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Longe,·ity and reproduction in Apiomorpha Riibsaamen (Hemiptera: 
Sternorrhyncha: Coccoidea) 

A.bstract · Adult females of Apiornorpha Riib~aamen are remarkably long-lived 
(up to five years) and those of most species are able to produce thousands of 
offspring. Males rarely live more than one year ant.! survive only several days after 
merging from their galls. Males and fen1ales of the one !;Ohort mature at about 
the same time despite extreme size differences between the sexe~, thereby allowing 
brother-~ister matings. Age to tnaturity ranges ainong spe!;ies from two ant.! a half 
months to more than l 2 months. The longevity of females result~ in the overlap 
of generation~ of fen1ales on the one host plant. 
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INTRODUCTl(JN 

Apiomorpha Ri.ibsaamen is an endemic Australian eriococcid in which both 1nales 
and females induce gall~ on Eucalyptus. Each adult fen1ale of Apiomorpha is confined 
within the gall that she initiated when she first began feeding as a first-instar nymph 
(crawler). Galls of females of Apiomorpha each have a chamber in which the insect 
has limited mobility and is oriented with its head towards the base of the gall and its 
anal lobes tov,1ards the apex. As the gall of a female matures an apical opening forn1s 
as plant tissue in the region becon1es necrotic. The opening allows elimination of 
honeyde\.V, 1nating and the escape of first-instar nymphs (crawlers). Crawlers are the 
pri1nary dispersers and appear well suited to air-borne di~persal (Cook et al., 2000). 
There are few report!. of the life history of Apiomorpha (Short, 1947; Gullan, 1984). 
Females of Apio1nor1Jha have three ins tars and males have five (Gullan, 1981 ), thereby 
conforming to the general patten1 in other criococcids such as E. coriaceus Maskell 
(Patel, 1971), and in dactylopiids (Perez Guerra & Kosztarab, 1992), asterolecaniids, 
kermesids (Miller, 1991) and diaspidid~ (Koteja, 1990). 

This study aims to provide infonnation on reproduction, development and adult 
longevity in Apiomorpha, \Vhich is unusual among scale insect<; in having a nun1ber 
of long-lived species. 
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MATERIALS .'\ND METHODS 

Field-collected galls usually wefe stored in plastic bags (Rob's Long Life Vegetable 
Bags®) until dissection. Mature fe1nales \~"ere kept alive in their galls for up to several 
1nonths at room te1nperaturc in gauze-covered containers. A record was kept of the 
emergence of cra\~"lers fron1 field-collected galls. Crawler5 of nine species of 
Apiomorpha were released onto potted eucalypt saplings in either of two ways: 
I. The gall of the adult feniale \Vith cra\vlers e1nerging was tied to a potted plant. 
2. Cra\vlers were placed directly on the ho~t using a fine paintbrush. 

Cultures v.·cre housed in a glasshouse in the Plant Culture Facility (PCF), ANU, 
on a daily cycle of 26° C days and 12° C nights 'Nith natural light. Female~ of A. 
strombyfosa (Tepper) and A. munila (Schrader) were housed in a separate glasshou~e 
isolated fron1 conspccific 1nales. Fe1nales of A. spin(fer Froggatt and A. pharetrata 
(Schrader) gall form II also were reared in the ahsence of males. 

Observations 1,vere n1ade of crawler settling position~ and gall induction generally. 
The times to niaturity \Vere recorded. Adult 1nales \Vere readily discernible within their 
galls by the presence of the two long apical wax filaments, which are absent in earlier 
in~tars. The moult to the adult instar was detected in female~ by the ejection of the 
second-instar cuticle from the gall, or dest1uctively by dissecting the gall. Successive 
generations were marked by tying different coloured cottons on the branch distal to 
the last ~ettled crawlers and around individual galls of females. The longevity of 
females also was recorded. Because fe1nales remain enclosed within gall tissue, the 
anal lohes 1,vere sti1nulated \Vith a hair and wriggling was taken as an indication that 
the female was alive. 

RESULTS 

Females of most species of Apiu111orpha w·ere able to produce thousands of 
offspring over several weeks. The body cavity of gravid females is almost entirely 
filled with developing en1bryos. For example, the ovaries containing developing 
embryos removed from a female of A. regufaris (Tepper) had a volume of 1nore than 
l.2 ml (fully developed embryos are generally :o;JOOµn1 long). Apiomorpha is 
ovoviviparous and nymphs are born fully developed. At birth they are still encased in 
the chorionic 1nembrane that dries and frees the insect after about 5-30 minutes. The 
first-instar nymphs usually remain grouped at the base of the gall chan1ber for up to 
several days before e1nerging fron1 the gall. Emergence of crawlers from individual 
galls may continue for up to three months and not all females within a population 
reproduce simultaneously. There does not appear to be a seasonal pattern to 
reproduction in the field (Table I). Although there appears to be an increase in 
emergence in spring and summer, this may reflect collection hias. Of those species 
that were \\'ell 5ampled (Table 1 ), crawler emergence was recorded from different times 
throughout the year. 
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Table 1 - Eniergence dates offield-collected crawlers of Apiornorpha. iVurnher.1· indicate the 
nu1nher of d(fferent popalation.1· with cra1i·lers emerging rhat monlh. 

Species' )>n Feb l\.'lar Ap' Mey Jun Jn! Aug Sep Oct Nol' "" 
A haeuerleni {Froggatt) I 
A. sp. nov. "burracoppinensis"' I 

A. C(f[ycina (Tepper) 2 I 

A. conica (Froggatt) I I I 

A densispinosa Gullan I 

A. dip.1aciformis (Froggattj I 2 

A duplex (Schrader) I I 

A. frenchi Froggatt I 

A. helmsii Fuller I 

A. sp. nov. "Hervey Range" I 

A karschi Riibsaamen I I 

A sp. nov. "lumphead"' I 

A. ma/iformis Fuller 2 I I 

A. mul/eeacola Gullan I 

A. minor (Froggmt) I I 2 2 I I I 

A. munita mulleen.~i.1· Gullan 3 2 2 

A munita teretirornuta Gullan I I I I I 

A. munila m11nita (Schrader) I I I I I 

A. ovicola (Schrader) I I 

A. ovicoloides (Tepper) 2 

A. pharetrata form I 2 I I 2 

A. phan:trata fonn II I 
A. pileata northern form 2 
A. pi/ea/a southern form 2 I I I I I 

A. regulari.1· (Tepper) I I 

A. op. nov. "rose3"" I 

A ses.1"ili.1 (Froggatt) 2 
A. .doanei (Froggatt) I I I 
A. .1pi11((er Froggan I I 2 1 

A strombylo.1·a easte1n fonn 3 I 

A. stroinbylosa western form I 2 1 I I I 

A. subronica (Tepper) 1 I I 

A tepperi Gul\an I 

A. urnalis (Tepper) I 3 

A wiriabilis (Froggatt) I 

A Withers! Froggatt I I 

a Code names for unde1cribe<l specie' are not intended for nomenclatural w,e_ 
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c:ra\vlers wandered over plants for up to seven days before ~ettling on new plant 
growth or disper~ing. So1ne crawlers display dispersal behaviour of congregating at 
the tips of plants and are easily dislodged •with a puff of air. In 1nany species, each 
sex preferentially settles on different plant part5 (Table 2). 

The fastest developing males and fen1ales from each cohort reach 1naturity at about 
the same time (Table 2). Development to adulthood takes a minimu1n of about two 
and a half months in species in which females are s1nall and up to or exceeding nine 
months for species in which females are large (Table 2). There can be considerable 
variation within a cohort (Table 2). For example, 12 months after settling, some males 
of A. st1vmbylosa and A. duplex (Schrader) were adults whereas others ~·ere still second 
instar-nymphs. Similarly, fe1nales from the one cohort of each of A. 1nunita 

Table 2 - Gall und insecr development in Apiomorpha under glasshouse conditions. Bodv /enf(lhs 
are ranges for adult females (fro1n Gu!lan, 1984). 

Sp~ies Body length Site or gall Gall Ostiole Adult Age at fir11 Max.age 
(mm) induction enclo:sure opening eclu1ion Reproduclion 

Apwmo1pha ronifa 
female> i-2i stems 1~·11 mo111hs >l )'ears 
Apim1w1pha Jupin 
females 2J-J4 stem> 3-4 ~-eeks 9-12 month' 12 mon1h1 ] years male.; 1tems,lea1-e1 ]-4 weeks 9·12 month> I year 
Apiommplw mi11or 
fomal~1 stems IO mooth1 >2 years males lea\'es 
.4piomorpha 1111111im rer111co11111Ju 
femates j.[j 1tem1 1-4 weeks 6-1 weeks J-1+ nmnths 6 month' 5 years 
males galls offemalrs 3-4 wieks 6-7weeh 3-9 nwnth1 <I year 
Apiumorpha phaiflrala form I 
females 4-11 leaws 14weeks :.s months 14 rnonthsa 2.5 l'ear1 males pll1offem~e 3-4 weeks 2.l months <I year 
.4piomorpha pileata S fonn 
females ll-21 stems J-4 weeks 15 momhs males kaves _1-4 weeks <I )'eor 
Apiomorpha pi/111111 N fonn 
females 11-21 srem1 15 momh1 
.4piomorplw regrilarii 
females 12·30 >toms 3-4 weeks ~4.l months 5.l month> 13 month\ 3 years 
"™' lea1•es 3-4 weels ~4.5 monlhs 5.5 months <I year 
Apiomo!piw spinifer 
frrn~lcs l·O leaves >2 year1 

.4pionwrpha mvmbylwo E fonn 
females lfl.-22 stems .1-4 weeks ~8 months ~.:4 months j )fJ[\ 
males 11ems, lcaws J.4 weeks 24-5 montl1s g.ig months l.5year1 

a Seven months after mating 
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tereticornwa Gullan and A. strombylosa reached maturity at different times over a 12 
month period. 

Males of most species did not live longer than one year and adult males survived 
fewer than five days after emerging from their galls. Although males of most species 
of Apiomorpha are about the same.size, the development time varied among species 
with males reaching maturity at the same time as conspecific females. Males of A. 
duplex and A. strombylosa were lhb longest lived, up to 18 months, corresponding to 
the long maturation time for females of these species. 

Females of A. m. tereticornuta Gullan were able to reproduce as young as six 
months old whereas females of A. regularis and A. pileata (Schrader) were aged 13 
and 15 months respectively at first reproduction despite the presence of adult males 
at maturity. No females of the four species reared without males reproduced and there 
was no embryo development in their ovaries. 

Some adult females of A. m. tereticornuta and A. strombylosa survived up to five 
years under glasshouse conditions. Many females of A. conica (Froggatt), A. duplex 
(Schrader), A. minor (Froggatt), A. munita, A. regularis and A. strornbylosa lived at 
least three years under glasshouse conditions. In species with small adult females, 
such as A. pharetrata and A. spinifer, some females survived at least two and a half 
years. Adult females (A. minor, A. urnalis (Tepper), A. regularis, A. maliformis Fuller, 
A. pileata (Schrader)), still enclosed in their galls, often survived two to three months 
after being removed from their host. One female of each of A. minor and A. variabilis 
(Froggatt) survived five and a half months and two females of A. maliformis reproduced 
nine months after coJJection. These observations suggest that females may out-live the 
plant structures on which they occur. 

DISCUSSION 

Females of most species of Apiomorpha are~able to produce many more offspring 
than females of other eriococcids. Typically, eriococcids produce 50 to 100 eggs 
(Miller, 1991) although some such as E. coriaceus may produce between 150 and 280 
eggs (Patel, 197 1). It is likely that the number of offspring is positively correlated with 
adult female body size, as it is in coccids (Marotta, l 997). As a consequence of high 
female fec undity, population size in Apiomorpha may expand through the fecundity 
of individual females, rather than via the reproductive efforts of multiple females as 
occurs in many other scale insects (e.g., Beardsley & Gonzalez, 1975; Moran & Cobby, 
1979). 

Reproduction does not appear to be markedly seasonal because crawlers were 
collected throughout the year. However, there may be seasonality among populations 
or species that was not detected by the low levels of sampling of most taxa. 

Females of A. munita tereticornuta, A. pharetrata gall form II, A. spinifer and A. 
strombylosa reared in the glasshouse did not reproduce in the absence of males and 
thus reproduction in these species appears to be exclusively sexual . Matings are likely 
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to occur between siblings on the natal host because they mature at the same time and, 
in A. munita, because males often develop on galls of their sisters. The success of 
colonjes initiated by brother-sister matings in the glasshouse suggests that there is no 
clear inbreedjng depression. The variability in development rates within cohorts, 
recorded also by Short (1947), may be a mixed reproductive strategy where inbreeding 
is likely to occur among offspring wruch develop at the typical (common) rate whereas 
delayed development may provide an increased opportunity for outcrossing. 

Adult females of Apiomorpha are long-lived relative to males, and to both sexes 
of other eriococcids. Older females of A. m. tereticomuta were still alive after several 
successive generations of their offspring had developed and therefore there is an overlap 
of generations of females on the one host plant This is contrary to Short's ( 1947) 
recording of an annual lifecycle in A. ovicola (Schrader) in which females did not live 
longer than one year. The overlap of generations is unusual among the Coccoidea and 
provides an opportunity for high levels of inbreeding and for females to manipulate 
the sex ratio of her offspring over several years. 

ACKNOWLEDGEMENTS 

We acknowledge the various Australian State and Territory agencies for permits to 
collect galls. The help provided by the staff of the Plant Culture Facility, ANU, in 
caring for the potted plants is appreciated. This work was supported by an Australian 
Postgraduate Research Award to L.G. Cook. 

REFERENCES 

BEARDSLEY J.W., GONZALEZ R., 1975 -The bioloey and ecology of armored scales. -Ann. Rev. 
Entomol., 20: 47-73. 

CooK L.G., GULLJ\N P.J., STEWART A.C., 2000 - First-instar morphology and sexual dimorphism 
in the gall-inducing scale insect Apiomorpha Rilbsaamen (Hemiptera: Coccoidea: 
Eriococcidae). - J. Nat. Hist., 34: 879-894. 

GULLAN P.J ., 1981 - A Systematic Revision of the Gall-forming Coccid Genus Apiomorpha 
Rilbsaamen (Homoptera: Eriococcidae: Apiornorphlnae) with Notes on its Anatomy and 
Biology. Ph. D. Thesis, Monash University, Victoria. Australia. 

GULLAN P.J., 1984 - A revision of the gall-forming coccoid genus Apiomorpha Rilbsaamen 
(Hornoptera: Eriococcidae: Apiomorphinae). - Aust. J. Zoo!. Suppl. Ser., 97: 1-203. 

KarEJA J .. 1990 - Life History. In - Armored Scale Insects: their Biology, Natural Enemies and 
Control (ed. D. Rosen). Elsevier, Amsterdam: 243-254. 

MAROTTA S., 1997 - Biology: General Life History. In - Soft Scale Insects - Their Biology, 
Narural Enemies and Control (eds. Y. Ben-Dov and C.J. Hodgson). Elsevier, Amsterdam: 
25 1-256. 

MILLER D.R .. 1991 - Superfamily Coccoidca. In - Immature Insects (ed. F.W. Stehr). 
Kendall/Hunt, Dubuque, Iowa: 90-11 I. 



' 
Proceedings of the JSSI lX - lotemational Symposium on Scale Insects Studjes 265 

MORAN V.C., COBBY B.S., 1979 - On !he life-history and fecundity of the cochineal insect, 
Dactylopius austrinus De Lotto (Homoptera: Daccylopiidae), a biological control agent for 
the cactus Opuntia auramiaca. - Bull. Entomol. Res., 69: 629-636. 

PATEi.. J.D., 1971 - Morphology of the gum tree scale Eriococcus coriaceus Ma~kell (Homoptera: 
Eriococcidae), with notes on its life hlstory and habits near Adelaide, Soucb Australia. - J. 
Aust. eat. Soc., 10: 43-56. 

PEREZ GUERRA G., KoszTARAB M., 1992 - Studies on the Morphology and Systematics of Scale 
Insects No. 16: Biosystematics of the Family Dactylopiidae (Homoptera: Coccinea) with 
emphasis on the life cycle of Dactylopius coccus Costa. - Bulletin of the Virginia 
Agricultural Experiment Station, Virginia Polytechnic Institute and State University, 92: 
1-90. 

SHORT J.R.T., 1947 - Description and life history of a new Western Australian coccid. - Proc. 
Linn. Soc. NSW ,71: 259-268. 

• 

DR. LYN COOK - School of Botany and Zoology, The Australian National U niversity, Canberra, 
ACT, 0200, Australia. E-mai l:Lyn.Cook@anu.edu.au 

PROF. PENNY GULLAN - Department of Entomology, University of California, Davis, CA 95616-
8584, USA. E-mail: pjgullan@ucdavis.edu 




