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Abstract—Mesophthirus engeli (Mesophthiridae incerti ordinis), described as a feather-feeding 
parasite of dinosaurs, has recently been reinterpreted as the early instar nymph (crawler) of a 
primitive scale insect. Mesophthirus has no specific similarities to bird lice, although life on 
feathers should modify parasites in a similar way. Based on re-examination of photographs of 
the type specimens of M. engeli, the subfamily Mesophthirinae stat. nov. is assigned to the 
archaic extant family Xylococcidae s.l. (recorded since Hauterivian), next to the extant 
subfamilies Xylococcinae and Stigmacoccinae. Xylococcid honeydew is an important food 
resource for birds and other arboreal vertebrates. Like their modern relatives, Mesophthirinae 
lived under the bark of trees and produced copious honeydew. Early birds and their precursors, 
small feathered dinosaurs, may well have fed on honeydew and the mesophthirines themselves. 
Scale crawlers are adapted to the wind transport and phoresy on insects and vertebrates, so 
finding Mesophthirus on feathers is natural. 
 
Keywords: Sternorrhyncha, Coccomorpha, crawlers, piercing-sucking mouthparts, stylets, 
chaetotaxy, phytophagy, Psocoptera, Mallophaga, booklice, chewing lice, parasitism, birds, 
trees, honeydew 
DOI: 10.1134/S0031030122030121 
 
 Gao et al. (2019) described Mesophthirus engeli Gao et al. (Mesophthiridae) as 
feather-feeding parasite of dinosaurs, similar to booklice and chewing lice, but of 
uncertain ordinal position. Grimaldi and Vea (2021) demonstrated that Mesophthirus is 
the early instar nymph (termed crawler, or just larva) of a primitive scale insect.  
 Let us consider the arguments in favor of the first and second interpretations. We 
compare Mesophthirus, on the one hand, with scale crawlers, and, on the other hand, 
with chewing lice, descendants of the booklice Liposcelididae, which have passed to 
parasitism on the feathers and hair of tetrapods. Parasitism on the wing membrane of 
bats and pterosaurs causes parallel changes in unrelated groups (Ponomarenko, 1976; 
Shcherbakov, 2017). Living on feathers is a no less specific kind of parasitism, which 
should also lead to similar transformations in parasites. This means that if Mesophthirus 
was feather-feeding, then it should have been at least somewhat similar to chewing lice, 
even if it was not their direct relative. 
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 It is worth recalling that the chewing lice (Mallophaga) are now placed in the 
order of lice (Phthiriaptera), which includes the well-known human parasites. The scale 
insects form the infraorder Coccomorpha (mealybugs are representatives of one of the 
families of this group) in the suborder Sternorrhyncha of the order Homoptera (or of the 
broader group Hemiptera). In the old days, sternorhynchans were called plant lice 
(Phytophthires; Mordvilko et al., 1910), due to the resemblance of these slow moving 
plant parasites to true lice. Both of them belong to the higher group Paraneoptera. 
 Mesophthirus has been interpreted as an ectoparasite of tetrapods based on its 
wingless and dorsoventrally flattened body, small eyes, short antennae, and short legs 
with a single claw (Gao et al., 2019). However, all these features are also characteristic 
of scale insects, parasites of plants (Grimaldi and Vea, 2021). 
 Size of Mesophthirus larvae is extremely small (body length is only 0.14–0.23 
mm) – this is truly living dust! Even for scale crawlers, these are very small sizes (just 
as small are crawlers, for example, in Steingelia Nasonov, 1908 of Xylococcidae s.l.). 
Sessile or subsessile scale insect females produce abundant offspring, their very small 
larvae hatch in large numbers and in many species actively travel with air currents (see 
Discussion). The chewing lice are different: they stick large eggs (nits), 0.5 mm long or 
more (Blagoveshtchensky, 1959), to the feathers or hair of the host, and the larva 
hatches quite large. In booklice (Liposcelididae and the like), the eggs are also larger, at 
least 0.3 mm long (Kučerova, 2002). Thus, the size is clearly in favour of the coccid 
interpretation (Grimaldi and Vea, 2021).  

Mouthparts of Mesophthirus were described as chewing, with serrate 
mandibles and segmented maxillary palps (Gao et al., 2019), but the presence of such 
mandibles and palps was not confirmed (Grimaldi and Vea, 2021). In lice, the 
mouthparts are chewing, sometimes piercing-sucking, but short, while maintaining the 
general shape of the head and body (Clay, 1949). If there are no chewing mandibles, 
then there is no reason to assume that Mesophthirus fed on barbules of feathers. Instead, 
the holotype and some paratypes show: (1) extensive clypeus (more precisely, 
clypeolabrum - Koteja and Liniowska, 1976) between the eyes and fore coxae, (2) long 
thin piercing stylets enclosed in a pocket (crumena) and forming a loop in the thorax 
and abdomen , and (3) a small labium (Grimaldi and Vea, 2021; Fig. 1). We also see in 
the paratype CNU-MA2016001 (4) a sclerotized tentorium (internal skeleton of the 
head), two pairs of arms of which are connected to the lateral sides of the clypeolabrum, 
and (5) the bases of two pairs of stylets, mandibular and maxillary, and, apparently, 
even levers, on which these bases are suspended (Fig. 2). In scale insects, the 
clypeolabrum, together with the tentorium, hypopharyngeal wings, and maxillary plates, 
forms a rigid box-like base of the mouthparts (tentorial box; Foldi, 1997b), which, 
despite a significant reduction of the cranium, provides reliable support for the stylet 
bundle when penetrating into plant tissues. The clypeolabrum of the Mesophthirus is 
large and heavily sclerotized. Mesophthirus stylets are extremely long, about three times 
as long as the body, and in the retracted state the middle part of the stylet bundle forms 
a loop coiled into a spiral inside the crumena (in the holotype, the spiral with two turns 
is located in the horizontal plane, while in some paratypes it is almost vertical). All of 
the above is fully consistent with the mouthparts of the larval and female scale insects 
(their males do not feed). The structure of the piercing-sucking mouthparts found in 
Mesophthirus is unique to scale insects, and already it alone, without analysis of 
other features, clearly indicates that this genus belongs to this group of Homoptera. 

Body shape. The body of Mesophthirus is dorsoventrally flattened, elongate, 
with weak constrictions between the segments, somewhat stronger between the head, 
thorax, and abdomen; however, these constrictions are not always distinct (compare, for 
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example, the right and left sides of paratype CNU-MA2016002; Fig. 3b), i.e. the body 
was quite soft. The thorax is long and broad, the prothorax is large, the pairs of legs are 
set apart, and the abdomen is short, so that the hind coxae are located far beyond the 
middle of the body length. In Mallophaga and their ancestors, Liposcelididae, the body 
is narrowed in the thoracic region (especially the prothorax), the pairs of legs are close-
set, the abdomen is longer and more or less dilated, the head is separated from the 
thorax by a distinct constriction, and the enlarged temples accommodate the chewing 
muscles. In scale insects, the thorax remains wide and the prothorax is large, since the 
main part of the sucking mouthparts is located between the fore legs. The very shape of 
the body of Mesophthirus suggests that these insects were sucking. The ratio of the 
body regions and the position of the leg bases along the longitudinal axis are constant, 
while the degree of constriction between the segments and body regions can change: for 
example, in microscopic slides the coccids pressed by the coverslip become more 
rounded than they were in life, and when preparing for SEM, the nymphs of the same 
instar shrink to varying degrees (Fig. 4). In terms of body shape, Mesophthirus is most 
similar to crawlers from Early Cretaceous Lebanese amber, especially to 
?Palaeosteingelia Koteja et Azar, which has a hint of a neck and waist (Koteja and 
Azar, 2008). 

Eyes of Mesophthirus consist of a single ommatidium (Grimaldi and Vea, 2021) 
and are protruding, as in many modern crawlers. 

Antennae of Mesophthirus are rather long (about as long as the head width), 
consisting of six (?) segments of unequal length; the last segment is equal to the 
previous two, transversely wrinkled and bears specialized setae at the apex, two long 
and one shorter, as in some scale insects (Grimaldi and Vea, 2021). In Mallophaga, the 
antennae are shorter; their last segment is not so elongated, without long setae. 

Legs of Mesophthirus are rather long (about 1/2 of the body length), without 
dilated or otherwise modified segments, ending in a single claw, at its base with a pair 
of long knobbed setae characteristic of scale insects (Grimaldi and Vea, 2021). It was 
assumed that these setae, together with the antennal setae, helped Mesophthirus to hold 
on feathers (Gao et al., 2019). Mallophaga have no knobbed setae, and their legs or 
mandibles are modified into clasping organs (of different structure in different groups) 
to fix on feathers or hair of the host. The legs of chewing lice are shortened (much 
shorter than 1/2 of the body length), usually with widened segments (at least femora), 
prehensile, with a 1- or 2-segmented tarsus and two claws, and if the claw is single, then 
it is equal to the tarsus and opposed to processes of the tibia, or the entire claw-like 
tarsus is opposed to the trochanter (Blagoveshtchensky, 1959). 

Setae. Contrary to the statement that Mesophthirus has setae only on the tips of 
the antennae and tarsi (Gao et al., 2019), it also has extremely long erect setae on the 
dorsal side of the femur before its apex, as long as the femur itself, and rather short 
setae in the middle part of the tarsus and on the apex of the abdomen, sitting in distinct 
depressions; these depressions are visible even when the setae themselves are 
indistinguishable (Fig. 3). These setae also find their counterparts in scale insects. 
Modern crawlers travel with the wind using very long setae on the apex of the abdomen 
(sometimes also on the antennae) or wax threads (Hanks and Denno, 1998). Tiny 
Mesophthirus crawlers could use six long femoral setae for this purpose, spreading them 
in all directions like the rays of a snowflake. 

Tarsal segmentation of Mesophthirus was interpreted in different ways. The 
tarsus was originally described as 3-segmented with a long 1st segment (Gao et al., 
2019), since the claw of the holotype was mistaken for the 3rd segment, and now the 
authors of the taxon consider the tarsus to be 2-segmented (Gao et al., 2022; this issue). 
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An alternative opinion is that all tarsi are 1-segmented, like in scale insects (Grimaldi 
and Vea, 2021). In fact, many male and some female scale insects have 2-segmented 
tarsi with a very short 1st segment (Lobdell, 1937). In the literature, it was possible to 
find drawings of scale insects, which depict 2-segmented tarsi with non-shortened 1st 
segment: crawler of Cyclolecanium hyperbaterum Morrison (Morrison, 1929, fig. 9: 
fore and middle tarsi, while the hind ones are 1-segmented) and females of 
Mesolecanium inquilinum Morrison, Saissetia auriculata Morrison (Morrison, 1929, 
figs 2, 8), Eriococcus azaleae Comstock, Phenacoccus acericola King, and Toumeyella 
liriodendri (Gmelin) (Dietz and Morrison, 1916, p. 223, 225, 250). Although these 
abnormalities are not mentioned in the text and may be no more than individual 
aberrations, this information must be taken with due attention, since R. Snodgrass, an 
excellent draftsman and later a great insect morphologist who made drawings for the 
1916 work, did not to depict what he did not see. On some tarsi of some Mesophthirus 
paratypes, a dark transverse line is visible, dividing the tarsus approximately in half 
(Figs 2a, 3a). Perhaps the segmentation of tarsi varied in this case, as it sometimes 
occurs in scale insects. It is also possible that we mistake a seta lying subtransversely 
above the tarsus for the boundary of the tarsal segments, similar to that shown for some 
scale insects (Borchsenius, 1957, fig. 71). 

Spiracles. In Mesophthirus, spiracles were described on the meso- and 
metathorax and abdominal segments, including the 1st and 2nd (Gao et al., 2019). An 
alternative interpretation is that these are small setigerous sclerites, developed in many 
scale insects (Grimaldi and Vea, 2021). It is more likely that these are spiracles with an 
enlarged atrium bearing pores, as in Xylococcinae crawlers (see below; Morrison, 1928, 
fig. 5). 

Variation in the type series of Mesophthirus engeli. Ten known Mesophthirus 
specimens were divided into two groups (differing in sizeas well as the shape of the 
head, the last antennal segment, and the abdomen), interpreted as two successive 
nymphal instars (Gao et al., 2019). Most differences between these groups can be 
explained by different state of preservation: the abdomen and limbs are swollen or 
shrunken, the end of the abdomen and the head are protruded or bent under. The longest 
specimen (holotype) is especially strongly swollen: wide membranes are visible 
between the abdominal segments, and the fore coxae are shifted away from the middle 
ones. These two groups of crawlers are probably larvae of the same (1st) instar, but of 
different sexes, with smaller and shriveled specimens being male larvae (see below). 
Extreme sexual dimorphism of scale insects (winged non-feeding males and larviform 
females) often manifests itself already at the 1st instar, sometimes affecting not only the 
size, but also the body shape, the relative length of the legs and antennae, the 
development of the setae and specialized dermal glands (Cook et al., 2000). 

Instar composition of the type series. It is indicative that all known specimens 
of Mesophthirus are 1st instar larvae. Such a composition of the amber sample is in 
good agreement with the reproductive biology of scale insects (mass eclosion of small 
larvae from numerous eggs in the ovisac) and is not consistent with that of chewing lice: 
when large eggs are laid singly or in small groups, larvae of different ages should have 
been buried together, and if a whole group of young larvae were stuck in resin, then 
almost certainly the eggs should have been on the same feather. 

Thus, all the characters of Mesophthirus indicate that it is the 1st instar larva 
of a scale insect (plant parasite), showing no specific similarities to chewing lice, the 
only insects living on feathers.  

Systematic position. Crawlers rarely attract the attention of paleoentomologists 
and are described in detail only by Koteja (1988a, b, 1998, 2000, 2008; Koteja and 
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Azar, 2008), although they are quite numerous in amber (over 10% total scale insect 
specimens: Koteja, 1998). Therefore, crawlers are underestimated in amber collections, 
even as syninclusions, and single Mesophthirus specimens may simply pass unnoticed 
due to their extremely small size. The characters visible in the photographs make it 
possible to clarify the systematic position and reconstruct the lifestyle of Mesophthirus, 
to explain the presence of crawlers on feathers, and to put forward interesting 
assumptions regarding the way of life of small feathered dinosaurs of the mid-
Cretaceous. 

 
SYSTEMATIC PALEONTOLOGY 

 
Order Homoptera 

 
Infraorder Coccomorpha 

Coccidomorpha: Heslop-Harrison, 1952, с. 688. 
Coccomorpha: Родендорф, 1962, с. 8. 

 
Superfamily Orthezioidea Amyot et Serville, 1843 (=Archaeococcoidea 

Bodenheimer, 1952) 
 

Family Xylococcidae Pergande, 1898, s.l. 
Composi t ion . Подсемейства Xylococcinae Pergande, 1898; Kuwaniinae 

MacGillivray, 1921; Matsucoccinae Morrison, 1927; Steingeliinae Morrison, 1927; 
Stigmacoccinae Morrison, 1927; Pityococcinae McKenzie, 1942; Mesophthirinae Gao, 
Shih, Rasnitsyn et Ren, 2019, stat. nov. (see Discussion). 

 
Subfamily Mesophthirinae Gao, Shih, Rasnitsyn et Ren 2019, stat. nov. 
Type genus  – Mesophthirus Gao, Shih, Rasnitsyn et Ren, 2019. 
Revised  diagnosi s . 1st instar larva. Antennae long, last segment elongated. 

Femur dorsally with very long seta before apex; two long knobbed setae at claw base. 
Caudal setae rather short; anus at apex of abdomen. 

Composi t ion . Type genus. 
Compar ison . Similar to the subfamily Xylococcinae (comprising two extant 

genera, Xylococcus Loew, 1882 and Xylococculus Morrison, 1927, and the Early 
Cretaceous genus Baisococcus Koteja, 1989), but differs in longer antennae with a more 
elongated apical segment and the presence of an extremely long seta on the leg distal to 
the trochanter. In these characters, resembles the subfamily Stigmacoccinae, but in the 
larvae of the latter, long knobbed setae at the claw base are absent, a pair of long caudal 
setae is developed, and the anus is displaced to the dorsal side. 

 
Genus Mesophthirus Gao, Shih, Rasnitsyn et Ren, 2019 
Type spec ies  – Mesophthirus engeli Gao, Shih, Rasnitsyn et Ren, 2019; mid-

Cretaceous Burmese amber. 
Revised  diagnosi s . 1st instar larva. Very small, body length less than 0.25 

mm. Body oblong, with constrictions between segments. Antennae set apart, long 
(longer than head width), 6-segmented, last segment elongated (not shorter than two 
preceding), transversely wrinkled, apex with two long and one shorter setae. 
Clypeolabrum with adjacent structures very large, more than 1/2 head width, extending 
far beyond the fore coxae. The stylets are very long, about three times as long as the 
body; the crumena extends beyond the middle of the abdomen; the stylet bundle in it 
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forms a loop folded into a flat spiral with several turns. Labium very short, arising 
between middle coxae, directed downwards. Legs long, longer than thorax width; 
femora dorsally before apex with very long erect seta, equal in length to femur; tarsus 
subequal to tibia, 1-segmented (in some specimens looks 2-segmented on some legs, but 
this may be an artifact), with short setae; claw simple, thin, curved, subequal to 1/2 of 
tarsus; two capitate setae at claw base much longer than claw. Abdomen short with last 
two segments more sclerotized, rounded at apex, caudal setae rather short, anal opening 
apical. Abdominal segments 1–8 with enlarged spiracles, probably with pores in atrium. 

Composi t ion . Type species. 
 

DISCUSSION 
Scope and systematic position of the family Xylococcidae. The subfamily 

Xylococcinae was established in the family Coccidae for the genera Xylococcus Loew, 
1882 and Coelostoma Maskell, 1880 (now Coelostomidia Cockerell, 1900) (Hubbard 
and Pergande, 1898). T. Cockerell (Cockerell, 1899) considered this group as a tribe in 
Margarodinae s.str. and included Callipappus Guérin-Méneville, 1841. Then the 
subfamily Xylococcinae was accepted in an expanded scope (including the tribes 
Stigmacoccini and Matsucoccini) within Margarodidae s.l. (Morrison, 1927). 
Subsequently, the rank of the subfamily was raised to a family (Zahradník, 1959), as in 
other subfamilies of Margarodidae s.l. This point of view, supported by differences in 
the structure of males, was developed in works on fossil scale insects (see Vea and 
Grimaldi, 2015), so that Margarodidae s.l. were divided into 11 families, mostly 
oligotypic. Gavrilov-Zimin (2018) restored Margarodidae s.l., uniting six of these 11 
families (at the rank of tribes) into the subfamily Xylococcinae s.l., and three more into 
Callipappinae s.l. In this paper, an intermediate version of the system is adopted, with 
Xylococcidae s.l. and Callipappidae s.l. at the rank of families. The Mesophthirinae and 
probably several other fossil groups known from males should also be included in the 
family Xylococcidae s.l. 

Xylococcidae s.l. is one of the most primitive groups of scale insects. The 
subfamilies Xylococcinae and Matsucoccinae are recorded since the Early Cretaceous 
(based on winged males; Vea and Grimaldi, 2015). The genus Stigmacoccus Hempel, 
1900 is listed first in the classification of margarodids by Morrison (1928) and forms 
the most basal clade in one of the scale insect cladograms (Foldi, 1997a). 

Systematic position and rank of Mesophthirinae. According to the structure 
of the sucking mouthparts and all other features, Mesophthirus is undoubtedly a scale 
insect larva (nymph) of the 1st instar (see above). Based on the complete set of 
abdominal spiracles, the absence of long caudal setae, and long antennae and legs, this 
genus belongs to archaeococcoids (Orthezioidea). In structure of eyes and antennae, 
Mesophthirus resembles Ortheziidae (Grimaldi and Vea, 2021); however, in the larvae 
of the latter, the clypeolabrum is short, stylets are much shorter, the labium is attached 
between the fore coxae, the apex of antennae bears only one long seta, and the anus is 
shifted to the dorsal side and surrounded by a ring of setae. Mesophthirus is similar to 
the type subfamily of the family Xylococcidae s.l. in the very long clypeolabrum, the 
very short labium attached between middle coxae, very long stylets with the loop coiled 
into several turns inside the body, two long setae at the apex of antennae, long legs, the 
presence of two knobbed setae at the claw base, exceeding it in length, and eight pairs 
of enlarged abdominal spiracles. Mesophthirus differs from Xylococcinae only in longer 
antennae with a long apical segment and the presence of a very long seta on the leg 
distal to the trochanter, and in these characters resembles the related monotypic 
subfamily Stigmacoccinae (although in Stigmacoccus the seta is present not at the apex 



7 

 

of the femur, but at the apex of the tibia). Caudal setae of Mesophthirus look very short 
on some specimens (three pairs? – paratype CNU-MA2016004; Gao et al., 2019, suppl. 
fig. 2a), similar to Xylococculus macrocarpae (Coleman, 1908) (see Gill, 1993) and 
some Kuwaniinae (Neosteingelia Morrison, 1927), while in the others they are slightly 
elongated (paratypes CNU-MA2016002, CNU-MA2016005; Fig. 3a, b), as in most 
Xylococcinae. Some taxa of the related family Callipappidae s.l. (including 
Coelostomidiinae Morrison, 1927 and Cryptokermesinae Foldi et Gullan, 2014, stat. 
nov.) also have very short caudal setae (Marchalina Vayssière, 1923, Coelostomidiinae) 
or a long seta on the femur [at its base, Platycoelostoma compressum (Maskell, 1892), 
Callipappinae]. Very short caudal setae are also found in crawlers of some neococcoids, 
for example, Puto Signoret, 1876 (subgenus Ceroputo Šulc, 1898) (Leonardi, 1920). 
According to the larval characters, the family Mesophthiridae deserves no more than a 
subfamily rank in the family Xylococcidae s.l. The differences between Mesophthirus 
and Xylococcus are minor, so that synonymy of the respective subfamilies seems 
possible. 

Koteja (Koteja, 2008) united Xylococcidae s.str. and related Matsucoccidae, 
Kuwaniidae, Callipappidae s.str., Margarodidae s.str., Ortheziidae and five more extinct 
families described by him from Eocene amber based on males into an informal group 
characterized by compound eyes and a tuft of wax filaments at the apex of the male 
abdomen. Among the Cretaceous families, such a character combination is found in 
Jersicoccidae, Hammanococcidae, and Kozariidae (Koteja, 2000; Koteja and Azar, 
2008; Vea and Grimaldi, 2015). Of these, only Kozariidae from Burmese amber 
resemble Xylococcidae s.l. (namely Matsucoccinae) and are similar to Mesophthirus in 
extremely small size (male body length 1.02–1.13 mm) and the presence of two long 
knobbed setae at the claw base. Therefore, the subfamily Mesophthirinae may be 
synonymous with Xylococcinae or Kozariidae. 

Biology of Xylococcidae, including Mesophthirinae. Scale insects of almost 
all families (except Diaspididae) feed on phloem sap and excrete honeydew from the 
anus (Kunkel, 1997). Feeding on honeydew of scale insects has been recorded in 
various insects, as well as spiders, birds, lizards, marsupials, bats, and rodents, 
especially in the tropics and the southern hemisphere (Grandi, 1951; Smith, 1982; Gaze 
and Clout, 1983; Roberts and Seabrook, 1989 ; Taylor and Foster, 1996; Latta et al., 
2001; Towns, 2002; Teixeira and Azevedo, 2013). The biblical manna that the children 
of Israel ate for forty years in the wilderness is the solodified honeydew of scale insects 
(Shemesh, 2021). Ants are well known to feed on aphid honeydew, but aphids are 
distributed mainly in the northern hemisphere (Heie, 2013; Perkovsky and Wegierek, 
2018), and in the southern hemisphere, similar relationships are just as common 
between scale insects, on the one hand, and various insects, birds and other small 
arboreal vertebrates, on the other. 

Especially long stylets are found in the scale insect crawlers associated with 
woody plants (Gullan and Cook, 2001). The extremely long stylets of Mesophthirus are 
several times the length of the body, indicating life on trees but not on the source tree of 
Burmese amber (probably Agathis of Araucariaceae; Poinar et al., 2007), as 
Mesophthirus is quite rare in Burmite. Modern Xylococcidae and Coelostomidiinae are 
associated with woody plants, both conifers and angiosperms, among the latter with 
such ancient groups known since the Cretaceous as Nothofagus, Fagaceae, Betulaceae, 
Platanaceae, Fabaceae, etc. (García Morales et al., 2016). The mid-Cretaceous was a 
time of rapid diversification of flowering plants and the emergence of their modern 
families (Liu et al., 2018). Flowers attributed to Cunoniaceae and Rhamnaceae and 
similar to Atherospermataceae (Poinar et al., 2020, 2021; Wang et al., 2021), as well as 
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conifers of the family Cupressaceae (Shi et al., 2012), were found in Burmite, and some 
modern Coelomidiinae and Xylococcinae live on plants of these families. 

The sessile feeding stages of Xylococcus, Stigmacoccus and similar scale insects 
live under the bark and produce copious honeydew through a long waxy anal tube that 
rises several centimeters above the bark. These scale insects can reach very high 
numbers, and the bark is sometimes covered with their tubes like wool; for example, at 
the Lake Superior all the birch bark was spoiled by Xylococculus betulae, so the Indians 
were obliged to go 60 miles from the lake to find bark for constructing canoes (Hubbard 
and Pergande, 1898). The production of honeydew by such scale insects is very high 
and in Stigmacoccus it can reach 70.000 liters per hectare per year (Martins-Mansani et 
al., 2021). An excess of this honeydew serves as a food substrate for the development of 
sooty mould on the bark of trees, on which some beetles feed, for example, the 
Mesozoic relicts Cyclaxyridae, known from New Zealand, and Eocene and Burmese 
amber, which indicates the Cretaceous age of such trophic associations (Gimmel et al., 
2019). 

The honeydew of Xylococcidae and Coelomidiinae, especially in the low 
feeding season, is a critical food resource for geckos and dozens of bird species of 
various sizes, from the three-gram hummingbird in Brazil to the half-kilogram New 
Zealand parrot (Köster and Stoewesand, 1973; Beggs and Wilson, 1991; Gardner-Gee 
and Beggs, 2010; Lara et al., 2011), and these birds protect trees inhabited by scale 
insects (Reichholf and Reichholf, 1973; Greenberg et al., 1993; Gamper and Koptur, 
2010). Some birds, such as woodpeckers, also actively feed on xylococcids themselves 
(Kilham, 1970). Since the Xylococcidae acquired all their characteristic features already 
in the Cretaceous and should have secreted abundant honeydew, it must be assumed that 
it was an important food resource for Cretaceous birds and their predecessors, various 
small feathered dinosaurs that inhabited the Burmese amber forest (Xing et al., 2020). 

Taphonomy. Mesophthirus was found on feathers and next to feathers of 
dinosaurs in amber, in one case nine specimens together with a feather with microscopic 
holes, and this is considered perhaps the main argument in favour of a parasitic lifestyle 
(Gao et al., 2019). Proponents of the coccid interpretation explained this as a mere 
coincidence, and the damage was attributed to dermestid larvae that fed on the fallen 
feather on the ground or in the nest (Grimaldi and Vea, 2021). Taphonomy sometimes 
puts into one piece of amber creatures that are diametrically opposed in their lifestyle, 
for example, flying insects along with aquatic and even marine invertebrates (Yu et al., 
2019). However, in the case of scale insect crawlers traveling through the air or on 
birds, there is no need to assume such a miraculous conjuncture. 

Wind transport is the most likely reason for finding nine Mesophthirus 
crawlers on the same feather. In nearly all scale insects and some aphids, females are 
sedentary or slow moving, and the dispersal function has passed to their 1st instar 
larvae, termed crawlers. Crawlers of many scale insect, including Xylococcidae s.l., if 
fail to find a suitable feeding place on their host plant, travel with air currents (Stephens 
and Aylor, 1978; Greathead, 1997). In species that use aeronautics, crawlers congregate 
on the tips of twigs and spines and stand on their hind legs to be carried away by the 
wind (Washburn and Washburn, 1984; Hanks and Denno, 1998). The size of 
Mesophthirus larvae, extremely small even for crawlers, and the very long femoral setae 
were an adaptation specifically for aerial dispersal. 

Mesophthirus crawlers in the amber forest could crowd on a feather caught on 
the bark and fluttering in the wind, and then travel on it from one trunk to another, like 
on a magic carpet. After the flight, some crawlers on the feather stuck to a resin drop 
(first of all, smaller male larvae) died of exhaustion and shriveled, and the rest were 
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flooded alive with the next resin flow and were preserved in amber with the abdomen of 
a natural shape (or swollen as in the holotype). As for the tiny holes (0.2–0.3 mm 
across) on the barbules of the mentioned feather, such precise work could not have been 
done on an agile warm-blooded host by insects that did not have reliable devices for 
fixing on its feathers. On the contrary, a feather that has fallen to the ground or stuck in 
a crack in the bark could be slowly gnawed out by unspecialized saprophages, such as 
beetle larvae, in a sophisticated way. The character of the damage itself indicates that it 
was made on a feather lost by its host. 

Phoresy. In addition to the wind, “other insects, birds and other animals that 
carry crawler larvae on their surface are also of great importance in the distribution of 
scale insects” (Borchsenius, 1950, p. 13). Such transportation is called phoresy 
(Reynolds et al., 2015). Various insects, spiders, mammals, and birds transfer crawlers 
of scale insects and adelgid aphids (Cockerell and Bueker, 1930; Stephens and Aylor, 
1978; Washburn and Frankie, 1981; McClure, 1990; Poinar, 2004; Russo et al., 2016). 
The expanded apices of the knobbed tarsal setae are microscopic suckers, the same as 
those of mites phoretic on insects, and the rearing up of crawlers preparing to take off 
corresponds exactly to the posture of these mites waiting for the vector (Magsig-Castillo 
et al., 2010). 

Nonspecificity of an insect to a vertebrate. Mesophthirus was found on two 
small (12–14 mm) feathers of different structure, interpreted as belonging to two 
different groups of feathered dinosaurs (non-pennaraptor coelurosaurs and pennaraptor 
dinosaurs), so a wide host range was assumed for it (Gao et al., 2019). This is an 
important difference from chewing lice (known for their narrow host specificity), but it 
is in good agreement with the assumption of phoresy, for which the small size and 
featheriness of the vector is essential, and not its systematic position. It should be added 
that it is not yet possible to distinguish between ancient birds and dinosaurs related to 
them by feathers, if these are not some special types of feathers (Lefèvre et al., 2020; 
O’Connor, 2020; N.V. Zelenkov, pers. comm.). 

Thus, the findings of scale insect crawlers on feathers are not surprising, 
although they have nothing to do with parasitism. The feather with nine crawlers and 
tracery damage was worn by the wind, and another feather with one crawler may be 
evidence of phoresy of scale insect larvae on small arboreal feathered dinosaurs or 
archaic birds. In the case of feeding on the Mesophthirus honeydew and its producers, 
dinosaurs and ancient birds could transport crawlers on their plumage to the host trees 
not yet inhabited by the species. Apparently, despite many differences in structure, 
some non-avian dinosaurs were not so far in their lifestyle from birds, these dinosaurs of 
our time. 
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Fig. 1. Mesophthirus engeli Gao et al., 2019, holotype CNU-MA2016009: (a) original 
photo (greyscale; photo: T.-P. Gao); (b) increased contrast and sharpness; (c) stylet 
bundle and (dashed line) stylet bases traced; mid-Cretaceous Burmese amber. 
Explanations: cl – clypeolabrum, lb – labium. Scale bar 50 µm. 
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Fig. 2. (a, b) Mesophthirus engeli Gao et al., 2019, paratype CNU-MA2016001, mid-
Cretaceous Burmese amber (red channel; photo: T.-P. Gao): (a) general view, (b) 
mouthparts; (c) Orthezia urticae (L., 1758), early instar nymph, recent, separated base 
of mouthparts, posterior view (red channel; photo: R.A. Rakitov). Explanations: 
arrowheads – boundaries of clypeolabrum, double arrowhead – dark line across tarsus; 
at – anterior tentorial arm, cr – crumena with stylet loop, mdb – mandibular stylet base, 
mdl – mandibular lever, mxb – maxillary stylet base, mxl – maxillary lever, pt – 
posterior tentorial arm, tb – tentorial bridge. Scale bar 50 (a), 100 µm (c). 
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Fig. 3. Mesophthirus engeli Gao et al., 2019, paratypes (photo: T.-P. Gao): (a) CNU-
MA2016005; (b) CNU-MA2016002; (c) CNU-MA2016003; mid-Cretaceous Burmese 
amber. Explanations: long arrows – femoral setae and knobbed setae at claw base, 
arrowheads – caudal and tarsal setae, double arrowheads – dark line across tarsus. Scale 
bar 50 µm. 
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Fig. 4. Orthezia urticae (L., 1758), early instar nymphs, recent (dewaxed by ultrasound, 
dehydrated in increasing concentrations of ethanol up to 100%, treated with 
hexamethyldisilazane, coated with gold; images: R.A. Rakitov), SEM (SE): (a, b) 
dorsal, (c) ventral view. Scale bar 200 µm. 
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