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Morphology and general structure of the vertical shell units (VSU)

• А–С –simple one-
layered  eggshells 
(spherulitic type of 
VSU)

• D-E – complex two-
layered eggshells  with 
squamatic zone 
(ornithoid type of VSU)







• Squamatic 
ultrastructure (SqU) 
in the main (second) 
layer of ornithoid 
egghells and the 
membranes of 
organic matrix 
within this layer.



GENERAL STRUCTURE OF AVIAN EGGSHELL

• Mineralised 
part of 
eggshell (3 
layers) plus 
organic 
cuticle



GENERAL STRUCTURE OF AVIAN EGGSHELL



EGGSHELL WITH THICK CARBONATE COVER 
Shoebill (Balaeniceps rex)



MODIFICATIONS IN 
AVIAN EGGSHELL 
STRUCTURE

• A. Microcanaliculation in 
the outer part of the 
spongy layer of some 
avian eggshell (all 
storks – family 
Ciconiidae)

• in comparison with 
typical …

• B. Neognathous 
• eggshell (ibises - family 

Threskiornitidae



MODIFICATIONS IN AVIAN EGGSHELL STRUCTURE

Two new layers (1+2) in eggshell of all hawks 
(Accipitridae + Pandionidae)



MODIFICATIONS IN AVIAN EGGSHELL STRUCTURE

Very strong vesiculation in eggshell of parrots 
(Psittaciformes)



*Анализ строения скорлупы яиц птиц на уровне семейств и 
подсемейств (Mikhailov 1997, Kohring 1999) не выявляет 
различий в пределах любого «хорошего» традиционного 
отряда.  Это позволяет использовать различия в «тонком» 
строении скорлупы в качестве независимого критерия для 
оценки гипотез филогенетического родства семейств в 
проблематичных макротаксонах  ранга отряда и надотряда, 
предлагаемых на основе простого суммирования разнородных 

апоморфий.

*All members of well defined traditional orders exhibit the same 
eggshell structure. 
*Two families of birds within the same order will not exhibit 
different eggshell structure. Such differences indicate substantial 
biological separation.



Учитывая эволюционную инертность биоматериала скорлупы
(зарегулированность морфогенеза): 

*сходство в строении не более чем «не противоречит» гипотезе 
родства. 

*Различия в строении позволяют усомниться в предполагаемом 
особом родстве.

Morphogenesis of eggshell structure is strongly canalized that implies 
inevitable structural parallelisms:

*Similarity in eggshell structure only admits hypothesis  of relation 
(“permissable”).
*Difference in eggshell structure allow to have  strong doubts in close 
relationship.



GENERAL VERSIONS OF AVIAN EGGSHELL STRUCTURE: 
“typicale neognathe” (left) and “ratite” (right)



“RATITE” VERSION OF AVIAN EGGSHELL STRUCTURE 
(Emu, Dromaius novae-hollandiae)



• “RATITE” VERSION OF 
AVIAN EGGSHELL 
STRUCTURE

• (Macroolithus, theropod 
dinosaurs, Upper Cretaceous 
of Kazakhstan)



MODIFICATIONS OF “RATITE”-TYPE  EGGSHELL STRUCTURE



PHYLOGENETIC CONCLUSIONS

• *Eggshell structure admits particular relations between 
anseriforms и galliforms.

•
• *Gallo-Anserae shares similar eggshell structure with Ratitae and 

Enantiornithes and differs from the rest of neognaths.

• *Within Galliformes particular  relations supported between Cracidae 
и Megapodiidae. 

• *Within  Ratitae particular  relations supported between Dromaiidae 
и Casuariidae.



MODIFICATIONS OF EGGSHELL STRUCTURE 
in Pelecaniform and Ardeiform birds



PHYLOGENETIC CONCLUSIONS

• *Phaethontidae is somewhat separate from the main block of    
Pelecaniformes.

•
• *Shoebill and Hamerkop associate well with Pelecaniformes.

• *Ardeidae can be also close to this block.

• *Particular relations between herons and ibises are permissable.

• *Particular relations between storks and herons + ibises are  

doubtful.



*Particular relation between Gaviidae and Podicipedidae is not supported.
*Particular relation between Podicipedidae and Phoenicopteridae is 
permissible.



*Accipitridae (+Pandionidae) is a unique taxon in terms of eggshell 
structure.



MODIFICATIONS OF EGGSHELL STRUCTURE 
in “forest group” neognaths



PHYLOGENETIC CONCLUSIONS

• *Relation between Strigiformes and Caprimulgiformes is permissible, as 
well as their shared relations with Psittaciformes. 

• *Relations between Apodiformes, Trochiliformes,  Trogoniformes and 
Coliiformes permissible.

• *Relations between Musophagidae, Opistocomidae  and Cuculiformes are 
permissible.

• *Special relation is permissible between Crotophaginae и Geococcinae. 



EGGSHELL STRUCTURE IN PICIFORMES AND CORACIIFORMES
reveals characters of ratite morphotype

• *Coraciiformes and 
Piciformes do not 
reveal particular 
relations with 
Passeriformes.

• *Particular relation 
between 
Coraciiformes and 
Piciformes is 
permissible. 



Для многих семейств характерно сходное «базовое 

неогнатическое» строение скорлупы 

(все Gruiformes, Charadriiformes, Lariformes; Falconidae, 

Cathartidae, Threskiornithidae), 

не позволяющее сказать что-либо более определенное кроме 

сомнения в их родстве с теми семействами, у которых 

выявляется иное «тонкое» строение скорлупы яиц



Gerald Mayr 2010
Summary phylogenetic hypothesis - 2010
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