts on venter of anterior thorax 
and head; with lobular swellings near v u lv a ............................................................... 3

— With more than 50 filamentous setae surrounding anal ring; conical setae without 
narrowed base; with unusually large oral-collar tubular ducts on venter of anterior
thorax and head; without lobular swellings near v u l v a ...............................................
...........................................................  mannipara (Hemprich and Ehrenberg) (in part)

3(2). Ventral multilocular pores abundant on thorax; tarsus 62-82 (69) pm long; forming 
rubbery o v is a c .....................................................................crassispinosa Borchsenius

— Ventral multilocular pores usually absent from thorax; if present, with less than 10
pores; tarsus 37-64 (54) pm long; forming filamentous o v isac ...................................
..........................................................................................................  serpentina (Green)

4(1). Dorsal trilocular pores abundant on abdomen; dorsal multilocular pores absent from 
thorax.............................................................................................................................  5

— Dorsal trilocular pores absent from abdomen; dorsal multilocular pores abundant on
thorax.............................................................................................. tenax (Borchsenius)

5(4). Anal ring without pores; anal-ring segment usually narrow and projecting................
.................................................................................................................elastica Marchal

— Anal ring with pores; anal-ring segment broad, not p ro jec tin g ...................................
...........................................................  mannipara (Hemprich and Ehrenberg) (in part)

KEY TO INSTARS OF TRABUTINA

1. Wings or wing buds absent............................................................................................  2
— Wings or wing buds p re se n t........................................................................................ 6

2(1). Tubular ducts present ..................................................................................................  3
— Tubular ducts ab sen t....................................................................................  first instar

3(2). Multilocular pores a b s e n t ............................................................................................  4
— Multilocular pores present on venter...........................................................................  5

4(3). More than 10 oral collars on dorsum of segment IV; tibia length divided by tarsus 
length 0.9 or less; cluster of 8-12 (9) setae just anterior of anal ring on segment VIII 
..........................................................................................................  second-instar male

— Less than 10 oral collars on dorsum of segment IV; tibia length divided by tarsus length
1.0 or 1.1; cluster of 1-5 (3) setae just anterior of anal ring on segment V H I .........
.......................................................................................................  second-instar female

5(3). With more than 10 multilocular pores on venter; vulva presen t..................................
..............................................................................................fourth-instar female (adult)

— With 10 or fewer multilocular pores on venter; vulva absent . . . third-instar female
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6(1). Front pair of wings fully developed; aedeagus present . . . fifth-instar male (adult)
— Wings in form of wing buds; aedeagus absent...........................................................  5

7(6). Wing buds longer than length of hind tibia + tarsus + claw; antennae with 10 distinct
segm en ts..............................................................................  fourth-instar male (pupa)

— Wing buds shorter than length of hind tibia + tarsus + claw; antennae without distinct
segm ents...........................................................................  third-instar male (prepupa)

Trabutina mannipara (Hemprich and Ehrenberg, 1829)

Coccus manniparus Hemprich and Ehrenberg in Ehrenberg, 1829:1.
Gossyparia manniparus (Klug and Ehrenberg); Signoret, 1875:24.
Trabutina elastica Marchal, Leonardi, 1907:161 (Misidentification according to Silvestri in 

Leonardi, 1920:451).
Trabutina leonardii Silvestri in Leonardi, 1920:451; Marotta and Spicciarelli, 1995:249, n. syn. 
Trabutina palestina Bodenheimer, 1927:179; Archangelskaya, 1937:132; synonymized by 

Ben-Dov, 1988:389.
Trabutina mannipara (Ehrenberg); Bodenheimer, 1929:64; Archangelskaya, 1937:133; 

Borchsenius, 1941:128,1949:189; Ben-Dov, 1988:389; Tang, 1992:337. For a discussion of 
the authorship of T. mannipara see Ben-Dov, 1988.

Trabutina bogdanovikatjkovi Borchsenius, 1941:131, n. syn.
Trabutina mannipara (Hemprich and Ehrenberg); Ben-Dov, 1988:389,1994:502.
Trabutina mannipara (Hemprich); Tang, 1992:338.

DESCRIPTION. Adult female (Fig. 1) with body rotund to broadly oval, varying from 1.2 to 
5.3 mm long and 0.9 to 3.6 mm wide.

Dorsum: Clg (see Fig. 1, A) with 0-6 (2) conical setae, with unconcentrated basal trilocular 
pores (B), cerarius sometimes indistinguishable from other marginal setal clusters; other cerarii 
absent. Multilocular pores (C) normally absent, occasionally with up to 8 such pores on 
segments V, VI, or VII, sometimes with as few as 5 loculi. Trilocular pores (B) most abundant 
on posterior apex of abdomen and near ostioles (D); specimens from Mediterranean zones 
usually without trilocular pores in medial areas of thorax and posterior part of head except near 
ostioles; specimens from other areas with many pores in this area, often concentrated near 
segmental lines. Discoidal pores (E) of 2 sizes: largest size with irregular margin, in large 
numbers near anterior portion of anal ring; smaller size round, with even border, scattered over 
abdomen and thorax. Oral-collar tubular ducts (F) of 3 sizes: smallest size restricted to 
abdomen, usually present on anterior portion of most segments; medium-sized ducts most 
abundant on posterior abdomen, also present on thorax and head; largest size most abundant on 
thorax and head; with fewer ducts in medial areas of abdomen and thorax; ducts absent from 
segment VIH, present elsewhere. Body setae (G) normally conical on posterior segments, 
without narrowed base; conical seta distribution highly variable, some specimens from Israel 
without these setae, in most other areas they are present from segments VI or VII to segments II, 
HI, IV, or V. Body setae increasingly shorter anteriorly, variable in shape, specimens from 
North Africa and Israel with more filamentous setae; specimens from other areas tend to have 
small anterior setae with slightly conical shape; with 70-90 (78) long setae surrounding anal 
ring. Ostioles (D) present, unsclerotized, with associated setae and trilocular pores.
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Fig. 1. Trabutina mannipara (Hemprich and Ehrenberg), adult female. A, cerarius 18; B, trilocular pore; 
C, multilocular pore; D, ostiole; E, discoidal pore; F, oral-collar tubular ducts; G, body setae; H, anal ring; 
I, labium; J, antenna; K, translucent pores.
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Anal ring (H) variably sclerotized, broadly oval, with 19-28 (24) pores on each side of ring, 
with anal-ring setae 124-158 (143) pm long. Anal-lobe setae 109-136 (123) pm long; anal-ring 
setae 1.1—1.3 (1.2) times as long as anal-lobe setae.

Venter. Multilocular pores in posterior and anterior bands on segments II or HI-VIII, 
scattered on thorax, present laterad of submarginal line of trilocular pores. Trilocular pores 
present in submarginal line from head to posterior apex of abdomen, present near anterior 
margin of anterior abdominal segments mesad of submarginal line of trilocular pores, scattered 
over thorax, concentrated near spiracles, in small numbers on anterior margin of head. Discoidal 
pores of small size only, most abundant on anterior abdomen and thorax. Oral-collar tubular 
ducts of 2 or 3 sizes: smaller ducts approximately same size as medium ducts on dorsum, present 
on abdomen and lateral areas of thorax; larger size conspicuously bigger than any other tubular 
duct on body, in clusters on thorax and head. Setae filamentous except on segment VIH where 
slightly conical. Without lobes near vulva.

Labium (I) 111-161 (140) pm long. Antennae (J) usually 6-segmented, often with segment 
III partially divided, occasionally completely divided forming 7 segments (we have been unable 
to confirm Borchsenius’ assertion (1949) that there may be as many as 9 segments). Hind legs 
with coxa and sometimes tibia swollen, translucent pores (K) on coxa and tibia, some specimens 
with pores on femur; 72-112 (94) pores on each hind coxa, 0-16 (7) pores on femur, 8-22 (17) 
pores on tibia. Hind coxa 116-156 (132) pm wide at widest point; hind femur 111-133 (121) 
pm long; hind tibia 84-113 (97) pm long, femur 1.2-1.4 (1.2) times as long as tibia; hind tarsus 
64-82 (73) pm long, tibia 1.1-1.4 (1.3) times as long as tarsus.

Third-instar female (Fig. 2) with body oval, varying from 1.1 to 1.5 mm long and 0.8 to
1.0 mm wide.

Dorsum: C18 with 2-3 (2) conical setae, other cerarii indistinguishable, with unconcentrated 
basal trilocular pores. Multilocular pores absent. Trilocular pores most abundant on posterior 
apex of abdomen, on thorax most abundant near anterior and posterior margins of segments, 
rare near body margin. Discoidal pores of 1 size, most abundant anterior of anal ring, rare 
elsewhere. Oral-collar tubular ducts present from head to segment VII, of 2 or 3 sizes: smallest 
size present near body setae in medial and mediolateral areas; medium size scattered over 
surface, most abundant on anterior abdominal segments and posterior thoracic segments, few on 
head; largest size intergrading with medium size most abundant on sublateral areas of thorax 
and head. Body setae filamentous, increasingly shorter anteriorly, with about 20 setae surround
ing anal ring. Ostioles present, unsclerotized, with associated trilocular pores, 1 specimen with 
1 seta on each ostiole.

Anal ring weakly sclerotized, broadly oval, with 21-24 (22) pores on each side of ring, with 
anal-ring setae 94—111 (105) pm long. Anal-lobe setae 57-111 (89) pm long; anal-ring setae 
1.0-1.9 (1.3) times as long as anal-lobe setae.

Venter. Multilocular pores uncommon, with 1 or 2 pores on any or all of segments VII to V 
and meta- and mesothoracic segments. Trilocular pores restricted to anterior margin of thoracic 
and abdominal segments in medial and mediolateral areas, most abundant near spiracles, 
scattered elsewhere. Discoidal pores rare in submarginal areas, absent elsewhere. Oral-collar 
tubular ducts of 2 or 3 sizes: smaller size present in submarginal areas; medium size present over 
surface, most abundant in submarginal areas; large size intergrading with medium size, present 
on thorax and head. Setae filamentous.

Labium 79-91 (84) pm long. Antennae 6-segmented, 193-259 (223) pm long. Hind legs
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Fig. 2. Trabutina mannipara (Hemprich and Ehrenberg), third-instar female,
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with translucent pores on hind tibiae in 1 specimen only; hind femur 101-106 (104) pm long; 
hind tibia 75-84 (78) pm long; femur 1.1-1.4(1.3) times as long as tibia; hind tarsus 69-84 (73) 
pm long; tibia 1.0-1.2 (1.1) times as long as tarsus.

The above description is based on 3 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

Second-instar female (Fig. 3) with body oval, varying from 0.7 to 1.1 mm long and 0.4 
to 0.6 mm wide.

Dorsum: Clg with 2 conical setae, 1 filamentous seta, 3-4 (3) trilocular pores, and basal 
sclerotization, other cerarii weakly indicated by 2 associated filamentous setae and 1 trilocular 
pore. Multilocular pores absent. Trilocular pores scattered over surface. Discoidal pores of 1 
size, with 0-1 (1) anterior of anal ring, with 1 pore on each lateral margin of each segment 
including thorax and head, rare elsewhere. Oral-collar tubular ducts present from head to 
segment VII, of 1 variable size, with marginal line from head to segment VII, medial line with 
variable number of ducts from thorax to segment VII, mediolateral line with variable number of 
ducts from thorax to segment II or HI. Body setae filamentous, conspicuously longer on 
segment VIII anterior of anal ring, sometimes long on segment VII, remaining setae of 
approximately equal size, with 1-5 (3) setae immediately anterior of anal ring. Ostioles present, 
unsclerotized, with associated trilocular pores, and seta on anterior lip of posterior ostiole.

Anal ring apical, weakly sclerotized, broadly oval, with 19-31 (24) pores on each side of 
ring, with anal-ring setae 74-82 (77) pm long. Anal-lobe setae 94-106 (99) pm long; anal-ring 
setae 0.7-0.8 (0.8) times as long as anal-lobe setae.

Venter: Multilocular pores absent. Trilocular pores scattered over surface. Discoidal pores 
in mediolateral longitudinal line from prothorax to segments IV or V, absent elsewhere. Oral- 
collar tubular ducts of 1 size, often slightly smaller than those on dorsum, present on each side 
of each segment in submarginal area from head to segment VII, usually with 1 duct near each 
leg. Setae filamentous.

Labium 64—79 (75) pm long. Antennae 6-segmented, 161-188 (174) pm long. Hind legs 
without translucent pores; hind femur 89-99 (94) pm long; hind tibia 69-79 (74) pm long; 
femur 1.2-1.3 (1.3) times as long as tibia; hind tarsus 68-77 (71) pm long; tibia 1.0-1.1 (1.0) 
times as long as tarsus.

The above description is based on 7 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

First instar (sex not determined) (Fig. 4) with body oval, 0.5 mm long and 0.2 to 0.3 mm 
wide.

Dorsum: C18 (Fig. 4, A) with 2 conical setae and 1 associated trilocular pore, without basal 
sclerotization, other cerarii weakly indicated by 2 associated filamentous setae and 1 trilocular 
pore. Multilocular pores absent. Trilocular pores arranged in 4 longitudinal lines on each side of 
body including those in cerarii. Discoidal pores absent. Oral-collar tubular ducts absent. Body 
setae filamentous, arranged in 4 longitudinal lines on each side of body including those in 
cerarii, sometimes slightly longer on segment VII, without setae on segment VIII anterior of 
anal ring. Ostioles present, unsclerotized, anterior ostioles with 1 trilocular pore on each lip, 
without setae, posterior ostioles with 1 trilocular pore on each lip and 1 seta on anterior lip.

Anal ring apical, weakly sclerotized, broadly oval, with about 15 pores on each side of ring,
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Fig. 3. Trabutina mannipara (Hemprich and Ehrenberg), second-instar female.
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Fig. 4. Trabutina mannipam (Hemprich and Ehrenberg), first instar. A, cerarius 18.
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with anal-ring setae 52-59 (54) (am long. Anal-lobe setae 64-77 (71) pm long; anal-ring setae 
0.7-0.8 (0.8) times as long as anal-lobe setae.

Venter. Multilocular pores absent. Trilocular pores arranged in 1 pair of mediolateral lines, 
submarginal pores also present on thorax and head. Discoidal pores arranged in 1 pair of 
submarginal longitudinal lines on abdomen, also present near spiracles and near anterior apex of 
clypeolabral shield. Oral-collar tubular ducts absent. Setae filamentous.

Labium 59-67 (64) pm long. Antennae 6-segmented, 148-163 (153) |im long. Hind legs 
without translucent pores; hind femur 69-77 (73) pm long; hind tibia 49-57 (53) pm long; 
femur 1.3-1.4 (1.4) times as long as tibia; hind tarsus 64—74 (69) pm long; tibia 0.7-0.8 (0.8) 
times as long as tarsus.

The above description is based on 9 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

The first instar also was described and illustrated by Marotta and Spicciarelli (1995).

Adult males (Fig. 5) with body elongate, varying from 1.0 to 1.2 mm long and 0.3 mm 
wide.

Dorsum: with 1 pair of tail-forming pore clusters; each cluster with 2 setae 237-284 (256) 
pm long, 1 or 2 other setae 17-79 (33) pm long, and 29-48 (39) multilocular pores. Multilocular 
pores in pore cluster normally with 5 loculi, on remainder of body normally with 4 loculi* 
occasionally with 3 or 5 loculi; multilocular pores in 1 mediolateral line of pores on each side of 
body from any of abdominal segments I to VII, segment I with a cluster of 2-5 (4) pores on each 
side of segment, other segments never with more than 1 pore on each side of segment; 
multilocular pores also on sublateral areas of prothorax. Discoidal pores of 1 size and shape, 
scattered over surface. Body setae filamentous, noticeably shorter than ventral setae. Ab
dominal sclerotization on segments V or VI to IX. Ostioles absent. Metapostnotal ridge 
conspicuous. Scutum sclerotized throughout. Prescutum round to rectangular, with prescutal 
ridge absent or weakly developed. Hamulohaltera each with 1 apical seta. Mesothoracic wings 
each with 1-2 (2) sensoria and 2-4 (3) setae. Postocular and preocular ridges separate. 
Midcranial ridge obvious, dorsal arm represented by narrow ridge present on head midline from 
near lateral arms to posterior of postocular ridge, lateral arms not directly attached to dorsal arm, 
forming V-shaped structure. Postoccipital ridge absent or rarely represented by weakly 
sclerotized area. Ocular and dorsomedial sclerites weakly sclerotized. Dorsal eye 30-38 (35) 
pm in diameter. With 3-4 (3) genal setae on each side of head.

Penial sheath 175-203 (183) pm long, width/length ratio 0.4—0.5 (0.4); apical portion with 
rounded apex; penial sheath undivided, without medial lobes. Ventral slit conspicuous. 
Aedeagus 153-173 (161) pm long, attached to ventral surface by conspicuous basal rod.

Venter: with multilocular pores normally with 4 loculi, rarely with 5 or 3, present in 1 
mediolateral line of pores on each side of body from any of metathorax or abdominal segments 
II to VI, also present near spiracles and between anterior pair of legs. Discoidal pores in 
mediolateral line on abdomen, also present near spiracles and on head near base of antennae, 
with 1-4 (3) pores near each antenna. Abdominal sclerotization on segments IV or V to VIH. 
Body setae filamentous. Metepistema each with 2 precoxal ridges. Mesostemal marginal ridge 
conspicuous. Prostemum normally represented by prostemal ridge only, rarely with remnant of 
prostemal plate. Midcranial ridge diffuse, indefinite, restricted to interantennal area. Postocular 
and preocular ridges fused ventrad of ocellus, obvious. Preoral ridge absent or inconspicuous.
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Cranial apophysis absent or weakly developed. Mouth not located. Ventral eye 32-42 (38) pm 
in diameter, slightly larger than dorsal eye. Ocellus 26-32 (30) pm at greatest dimension.

Prothoracic legs shortest, metathoracic legs longest; leg setae filamentous except for a few 
setae on outer margin of tarsi which are slightly fleshy; tarsal digitules undifferentiated from 
other setae; claw digitules apically acute, not reaching tip of claw; claws without denticle. 
Antennae 558-685 (607) pm long; body length 1.6-1.9 (1.8) times length of antenna; antennae 
10-segmented; apical antennal segment length/third antennal segment length 1.1-1.3 (1.2); 
antennal setae disposed as follows: fleshy setae on segments II to X; hair-like setae on all 
segments; subapical sensory setae and capitate setae absent; antennal bristles on last 3 segments.

The above description is based on 10 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

Fourth-instar male (pupa) (Fig. 6) with body elongate, 1.1 to 1.2 mm long and 0.3 to 
0.4 mm wide.

Dorsum: Posterior lateral margin of abdominal segment VIII with cluster of 3 elongate setae 
on each side of abdomen, longest seta 64—99 (76) pm long. Multilocular pores present in 1 
longitudinal, mediolateral line on each side of body from metathorax to abdominal VII or VIII, 
also present on prothorax. Trilocular pores absent. Discoidal pores absent or rare. Oral-collar 
tubular ducts present near body margin, with irregularly sclerotized rim. Body setae filamen
tous. Ostioles present posteriorly only, unsclerotized, usually with 1 seta. Postocular ridge 
weakly sclerotized. Lateral ocellus evident.

Anal ring dorsal, without setae or pores. Developing penial sheath 89-115 (104) pm; 
developing aedeagus noticeable at apex of sheath on ventral surface. Wing buds longer than 
tibia + tarsus.

Venter: Multilocular pores present in 1 longitudinal line, mediolateral line from prothorax to 
abdominal segment VIE or VII. Trilocular pores absent. Discoidal pores rare or absent. 
Oral-collar tubular ducts present near body margin, especially on prothorax. Setae filamentous. 
Mouthparts absent. Antennae 10-segmented, 403-446 (426) pm long. Hind legs with segment 
between tibia and tarsus weakly indicated; hind femur 106-121 (117) pm long; hind tibia 
121-131 (128) pm long; femur 0.9 times as long as tibia; hind tarsus 77-90 (85) pm long; tibia 
1.4—1.6 (1.5) times as long as tarsus.

The above description is based on 4 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

Third-instar male (prepupa) (Fig. 7) with body elongate, 0.9 to 1.0 mm long and 0.4 to 
0.5 mm wide.

Dorsum: Posterior lateral margin of abdominal segment VUI with cluster of 2 or 3 elongate 
setae on each side of abdomen, longest seta 54-57 (56) pm long. Multilocular pores scattered 
over surface but absent on mesothorax and posterior 2 abdominal segments. Trilocular pores 
absent. Discoidal pores rare. Oral-collar tubular ducts present, of same distribution as multi
locular pores, with irregularly sclerotized rim. Body setae filamentous. Ostioles present 
anteriorly and posteriorly, unsclerotized, usually with 1 associated seta. Postocular ridge absent.

Anal ring dorsal, without setae or pores. Developing penial sheath about 55 pm long; 
aedeagus absent. Wing-buds shorter than tibia + tarsus.

Venter: Multilocular pores scattered over surface except in medial areas of anterior portion 
of thorax. Trilocular pores absent. Discoidal pores rare. Oral-collar tubular ducts present in
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Fig. 6. Trabutina mannipara (Hemprich and Ehrenberg), fourth-instar male (pupa).
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Fig. 7. Trabutina mannipara (Hemprich and Ehrenberg), third-instar male (prepupa).
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marginal and mediolateral areas. Setae filamentous. Mouthparts weakly indicated. Antennal 
segmentation indefinite, with less than 10 segments, about 250 pm long. Hind legs with 
segment between tibia and tarsus weakly indicated; hind femur 84-94 (89) pm long; hind tibia 
64—79 (72) pm long; femur 1.2-1.3 (1.2) times as long as tibia; hind tarsus 59-69 (64) pm long; 
tibia 1.1 times as long as tarsus.

The above description is based on 2 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

Second-instar male (Fig. 8) with body oval, varying from 0.7 to 1.1 mm long and 0.4 to 
0.6 mm wide.

Dorsunv. C18 with 2 conical setae, without closely associated filamentous seta, 3^4 (3) 
trilocular pores, and basal sclerotization, other cerarii weakly indicated by 2 associated filamen
tous setae and 1 trilocular pore. Multilocular pores absent. Trilocular pores scattered over 
surface. Discoidal pores of 1 size, with 2-5 (3) anterior of anal ring, with medial line on anterior 
abdomen and thorax, rare laterally, rare elsewhere. Oral-collar tubular ducts present from head 
to segment VII, of 2 variable sizes, scattered over surface, without definite longitudinal lines, 
but with more than 10 ducts on abdominal segment IV. Body setae filamentous, conspicuously 
longer on segment VIE anterior of anal ring, sometimes long on segment VII, remaining setae 
of approximately equal size, with 8-12 (9) setae immediately anterior of anal ring. Ostioles 
present, unsclerotized, with associated trilocular pores, and seta on anterior lip of posterior 
ostiole.

Anal ring apical, weakly sclerotized, broadly oval, with 17-23 (19) pores on each side of 
ring, with anal-ring setae 72-86 (80) pm long. Anal-lobe setae 82-101 (96) pm long; anal-ring 
setae 0.7-0.9 (0.8) times as long as anal-lobe setae.

Venter. Multilocular pores absent. Trilocular pores scattered over surface. Discoidal pores 
in mediolateral longitudinal line from prothorax to segments IV or V, absent elsewhere. 
Oral-collar tubular ducts of 1 variable size comparable to largest size on dorsum, present on 
each side of each segment in submarginal area from head to segment VII, usually with 1 duct 
near each leg. Setae filamentous.

Labium 67-79 (74) pm long. Antennae 6-segmented, 161-188 (176) pm long. Hind legs 
without translucent pores; hind femur 80-93 (87) pm long; hind tibia 59-67 (64) pm long; 
femur 1.3-1.4 (1.4) times as long as tibia; hind tarsus 69-77 (73) pm long; tibia 0.9 times as 
long as tarsus.

The above description is based on 9 specimens reared in Texas in quarantine but originally 
from Israel, Ein Kane, on Tamarix jordanis or near.

VARIATION. Adult females of this species have considerable variation in several characters, but 
we have been unable to segregate any separate species. In most specimens conical setae are 
present at least on the dorsum of segments V, VI, and VII, but as can be seen in the illustration 
of Ben-Dov (1988), specimens from Ein Fashkha, Israel can be completely devoid of these 
setae. Other specimens have been collected at this same locality that possess conical setae. 
Based on these data we conclude that dorsal setae can vary from conical to filamentous in 
Trabutina mannipara. There is a tendency for specimens from the Mediterranean area to lack 
pores on the hind femur and for specimens from Asia to possess these structures, but we have 
studied Italian specimens that have these pores on one side of the body and lack them on the 
other. We have also studied specimens, particularly from Italy and Sicily, that have a few dorsal
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Fig. 8. Trabutina mannipara (Hemprich and Ehrenberg), second-instar male.
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multilocular pores, but in several of these seiies there are specimens that have these pores and 
others that lack them. The only difference that we have been unable to attribute to intraspecific 
variation is the distribution of the dorsal trilocular pores. In material from the Mediterranean 
area, there are few or no trilocular pores on the dorsomedial areas of the thorax, whereas in 
specimens from Asia there are many trilocular pores in this area. We consider this difference to 
represent geographical variation.

COMPARISON OF SPECIES. Trabutina mannipara is most similar to T. elastica because each of 
them possesses unusually large oral-collar tubular ducts on the venter of the thorax, 2 or 3 sizes 
of dorsal oral-collar tubular ducts, and the trilocular pores on the venter are concentrated in a 
submarginal longitudinal line from the head to the apex of the abdomen. Trabutina mannipara 
differs in possessing more than 15 pores on each side of anal ring; it has anterior ostioles; 
usually with dorsal conical setae and without dorsal multilocular pores. Trabutina elastica 
usually does not have pores on the anal ring, but when present never with more than 5 on each 
side; no anterior ostioles; no dorsal conical setae; several dorsal multilocular pores on posterior 
abdominal segment.

FIELD CHARACTERISTICS. The ovisac is soft, light brown, dorsomedial area with a band o f  white 
wax from anterior to posterior ends of sac and dark areas surrounding the anal opening (Fig. 9). 
Young females have an oval ovisac with a lengthwise band filled with white filamentous wax. 
Older sacs are ball-shaped with the edges closed and with the lengthwise strip of white wax 
disappearing with time.

COMMENTS. Examination of a series of specimens of T. leonardii from Italy including the 
lectotype (see Marotta and Spicciarelli, 1995) has led us to conclude that this species is 
conspecific with Trabutina mannipara. Synonymy of T. bogdanovikatjkovi has been estab-

Fig. 9. Trabutina mannipara (Hemprich and Ehrenberg), ovisac.
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lished by comparison of types. Distinctions mentioned by Borchsenius (1941,1949) are within 
the range of intraspecific variation of T. mannipara.

d i s t r i b u t i o n . France (Corsica), Italy, Algeria, Egypt, Israel, Iran, Kazakhstan, Turkmenistan, 
Tadzhikistan, Uzbekistan, China.

MATERIAL e x a m i n e d . Coccus mannipara, neotype 9 , EGYPT: Sinai Peninsula, Wadi Nasib, 
vii.1927, on Tamarix sp., F. Bodenheimer (ICV).

Trabutina leonardii, lectotype $ , ITALY: Nicastro, Catanzaro, ix.1906, on Tamarix 
africana, G. Martelli (IEAP) (Marotta and Spicciarelli, 1995).

Trabutinapalestina, lectotype 9 , ISRAEL: Allenby Bridge, on Tamarix sp. (ICV). 
Trabutina bogdanovikatjkovi, lectotype 9 designated here, UZBEKISTAN: Sary-su, Mar- 

gelan Distr., 6.VÜ.1932, P. Archangelsky, 3 specimens on slide, lectotype is on bottom left, is 
circled in ink and a label is included on the slide with a map of the location of the lectotype 
(ZIN); paralectotype females from the same series as lectotype (ZIN).

o t h e r  MATERIAL e x a m i n e d . ISRAEL: Ein Fashkha, 5.iv. 1986, on T. jordanis or near, Y. Ben- 
Dov (ICV, ZIN); same data but 17.vi.1994, E. Danzig (ZIN); same data 23.V.1993, 
CJ. DeLoach (USNM); En Gedi, 31.V.1966, Z. Hadzibejli (ZIN). CORSICA: Casabianca, 
ix.1933, on Tamarix gallica, M. Jacoviac (MNHN); same data but A. Balachowsky (MNHN). 
ITALY: Salerno Province, Punta Licosa, 16.ix.1990, on T. gallica, S. Marotta (ZIN, Marotta); 
Sicily, 28.viii.1934, on Tamarix sp., from Silvestri collection (MNHN, BMNH). ALGERIA: 
Constantine, Canal de Mozrouk, 1931, on T. gallica, Delasus (MNHN); LaReghaia, 1932, on 
T. africana, Pasquier (MNHN). TUNISIA: Gabes (bords de l ’Ouest près de lamer), 26.iv. 1910, 
on T. anglica (= gallica according to Baum and Zohary), P. Marchai (MNHN). EGYPT: Sinai 
Peninsula, Wadi-Nasib, vii.1927, F. Bodenheimer, the same series as neotype (ICV, ZIN). 
IRAN: 143 km SE Teheran, 13.V.1987, M. Abai (ZIN). TURKMENISTAN: Kyurendag, 
17.ix.1993, G. Kalagina (ZIN); Karakum, SW Burgu, 26.iv.1951 (ZIN); Murgab, Imam Baba, 
10.ix.1974, S. Myartseva (ZIN); Iolatan, 25.iv.1980, E. Danzig (ZIN). KAZAKHSTAN: Julek, 
5.VÜ.1915, E. Paukovsky (BMNH); Isle Karabaily in Aral Sea, 13.vii.1914, Zarudny (ZIN); 
Chimkent District, Syr-Darya, Baltakul, 15.vi.1963, G. Matesova (IZK); road Kzyl-Orda- 
Chimkent, 10.viii.1968, G. Matesova (IZK); same locality and date but on T. gracilis, 
Kzyl-Orda District, 16.vi.1960, A. Archangelskaya (IZK); Hi, 5.ix.l953, I. Mityaev (ZIN). 
UZBEKISTAN: Kara-Kalpakia, Muinak District, Kazakh-Darja, vi.1968, V. Trjapitzin (ZIN); 
30 km east Kungrad, 8.vi.l969, on T. hispida, G. Matesova (IZK). TADZHIKISTAN: 
Tigrovaya Balka Nature Reserve, 25.V.1964, E. Danzig (ZIN); Aivadzh in Shaartuz Distr., 17 
and 19.vi.1944, N. Borchsenius (ZIN); Parkhar, 9.x. 1944, N. Borchsenius (ZIN).

BIOLOGY. According to Monaco (1977), in southern Italy this species overwinters in the second 
instar and in April-May migrates to newly formed twigs. Part of the population has two 
generations each year and the other part has only one. The end of the oviposition period 
is November-December. Three insect species prey on eggs in Italy: the lady beetle 
Scymnus kiesenwetleri Mulsant (Coccinellidae), the larvae of Leucopis alticeps Czemy 
(Chamaemyiidae), and the brown lace wing Sympherobius pygmaeus (Rambur) (Hemero- 
biidae). Gerling and Kugler (1973) reared encyrtids of the genus Timberlakia from T. 
mannipara collected beside the Dead Sea and signiphorids from the Rift Valley south of there. 
Also, a predator, Cacoxenus perspicox (Knob) (Drosophilidae), was reared by V. Chikatunov
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from Dead Sea collections. At Temple, Texas, USA, Joy? Johnson also reared C. perspicox 
from the Dead Sea collections; the larvae ate all of the eggs and perhaps any first instars inside 
the egg sac, leaving it empty. Sometimes, two to four adjacent egg sacs were found empty, with 
the adjacent walls missing, also possibly eaten by the predator. Johnson reared an unidentified 
encyrtid from the culture (DeLoach personal communication).

Trabutina mannipara has been collected on Tamarix africana, T. gallica, T. gracilis, T. 
hispida, and T. jordanis or near. Together with Trabutina serpentina, this species is believed to 
be the source of the biblical manna that allowed the Israelites to survive during their wanderings 
in the Sinai wilderness. However, according to Ben-Dov (1988) mealybug colonies in Israel are 
now free from honeydew accumulations because of consumption by the ants Crematogaster 
jehovae Forel and Polyrachis simplex Mayr. Degen and Gersani (1989) studied details of the 
honeydew collecting behavior of P. simplex in Israel. In Italy Crematogaster scutellaris Olivier 
is closely associated with Trabutina mannipara (Monaco, 1977).

Trabutina crassispinosa Borchsenius, 1941

Trabutina elástica Marchal; Borchsenius, 1936:111 (Misidentification).
Trabutina crassispinosa Borchsenius, 1941:133; Tang, 1992:338; Ben-Dov, 1994:502. 
Trabutina mannipara Ehrenberg; Bazarov, 1968:71 (Misidentification).

DESCRIPTION. Adult female (Fig. 10) with body rotund to broadly oval, varying from 1.9 to 
3.9 mm long and 1.5 to 2.2 mm wide.

Dorsum: Cl8 with 4-8 (6) conical setae with narrowed base, without filamentous setae, with 
unconcentrated basal trilocular pores, cerarius distinguishable from other marginal setal 
clusters; C17 and C16 sometimes distinguishable. Multilocular pores present from segment VIII 
to VII, sometimes with only 1 such pore on posterior margin of segment VII; 2 specimens with 
multiloculars on anterior margin of mesothorax. Trilocular pores most abundant near posterior 
apex of abdomen, absent from lateral areas of anterior abdominal segments, most abundant on 
thorax near segmental lines, increasingly abundant near anterior ostiole and on head. Discoidal 
pores with irregular margin, of 1 size, scattered in small numbers over surface, with 1 to 4 such 
pores associated with cluster of long setae near anal ring. Oral-collar tubular ducts of 1 or 2 
sizes: smallest size in medial areas of abdomen, gradually increasing in size laterally, abundant 
over surface, most numerous on anterior abdomen and meta- and mesothorax. Body setae 
normally conical on posterior segments, with narrowed base; conical setae present from 
segment VII to segments II, I. Body setae increasingly shorter anteriorly; with 14-25 (18) long 
setae surrounding anal ring. Ostioles present, posterior pair sometimes sclerotized, with 
associated setae and trilocular pores.

Anal ring variably sclerotized, broadly oval, with 26-40 (33) pores on each side of ring, with 
anal-ring setae 74—111 (96) |tm long. Anal-lobe setae 79-111 (96) pm long; anal-ring setae 
0.8-1.3 (1.0) times as long as anal-lobe setae.

Venter: Multilocular pores in bands on prothorax or mesothorax to segment VIII, also on 
submargin of posterior segments, sometimes present near mouthparts on head. Trilocular pores 
absent from abdomen except near segmental lines on anterior segments, present near legs, 
spiracles, mouthparts, and antennae. Discoidal pores with irregular margin, uncommon, most 
abundant submarginally. Oral-collar tubular ducts of 1 size, most abundant on submarginal and 
marginal areas of abdomen, becoming increasingly less abundant on thorax and head, in clusters
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Fig. 10. Trabutina crassispinosa Borchsenius, adult female.
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on thorax and head. Setae filamentous. Two inconspicuous lohes surrounding vulva, 1 on each 
side of segment VIII; pores, setae, and tubular ducts not concentrated on lobes.

Labium 111-148 (125) pm long. Antennae 6-segmented. Hind legs with coxa and some
times tibia swollen, translucent pores on coxa, some specimens with pores on femur and tibia; 
10-69 (35) pores on each hind coxa, 0-20 (5) pores on femur, 0-10 (1) pores on tibia. Hind coxa 
81-141 (116) pm wide at widest point; hind femur 119-161 (142) pm long; hind tibia 89-117 
(104) pm long; femur 1.3-1.5 (1.4) times as long as tibia; hind tarsus 62-82 (69) pm long; tibia 
1.3-1.8 (1.5) times as long as tarsus.

VARIATION. This species has considerable variation in several characters, particularly in the 
distribution of the ventral multilocular pores. In some specimens the multilocular pores are 
abundant on the prothorax, especially near the anterior spiracles; in others they are entirely 
absent in this area. There also seems to be considerable variation in the translucent pores on the 
legs, but this may be an artifact of the poor preparations that were available in most instances.

COMPARISON OF SPECIES. Trabutina crassispinosa is most similar to T. serpentina in that they 
have: similar distribution of trilocular pores; lobe-like swellings near the vulva; dorsal conical 
setae with narrow bases; and 1 variable size of tubular duct. Trabutina crassispinosa differs in 
possessing: many ventral multilocular pores on thorax; hind tarsus 62-82 (69) pm long; rubbery 
ovisac. Trabutina serpentina has: few or no ventral multilocular pores on thorax, if present, with 
less than 10 pores; hind tarsus 37-64 (54) pm long; forming filamentous ovisac.

FIELD CHARACTERISTICS. The ovisac is soft and elastic, cream colored, dorsomedial area with a 
band of white wax from anterior to posterior ends of sac and dark areas surrounding the anal 
opening. The eggs are white.

COMMENTS. This species is reported to cause major damage to Tamarix under certain conditions 
(Bazarov, 1968).

DISTRIBUTION. Dagestan, Georgia, Azerbaidjan, without locality (Borchsenius, 1941, 1949), 
Turkey, Iran, Turkmenistan, Tadzhikistan, Afghanistan, northeastern China.

MATERIAL EXAMINED. Lectotype 9 designated here, labelled as follows: Trabutina crassi
spinosa Borchs., Turkmenistan, on Tamarix, Gyaure 30-40 km of Ashkhabad, 1.VIII.1935, 
K. Breev (in Russian), slide number 106-37; 4 specimens on slide, lectotype is on bottom left, 
circled in ink, and a label is included on the slide with a map of the location of the lectotype 
(ZIN); 8 paralectotype females on 2 slides from the same series as lectotype, and also a series 
of females, labeled: Trabutina crassispinosa Borchs., on Tamarix, Firyuza, 19.VI. 1936, 
Znamensky (ZIN).

OTHER MATERIAL EXAMINED. DAGESTAN: Kaspiisk, 17.viii.1960, E. Sugonyaev (ZIN). 
GEORGIA: Rustavi, 15.vi.1974, E. Tereznikova (ZIN); Shiraki, 8 and 26.x.1959, Z. Hadzibejli 
(ZIN). TURKMENISTAN: Sumbar near Kyzyl-Bair, 9.V.1947, N. Borchsenius (ZIN); Kras- 
novodsk, 22.ix.1941, N. Borchsenius (ZIN); Kizyl-Atrek, 20.ix. 1992, G. Kalagina (ZIN); 
Farab, 25.vi.1910, on Tamarix palasii (= T. laxa according to Baum and Zohary, 1966), 
Fisher (ZIN). IRAN: 140 km southwest of Sirgjan, 26.x. 1977, E. Sugonyaev (ZIN). 
AFGHANISTAN: Baglan, ll.ix.1966, E. Sugonyaev (ZIN). TURKEY: 50 km Esari Riv.,
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E. Fethiys, 20.viii.1972, D. Gerling (BMNH). TADZHIKISTAN: Gissar ridge near Kandara, 
30.vi.1961, B. Bazarov (ZIN); Vasseiski District, Kubansh, 15.ix.1973, T. Babaev (ZIN).

BIOLOGY. This species is recorded on Tamarix laxa in Azerbaidjan (Borchsenius, 1941) and in 
Tadzhikistan, on T. arceuthoides (Bazarov, 1968). According to Bazarov this species occurs up 
to 1800 m elevation in Tadzhikistan on the southern slopes of the Gissar ridge. Mature larvae are 
the overwintering stage. Ovisac formation begins in late May and oviposition starts in the 
middle of June. Most larvae have hatched by late June and are commonly observed on the new 
shoots of the host in early July.

Natural enemies are reported to have a significant impact on the populations of this mealybug 
in Tadzhikistan. Larvae of the chamaemyiid fly Leucopis alticeps destroy eggs and crawlers; 
immatures of the chalcidoid parasite Anagyrus tamaricicola Trjapitzin were found in 60 or 70% 
of the adult females (Nurmamatov, 1989). Myartseva and Trjapitzin (1976) found the encyrtid 
Aphyculus tamaricola Myartseva and Trjapitzin parasitizing this mealybug in southwestern 
Turkmenistan.

Trabutina serpentina (Green, 1919) n. comb.

Naiacoccus serpentinus Green, 1919:117; Bodenheimer, 1929:117; Archangelskaya, 1937:33; 
Borchsenius, 1949:195; Ter-Grigorian, 1973:123; Avasthi and Shafee, 1987:27; Ben-Dov, 
1994:239.

Naiacoccus serpentinus var. minor Green, 1919:118, n. syn.
Naiacoccus minor Green; Borchsenius, 1949:196; Tang, 1992:330; Ben-Dov, 1994:239. 
Trabutina crassispinosa Borchsenius; Ter-Gregorian, 1973:118 (Misidentification).

DESCRIPTION. Adult female (Fig. 11) with body rotund to broadly oval, varying from 1.3 to
3.1 mm long and 0.9 to 2.6 mm wide.

Dorsum: Clg with 2-6 (2) conical setae with narrowed base and 1^4 (3) longer setae without 
narrowed base, with unconcentrated basal trilocular pores, cerarius distinguishable from other 
marginal setal clusters; C17 to C15 or C]4 also present. Multilocular pores present from segment 
Vin to V, IV, I, or metathorax, most abundant laterally. Trilocular pores present over surface 
most abundant near posterior apex of abdomen. Discoidal pores with irregular margin, of 1 size, 
scattered in small numbers over surface, with only 1 or 2 such pores associated with cluster of 
long setae near anal ring. Oral-collar tubular ducts of 1 or 2 sizes: smallest size in medial areas 
of abdomen, gradually increasing in size laterally, abundant over surface, most numerous on 
abdomen. Body setae normally conical on posterior segments, with narrowed base; conical 
setae present from segment VII to segments III, II, I, or metathorax. Body setae increasingly 
shorter anteriorly; with 17-30 (21) long setae surrounding anal ring. Ostioles present, 
unsclerotized, with associated setae and trilocular pores.

Anal ring variably sclerotized, broadly oval, with 32-46 (38) pores on each side of ring, with 
anal-ring setae 91-151 (127) pm long. Anal-lobe setae 79-148 (113) pm long; anal-ring setae 
1.0-1.7 (1.2) times as long as anal-lobe setae.

Venter. Multilocular pores in bands on metathorax, mesothorax, segment I, segment n , or 
segments IV to VIH, also on submargin on posterior segments. Trilocular pores scattered over 
surface, some specimens with these pores absent in medial and mediolateral areas of posterior 
abdominal segments. Discoidal pores with irregular margin, uncommon, scattered over surface.
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Fig. 11. Trabutina serpentina Green, adult female.
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Oral-collar tubular ducts of 1 size, most abundant on abdomen, in clusters on thorax and 
head. Setae filamentous except on segment VIII where slightly conical. Three lobes surrounding 
vulva, 1 on each side of segment VII, 1 in medial area of segment VIH, each lobe with 
concentration of pores, setae, and tubular ducts.

Labium 99-148 (126) pm long. Antennae usually 6-segmented, often with segment III 
partially divided, occasionally completely divided, forming 7-segmented antenna; lectotype of 
Trabutina serpentina with 8 segments, segments III and VI divided. Hind legs with coxa and 
sometimes tibia swollen, translucent pores on coxa and tibia, some specimens with pores on 
femur; 19-56 (41) pores on each hind coxa, 0-5 (1) pores on femur, 3-21 (11) pores on tibia. 
Hind coxa 99-151 (125) pm wide at widest point; hind femur 99-136 (120) pm long; hind tibia 
62-86 (76) pm long, femur 1.4—1.7 (1.6) times as long as tibia; hind tarsus 37-64 (54) pm long, 
tibia 1.2-1.9 (1.4) times as long as tarsus.

VARIATION. This species has considerable variation in several characters, particularly in the 
distribution of the dorsal multilocular pores and the ventral triloculars. Specimens from Algeria 
in MNHN are quite different from other material of Trabutina serpentina, by having short 
conical setae on the inner edge of the trochanter and femur and by having a reduced number of 
dorsal multilocular pores. Although this material represents an undescribed species, the slide- 
mounted specimens are in such poor condition that it was not possible to see all of the structures 
necessary to describe it as new.

We were surprised by the great deal of variability in the translucent pores on the hind legs. 
Most specimens lacked these pores on the femur, but a few otherwise typical specimens had 
conspicuous translucent pores on the hind femur.

COMPARISON OF SPECIES. Trabutina serpentina is very similar to T. crassispinosa but differs as 
follows: multilocular pores present at least as far forward as abdominal segment V on dorsum, 
trilocular pores are generally scattered over dorsum and venter. In T. crassispinosa the dorsal 
multilocular pores are restricted to segments VIII and VII, and the trilocular pores are absent in 
certain areas on both the dorsum and venter. See also the “Comparison of species” section in the 
treatment of Trabutina crassispinosa.

f i e l d  CHARACTERISTICS. The adult female produces a long, cottony, tubular ovisac on the 
shoots and small branches of its host (Fig. 12). It often makes a loop, and the apex of the body 
protrudes from the ovisac. The eggs are pallid yellow when first laid, but turn red just before 
hatching (Green, 1919).

c o m m e n t s . This species can cause young shoots to turn yellow and initiate premature leaf drop. 
When large populations of this mealybug develop on a plant, withering is often evident 
(Bazarov, 1968; Sinadsky, 1968).

Green’s (1919) description and illustration of “Naiacoccus" serpentinus do not show dorsal 
multilocular pores, but in the descriptions and illustrations of more recent works (Avasthi and 
Shafee, 1987) these structures are indicated. We suspect that Green was unable to see these 
structures because of the poor quality of the type specimens. We have studied this material and 
have been able to discern many dorsal multilocular pores.

Green (1919) described the variety N. serpentinus var. minor, whose distinctive features are 
smaller body size, larger conical setae and more numerous setae and dorsal pores. In the material
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Fig. 12. Trabutina serpentina (Green), ovisac.

that we have studied, these characters are highly variable even within populations from the same 
locality and therefore this taxon is treated as a junior subjective synonym.

DISTRIBUTION. Egypt, Israel, Saudi Arabia, Armenia, Iran, Afghanistan, Turkmenistan, 
Kirgizia, Uzbekistan, Kazakhstan, Tadzhikistan, Mongolia, northwestern India, Pakistan, 
China.

MATERIAL EXAMINED. Naiacoccus serpentinus: lectotype 9 designated here, labelled as fol
lows: “Naiacoccus serpentinus / Green / on Tamarix sp. / Lahore / India [Pakistan]”; the slide 
contains 3 specimens, the specimen on the right is the lectotype and it is circled in ink; a map 
showing its position is on the back of the slide; there are 17 paralectotypes on 2 slides (BMNH). 
There also is dry material from the type series labelled “Naiacoccus serpentinus /  Green / on 
Tamarix articulata / India (Lahore) [Pakistan] coll Major Stephenson / (from type material) / ex 
coll E E Green / MNHN 12821” (MNHN).

Naiacoccus serpentinus var. minor: lectotype 9 designated here, labelled as follows: 
“Naiacoccus /  serpentinus / v. minor, Green / on Tamarix sp. / Baluchistan /  Coll. Ind. Mus. 
8745 /  H .l”; the slide contains 10 specimens, the specimen in the center is the lectotype and is 
circled in ink; a map showing its position is on the back of the slide; the remaining 9 specimens 
are paralectotypes; there are 17 paralectotype adult females on 3 slides (BMNH) and 3 
paralectotype adult females on 1 slide and dry material from type (MNHN).

OTHER MATERIAL EXAMINED. ISRAEL: Ein Fashkha, 17.vi.1994, on Tamarix aphylla, E. 
Danzig (ZIN); En Gedi, 30.V.1966, Z. Hadzibejli (ZIN). ALGERIA: Alger, Staoueli, vii.1929, 
on T. gallica, M. Pasquier (MNHN); Biskra, Ai'n-ben-Ouie, 4.vi.l928, on T. gallica, A. 
Balachowsky (MNHN); Djanaa, 28.iii.1921, L. Trabut (MNHN). EGYPT: Cairo, 19.viii.1924
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(USNM); same locality, 30.iv.1994, T. ramosissima, V. Krivokhatsky (ZIN); Fayum, xi.1924, 
W J. Hall (MNHN). SAUDI ARABIA: Beraida, 1958, on T. articulata (= T. aphylla according 
to Baum and Zohary, 1966), F. Shelaby (BMNH). ARMENIA: Megri, 23.V.1947, 
N. Borchsenius (ZIN). AFGHANISTAN: Shirchan, 13.X.1966, E. Sugonyaev (ZIN). 
TURKMENISTAN: Kopetdag, Kara-Kala, 7.vi.l952, T. Bustshik (ZIN); Barsli, 17.ix.1993, 
G. Kalagina (ZIN). KAZAKHSTAN: Guryev District, 26.vi.1969, G. Matesova (IZK); road 
between Kzyl-Orda and Chimkent, 15 and 19.vii.1969, on T. gracilis, G. Matesova (IZK); 
Chimkent District, Syr-Darya, Baltakul, 2.vi.l966, G. Matesova (IZK); Kara-Tau Ridge, 
16.vi.1966, G. Matesova (IZK); Kzyl-Orda District, 2.vii.l957,9.vi.l968, G. Matesova (IZK); 
Dzhambul District, Lake Ak-Zhar, 14.vii.1964, G. Matesova (IZK); southeastern Kazakhstan, 
Ili, 4.vii.l953, on T. ramosissima, I. Mityaev (IZK); Almaty District, 20 and 22.vi.1964, on T. 
ramosissima, G. Matesova (IZK). UZBEKISTAN: Kara-Kalpakia, Ustyurt, 8.vi.l969, on T. 
hispida, G. Matesova (IZK); Bukhara, 9.V.1912 (ZIN); near Bukhara, 3.vi.l965, G. Matesova 
(IZK). KIRGIZIA: Arslanbob, 2 and ll.vi.1961 (E. Sugonyaev) (ZIN). TADZHIKISTAN: 
Gissar Mountains near Kandara, 24.vi.1964 (B. Bazarov) (ZIN); Shaartuzsky Distr., near 
Aivadzh, 16 and 17.vi.1947, N. Borchsenius (ZIN); Tigrovaja Balka Nature Reserve, 
26.V.1964, E. Danzig (ZIN); Kairakkum, 6.vi,1973, B. Bazarov (ZIN); Parchar, 8.x.1944, 
N. Borchsenius (ZIN). MONGOLIA: Bayan-Hangor Aymag, Dzuunmod 100 km S Shinejinst, 
lO.viii. 1969,1. Kerzhner (ZIN); Gobi-Altay Aymag, Ehin Gol, 11 .viii. 1969,1. Kerzhner (ZIN); 
the same but 29.vii.1986, V. Kaplin (ZIN); Aymag, 15 km WNW Dzahuy, 26.vii.1970, 
V. Zaitzev (ZIN). CHINA: 29 km SW Hami, Xinjiang Province, 4.viii. 1993, on Tamarix 
ramosissima, C.J. DeLoach (USNM). PAKISTAN: Lahore, v.1911, on Casuarina sp. (Richard 
Spjut, a botanist with the Systematic Botany Mycology Laboratory, US Department of Agricul
ture, has examined specimens of the host of this species that is stored in the dry scale collection 
at Beltsville and it is clear that the host is a species of Tamarix not Casuarina because of the 
conspicuous salt glands) (BMNH, MNHN, USNM).

BIOLOGY. This species has been collected on Tamarix aphylla, T. gallica, T. gracilis, T. 
hispidus, and T. ramosissima; it is also recorded on T. stricta in Iran and Pakistan (Green, 1919) 
and T. dioica in India (Varshney 1992). The record from Casuarina equisetifolia is a misiden- 
tification of a species of Tamarix.

It lives on thin twigs and roots (Green, 1919). According to Matesova (1958), mealybugs in 
southeastern Kazakhstan have two generations each year; egg-laying females were found in the 
middle of June and at the end of August. Hibernating (aestivating) larvae hatch in August and 
remain on twigs of the current year growth. Bazarov’s data (1968) suggesting that there is only 
one generation in Tadzhikistan may be mistaken. The species forms colonies of 20 or 40 
specimens. Information about mealybug fecundity is contradictory: according to Green (1919), 
one female can lay a thousand eggs in India, but Nurmamatov (1989) suggests that fecundity in 
Tadzhikistan varies from 33 to 436 eggs.

Entomophages are reported to cause considerable deprivation of populations of this species. 
In Kazakhstan larvae of the lady beetle (Oxynichus sp.) can completely exterminate mealybug 
eggs and hatched larvae in ovisacs (Matesova, 1958). In Tadzhikistan larvae of Leucopis 
alticeps and the parasite Anagyrus tamaricicola infest more than 60% of the population of 
adult females (Nurmamatov, 1989). In southwestern Turkmenistan, the encyrtids Aphyculus 
tamaricola and Anagyrus pseudococci (Girault) parasitize this mealybug (Myartseva, 1993, 
unpublished report; DeLoach, personal communication).
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Trabutina tenax (Borchsenius, 1949) n. comb.

Trabutinella tenax Borchsenius, 1948:584; Ben-Dov, 1994:503.

DESCRIPTION. Adult female (Fig. 13) with body rotund to broadly oval, varying from 2.0 to
3.1 mm long and 1.3 to 2.0 mm wide.

Dorsum: C18 with 2-3 (3) conical setae without narrowed base and with 1 or 2 filamentous 
setae, with 4—2 (3) basal trilocular pores and 1 or 2 multilocular pores, cerarius distinguishable 
from other marginal setal clusters; C17 and CI6 absent. Multilocular pores present over surface 
except marginal and submarginal areas. Trilocular pores uncommon, present in C18, near 
anterior ostiole and on head. Discoidal pores with regular margin, of 1 size, scattered in small 
numbers over surface, with 1 or 2 such pores associated with cluster of long setae near anal ring. 
Oral-collar tubular ducts of 1 or 2 sizes: smallest size in marginal areas of body, also present 
over surface of thorax and head, with a few such pores in medial areas of abdominal segments I 
to III or IV; largest size in marginal and submarginal areas of meso- or metathorax to segment 
vm, present medially on segments IV or V to segments V or VI. Body setae filamentous, 
conical setae absent except in Clg. Body setae increasingly shorter anteriorly; with 8-13 (11) 
long setae surrounding anal ring. Ostioles present, unsclerotized, posterior pair with associated 
setae and multilocular pores, anterior pair with associated setae and trilocular pores.

Anal ring variably sclerotized, round, with 17-20 (18) pores on each side of ring, with 
anal-ring setae 42-64 (54) pm long. Anal-lobe setae 52-106 (84) pm long; anal-ring setae 
0.5-1.0 (0.7) times as long as anal-lobe setae.

Venter: Multilocular pores in bands on all body segments, least abundant on head and 
prothorax. Trilocular pores present near spiracles and on head, absent elsewhere. Discoidal 
pores with regular margin, uncommon, most abundant submarginally. Oral-collar tubular ducts 
of 1 size, most abundant on submarginal and marginal areas of abdomen, becoming increasingly 
less abundant on thorax and head, in clusters on thorax and head, absent medially on posterior 2 
or 3 segments. Setae filamentous. Lobes surrounding vulva absent.

Labium 101-116 (110) pm long. Antennae 6-segmented. Hind legs approximately same size 
as mesothoracic legs with coxa and sometimes tibia slightly swollen, translucent pores on coxa, 
femur, and tibia; 6-67 (28) pores on each hind coxa, 5-21 (15) pores on femur, 6-18 (13) pores 
on tibia. Hind coxa 86-99 (93) pm wide at widest point; hind femur 101-128 (117) pm long; 
hind tibia 70-79 (75) pm long; femur 1.4—1.7 (1.6) times as long as tibia; hind tarsus 54-61 (57) 
pm long; tibia 1.2-1.4 (1.3) times as long as tarsus.

VARIATION. This species shows little variation. One specimen possesses 1 trilocular pore near 
the posterior spiracle and another has 1 antenna that is 5-segmented with segment III only 
partially divided.

COMPARISON OF SPECIES. Trabutina tenax differs from other species in the genus by having: 
abundant dorsal multilocular pores; multilocular pores which are associated with the posterior 
ostioles and cerarii; trilocular pores restricted to cerarius, near spiracles, on ostioles, and on 
head; and hind coxa about same size as middle coxa.

FIELD CHARACTERISTICS. Ovisacs brown, hard, abundantly covered with honeydew. Because 
they are so hard, they are very difficult to break open.

DISTRIBUTION. Tadzhikistan.
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Fig. 13. Trabutina tenax (Borchscnius), adult female.
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MATERIAL EXAMINED. Trabutinella tenax: lectotype 2 designated here, labelled as follows: “on 
Tamarix, Shaartus Distr., Ayvadzh, 17 VI 1944, N. Borchsenius; slide N 3046” (in Russian) 
(ZIN); there is a single specimen on the slide; 4 paralectotype females on 3 slides from the same 
series as lectotype (ZIN).

OTHER MATERIAL EXAMINED. TADZHIKISTAN: Chodjensky District, Syr-Darja near Mel- 
nikovo, 15.ix.1944, N. Borchsenius (ZIN).

BIOLOGY: Recorded only from an unidentified species of Tamarix.

Trabutina elástica Marchal, 1904

Trabutina elástica Marchal, 1904:449; Gómez-Menor Ortega, 1948:108; Ben-Dov, 1994:502.

d e s c r i p t i o n . Adult female (Fig. 14) with body rotund to broadly oval, some specimens with 
segment VIH projecting posteriorly, varying from 2.1 to 2.9 mm long and 1.5 to 2.4 mm wide.

Dorsum\ C18 usually absent, in 3 specimens represented by 2 conical setae without narrowed 
base, 1 specimen with 1 associated trilocular pore, other cerarii indistinguishable. Multilocular 
pores present on segments V or VI-VHI. Trilocular pores present near intersegmental lines and 
near ostioles, a few pores scattered on head. Discoidal pores of 1 size with even border, scattered 
over abdomen and thorax. Oral-collar tubular ducts of 2 sizes: smallest size restricted to 
abdomen and thorax, rarely present on head, with oral collars most abundant on thorax; ducts 
absent from segment Vni, present elsewhere. Body setae filamentous, becoming increasingly 
shorter anteriorly; with 21-24 (23) (im long setae associated with true anal ring setae to enclose 
anal opening; these setae are homologous to the setae that surround the anal ring in some other 
species of the genus. Posterior ostioles present, unsclerotized, with associated setae and 
trilocular pores; anterior ostioles found in only 1 specimen and in this case, poorly developed.

Anal ring unsclerotized, round, without pores except on 1 specimen which has only 3 such 
pores, ring surrounded by many setae only 6 of which are true anal-ring setae; true anal-ring 
setae larger and ventral or posterior, most depending on position of segment VHI; with anal-ring 
setae 59-111 (84) |im long. Anal-lobe setae 77-79 (79) |im long; anal-ring setae 0.7-1.4 (1.1) 
times as long as anal lobe setae.

Venter. Multilocular pores in posterior and anterior bands on pro- or mesothorax to segment 
Vin, also present laterad of submarginal line of trilocular pores. Trilocular pores present in 
submarginal line from head to posterior apex of abdomen, concentrated near spiracles, in small 
numbers on head. Discoidal pores of 1 size only, most abundant on anterior abdomen and 
thorax. Oral-collar tubular ducts of 3 sizes: smaller size approximately same size as on dorsum, 
present in submarginal areas, usually absent from head; medium size scattered over surface; 
larger size conspicuously bigger than any other tubular duct on body, in clusters near 
mesothoracic and prothoracic legs, absent from head. Setae filamentous. Without lobes near 
vulva.

Labium 101-148 (123) |im long. Antennae usually 6-segmented, often with segment IH 
partially divided, occasionally completely divided, forming 7 segments. Hind legs with coxa 
swollen, translucent pores on coxa, femur, and tibia; 44—128 (73) pores on each hind coxa, 4—18 
(8) pores on femur, 4-13 (9) pores on tibia. Hind coxa 111-123 (114) |im wide at widest point; 
hind femur 106-128 (122) p.m long; hind tibia 86-111 (97) (im long, femur 1.2-1.4 (1.3) times 
as long as tibia; hind tarsus 64—74 (68) [im long, tibia 1.3-1.5 (1.4) times as long as tarsus.
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Fig. 14. Trabutina elastica Marchai, adult female.
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VARIATION. The eighth abdominal segment of the female of this species can be developed 
posteriorly or dorsally. The illustration is of a specimen with segment VIII produced to the rear, 
but in many specimens this segment is produced upward so that the vulva is at the posterior apex 
of the abdomen and segment VIII appears as a round structure (see the enlargement in Fig. 13 
and the discussion and figures of Marchai, 1904).

COMPARISON OF SPECIES. This species is most closely related to Trabutina mannipara. See 
“Comparison of species” section under T. mannipara for details.

FIELD c h a r a c t e r is t i c s . According to Marchai (1904) the ovisacs are elastic, white, oval, or 
irregularly spherical in young females; their form depends on pressure from neighboring 
specimens. A shiny well defined suture ending at the anal opening goes along the sac median 
line. The anal opening of young female ovisacs is at its edge; it becomes more dorsal as the 
female matures. Old ovisacs are hard and covered with prominences of crystallized honeydew 
(Fig. 15).

DISTRIBUTION. Algeria, Morocco, Spain (Gomez-Menor Ortega, 1948).

m a t e r i a l  e x a m i n e d . Trabutina elastica'. lectotype $ designated here, labelled as follows: 
“Trabutina elastica Marchai, 1904 s/Tamarix articulata Algérie: Sud algérien MNHN 5555-10 
L. Trabut 9.1904”; the slide contains a single specimen (MNHN); in addition there are 6 
paralectotype adult females on 5 slides (MNHN, USNM, ZIN).

OTHER MATERIAL e x a m i n e d . ALGERIA: Oasis de Colomb-Béchar (Sahara), 18.xii.1925, o n  

Tamarix gallica, A. Balachowsky (MNHN); the same locality but 155.1928, D.S. Céard 
(MNHN); the same data but ii. 1926 (USNM); Arak, Sahara Central, 8.XÜ.1949, G. Remaudière 
(MNHN); Ihrir (Tassili, N ’Ajjers), 28.iv.1949, on T. gallica, A. Balachowsky (MNHN); the 
same date but ii. 1926, A. Balachowsky (MNHN). MOROCCO: Oued Draa, 18.iv.1935, on 
T. pauciovulata (= T. amplexicaulis) according to Baum and Zohary, 1966), R. Maire (MNHN); 
Meshi, 3.V.1927, P. Vayssière (MNHN).

Fig. 15. Trabutina elastica Marchal, ovisac that is covered with honeydew crystals.
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BIOLOGY. This species has been collected on Tamarix aphylla, T. gallica, and T. amplexicaulis.

Trabutina andreui Gomez-Menor Ortega

Trabutina andreui Gomez-Menor Ortega, 1948:110 (Type: Spain, Caho de Palos, Cartagena,
Puerto de Mazarron, Santa Pola, on roots of Salicornia sp.); Ben-Dov, 1994:501.

We have studied a slide that contains 1 adult female and 2 first instars. It is labelled 
“Trabutina, en Salicornia, Sant Pola, 13-VIII-943” and is deposited in the Museo Nacional de 
Ciencias Naturales, Madrid, Spain. Although this specimen does not have all details of the 
locality information of the type series of Trabutina andreui, the data that it does contain are 
consistent with the description of this species. Further, the morphological description and 
illustration of Gomez-Menor Ortega (1948) agree in detail with the specimen that we ex
amined. Since we have been unable to obtain authentic type material of T. andreui, we assume 
that the specimen from the Madrid Museum is the same species as that used by Gomez-Menor 
Ortega for his description of the species.

Our examination of the specimen strongly indicates that this is not a species of Trabutina. 
We base this opinion on the fact that the specimen has numerous small-sized oral-rim tubular 
ducts on the dorsum, has a well-developed anal ring that encircles the entire anal opening and 
has numerous pores, has trilocular pores scattered over both body surfaces, has clubbed tarsal 
and claw digitules, lacks a cluster of filamentous setae around the anal ring, and lacks an 
unusually elongated ventral VIII abdominal segment. Trabutina species lack oral-rim tubular 
ducts, have a weakly-developed anal ring that does not encircle the entire anal opening and has 
few pores, have trilocular pores limited in their distribution, have simple apices on tarsal and 
claw digitules, and have an unusually elongated ventral VIII abdominal segment. For further 
evidence supporting the hypothesis that T. andreui is not congeneric with Trabutina, see the 
phylogeny section below.

The slide has a pencilled note on it made by an unknown examiner who thought that the 
species should be placed in Humococcus Ferris. Clearly there are similarities between this 
species and H. atriplicis Ferris, but andreui does not have the characteristic anal ring that 
typifies the genus Humococcus.

PHYLOGENETIC ANALYSIS

A phylogenetic analysis was undertaken to develop hypotheses relating to the placement and 
status of the genera Naiacoccus and Trabutinella, and the species Trabutina andreui. Naiacoc- 
cus has been characterized as a genus different from Trabutina primarily because of the long 
filamentous ovisac that it produces on the host. Only N. serpentinus and a synonym, N. minor, 
were included in the genus.

Trabutinella was described because the only included species, T. tenax, lacks conical setae 
on the dorsum and supposedly lacks filamentous setae on the anal segment. The genus is very 
similar to Trabutina.

Trabutina andreui was originally described in Trabutina because of its round body shape and 
felted ovisac. We suspected that this species is not congeneric with Trabutina because it lacks 
most salient characteristics of the genus and it does not occur on Tamarix.

The characters that were used in the analysis are as follows:
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1. Large tubular ducts on ventral thorax: 0 = absent, 1 = present.
2. Trilocular pores: 0 = abundant on both surfaces, 1 = on posterior abdomen, 2 = on 

posterior abdomen and submarginal ventral band, 3 = restricted to cerarius and spiracles, 
4 = reduced in numbers on ventral abdomen, abundant on dorsum.

3. Ovisac: 0 = absent, 1 = felted, 2 = filamentous, 3 = rubbery, not filamentous (unordered).
4. Dorsal multilocular pores: 0 = absent, 1 = restricted to posterior 2 or 3 segments or absent 

in some specimens, 2 = abundant.
5. Anal ring sclerotization: 0 = surrounds opening, 1 = partially surrounds opening,

2 = without sclerotization.
6. Dorsal tubular ducts: 0 = absent, 1 = 1 size, 2 = 2 sizes, large most abundant on thorax,

3 = 2 sizes, 1 on abdomen, 1 on thorax and head, 4 = 2 sizes, small most abundant on thorax and 
head.

7. Hind femur: 0 = not swollen, 1 = swollen.
8. Cluster filamentous setae surrounding anal ring: 0 = absent, 1 = present.
9. Tarsal digitules: 0 = straight, clubbed, 1 = curved at apex, not clubbed.

10. Oral-rim tubular ducts: 0 = absent, 1 = present.
11. Ostioles: 0 = both present at least in some specimens, 1 = anterior absent, 2 = both absent 

(unordered).
12. Venter of segment VIII: 0 = not elongate, 1 = elongate.
13. Cerarii: 0 = more than 1,1 = 1.
14. Small lobe-like protuberances near vulva: 0 = absent, 1 = present.
15. Dorsal conical setae: 0 = present, or usually present, 1 = absent.
The data matrix is as follows:

Character

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Nipaecoccus nipae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trabutina andreui 0 0 1 0 0 0 1 0 0 1 1 0 1 0 1
Amonostherium lichtensioides 0 1 1 0 0 1 1 0 0 0 2 1 1 0 0
Trabutina crassispinosa 0 4 3 1 1 4 1 1 1 0 0 1 0 1 0
T. serpentina 0 4 2 2 1 4 1 1 1 0 0 1 0 1 0
T. mannipara 1 2 3 1 1 2 1 1 1 0 0 1 1 0 0
T. tenax 0 3 3 2 1 3 1 1 1 0 0 1 1 0 1
T. elastica 1 2 3 1 2 2 0 1 1 0 0 1 1 0 1

RESULTS AND DISCUSSION OF PHYLOGENETIC ANALYSIS

A single most parsimonious tree was found (length = 31, Cl = 83, RI = 83) (Fig. 16). Characters 
justifying the monophyly of the primary lineages are as follows:

Stem 1. Ovisac felted (3.1); femur swollen (7.1); 1 pair of cerarii (13.1).
Stem 2. Venter of segment VIH elongate (12.1).
Stem 3. Ovisac rubbery (3.3); dorsal multilocular pores restricted to posterior 2 or 3 segments 

or absent in some specimens (4.1); anal ring sclerotization only partially surrounding anal 
opening (5.1); cluster of filamentous setae surrounding anal ring (8.1); tarsal digitules curved at 
apex, without club (9.1).
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Fig. 16. P hylogen y  sh ow in g  relationships o f  Trabutina. r =  reversal; c  =  convergence.

Stem 4. Large tubular ducts present on ventral thorax (1.1); trilocular pores on posterior 
abdomen of dorsum, in submarginal ventral band on venter (2.2).

Stem 5. Dorsal multilocular pores abundant (4.2).
Stem 6. Trilocular pores reduced in numbers on ventral abdomen, abundant on dorsum (2.4); 

dorsal tubular ducts of 1 size (6.4); lobes near vulva (14.1); more than 1 cerarius (13.0) reversal.
Based on the phylogeny, Trabutina is a well-defined group with five distinct synapomor- 

phies. Several of the characters are unique, such as the unusual tarsal digitules and the rubbery 
ovisac (T. serpentina has a filamentous ovisac), and leave little doubt of its monophyletic status.

The phylogeny also provides important information on the status of Naiacoccus, Trabutinel- 
la, and “Trabutina” andreui. It is evident that Naiacoccus serpentina should not be placed in a 
separate genus from Trabutina. To do so would make the rest of Trabutina a paraphyletic group. 
Thus, Naiacoccus is here considered to be a junior subjective synonym of Trabutina. Trabutina 
serpentina is most closely related to T. crassispinosa.

It also is evident that Trabutinella tenax should not be placed in a separate genus from 
Trabutina since it is the sister group of the crassispinosa-serpentina clade and is clearly within 
the Trabutina lineage. To make it a separate genus would make Trabutina a polyphyletic group. 
Thus Trabutinella is here treated as a junior subjective synonym of Trabutina.

The species “Trabutina" andreui clearly does not belong to Trabutina. To place it in this 
genus would require inclusion of Amonostherium lichtensioides and perhaps other species of 
Amonostherium. Without studying other genera of related mealybugs, it is difficult to place the 
species in a genus, but it has several similarities to Amonostherium.
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CONCLUSIONS

The genus Trabutina is comprised of 5 species. The genera Trabutinella and Naiacoccus are 
subjective, junior synonyms of Trabutina. Analysis of the relationships of the five species 
indicate that Trabutina elastica and T. mannipara are closely related as are T. crassispinosa and 
T. serpentina. Although T. tenax seems most closely related to the crassispinosa-serpentina 
lineage, this association is not strongly supported.

In searching for a closely related outgroup, it appears that Amonostherium, as characterized 
by the type species A. lichtensioides, is most closely related. Like Trabutina it has dorsal conical 
setae, black body contents, and a ventrally elongate 8th abdominal segment. Trabutina is well 
defined by five synapomorphies as follows: some areas of the body without trilocular pores; 
anal ring partially surrounding anal opening or ring completely absent; aggregation of setae 
surrounding anal opening outside of anal ring; tarsal digitules bent at apex, not clubbed; ovisac 
rubbery.

Of the five Trabutina species, it appears that T. mannipara, T. serpentina, and T. cras
sispinosa are the most likely to be useful biological control agents; all three are considered of 
economic importance even in their native habitats, are restricted to Tamarix, and have wide 
geographical and climatic ranges.
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