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Distribution and phylegenetic relationships of native and introduced pit scales
(Hemiptera: Coccoidea: Asterolecaniidae)} in North and South America

Abstract - The pit scales or Asterolecaniidae represent a diverse group found in
all major biogeographic regions of the world on a variety of host plants. Specimens
representing both known and unknown specics were obtained from institutions in
North and South America for study. Species were described and illustrated based
on motphological characters of the adult females. This study assessed the
morphological characters for 48 of the 64 species of pit scales found in North
and South America representing the genera Asterodiaspis, Asterolecaninm,
Bambusaspis, Neoasterodiaspis, Palmaspis, Planchonia. and Russellaspis.
Because of the presence of recent descriptions, eight species of Grammococcus
and FPalmaspis were not described, but were included in a systematic key n
addition to 11 new specics (two species of Asterclecanium, five species of
Bambusaspis, and four species of Pafinaspis). Also, three species in the genus
Bambusaspis were synonymized and the genus Grammococcus was included in
the subtamily Asterolecaniinaze. Computer-generated phylogenetic trees were
developed and tested for robustness. The phylogenetic relationships of 38 species
in the subfamily Asterolecaniinae were evaluated based on 43 morphological
characters of the adult females. A complete consensus tree of the 40 most
parsimonious trees was developed. This study suggests that most gencra may be
monophyletic, while the genera Asterolecaninm and Palmaspis appear (0 be
paraphyletic. Pit scale biodiversity has not been adequately invesiigated, and many
additional discoveries of new species are expected from tropical regions.
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INTRODUCTION

The family Asterolecaniidae is a large group of scale insects with a worldwide
distribution in all major zoogeographic regions. However, maost species are found in
the tropical and subtropical regions of the world. The taxon includes an estimated 400
species {Scalenet - hitp://www.sel.barc.usda.gov/scalenet/scalenet.him) in 22 genera
elevating the Asterolecaniidae to the 5% largest family of Coccoidea after the
Diaspididae, Pseudococcidee, Coccidae, and Eriococcidae. The objectives of the this
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study were to assess the distribution of species within the subfamily Asterolecaniinac
in North and South America, and elucidate species afflinities,

MATERIALS AND METHODS

Specimens were borrowed from several institutions and government agencies as
slide mounted specimens, in alcohol, or as dry material. A cladistic analysis was
performed on morphelegical characters of adult females (o test the monophyly of the
New World pit scale genera. All characters were treated as unordered. The lack of
good characters due to the general tendency of character reduction in the pit scales
limited the analysis Lo 38 species and the two outgroups, Cerococcus and
Lecanodiaspis. The outgroups were scored by comiparing the data of several species
in the two genera from the literature (Howell & Kosztarab, 1972; Lambdin &
Kosztarab, 1973, 1977) and (rom specimens available at the University of Tennessee
Insect Museum, to create a generalized type for both gencra. A parsimony analysis
was performed with the computer program, PAUP (Swofford, 1993), the resulting
complete consensus tree was analyzed with MacClade (Maddison & Maddison, 1992)
and TreeView (Page, 1996).

RESULTS AND DISCUSSION

Some 37 species were redescribed and illustrated, three species were merged into
one, and 1] species new to science were described and illustrated. In the New World,
56 species of pit scales in the subfamily Asterclecaniinae are present in eight genera.
A description of characters and character states for the phylogenctic analysis is
presented in Table 1. Table 2 presents the distribution of character states for all included
species. In addition to the 37 known species of Asterolecaniinae in the genera
Asterodiaspis (As.), Asterolecanium (AL), Bambusaspis (Ba.), Neoasterodiaspis {(Ne),
Palmaspis (Pa.), Planchonia (PL}, and Russellaspis (Ru.), the species Grammaocoeccus
(Gr.) adetocorymbus was also included in the analysis. Based on the morphological
characters examined, the Asterolccaniinae may have more in common with the genera
Cerococcus and Lecanodiaspis than with several genera currently included in the
family Asterclecaniidae. Similarities of such characlers as the anal plates and the arched
plate in the anal area, and the arrangement of dermal ducts and pores justify the use
of Cerococcus and Lecanodiaspis as outgroups for phylogenetic analysis.

The analysis with PAUP was performed as a heuristic search with one tree held at
cach step during stepwise addition using tree-bisection-reconnection (TBR) branch-
swapping. The 40 shortest trees found were retained with a length of 129 steps.
Tree 1 {Fig. 1) as well as the strict consensus tree (Fig.2) are shown as cladograms.
The first analylical procedure included two bootstrap analyscs in PAUP resulting in
the same tree topology (100 bootstrap replicates and 10 random addition replicates
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Fig. 1 - Tree 1 of 40 most parsimonious trees. Tree length = 129, CI = 0.43, Hl = 0.57, Cl
excluding uninformative characters = 0.42, HI excluding uminformative characters =
0.58, RI = 0.77, RC = 0.33. Cerococcus and Lecanodiaspis are used as outgroups.
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for each bootstrap replicate, 1,000 bootstrap replicates without random addition
replicates). Bootstrap numbers are shown in the strict consensus tree {(Fig. 2) above
the horizontal line indicating cach clade of the ingroup, Only bootstrap values equal
to or greater than 50% are presented. The second analytical procedure was a decay
analysis performed with TreeView and PAUP. Decay indices of the ingroup are
presented below the horizontal line indicating each clade in the strict consensus tree
(Fig. 2).

The sirict consensus tree was transferred into Mac-Clade. Characters supporting
each individual clade arc presented in a phylogram depicting branch lengths (Fig. 3).
The numbers for each branch correspond to the list of characters in Table |, The picture
emerging from a close inspection of the ingroup Asterolecaniinae supports Russell’s
(1941) suspicion over splitting the genus Asterclecanium. She introduced 172 groups
based on morphological and host plant characters without giving them official status.
Borchsenius (1950, 1960, 1961) and Bodenheimer (1951} then clevated these groups
to the generic level. The cladistic analysis of adult females (Figs. 1, 2, 3) clearly
indicates the genus Asterolecanium 1o be paraphyletic. The basic split into the clades
quaesitum-arabidis-stenfae and the rest of the Asterolecaniinae is well supported (Fig.
2, bootstrap value = 94, decay index = 3). The position of Al quaesitum and of both
species of Planchonia in the cladogram also shows a high level of bootstrap and decay
index support (Fig. 2, bootstrap values = 85 and 90, decay indices = 2 and 3,
respectively).

However, most other clades do net depict bootstrap support and only have a decay
value of one. The genera Russelluspis and Bambusaspis appear to be part of a basal
group of species within Asterolecanium. Bambusaspis is divided into two groups, from
which the clade bambusae-bambusicola-caudata-miliaris is relatively well supported
(Fig. 2, bootstrap value = 80, dccay index = 1). The agave-feeding species Al agavis
and Al grandiculum, both ranging from California to Texas and Mexico, fall together
as sister species on the tree (Fig. 1). The clade Asterodiaspis-G rammococcus-Palmaspis
15 clearly delineated by 7 characters (Fig. 3). However, no boaotstrap support is available
for this clade, and the decay index is just 1 (Fig. 2). FPalmaspis is paraphyletic in regard
to both Grammococeus and Asterodiaspis, but with low support values (Fig. 2). Only
the relationship between Pa. degeneraia and Pa. similis shows at least some support
with a bootstrap value of 65 and a decay index of 2 (Fig. 2). The genus Grammococcus
clusters well inside Palmaspis with both genera exclusively feeding on palms.
Monophyly of the pit scales on oak represented by the genera Asterodiaspis and
Neoasterodiaspis is well supported with boolstrap values of 60 for the whole clade
and 89 for Asterodiaspis, and decay indices of 1 and 2, respectively (Fig. 2). However,
this clade also ortginates within Palmaspis.

CONCLUSIONS

The staustics (Figs. 1, 2) show that more data are needed (both morphological as
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Fig. 2 - Strict consensus tree of 4() most parsimonious trees (cladogram). Numbers above
branches indicate bootstrap support, numbers below branches show decay values. Only
bootstrap values 50% or greater are presented. Cerococcus and Lecanodiaspis are used

as outgroups.
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Fig. 3 - Strict consensus tree of 40 most parsimonious trees (phylogram). Branch lengths indi-
cate the number of characters supporting each clade, Numbers shown on each branch
depict the characters contributing to branch support (numbers correspond to Table |
and Table 2). Cerococeus and Lecanodiaspis are used as outgroups.
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Table | - Characters and characier states.

145

Character | Characier name Character states

1 Caudal tube () = absent; 1 = present

2 Antenna 0 = several segnents; | = 1 segment

3 Antenna indented O=n 1 =yes

4 Clypeolabral shield with additional tentorial arm O=nx | =yes

5 Addirional tentorial arm arch-shaped 0 =no; 1 =yes

o Lateral clypeal sulcus 0 = present; | = ahsent

7 Labial setae 0 = present; 1 = absent

¥ Spiracles long and slender, Palmaspis type O =no; 1 =yes

g Spiracles completely enveloped in dorsal folds,

Planchonia ype 0=no, | =yes

1 Anal dorsal setae () = present; 1 = absent

1 Position ef apical setae 0 = apical or slightly dorsal; 1 =
venral

12 Subapical setae - { = present; 1 = absent

13 Anal ventral sctac (= 3 pairs; 1 = 2 pairs; 2 = | pair;
3 =0 pairs

14 Arched plate 0 = present; | = absent

15 Anal plates 0 = fused: 1 = separated; 2 = absent

16 Anal plates fused, anvil-shaped 0 =no; | =yes

17 Anal ring setae 0 = § sctae; | = 0 setae; 2 = 4 sctue;
3 =2 setae; 4 = setae abscnt:
5 = anal ring absent

18 Angd ring circular, Asterolecaniam tvpe O=yes; | =no

19 Anal ring circular, plate-like O=no;l=yes

20 Anal ning triangular, Asterodiaspls type O=nw | =yes

21 Anal ring plate-like 0 =ny; | = yes

22 Anal ring in 2 connected plates 0=n | =yes

23 Anal ring in 2 separated plates 0 =no; 1 =yes

24 Anal ring absent 0 =no; 1 =yes

25 Anal lobes sclerotized ventrally U=yes:1=no

26 Large dorsal 8-shaped pores { = present; | = absent

27 Marginal 8-shaped pores 0 = band on dorsum and venter; | =
dorsal band;
2 = dorsal row, 3 = absent

28 Large dorsal $-shaped pores bent O=wes; 1 =m0

29 Marginal 8-shaped pores flat, Asteradiaspis type 0 =no; 1 =yes

30 Margimal 8-shaped pores long and thin, Palmaspis type |0 = no; | = yes

3l Simple disk pores (} = on venter and dorsum;
1 = in submarginal row;
2 = on dorsum only
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(Table [ contbumed;

Character | Character nante Character states

32 Submarginal row of simple disk pores on venter only |0 =no; | = yes
33 Simple disk pores in ventral and dorsal submarginal rows | 0 = no; 1 = yes

34 Tubular ducts in longitudinal bandy (1=no; 1 =yes
35 Ventral submarginal bilocular pores 0 = band; | = extension of iransverse
hands; 2 = row
36 Margmal quinquelocular or iriloculsr pores 0) = absent; 1 = strongly reduced row;
2 =row;, 3 = band
37 Marginal pores 0 = mainly quinguelocular,
| = mainly trilocular
38 Pores in spiracular furrows 0 = mainly quinquelocular;
1 = mainly trilocular
39 Segmental mulrilocuiar pores {) = present; 1 = absent
40 Segmental multilocular pore loculi 0 = 5-12 loculi; 1 = only 3 loculi
41 No. of multilocular pere bands 0 = 5 or more bands,
1 =4 or fewer bands
42 Na. of multilocular pores ) = more than 74; 1 = fewer than 60
43 Row of ventral submarginal setae 0 = complete; 1 = incomplete

well as molecular) for an improved estimate of the phylogenetic relationships within
the pit scales. However, most species are only known from slide mounted adult
females, therefore limiting future phylogenetic research. Because of the strong
reduction of morphological characters in pit scales, only 43 characters were available
for this analysis. .

Species of the genus Asterolecanium present in the New World appear to be native
to the region. No cenclusions can be drawn about the origin of the Asterolecaniinae.
Both a New World and an Old World origin with further vicariant events are possible.
However, it is interesting to see that Asterolecanium, Planchonia, and Russellaspis
(Fig. 1), whose members occur on a variely of different host plant families, are also
the most primitive ones morphologically. R. pustulans, the oleander pit scale, occurs
on at least 46 different host plant families (Russell, 19413, and is believed to be a
native of tropical Central and South America that has spread recently with the tropical
plant trade.

Each of the other genera recognized in the Asterolecaniinae in North and South
America can be characterized by an association with a single host plant family or a
similar subgroup of a particular family, e.g., Bambusaspis on bamboo, Grammococeus
and Palmaspis on palms, and Asterodiaspis and Neoasterodiaspis on caks. The four
genera, Asterodiaspis, Neouasterodiaspis, Grammococcus, and Palmaspis, form a
monophyletic group, although this group appears as the sister taxen of A.
sanbernardense in the analysis (Figs. 1, 2, 3). The position of the other three genera
defines Palmaspis as paraphyletic. The oak-inhabiting genera Asterodiaspis and
Neoasterodiaspis are closely related to each other (Fig. 2), Future studies, hased on
data presented by Liu & Shi (1990, 1993), may make it necessary (o suppress the
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genus Neoasterodiaspis as a morphological variant of Asterodiaspis. The genus
Palmaspis is widespread throughout the world wherever palms grow (Russell, 1941,
Matile-Ferrero, 1996}. A reduction in several characters is typical for Grammococcus,
but this genus also shows seme unique apomorphies, such as dorsal multilocular pores.
It shares these apornorphies with the almost identical genus Polea (Lambdin, 1977,
1999) in the Oriental faunal region, which does not occur on palms, and should be
considered as the adelphotaxon of Grammococcus.

The positions of the other pit scale genera not belonging to the sublamily
Asterolecaniinae have to be clarified by additional studies. Some of them (e.g., Pollinia.
Sclerosococcus, Mycetococcus, and Mycecoccus) may not belong in cither
Asterolecaniidae, Cerococeidae, or Lecanodiaspididae, but may cluster at the base of
the pit scale tree.
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