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Distribution and phylogenetic 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 \vorld on a variety of host plants. Spccin1ens 
representing both knov.•n and unkno\vn species were obtained fi·om institutions in 
North and South America for study. Spe<:ies were desi:ribed and illustrated ba~ed 
on morphological i:haracter~ of the adult females. This study asses~ed the 
morphological characters for 48 of the 64 species of pit ~cales found in North 
and South America representing the genera A.l'terodia.l'pis, Aoterolecanium. 
Bambu.w1spi.1·, 1Veoasterodiaspis, Palmaspis, Planchonia. and Russellaspis. 
Because of the presence of recent descriptions, eight species of Gran11nococcus 
and Paln1aspis \Vere not described, but were included in a sy~tematic key in 
addition to 11 ne\11 species (two species of Astemlecanium, five specie~ of 
Rarnbusaspis, and four ~pe'.:ies of Pa{1naspis). Also, three ~pecies in the genus 
Barnbusaspis were ~ynonymiLed and the genus Grammococcus wa~ included in 
the subfamily A~terolecaniinae. Computer-generated phylogenetic trees were 
developed and Le>ted for robustness. The phylogenetic relationships of 38 species 
in the subfacnily Asterolecaniinae \vere evaluated based on 43 morphological 
characters of the adult fe1nales. A complete consensus tree of the 40 n1ost 
parsitnonious trees \Vas developed. This study sugge~ts that n1ost genera may be 
monophyletic, v,;hile the genera Astemlecaniu1n and Palnwspis appear Lo be 
paraphyletic. Pit >'.:ale biodiversity ha~ not been adequately investigated, and many 
additional discu\·eries of new ~pecies are expected from tropical regions. 
Key "'ords: pit scales, Asteroleca11iun1, phylogenetic analysis. scale insects. 

INTRODlfCTION 

The family Asterolecaniidae is a large group of scale insects with a worldwide 
distribution in all major zoogeographic region~. Ho\vever, most specie~ arc found in 
the tropical and ~ubtropical regions of the world. The taxon includes an estimated 400 
specie~ (Scalenet - http://www.~el.barc.usda.gov/~calcncUscalcnct.htn1) in 22 genera 
elevating the Asterolecaniidae to the 5th largest fan1ily of Coccoidea after the 
Diaspididae, P~eudococcidae, Coccidac, and Eriococcidae. The objectives of the this 
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study were to assess the distribution of species \Vithin the subfan1ily Astcrolccaniinac 
in North and South A1nerica. and elucidate species affinities. 

MATEFIALS AND METHODS 

Specimens were borrowed from several institutions and governrnent agencies as 
slide mounted specimens, in alcohol, or as dry material A cladistic analysis was 
pcrfonned on morphological characters of adult fe1nales to test the monophyly of the 
Nev.· \Vorld pit 5cale genera. 1\ll characters \Vere treated a~ unordered. The lack of 
good characters due to the general tendency of character reduction in the pit scales 
lin1ited the analysis lo 38 specie5 and the l\VO outgroups, Cerococcus and 
Ler:anodiaspis. The outgroups 'Were scored by con1pa1ing the data of several species 
in the t'WO genera from the literature (Ho\.vell & Kosztarab, 1972; Lambdin & 
Kosztarab, 1973, 1977) and from specin1en~ available at the University of Tennessee 
Insect Museun1, to create a generalized type for both genera. A parsimony analysis 
\.Vas perforn1ed with the con1puter program, PALTP (S\.vofford, 1993), the resulting 
co1nplete consensus tree \Vas analyLcd \.Vith Mac(~lade (Niaddison & Maddison. 1992) 
and Tree\Tie\.v (Page, 1996). 

RESULTS AND DISC'lJSSION 

Some 37 ~pecies \Vere redescribed and illustrated, three specie~ were merged into 
one, and 1 J species ne\.V to science vv·erc described and illustrated. In the New World. 
56 species of pit scales in the subfa1nily A~terolecaniinae are present in eight genera. 
A description of characters and character states for the phylogenetic analysis is 
presented in Table I. Table 2 presents the distribution of character states for all included 
species. In addition to the 37 kno\.vn species of Asterolecaniinae in the genera 
Asterodia3pis (As.), Asterofecaniu1n (Al.), Rambusaspis (Ba.), l'1eoasterodia.1pis (lV'e.). 
Palr11aspis (Pa.), Planchonia (Pl.), and Russelfa3pis (Ru.). the species CTramn1ococcus 
(Gr.) adetocor.r1nbus v.·as also included in the analysis. Ba~ed on the morphological 
characters examined, the Asteroleeaniinae may have more in com1non \Vith the genera 
Cerococcus and Lecanodiaspis than with several genera cu1rently included in the 
fa1nily A~terolecaniidae. Si1nilarities of such characters as the anal plate~ and the arched 
plate in the anal area. and the arrange1nent of dennal ducts and pores justify the use 
of Cerococcus and Lecanodiaspis as outgroup~ for phylogenetic analysis. 

The analysis with PAUP \Va~ perfonned as a heuristic search v.·ith one tree held at 
each step during ~tepwise addition using tree-bisection-reconnection (TBR) branch-
sv.·apping. The 40 shortest trees found were retained with a length of 129 steps. 
Tree I (Fig. I) as \Veil as the strict consensus tree (Fig.2) are shov.·n as cladograms. 
The first analytical procedure included two bootstrap analyses in PAUP resulting in 
the same tree topology (JOO bootstrap replicates and 10 random addition replicate5 



Pro~e~dings of the !SS! IX - International Syrnposium on Scale ln<>ects Studie~ 141 

..--------------------------- Cerococcus 
..-------------------------- Lecanodia.\pis 

As. luteola 
As. variabilis 
As. variolosa 
I'lle. adjuncta 
Gr. adetocorymbus 
Pa. gilva 
Pa. bondari 

---- Pa. truncata 
L----- Pa. pallida 

------- Pa. ~·abali5 
~-------- Pa. distincta 

Pa. boliviae 
Pa. d1ffici1is 
Pa. urichi 
Pa. degenerata 
Pa. similis 

--- Pa. paln1ae 
------------Pa. inlahe.fal1a 

--------------Pa. inusitata 
'---------------- Al. sanbernardense 

'---------------Al. puteanum 
Al. agavi~ 
AL grandiculum 

..-+---------------- Al. cristatum 
1------------------AL epidendri 

~---- Ba. bambusae 
.---- Ba. baff1husicola 

Ba. caudata 
Ba. miliaris 

L----J=: Ba. heff1i~phaerica 
Ba. scirrosis 

1------------------ Al. to1vnsendi 
------------------ Al. viridulun1 

-------------------- Al ingae 
'---------------------- Ru. pustulans 

.---- Al. quaesitum 
'--------------------! Pl. arabidis 

-i __ PL stentae 

Fig. 1 - Tree 1 of 40 rnost parsinionious trees. Tree length= 129. CI = 0.43. HI= 0.57, Cl 
excluding uninformative characters = 0.42, HI exduding uninforn1ative characters = 

0.58, RI = 0.77. RC = 0.33. Cerococcus and Lecanodiaspis are used a~ 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 horizo11tal line indicating each clade of the ingroup. Only bootstrap values equal 
to or greater than 50% are presented. The second analytical procedure was a decay 
analysis perfon11ed 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 strict consensus tree was transferred into Mac-Clade. Characters &upporting 
each individual clade arc presented in a phylogran1 depicting branch lengths (Fig. 3). 
The numbers for each hranch correspond to the list of characters in Table I. The picture 
etnerging fro1n a close inspection of the ingroup Asterolecaniinae supports Russell's 
(1941) suspicion over splitting the genus Asterolecanium. She introduced 12 groups 
ha~ed on n1orphological and host plant characters without giving then1 official status. 
Borchsenius (1950, 1960, 1961) and Bodenhein1er (1951) then elevated these groups 
to the generic level. The c!adistic analysis of adult females (Figs. 1, 2, 3) clearly 
indicates the genus Aste1vlecaniun1 to he paraphyletic. The basic split into the clades 
quaesitu1n-arabidis-stentae 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 sho'W'S a high level of bootstrap and decay 
index support (Fig. 2, bootstrap values = 85 and 90, decay indice~ = 2 and 3, 
re~pectively). 

However, tnost other clade~ do not depict bootstrap support and only have a decay 
value of one. The genera Russellaspis and Ban1busaspis appear to be part of a basal 
group of species \Vi thin Asterolecanium. Bambusaspis is divided into t\vO groups, from 
which the clade bamhusae-barnhusicota-caudata-miliaris is relatively well supported 
(Fig. 2, bootstrap value = 80, decay index= I). 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-Gran1mococcus-Palmaspis 
i.'> clearly delineated by 7 characters (Fig. 3). However, no bootstrap support is available 
for this clade, and the decay index is just 1 (Fig. 2). Palmaspis is paraphyletic in regard 
to both Granunococcus and Aslerudiaspis, but with low support values (Fig. 2). Only 
the relationship between Pa. degenerata and Pa. similis shows at least some support 
\Vith a boot"trap value of 65 and a decay index of 2 (Fig. 2). The genus Grammococcus 
clusters well inside Palmaspis with both genera exclusively feeding on paln1s. 
Monophyly of the pit scales on oak represented by the genera Asterodiaspis and 
Neoasterodiaspis is Well supported with bootstrap values of 60 for the whole clade 
and 89 for Asterodiaspis, and decay indices of l and 2, respectively (Fig. 2). However, 
this clade also 01iginates within Palmaspis. 

CONCLUSIONS 

The stati&tic~ (Figs. 1, 2) show that more data are needed (both morrhological a~ 
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Cerococcus 
Lecanodiaspi.\' 
As. lueo/a 
As. variabilis 
As. variolosa 
I\'e. adjuncta 
Gr. adetocorymbus 
Pa. hondari 
Pa. gilva 
Pa.pa/Iida 
Pa. sabalis 
Pa. truncata 
Pa. df!i;tincta 
Pa. holiviae 
Pa. difficilis 
Pa. urichi 
Pa. degenerata 
Pa. similis 
Pa.palmae 
Pa. inlabefacta 
Pa. inusitata 
Al. sanbernardense 
Al. puteanum 
Al. agavis 
AL grandiculum 
AL cristatun1 

~ J 541 

Al. epidendri 
Ba. ban1busae 
Ba. bambusicola 
Ba. caudata lL_ 

1 

85. 
,,90_r-_,_ 

Ba. miliaris 
Ba. hemisphaerica 
Ba. scirrosis 
Al. townsendi 
Al. viridulum 
AL ingae 
Ru. pustulans 
Al. quaesitum 
Pl. arabidis 
PL stentae 

Fig. 2 - Strict consensus tree of 40 most parsimoniou~ trees (cladogram). Numbers above 
branches indicate bootstnlp support, number:s belo\v branche~ sho,,,,.· decay values. Only 
boot~trap values 50o/c or greater are pre~ented. Cerococcus and Lecanodiaspis are used 
a~ outgroups. 
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Cerococcu~ 

Lecanodiaspis 

32311743 

27 15 

' 

4225181715148 

Al. sanbemardense 
Al. puteanu1n 

AJ. agavis 
Al. grandiculum 

" AL cristatum 
Al.qiideudri 

Ba.bainbusae 
Ba. bainbusioola 

Ba. caudata 

l3 w 

43 41 

As. luteola 

As. variabilis 

29 28 20 
~>-->-->--+-As. variolosa 

43 Ne.adjuncta 
Gr. adetororyn1bns 
Pa.hondarl 
Pa. gilva 
Pa. pallida 

ri+-J-Pa.saba\is 
30 17 Pa. tmncata 

" 
Pa. di~ti11cta 

Pa. boliviae 
Pa. difficilis 
Pa. urichi 

4
1
0 

Pil. dt>generata 

38 Pa. similis 
Pa.palmae 

Pa. inlabetacta 
12 11 
Pa.inu\itata 

Ba. miliaris 

r,t,c,t,-1,t,- Ba. heinisphal'lica 
,. L+::i:::_,__+-+--1->--+-+-<->--+-- Ra.sdnusis 

39 35 34 31 19 28 19 18 17 14 13 12 
Al. 00\\nsendi 
Al. viridulu1n 

Al.ingae • 
35 

Ru. pustulans 
Al. quac:situn1 

l-;'-;tc',--j'J.• Pl. arabidis 35 16 31 
33 21 9 Pl. ~ten tac 

42 41 

Fig. 3 - Strict consensus lree of 40 most parsimonious trees (phylogram)_ Branch lengths indi-
cate the number of characters supporting each clade. Nu1nbers sho\vn on em:h branch 
di;pict the character~ contributing to branch support (numher~ correspond to Table I 
and Tahle 2)_ Cl!rococcus and Lecr1nodiaopis are used as outgroups. 
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Table l - Chilraclers and c/iaracrer states. 

Character Character name Character states 

1 Caudal tube 0 = ah1enc; I = present 
2 Antenna 0 = several segment~; I = l 1egrnent 
3 Antenna indented O=no;l=yes 
4 Clypeolabral shield with additi1mal tentorial arm O=m>; I =yes 
5 Additional tentorial arm arch-shaped O=no;l=yes 
6 Latetal dypeal ~mlcus 0 = present: I = ahsent 
7 Labial .1etae 0 = present: 1 = absent 
8 Spiracles long and slender, Palnw;pis type O=no: I =yes 
9 Spiracle> completely enveloped in doi:,al folds. 

P/anchonia type O=no: I =ye.1 
10 Anal dorsal setae 0 = pre.1ent: I = absent 
II Position of apical 1etae 0 = apical or slightly dorsal; I = 

ventral 
12 Suhapical setae 0 = pre1en1; I = absent 
13 Anal ventral sctac 0 = 3 pairs; I = 2 pair;: 2 = ! pair; 

3 = 0 pairs 
14 Ari:heJ plate 0 = pre>ent; I = absent 
15 Anal plates 0 = fused: I = separated; 2 = ahsent 
16 Anal plate; fused, anvil-shaped O=no; 1 =yco 
17 Anal ring: !>etae 0 = 8 'ctae; I = 6 'etae: 2 = 4 sctae; 

3 = 2 :.etae: 4 = setae abocnt 
5 = anal ring absent 

18 Anal ring c1rcular. Asten1lecanium type O=yes;l=no 
19 Anal ring circular, plate-like O=no:l=yes 
20 Anal ring triangular, Asterodiaspis type O=no: I =yes 
21 Anal ring plate-like O=mJ;l=yes 
22 Anal ring in 2 connected Dlate> O=no; I =yes 
23 Anal ring in 2 separated plate1 O=no; \=yes 
24 Anal ring absent O=no:l=yes 
25 Anal lobes sckrotized ventrally O=yes; I =no 
26 Large dorsal 8-ohapeLl pores 0 = present; 1 = absent 
27 ]Vlarginal S·shaped pores 0 = band on d1Jr:.um and venter; 1 = 

dorsal band: 
2 = dorsal row; 3 = absent 

28 Large doroal 8-shaped pores bent O=yes; 1 =no 
29 !11arg:inal 8-shaped pores flat, Asterodiaspis type O=no; I =ye1 
30 ll'larg:inal 8-shaped pores long anLl thin. Palmaipis type O=no; I =ye1 
31 Simple disk pores 0 =on venter and dorsuin; 

I = in submarginal l'ow: 
2 =on dorsum only 
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Character Character nan1e Character states 
32 Submarginal row Qf simple disk pore.1 on ventet only O=no: l =yes 
33 Simple disk pore.1 in ventral and dorsal submarginal ruws O=no:l=yes 
34 Tutiular ducts in longitudinal bamfa O=no; 1 =yes 
35 Ventral submarginal bilocular pores 0 = band: I =extension of transverse 

bands: 2 = row 
36 Marginal quinquelocular or lrilocular pores 0 = absent; 1 = strongly reduced row; 

2 = row; 3 = band 
37 Marginal pore.1 0 = mainly quinquelocular: 

I = mainly trilocular 
38 Pores in spiracular furrows 0 =mainly quinquelocular: 

1 =mainly tnlocular 
39 Scgn1ental multilocular pnre; 0 = present; I = ab1ent 
40 Segmental multilocular pore loculi 0 = 5-12 loculi; 1=only5 !oculi 
41 No. of multilocular pore bands 0 = 5 or more band>; 

I = 4 or fewer band> 
42 No. l!f rnu\tilocular pores 0 = mote than 74: 1 = fewer than 60 
43 Row of ventral >ubrnarginal setae 0 = complete; I = incomplete 

well as molecular) for an improved estimate of the phylogenetic relationships ~'ithin 
the pit scales. Ho1Never, n1ost species are only known fron1 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 Aste1vfecanium present in the New Vv'orld appear to be native 
to the region. No conclusions can be dra\vn about the origin of the Asterolecaniinae. 
Both a New World and an Old World origin with fu1iher vicariant events are possible. 
However. it is interesting to see that Asterolecanium, Planchonia, and Russella~pis 
(Fig. I), whose men1ber~ occur on a variety of different host plant fa1nilies, are also 
the most primitive ones morphologically. R. pus/utans, the oleander pit scale, occurs 
on at least 46 different host plant families (Russell, 1941), and is believed to he a 
native of tropical Central and Soutb Ainerica that has spread recently \Vith the tropical 
plant trade. 

Each of the other genera recognized in the Asterolecaniinae in Nortb and South 
America can be characterized hy an association with a single host plant family or a 
similar subgroup of a particular fan1ily, e.g., Bamhusaspi.s on bamboo, Gra1n1nococcus 
and Paln1aspis on palms, and Asterodiaspis and lVeoast1'1vdiaspis on oaks. The four 
genera, Asterodiaspis, Neoasterodiaspis, Grammococcus, and Pabnaspis, form a 
n1onophyletic group, although this group appears as the sister taxon of A. 
sanbernardense in the analysis (Figs. I, 2, 3). The position of the other three genera 
defines Palrnaspis as paraphylctic. 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), n1ay make it necessary lo suppre.~~ the 



Table 2 - Distribution of character slates for !he phvloienelic analysis. 
1Vi11nhers of characters and character states correspond to those in 1i:ible 1. 
0, l, 2, 3, 4, 5: character states;-: character not applicah/e; '':character not known. 

Character 

Cerococcus Comstock 
Lecanodiaspis Targioni Tozzetti 
Asterodiaspis luteo/a (Russell) 
Asterodiaspis Fariabilis (Russell) 
Astemdiaspis Farioiosa (Ratzeburg) 
Asterolecanium agavis Ru~sell 
Asterolecanium cristatwn Ferris 
Asterolecanium epidendri (Bouch6) 
Asterolecaniuni irandiculum Russell 
Asterolecaniu1n ingae Russell 
Asterulecanium pu1ean11m Russell 
Asterolecaniuni quaesituni Russell 
A.sterolecaniuFn sanhernardense Hempel 
Asterolecaniurn towl!sendi Cockerell 
Asrerolecaniurn viridufum Cockerell 
Ban1busaspis ban1busae (Boisduva!) 
Bamhusaspis bambu11icola (Ku\vana) 
Bambusaspis caudata (Green) 
Bambusaspis hernisphaerica (Kuwanai 
Barnbusaspis mi/iaris (Boistluval) 

l l l 1111111222222222233333333334444 
1234567890l234567890J234567890!234567890123 
010(JOOOOOIJOIJIJ02-0(J000000000!00000000-000000 
000000000000000000000000000000000000-000000 
011000000110212-310100()()112! 102000220000010 
011000000110212-31010()()()] 121102000220000010 
011000000110212-310100001121102000020000010 
Oil 100000000!010100000000020001000210000000 
OJ I 1000000001010100000000020001000220000000 
OJ 1100000000!010100000000020001000220000000 
011 l(JCJ00(JOOOJOIOJ000000000!000!000210000000 
01 IOOOOOOOOOIOJOJ00000000020001J00020000000 
01110000000010101001J(l0(J(Jll020002000220000000 
0111000000000001100000000000001100130000000 
0110000000001010100000000020002000220000000 
01I100(1000001010100000000020001000020000000 
01I10Cl(J001JOOIOIOI000000000!0001000020000000 
11I1 IOIOOllJOllJ!OllJ000000102000!000220000001 
11111010010010101000000011201)0]()0022001---1 
I 11110100100100010000000102000100020-0J---1 
I! I J(J0l001001000100000000110001100230000001 
111110100100101010000000102000100021001---l 

Bamhusaspi.1·scirrosis1Russell) 111100I00I01312-31100000002110000I03001---1 
GraFnn1ococcu.1·adetocory1nhu.1·Miller& Lambdin 0110000001002 J 2-21 OOO I 00I13---200120-100111 
lVeoaslerodiaspis adjuncta (Russell) OJIOOOOJ0100212-3101000010211020(J(J22(J000011 



Character 

Palmaspis boliviue (Russe!!) 
Pahna.1pis bondari (Lepage) 
Pa/n1aspis dexenerata (Russell) 
Pahnaspis dijjicili.1 (Rus~ell) 
a/n1aspis distincta (Russell) 
Paln1a.1pis gilva (Russell) 
Pa!maspis inlahefacta (Rus~ell) 
Pabnuspi.1· inusitata (Russell) 
Palniaspis pullidil (Russel\) 
Palniaspis pabnae (Coi;ki;rell) 
Pa/lnaspis sahalis (Russell) 
Palniaspis silni/is (Russell) 
Paffnaopis truncata (Russell) 
Pahnaspis urichi (Cot:kcreH) 
Planchonia arabidis Signore! 
Planchonia stentae (Brain) 
R11oselta.1pis pustulans (Cockerell) 

I Ill 11!II1222222222233333333334444 
12345678901234567890!2345678901234567890123 
OJJ00001(ll00112-3J0(110000020002(1012210000l0 
011000010100212-210001001120012001221000110 
011{100010100312-311'000000120002000221()01110 
01 !00!010100212-310010000020002000231001010 
01 ]001010100212-410000101020012000221000000 
01!0000!0101212-510(!00011120012001221I1---1 
011000010111212-510000011020002000220000010 
Ol!OOO?!OOQOll2-5100000110200020002200001 I l 
Oll(J(J1010100112-21000100112(10120002210001 JO 
01]000010101212-311000000020002000221000010 
(Jl !0010101III12-410010001120012000221100011 
0!1000010100312-310000000120002000221100110 
011001010111212-210001001120012001221000010 
0II000010 I 002 12-3100I0000020002·00022101---0 
0111000010000001100000000010000110130000000 
01I1000010000001100000000010001110130000110 
011 IOOOOIJ00000101000(J0000020001 J(l02200000(J(l 
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genu~ lVeoasterodiaspis as a morphologicnl variant of Asterodiaspis. The genus 
Palmaspis is \videsprend throughout the \vorld wherever pahns grov..· (Russell, 1941, 
Matile-Ferrero. 1996). A reduction in ~evcral characters is typical for Grmnn1ococcus, 
but this genus also shO\VS so1ne unique apoinorphies, ~uch as dorsal n1ultilocular pore~. 
It shares these apo1norphie~ 'Nith the ahnost identical genus Polea (Lan1bdin, 1977, 

1999) in the Oriental fauna] region, which does not occur on palms, and should be 
considered as the adelphotaxon of Gramniococcus. 

The positions of the other pit scale genera not belonging to the suhfa1nily 
Asterolecaniinae have to be clarified by additional studies. Some of them (e.g .. Pollinia. 
-Sclerosococcu~. Mycetvcoccus, and 1\1yrococcus) 1nay not belong in either 
Asterolecaniidae, Cerococcidae, or Lecanodiaspididae, but may clu~tcr at the base of 
the pit scale tree. 
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