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On the term describing the post-embryonic development of Diaspididae female 
(Sternorrhyncha Coccoidea) 

Abstract - The term catametabolism is here reintroduced and redefined in order 
to describe the post-embryonic development of diaspidid females. Tue three-stage 
scheme has been considered, until now, erroneously as neoteny. This stress the 
striking difference between catametabolism and neoteny as from the literature and 
from observation. Catametabolism is defined as a post-embryonic developmental 
scheme showing an early specialization through a morphological simplification; 
life cycle shortening is considered part of the catametabolic process indeed. Tue 
occurrence of catametabolism in all the known species of Diaspididae suggests 
that this term should be reported in the diagnosis of this taxon. The occurrence 
of neoteny and catametabolism in other Farnilies of the Coccoidea is suggested. 

Key words: Pupillarial forms, phylogeny, armoured scale. 

PREFACE 

Post-embryonic development follows different schemes in many taxa of insects. 
Coccoidea show deep changes in life history so that the typical post-embryonic scheme 
of heterometabolous insects does not fit the expected sequence. Moreover the females 
of Diaspididae develop through a peculiar series of three strongly modified instars. 

Recent reports of this topic are by Sehnal (1985), Takagi (1990), Ben-Dov (1990) 
and Koteja (1990) who consider the females of Diaspididae to be neotenic. All seems 
to be based on a paper of Béimer (1910). 

Neoteny is a term describing the development scheme into which a larval soma 
stops its development before expected, develops a fully functional reproductive 
apparatus and becomes able to give birth to young while retaining its juvenile 
appearance. This phenomenon is well known in biology (both in zoology and botany) 
and some researchers consider it to be a major step in evolution (Taktajan, 1991; 
Willmer, 1991). Tue description reported by Sehnal (Le.) fits well to insects, in fact 
in Duliticola (Coleoptera: Lycidae) the reproductive female maintains the larval shape 
and does not pass a pupal stage. 
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Tue post-embryonic development scheme of many Coccoidea (i.e. mostly lecanoid 
groups) respects the definition of neoteny but that of Diaspididae does not. Some 
observations and discussions about the use of the term Catametabolism to describe 
the post-embryonic scheme of Diaspididae follow. 

SOME OBSERVATIONS 

In my opinion several aspects of the morphology of the "adult" female of armoured 
scales reject the use of the term neoteny to describe the post-embryonic development 
of this taxon. In fact the diaspidid "adult" female cannot be credited to retain a juvenile 
appearance because of its body shape, legless condition and reduced antennae, which 
are all clearly definitely different from their homologues in the first-instar nymph. Tue 
adult female diaspidid is definitely different from its crawler. 

Another clear difference between neoteny and catametabolism is that the former 
acts at the end of post-embryonic development whereas the latter acts at tl;,e start. In 
short, there is a factual difference between neoteny and catametabolism: a neotenic 
"adult" is morphologically a large nymph and represents the last instar after the 
abbreviation in life-cycle (a reproductive lecanoid female is an example), whereas a 
catametabolic adult is definitely different from its first-instar nymph (and a diaspidid 
reproductive female is an example). 

From a practical point of view, we ca easily discem between a second instar larva 
of Diaspididae and that one of Pseudococcidae while to distinguish between second 
instar larva of Pseudococcidae and (i.e.) Eriococcidae is not so easy. 

A SHORT DISCUSSION 

On the basis of the above observatitJns, the use of the somewhat forgotten term 
"catametabolism" is here re-proposed to describe the type of post-embryonic 
development that gives rise to a simplified adult, as occurs in Diaspididae, in agreement 
with Grandi (1945, 1969). Even retaining the term of Grandi, fora matter ofusefulness 
(it is widely used by Italian students; Tremblay, 1982), a couple of topics suggest the 
need fora re-touching of Grandi's description of catametabolism, as reported below 
from the version published in 1969: 

"Catametabolism" (l) - A type of metamorphosis characteristic of some 
heterometabolous and holometabolous insects, which during postembryonic 
development undergo an involutional process of one or more organs, which induces 
the formation of an adult less differentiated in its body structure than its preimaginal 
instars, or, at least, so formed that it is not possible to consider its ontogenetic 

(1) cata- a prefix, from the Greek KOG'tOG =down, downward, away; 
metabolism - from Greek µe'taj30À:11, Ttç =change. 
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evolution arrested and, hence to regard it neotenic. These retrograde metamorphoses, 
well-known in other Metazoa and particularly in the crustaceans, are undergone, for 
instance, by the females of some Pseudococcini, Margarodini and by those of the, 
Diaspini among the Coccidae (Rhynchota Homoptera), by the females of the 
Heterogynidae and of some Psychidae among Lepidoptera; by the females of the 
Stylopoidea among Strepsiptera, etc." 

The questionable statements are in underlined italics (my emphasis) in the upward 
above descriptions. My persona! opinion on them follows: 

The retained involutional process means to me something of degenerating and 
approaching the death of the individua!. Moreover the so described adult less 
dif.ferentiated in its body structure seems to be a definitely incorrect statement: the 
diaspidid adult female is very differentiated and evolved. In fact differentiation is just 
expressed by simplification rather than by complication. Tue last, but not the least, 
the retrograde metamorphoses is a strange concept: metamorphoses is a process of 
transformation from one morph to another, so that it is virtually impossible to retrogress 
during development: Clearly Grandi's statement was written from the viewpoint that 
more complex meant more evolved. Such a view no longer pertains in either 
ontogenetic or evolutionary studies. On the contrary there is, today, a general agreement 
that "reduction is a major trend in evolution", and according to this we can consider 
the secondarily simplified (as well as the specialized) taxa more evolved. 

APROPOSAL 

A re-touched description of catametabolism is proposed: 
CatametabolismC2) - A type of metamorphosis of some heterometabolous and 

holometabolous insects, which - during postembryonic development - undergo a 
simplification process. Such a process gives rise to an adult much more specialized 
in its body structure than its preimaginal instars. Tue catametabolic individua! is so 
modified that it is impossible to consider it simply the result of a terrninally abbreviated 
ontogeny and, hence, to regard it as neotenic. This kind of metamorphosis describes 
a morphological specialization and a phylogenetic pathway. Classica! examples are: 
females of Diaspididae (Rhynchota: Cocccoidea), females of some Heterogynidae and 
Psychidae (Lepidoptera) and females of the Stylopoidea (Strepsiptera). 

Other examples from scale insects are female of: Limacoccus, Halimococcus and 
Phoenicococcus. 

l'pe table below reports a proposed scheme of post-embryonic development for all 
the Coccinea that are arranged in farnilies following Kosztarab (1996). The Taxa was 
retained to be Neotenic by the presence of more or less developed legs and antennae 
in adult female. Taxa with no legs and very reduced antennae with a three instar scheme 

(2) The derivatio of the term Catametabolism is the same as in Grandi. Catametabolic is suggested as 
adjective, i.e. "catametabolic species". 
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are retained catametabolic. In this arrangement Asterolecaniidae show considerable 
convergence with the catametabolic pattern. 

Diaspididae 
Beesonidae 
Halimococcidae 
Phoenicococcidae 
Kerridae 
Micrococcidae 
Coccidae 
Aclerdidae 
Stictococcidae 
Lecanodiaspididae 
Cerococcidae 
Asterolecaniidae 
Dactylopiidae 
Kermesidae 
Cryptococcidae 
Eriococcidae 
Pseudococcidae 
Phenacolechiid!!e 
Concaspididae 
Ortheziidae 
Carayonemidae 
Margarodidae 

Catametabolic 
Catametabolic (Faldi, 1995); 
Catametabolic (Stickney, 1934; Deitz, 1979); 
Catametabolic (Stickney, F.S.; 1934); 
Neotenic (Chamberlin, 1923); 
Neotenic (Sivestri, 1939); 
Neotenic (Matile-Ferrero, 1997); 
Neotenic (Kosztarab, 1996); 
Neotenic (Sivestri, 1939); 
Neotenic (Howell & Kosztarab, 1972); 
Neotenic (Lambdin & Kosztarab, 1977; Howell et al. 1971); 
Neotenic (Kosztarab, 1996); 
Neotenic (Pérez Guerra & Kosztarab, 1992); 
Neotenic (Bullington & Kosztarab, 1985; Baer & Kosztarab, 1985); 
Neotenic (Kosztarab 1996); 
Neotenic (Leonardi, 1920); 
Neotenic (Leonardi, 1920); 
Neotenic (Morrison & Morrison, 1922); 
Neotenic (Williams, 1992); 
Neotenic (Leonardi, 1920); 
Neotenic (Richard, 1986); 
Neotenic (Leonardi, 1920). 

SOME FINAL CONSIDERATIONS 

Tue fact that all Diaspididae undergo this kind of specialized metamorphosis 
strongly suggests that the occurrence of catametabolism should be added to the 
diagnosis of this taxon. Tue phenomenon of catametabolism has phylogenetic relevance 
because it occurs in all Diaspididae, suggesting that the Diaspidiae had a catametabolic 
ancestor. Tue same trend toward reduction does exist in a11 Coccoidea, although with 
a different meaning: it has phylogenetic relevance in direct comparation between taxa. 

Accepting that the trend in ontogeny (Porcelli & Di Palma, 2000) of Diaspididae 
is toward the reduction of the soma, one can questi on the position of pupillarial forms. 
Tue only reasonable answer, on the basis of the simpli:fication trend, is that pupillarial 
forms symbolize extreme evolutionary specialization: an attempt to reduce, and finally 
erase, even the third female instar. 
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Fig. 1 - Schematic drawing to show the main differences between neotenic and catametabolic 
post-embryonic development in Coccoidea. 

CONCLUSION 

The proposal here reported stresses the evident discrepancy in the use of the single 
terrn (neoteny) to describe two really quite different rnodes of posternbryonic 
developrnent: one rnode is present in rnost scale insects, wheras in cornparison with 
the other one occurs rnainly in Diaspididae. Two different narnes are needed to describe 
two different ontogenies. 
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