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Identification key of Iberian waders (Charadriiformes) based on the os quadratum.— Two hundred
and fifty seven skulls belonging to 28 wader species from several osteological collections were ana-
lysed to elaborate an identification key based on the os quadratum. The presente/absence of fora-
men processi otici, presence/absence of foramen processi orbitale, number of processus orbitalis fo-
ramina, profile of the processus orbitalis and condylar formula has been used. This key identifies
75% of the species concerned at specific level.
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INTRODUCTION

The assignation of the bony fossils or actual
remains to a specific or generic name is dif-
ficult due to the lack of identification works
(MORENO, 1985). It is necessary the usc of a
comparison collection, this method being less
rigorous than the usc of an identification key.

Several authors have elaborated osteolo-
gical keys on thc basis of the whole skeleton
or the skull (Cuisin, 1981, 1982, 1983; MORE-
NO, 1985, 1986, 1987; SELSTAM & SELSTAM,
1973). Nevertheless, comprehensive descrip-
tions of most skeletal structures of avian or-
ders are needed, as they allow the identifica-
tion at species or genus level.

The morphology of the os quadratum (fig.
1) differs among species (WALKER, 1888).
SHUFELDT (1903) and Bock (1960) give a
brief description on the morphology of the
quadrate of several Charadriiform species. Itis
an outstanding role on the avian classifica-
tions (DERSELBE, 1926; LowE, 1926) and ap-
pears frequently in the bird fossils deposits

(sce LAMBRECHT, 1933; ARREDONDO, 1976;
GINGERICH, 1976; MARTIN & RATE, 1976,
Lucas, 1983). Moreover, the os quadratum
plays a very important role in the movements
of both the upper and the lower mandible by
means of the articulation with the lower jaw,
the braincase, the pterygoid boncs and the ju-
gal bars. The muscles involved in the move-
ments of the mandibles also have attachment
on this bone (Zusi, 1967; BUHLER, 1981).
Therefore, the quadrate has a great impor-
tance in the feeding apparatus as an essential
fcature of the kinetic mechanism of birds due
to its movable character (BUrRTON, 1974). Tt
also has the function to support the mandible
totally or partly against forces that could di-
sarticulate it (Bock, 1960; BurTON, 1984).
More details about the role of the quadrate
can be found in Zusi (1959) and Bock (1964).

This paper deals with the study of the
morphology of this bone and presents an
identification key for the iberian species of
Charadriiformes. This avian order of the
Charadriiformes is represented on the Mid-
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Fig. 1. Os quadratum position in the skull of a Charadriiform bird and its anatomy.
Anatomia del hueso cuadrado y posicion en el crdneo de un charadriforme.

dic Tertiary by six of the present families (Ca-
ROLL, 1988) and they often appear in fossil
deposits (scc BALLMAN, 1979; BICKART,
1982) or in pellets of scveral raptors (VAL-
VERDE, 1967).

MATERIAL AND METHODS

The os quadratum of 257 skulls including
most of the Ibcrian Charadriiformes from se-
veral ostcological collections (Catedra de
Vertebrados — Facultad de Biologia, Univer-
sidad Complutense de Madrid, Musco Nacio-
nal dc Cicncias Naturales — CSIC, Instituto
dec Estudios Avanzados de Balcares — CSIC,
British Muscum of Natural History) were stu-
dicd. The specics studicd and the number of
individuals are: Haematopus ostralegus (11),
Himantopus himantopus (4), Recurvirostra
avoseita (7), Burhinus oedicnemus (11), Gla-
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reola pratincola (6), Charadrius hiaticula (9),
Ch. alexandrinus (3), Pluvialis squatarola(8),
Vanellus vanellus (24), Calidris alba (5), C.
ferruginea (5), C. alpina (28), C. canutus
(14), Philomachus pugnax (16), Gallinago
gallinago (16), Lymnocryptes minimus (4).
Scolopax rusticola (12), Limosa limosa (9),
L. lapponica (6), Numenius arquata (16), N.
phaeopus (4), Tringa erythropus (2), T. tota-
nus (12), T. nebularia (3), T. ochropus (9), T.
glareola (1), Actitis hypoleucos (5), Arenaria
interpres (7).

The nomenclature follows BaumeL et al.
(1979).

To claborate the key the following charac-
ters were used (fig. 2):
a) presence/absence of foramen processi otici;
b) presence/absence of foramen processi or-
bitale;
c¢) number of processus orbitale foramina;
d) profile of the processus orbitalis;



Fig. 2. Characters used to
claborate the identifica-
tion key: Al. Foramen
processi  otici  present;
A2. Foramen processi
otici absent; Bl. Fora-
men processi orbitale pre-
sent; B2. Foramen pro-
cessi orbitale absent; Cl
and C2. Processus orbita-
lis profiles.

Caracteres utilizados
en la elaboracién de la
clave: Al. Foramen pro-
cessi otici presente; A2.
Foramen processi  otici
ausente; BI. Foramen
processi orbitale presen-
te; B2. Foramen processi
orbitale ausente; Cl1 y C2.
Perfiles del processus or-
bitalis. 1

¢) condylar formula. The condylar formula is
defined by the relative development of the
condylar surface of the processus articularis
and it is expressed like ¢.g. A>B=C, where
A is the condylus lateralis surface, B the con-
dylus caudalis surfacc and C the condylus me-
dialis surface (fig. 3).

RESULTS

The new key has been useful to identify at
specific level 75% of the species concerned.
The reamining 25% have been identified but
there are no diffcrences between two or three
species (c.g. Tringa totanus and Philomachus
pugnax; Calidris alba, Charadrius hiaticula
and Actitis hypoleucos; Vanellus vanellus and

oramen processj otici

foramen processi orbitale

BARBOSA

Fig. 3. Position of the processus articularis cotyla: A.
Condylus lateralis; B. Condylus caudalis; C. Condy-
lus medialis.

Posicion de los condilos del proeessus articularis
cotyla: A. Condylus lateralis; B. Condylus caudalis;
C. Condylus medialis.
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Charadrius alexandrinus). The presence/ab-
sence of foramen processi oticihave an intras-
pecific variation of 12% in Gallinago gallina-
go and the number of processus orbitale fora-
mina have an intraspecific variation of 11% in
Charadrius hiaticula.

Identification key

1. Foramen processi otici present (fig. 2A1) ...... 2
— Foramen processi otici absent (fig. 2A2) ..... 10
2. Foramen processi orbitale present (fig. 2B1) .. 3

Foramen processi orbitale absent (fig. 2B2) . 13

3. Processus orbitalis having only one foramen .. 4
- Processus orbitalis having two foramina ........ 7
4. Profile of the processus orbitalis as in figure
2C1 5
— Profile of the processus orbitalis as in figure
2C2 6

S. Condvylar formula: B=C>A
- Condylar formula: C>B>A

...................................... Limosa lapponica

— Condylar formula: A>B=C ...... Tringa totanus
Philomachus pugnax

— Condylar formula: A>C>B ..... Glareola pratincola
6. Condylar formula: A=B>C ..... Calidris minuta
— Condylar formula: A>B=C ... Calidris alpina
7. Profile of the processus orbitalis as in figure
2CL i 8

- Profile of the processus orbitalis as in figure
2C2 9

8. Condylar formula: A>B>C .... Tringa ochropus
~ Condylar formula: B=C>A .. Arenaria interpres
- Condylar formula: A>B=C ...... Calidris alba
Charadrius hiaticula
Actitis hypoleucos

.. Calidris canutus
Calidris ferruginea
~ Condylar formula: A>B=C ... Tringa glareola
10. Foramen processi otici present (fig. 2B1) ... 11
~ Foramen processi otici absent (fig. 2B2) .........
................................... Gallinago gallinago

1. Processus orbitalis having only one foramen ... 12
~  Processus orbitalis having two foramina ..........
....................................... Tringa nebularia

12. Condylar formula: B>A>C ...
................................... Numenius phaeopus

— Condylar formula: A>C>B

9. Condylar formula: A=B=C

- Condylar formula: C>A>B
................................. Recurvirostra avosettu
— Condylar formula: A=B>C . Numenius arquata
-~ Condylar formula: A>B=C .......................
...................................... Tringa erythropus,
13. Profile of the processus orbitalis as shown in fi-

gure 2C1 o 14
— Profile of the processus orbitalis as shown in figure
2C2 e 15
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14. Condylar formula: C>A>B ...........c.c.ooiie
............................. Himantopus himantopus

— Condylar formula: A>C>B
................................. Burhinus oedicnemus

— Condylar formula: A>B=C .... Vanellus vanellus
Charadrius alexandrinus

15. Condylar formula: A>B=C ........................
............................... Lymnocryptes minimus

— Condylar formula: C>B>A

- Condylar formula: A>C>B
.............................. Haematopus ostralegus
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RESUMEN

Clave de identificacion de los Charadriiformes ibéricos
basada en el hueso cuadrado.

Se ha elaborado una clave osteoldgica basadaen la
morfologia del hueso cuadrado para la identificacion
de Charadriiformes ibéricos. Para ello, se han utiliza-
do 257 erdneos pertenccientes a 28 especies de limico-
las, proccdentes de diversas colecciones osteoldgicas.
En la elaboraci6n de la clave se han tenido en cuenta
la presencia/auscncia del foramen processi otici, la
presencia/ausencia del foramen processi orbitale, cl
numero de foramenes del processus orbitalis, laforma
del perfil del processus orbiralis y 1a férmula condilar.
Esta clave identifica a nivel especifico ¢l 75% de las
especies estudiadas.
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