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Skull identification key for Central European shorebirds
(Aves: Charadriiformes: Scolopaci and Charadrii)

FLORIAN SCHAFER & GREGOR SCHMITZ

Abstract

Although the shorebirds (Charadriiformes: Scolopaci and Charadrii) are among the most thoroughly studied
bird orders in Central Europe, no precise key for the identification of their skulls was available. This paper seeks to
remedy this lack by presenting a dichotomous identification key for 38 species of shorebirds from Germany. Photo-
graphs and biometric measurements of the skulls are included to support the identification process.

Keywords: Aves, Charadriiformes, Charadriidae, Scolopacidae, Burhinidae, Haematopodidae, Recurvi-
rostridae, skull morphology, identification key.

Zusammenfassung

Obwohl die Watvogel (Charadriiformes: Scolopaci und Charadrii) zu den viel beobachteten Vogelgruppen zih-
len, lag bisher kein préaziser Bestimmungsschliissel fiir die Schadel der mitteleuropdischen Arten vor. Mit der vorlie-
genden Arbeit wird diese Liicke geschlossen und ein dichotomer Schliissel zur Bestimmung von 38 in Deutschland
lebenden Watvogelarten vorgestellt. Zur Erleichterung der Bestimmung sind Fotos und Messdaten beigefligt.
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1 Introduction

Although the shorebirds (Charadriiformes: Charadri-
idae and Scolopacidae) are a special focus of ornitho-
logists, an identification key for the skulls of this group
still does not exist for Central Europe. As part of a grad-
uate thesis project at the University of Konstanz (SCHAFER
2014), the skulls of 38 German shorebird species were
measured and analyzed in terms of functional anatomy
and feeding behavior. Based on the underlying data and
measurements, a distinction can even be made between
skulls of closely related species. In this paper, we present
a dichotomous identification key. In addition, we include
supportive morphometric data and illustrations.

The skull of the Charadriiformes is characterised by the
well-developed rhynchokinesis of its bill (HOERSCHELMANN
1970, GussekLoo et al. 2001). According to this the bill
is schizorhinous or — rarely — secondary holorhinous (but
in Pluvianidae and Burhinidae probably primary holorhi-
nous) (MickoLEIT 2004).

As mentioned in ELLroTT & Scumitz (2010), the
skull identification key presented in Brown et al. (2003)
includes general skull types and the bill-cranium-ratio
and was supplemented with illustrations and some basic
morphometric data. Unfortunately, the number of spec-

imens examined was not specified (except when only
one specimen was available). The illustrations were not
very detailed, not suited to comparing species, and some
important species were missing.

JANSEN & vAN GESTEL (2009) present the following
measurements on their “skullsite” total length, length,
width and height of cranium, upper bill length, skull rela-
tion (total length/upper bill length). The photographs are
clear and informative. Unfortunately, the measurements
are taken from just one specimen in each case. In addition,
despite the enormous number of species included, some
Central European species are missing.

Because Germany has a good cross-section of the Cen-
tral European fauna, we based our analysis on the spe-
cies list in BARTHEL & HELBIG (2005), but excluded very
rare species in order to keep the identification key practi-
cal (see section 2 under “Species selection”).
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Tab. 1. Species included in the determination key. — Nomenclature according to BAUER et al. (2005), systematic order according to

pEL Hovo et al. (1992).

Scientific name

English name

German name

Charadrii

Burhinidae

Burhinus oedicnemus (Linnaeus, 1758) Stone curlew Triel
Haematopodidae

Haematopus ostralegus Linnaeus, 1758 Eurasian oystercatcher Austernfischer
Recurvirostridae

Himantopus himantopus (Linnaeus, 1758) Black-winged stilt, Common stilt Stelzenldufer
Recurvirostra avosetta Linnaeus, 1758 Pied avocet, Eurasian avocet Sébelschnébler
Charadriidae

Vanellus vanellus (Linnaeus, 1758) Northern lapwing, Peewit Kiebitz

Pluvialis squatarola (Linnaeus, 1758) Grey plover, Black-bellied plover Kiebitzregenpfeifer
Pluvialis apricaria (Linnaeus, 1758) European golden plover Goldregenpfeifer
Charadrius dubius Linnaeus, 1786 Little ringed plover Flussregenpfeifer
Charadrius hiaticula (Linnaeus, 1758) Common ringed plover Sandregenpfeifer
Charadrius alexandrinus Linnaeus, 1758 Kentish plover Seeregenpfeifer
Charadrius morinellus (Linnaeus, 1758) Eurasian dotterel Mornellregenpfeifer
Scolopaci

Scolopacidae

Numenius phaeopus (Linnaeus, 1758) Whimbrel Regenbrachvogel
Numenius arquata (Linnaeus, 1758) Eurasian curlew Grofler Brachvogel
Limosa limosa (Linnaeus, 1758) Black-tailed godwit Uferschnepfe
Limosa lapponica (Linnaeus, 1758) Bar-tailed godwit Pfuhlschnepfe
Scolopax rusticola (Linnaeus, 1758) Eurasian woodcock Waldschnepfe
Lymnocryptes minimus (Briinnich, 1764) Jack snipe Zwergschnepfe
Gallinago gallinago (Linnaeus, 1758) Common snipe Bekassine
Phalaropus lobatus (Linnacus, 1758) Red-necked phalarope Odinshiithnchen
Phalaropus fulicarius (Linnaeus, 1758) Red phalarope, Grey phalarope Thorshiihnchen
Actitis hypoleucos (Linnaeus, 1758) Common sandpiper Flussuferldufer

Tringa erythropus (Pallas, 1764)

Spotted redshank

Dunkler Wasserlaufer

Tringa totanus (Linnaeus, 1758) Common redshank Rotschenkel
Tringa stagnatilis (Bechstein, 1803) Marsh sandpiper Teichwasserldufer
Tringa nebularia (Gunnerus, 1767) Common greenshank Griinschenkel
Tringa ochropus Linnaeus, 1758 Green sandpiper Waldwasserldufer
Tringa glareola Linnaeus, 1758 Wood sandpiper Bruchwasserldufer
Philomachus pugnax (Linnaeus, 1758) Ruff Kampflaufer
Arenaria interpres (Linnaeus, 1758) Turnstone Steinwilzer
Limicola falcinellus (Pontoppidan, 1763) Broad-billed sandpiper Sumpflaufer
Calidris canutus (Linnaeus, 1758) Red knot Knutt

Calidris alba (Pallas, 1764) Sanderling Sanderling
Calidris minuta (Leisler, 1812) Little stint Zwergstrandlaufer
Calidris temminckii (Leisler, 1812) Temminck’s stint Temminckstrandlaufer

Calidris melanotos (Viellot, 1819)

Pectoral sandpiper

Graubrust-Strandlaufer

Calidris ferruginea (Pontoppidan, 1763) Curlew sandpiper Sichelstrandldufer
Calidris maritima (Briinnich, 1764) Purple sandpiper Meerstrandlaufer
Calidris alpina (Linnaeus, 1758) Dunlin Alpenstrandldufer
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2 Materials und Methods

Species selection

Species selection is based on BarTHEL & HELBIG (2005).
From the 61 shorebird species listed in this paper, we included
38, because the others are classified as vagrants with an average
of less than five records per year since 1980.

Materials

The skull material originates mainly from the Nikoraus Col-
lection (Stuttgart State Museum of Natural History). We also
used specimens from the Scumitz Collection (University of
Konstanz) and the collection of the Osteology Department of
the Baden-Wiirttemberg State Office for Monuments and Anti-
quities (Landesdenkmalamt Baden-Wiirttemberg — Arbeitsstelle
Osteologie) in Konstanz (particularly for skulls of Numenius
phaeopus). We requested thirteen other collections to send us
specimens of shorebirds, however none were available.

Of the 38 species selected, we analyzed ten specimens each,
all of which met the necessary condition, i.e. no damage that
could prevent proper measuring. An effort was made to main-
tain a balanced sex ratio in selecting the skulls. In contrast to
the Anseriformes (cf. ELLROTT & Scumitz 2010), shorebird skulls
are less common in collections. For the following species, less
than ten specimens could be included: Burhinus oedicnemus (9),
Numenius phaeopus (9), Tringa glareola (9), Himantopus himan-
topus (8), Calidris canutus (8), Actitis hypoleucos (7), Limicola
falcinellus (6), Calidris temminckii (5), Lymnocryptes minimus
@), Calidris minuta (4), Tringa nebularia (4), Tringa ochropus
4), Phalaropus fulicarius (3), Tringa stagnatilis (3), Charadrius
morinellus (2), Calidris melanotos (1), Phalaropus lobatus (1),
Calidris maritima (1) (see Tab. 1 for the nomenclature).

For photographic documentation, we chose those individu-
als that were most representative (i. e. with measurements close
to mean values).

Abbreviations and measurements

The morphological terminology is based on BaumeL &
WiTMER (1993), Josern & StrAUCH (1978), KING & MCLELLAND
(1978), and HumMEL (2000). The skulls were measured as fol-
lows (see also Figs. la, 1b, Tab. 2):

Skull
TL Total length (= upper bill length plus cranial
length, i. e. the total length was not measured
separately)
CL Length of cranium: measured from a theoretical

line between the occipital ends of the nostrils
to the prominentia cerebellaris

UBL Length of upper bill: measured from tip of upper
bill to a theoretical line between the occipital
ends of the nostrils

Cranium

CH Height of cranium

CwW Width of cranium: measured behind postorbital
process

OD Diameter of orbita: measured from base of post-
orbital process to base of lacrimal

SG Salt gland depressions: present (“yes”) or absent

“n0™)
SOW Width of supraorbital isthmus: measured at nar-

rowest extent

269

Upper bill
BTS Upper bill tip: protruding (cf. Fig. 6) “yes” or “no”
HC Pits of Herbst corpuscles: present (“yes”) or
absent (“no”
NL Length of nostril opening
PL Length of premaxillar: measured from tip of
upper bill to rostral end of nostril
UBS Shape of upper bill (see lateral view): divided
into three categories: “straight”, “curved
down” or “curved up”
Lower bill
LBH Height of lower bill (in the region of the angulus
mandibulae)
LBL Length of lower bill

3 Identification key
The complete data set for all 38 species is presented in Tab. 2.

1 Upper bill length and cranial length almost equal (CL : UBL
=MaAX. 1211 2
Upper bill longer than cranium (CL <UBL). ........cccocuenee. 10

2 TL >75mm, no supraoccipital foramina, diameter of orbita
>22mm (Fig. 48). .o

............................. (Burhinidae) only Burhinus oedicnemus

— TL <75mm, 2 supraoccipital foramina, diameter of orbita
C22MMN. e 3

3 Orbital edges at the supraorbital isthmus parallel (Fig.2),
orbit edge never enlarged (Fig. 37), without distinct depres-
sions of the salt glands. ........cccccovincne. Arenaria interpres

— Orbital edges at the supraorbital isthmus concave (dorsal
view) and dorsally conspicuously enlarged (Fig.3), often
with distinct depressions of the salt glands....(Charadriidac) 4

4 Supraorbital isthmus with 2 distinct depressions of the salt

€lands (Fig. 4). ooveoeeeiieieieeeeee et 5
—  Supraorbital isthmus without distinct depression of the salt
glands (Figs. 3, 5). oo 9
5 TL <O0 MM 1ottt 6

— TL>60mm (Fig. 16)... (Vanellinae) only Vanellus vanellus
Prefrontale conspicuously separated from the frontale (dor-
sal orbit edge) (Figs. 3, 20). .......... Charadrius alexandrinus
Prefrontale and frontale fused (cf. Fig. 5)...cccocevvvverininnns 7
TL >48 mm (Fig. 14). ..ccovevereennee. Charadrius morinellus
TL <45mMmM. oo 8
Dorsal orbit edge conspicuously enlarged, depression of
the salt glands distinct, upper bill tip relatively solid, CW
>15mm, OD > 12 mm (Fig. 19). .......... Charadrius hiaticula
Dorsal orbit edge slightly enlarged, depression of the salt
glands less distinct, upper bill tip slender, CW <15mm, OD
<12mm (Fig. 18). ccoeeveiiieirciiceee Charadrius dubius
9 Lateral edge of the prefrontale and frontale fused or at least
in the same alignment (Fig. 5), UBL <32 mm (Fig. 15). .......
................................................................. Pluvialis apricaria
— Lateral edge of the prefrontale separated from the frontale
(cf. Fig. 3), UBL > 32 mm (Fig. 17)........ Pluvialis squatarola
10 Ventral orbit edge closed, i.e. fusion between lacrimal and
postorbital process (Fig. 6). ....cccooeverereiininieieieeeee, 11
— Ventral orbit edge not closed (Fig. 7). ...ccccoveveneneninennne 13
11 Cranium massive (CH >22mm, CW >22mm, SOW
>9mm), rostral part of upper bill laterally not enlarged
(F1g.25) i Scolopax rusticola

=)

o | 2|
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Fig. 1a. Detailed morphological terminology of a shorebird skull (7ringa totanus), in dorsal, lateral and ventral views (not all terms
are used in the text). — [dn] dental/angular with [dnam] angulus mandibulae; [ec] ectethmoid; [fic] fissura craniofacialis; [fom] fora-
men magnum; [fr] frontal; [jq] jugal/quadratojugal; [la] lacrimal; [mx] maxillar; [na] nasal with [nadb] dorsal bar and [navb] ven-
tral bar; [nos] nostril; [oc] occipital; [orb] orbita; [pcb] prominetia cerebellaris; [pfr] prefrontal; [pl] palatine; [pmx] premaxillar with
[pmxdb] dorsal bar and [pmxvb] ventral bar; [pa] parietal; [pt] pterygoid; [qd] quadrate; [sn] sphenoidal; [sfo] supraoccipital fora-
mina; [tp] temporal with [tppp] postorbital process and [tpsp] suprameatic process.
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LBL

Fig. 1b. Measurements of a shorebird skull (7ringa totanus); definitions and abbreviations see section 2.
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Figs.2-13. Details of shorebird skulls. — 2. Arenaria interpres, dorsal view. 3. Charadrius alexandrinus, dorsal view. 4. Vanellus
vanellus, dorsal view. 5. Pluvialis apricaria, dorsal view. 6. Scolopax rusticola, lateral view. 7. Tringa totanus, lateral view. 8. Bill
tips in lateral and dorsal views of (a) Limosa limosa and (b) L. lapponica. 9. Transversal cross section of the supraorbital isthmus of
(a) Limosa limosa and (b) L. lapponica. 10. Calidris canutus, dorsal view. 11. Bill in lateral and dorsal views of (a) Limicola falci-
nellus and (b) Calidris sp. 12. Postorbital process in caudo-lateral view of (a) Calidris maritima and (b) C. ferruginea. 13. Lacrimal,
orbital view, of (a) Tringa glareola and (b) T. ochropus. — Arrows indicate important characteristics (see text).
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Cranium smaller (CH <17 mm, CW <17 mm, SOW <7 mm),
rostral part of upper bill lateral slightly enlarged laterally. ..
............................................................................................ 12
TL >75 mm, UBL > 55 mm (Fig. 26)....Gallinago gallinago
TL <75 mm, UBL <55mm (Fig. 27). .ocoeveviiriniiieeeenen

TL > 100 MM ettt 14
TL <TO0MIM. coiiiiiiiiiiieeieeee e 17
Rostral half of bill curved down..... (Numenius) 15

............. (Limosa) 16
..... Numenius arquata

Bill straight or slightly curved up. ..
TL > 150 mm (Fig. 21). covvveeeereeennnn.

TL <150 mm (Fig.22). .coooeoeviieeenne. Numenius phaeopus
Bill straight, bill tip cap-shaped (Fig. 8a), supraorbital isth-
mus V-shaped (Figs. 9a, 23). ....cccoceverenenenne Limosa limosa

Bill straight or slightly curved up, tip of bill flat (Fig. 8b),

CW <22mm...ccccoceveeeennee
CW >22 mm (Fig. 45). ......
................. (Haematopodidae) only Haematopus ostralegus
Lacrimal pin- or bow-shaped.............. (Recurvirostridae) 19
Lacrimal planar, 2-dimensional..
Bill conspicuously up-curved, distinct processsus prefron-

tale (Fig.40)....ccoeieveeieieceeee Recurvirostra avosetta
Bill straight, no distinct processsus prefrontale, prefrontale
and frontale fused (Fig. 47). .......... Himantopus himantopus

Basal end of the fronto-nasal hinge with lateral extensions
(Figs. 10, 11b), bill tip short (PL <0.25 UBL), distinct Herbst
COTPUSCICS. 1.ttt eneens 21
Other combination of characters...........cecevveriererenenennen. 30
Rostral half of nostrils differing from apical half by narrow
slit shape, center of frontal-nasal hinge with a distinct trans-
versal dorsal indentation (Figs. 11a, 38)......ccccocenininininnnnee.
............................................................... Limicola falcinellus
Nostrals consistently tapering towards bill tip, no distinct
transversal dorsal indentation in center of frontal hinge

(Fig. 11D). i 22
CL >23mm, prominetia cerebellaris salient/prominent
(F18.36). e Philomachus pugnax
CL <23 mm, prominetia cerebellaris not salient/prominent
(Figs. 28-35). cueuireireieireeieterretcersee e (Calidris) 23
TL <A0MM. (.ot 24
TL>40MmMm. ..o 25

Bill tip slightly spoon-shaped (cf. Fig. 10) (Fig. 30)...............

...................................................................... Calidris minuta
Bill tip not widened, consistently tapering towards bill tip
(F1g. 31). e Calidris temminckii
Bill straight (Figs. 28, 29, 35). ..c.cceoiniveeiiieciccccee 26
Bill slightly curved down (Figs. 32-34). [The bill tip distal
of the rostral bending-zone can be shaped up or down; there-
fore it is helpful to take the lower bill shape also into consid-
CTALION . ettt eiie ettt ettt ste et be et e e beebeeseenbeesaeeneas 28
CW >15mm, CH > 14 mm, OD > 11 mm (Fig. 28)................

.................................................................... Calidris canutus

CW<15mm, CH <14mm, OD <10mm..........ccceeerrrenn... 27
UBL >35mm (Fig. 35). ccccoeverieieeieeeeenene Calidris alpina
UBL <32 mm (Fig. 29)...... Calidris alba
NL <30mm (Fig. 32).cc.coceviviiiiiiinne. Calidris melanotos
NL > 32 MM et 29

Postorbital process elongated (Figs. 12a, 34).......ccccevvvvennenee.
.................................................................. Calidris maritima
Postorbital process relatively short (Figs. 12b, 33). ...............
................................................................ Calidris ferruginea
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30 TL >50 mm, bill tip elongated and solid (PL > 11 mm). .......
.............................................................................. (Tringa) 31
— TL <50mm, bill tip usually short, if elongated upper bill
conspicuously dorso-ventrally flattened. ..........cccoevennenne. 36
31 TL>8IMM. oo
= TL <TAMIM. coiiiiiiiiiriceeeee et 33
32 Rostral fourth of bill tip (PL) conspicuously curved down,
PL >0.6 UBL (Fig.39)....ccceovviririerennn Tringa erythropus
— Rostral bill slightly curved up, PL +0.5 UBL (Fig. 42). ........
.................................................................... Tringa nebularia

33 TL > 60 MM .oviiieiiiiiciciieieieteeee e 34
—  TL <O3MM. it 35
34 CW >16 mm, dorsal edge of lower bill extremely straight
(FIZ.40). i i Tringa totanus
— CW <15mm, dorsal edge of lower bill slightly up-curved
(Fige A1) o Tringa stagnatilis
35 NL <19mm, interspace between lacrimal and processus
prefrontale + oval (Figs. 13a, 44). ................ Tringa glareola

— NL >23mm, interspace between lacrimal and processus
prefrontale slit-shaped (Figs. 13b, 43). ........ Tringa ochropus
36 Bill broad, conspicuously flattened (Fig. 50)........cccccevuennne.
........................................................... Phalaropus fulicarius
— Bill narrow, not flattened. ............cceeveeviivienieiiecieee 37
37 Skull tiny (TL <43mm, CL <17mm), bill tip extremely
pointed (Fig. 49)....cccocviviriiiiiiicninee Phalaropus lobatus
—  Skulllarger (TL >46 mm, CL > 18 mm), bill tip not extremely
pointed (Fig. 51)...cccoveviviiiiiiiiieieiens Actitis hypoleucos

4 Discussion

Ifindicated for a given specimen, an effort was made to
maintain a balanced sex ratio in selecting the skulls. One
noticeable sexual dimorphism in skulls has been identi-
fied for the genus Numenius (cf. GLuTz voN BLOTZHEIM et
al. 1986). In this case, the crania of the females are larger
on average (CW and CH), and they tend to have longer
bills (UBL) than the males. However, because the small-
est skull of the larger species (Numenius arquata) was still
larger than the largest skull of the smaller species (Nume-
nius phaeopus), this sexual dimorphism was irrelevant in
terms of identification. A sexual dimorphism has likewise
been reported for the related genus Limosa (GLUTZ VON
BrotzHEIM et al. 1986), but is less pronounced. Although
the skulls of Limosa limosa and L. lapponica overlap mor-
phometrically, other characteristics can be used to distin-
guish between these two species.

Species in the genera Calidris and Charadrius are not
easily distinguishable. The smaller Calidris species, as
well as Charadrius dubius and Ch. hiaticula can best be
distinguished using a combination of morphometric data.
Skulls of Ch. dubius are generally larger than those of Ch.
hiaticula, but a more precise distinction still is difficult.

Lateral extensions on the basal end of the fronto-nasal
hinge were identified as taxonomically relevant struc-
tures. However, their morphological function has yet to be
determined. This characteristic appears in all the Calidris
species included in this study, but also in Philomachus and
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Limicola. The idea that Limicola is closely related to Cali- 5 References
dris is further evidenced by the similarities in the behaviour
and habits of the two genera. Our morphological analysis
of the skulls supports the theory (GLuTZ voN BLOTZHEH\{[ et Baver, H-G., Bezzer, E. & FiepLer, W. (eds) (2005): Das
al. 1999, Josepn & Straucn 1978) that even though Philo- Kompendium der Vogel Mitteleuropas. Alles iiber Biolo-
machus is similar in its habits to the shanks and tattlers gie, Gefihrdung und Schutz, Vol.1 Nonpasseriformes —
(Tringa), it more probably is related to Calidris. Nichtsperlingsvogel, 808 pp.; Wiesbaden (Aula).

BarTHEL, P.H. & HELBIG, A.J. (2005): Artenliste der Vdogel
Deutschlands. — Limicola 19: 89—111.

Tab. 2. Skull measurements (in mm) of 38 Central European shorebird species (max = maximum, @ = mean, min = minimum, SD =
standard deviation). For abbreviations see section 2 and Fig. 1b.

Skull Cranium Upper bill Lower bill

Species TL | CL |UBL| CH [CW | OD [SOW | SG | NL | PL | UBS BTS | HC | LBL | LBH
Burhinus max | 86.6 | 42.1 | 44.8 | 26.3 | 30.5 | 257 | 152 | yes | 249 | 22.2 | straight no no | 70.0 7.2
oedicnemus | O 82.5 | 41.0 | 41.5 | 24.4 | 29.5 | 24.3 | 13.6 22.4 | 19.1 659 | 6.8
n=9 min | 76.5 | 38.7 | 37.8 | 22.7 | 28.2 | 21.9 | 12.1 194 | 14.6 63.4 | 6.1
SD 110 | 1.6 5.8 1.2 | 06 1.6 0.9 30 | 46 6.5 0.2
Pluvialis max | 68.9 | 32.1 | 374 | 21.2 | 22.6 | 20.1 | 11.2 | yes | 24.6 | 13.8 | straight no no | 53.7 5.8
squatarola o 66.7 | 31.3 | 354 | 20.5 | 22.0 | 19.6 | 9.1 22.8 | 12.6 51.1 | 5.5
n=10 min | 63.8 | 30.5 | 329 | 199 | 21.1 | 19.1 7.8 20.2 | 10.1 477 | 51
SD 27 |1 04 | 24102 | 02 | 01 1.0 1.7 1.4 33 0.1
Vanellus max | 67.9 | 31.5 | 364 | 20.6 | 22.0 | 18.6 | 12.5 | yes | 289 | 9.1 | straight no no | 479 5.8
vanellus (9] 63.3 | 29.7 | 33.6 | 20.1 | 21.1 | 18.3 | 11.1 259 | 17 46.1 | 5.1
n=10 min | 60.7 | 29.1 | 31.4 | 195 | 204 | 175 | 9.3 244 | 6.1 443 | 47
SD 38 | 0.6 1.9 0.1 0.3 0.1 1.2 1.9 0.7 1.8 0.1
Pluvialis max | 61.9 | 30.8 | 31.1 | 20.1 | 21.6 | 19.7 | 11.0 | yes | 23.3 | 10.8 | straight no no | 46.5 | 5.2
apricaria (9] 59.1 | 29.2 | 299 | 19.5 | 20.7 | 189 | 9.8 219 | 8.0 439 | 4.5
n=10 min | 574 | 28.1 | 290 | 18.6 | 19.6 | 179 | 8.8 191 | 67 409 | 37
SD 1.9 07 | 04 ] 02 | 06 | 03 0.5 25 | 21 27 0.2
Charadrius max | 51.1 | 26.7 | 257 | 175 | 176 | 16.0 | 8.3 yes | 19.0 | 6.7 | straight no no | 36.0 | 3.3
movinellus (9] 50.5|26.2 | 243|174 | 17.5 | 154 | 7.7 17.8 | 6.5 355 | 3.3
n=2 min | 49.5 | 257 | 22.8 ) 173 | 174 | 148 | 7.0 16.6 | 6.2 350 | 33
SD 1.8 | 05| 421 00 | 00 | 07 0.8 29 | 01 0.5 0.0
Charadrius max | 43.8 | 22.7 | 21.1 | 149 | 16.6 | 13.8 8.0 yes | 16.2 | 5.0 | straight no no 31.2 3.1
hiaticula o 40.0 | 21.5 | 18.5| 14.1 | 159 | 13.2 | 6.6 13.8 | 4.7 28.1 | 2.7
n=10 min | 37.2 | 20.1 | 17.1 | 13.6 | 15.0 | 122 | 5.5 124 | 4.0 260 | 2.5
SD 39 0.7 1.6 | 02 | 02 | 03 0.7 1.5 0.1 2.5 0.0
Charadrius |max | 409 | 21.3 | 20.0 | 13.7 | 157 | 140 | 54 yes | 147 | 6.0 | straight no no | 29.8 | 3.0
alexandrinus | O 39.6 | 20.5 | 19.1 | 13.2 | 15.3 | 13.3 | 4.6 137 | 5.4 28.6 | 2.5
n=10 min | 38.6 | 197 | 185 129 | 147 | 12.0 | 37 12.6 | 4.7 271 | 2.3
SD 06 | 02 | 03 0.1 0.1 0.3 0.4 0.5 | 02 0.6 0.0
Charadrius max | 37.8 | 198 | 184 | 13.0 | 142 | 116 | 64 yes | 14.0 | 6.5 | straight no no | 268 | 2.8
dubius (4] 369 | 19.2 | 17.7 | 12.5 | 13.7 | 11.2 | 4.8 129 | 4.8 25.5 | 2.7
n=10 min | 36.0 | 18.0 | 16.8 | 12.0 | 13.1 | 10.5 | 3.6 11.6 | 4.0 240 | 2.5
SD 04 | 03 | 03 0.1 02 | 01 0.6 0.6 | 0.6 0.9 0.0
Recurvirostra | max | 115.6 | 27.3 | 894 | 19.5 | 20.5 | 145 | 10.0 | yes | 36.3 | 53.7 | curved no no | 104.0 | 4.7
avosetta (9] 109.1 | 26.1 | 83.0 | 18.1 | 19.1 | 13.6 | 7.5 34.8 | 48.2 up 977 | 4.3
n=10 min | 1029 | 253 | 776 | 172 | 18.0 | 125 | 54 320 | 423 90.1 | 4.0
SD 183 | 0.5 | 145 04 | 05 | 03 1.9 24 | 13.2 178 | 0.1
Haematopus |max | 115.0 | 35.6 | 82.5 | 25.7 | 26.3 | 19.7 | 12.1 yes | 52.5 | 30.0 | slightly no no | 101.0 | 8.0
ostralegus (9] 106.1 | 33.4 | 72.7 | 24.6 | 24.7 | 19.0 | 10.5 46.4 | 26.3 | curved 91.2 | 75
n=10 min | 95.0 | 32.0 | 61.8 | 23.3 | 23.7 | 185 | 94 349 | 19.6 up 78.6 | 6.5
SD | 359 | 1.5 | 367 ] 06 | 07 0.1 0.8 256 | 8.8 427 | 0.2
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Skull Cranium Upper bill Lower bill
Species TL | CL ([UBL| CH [CW | OD |SOW | SG | NL | PL | UBS BTS | HC | LBL |LBH
Himantopus |max | 104.2| 29.0 | 755 | 192 | 203 | 17.5 | 9.5 yes | 394 | 36.7 | straight no no | 90.6 | 4.3
himantopus | O 97.5 | 27.8 | 69.7 | 18.3 | 19.8 | 16.5 | 8.9 36.9 | 32.8 85.8 | 4.1
n=§ min | 91.0 | 26.2 | 633 | 174 | 189 | 157 | 8.2 33.1 | 25.6 82.5 | 39
SD 171 | 1.0 | 172 | 04 | 02 | 04 0.2 44 | 15.0 7.5 0.0
Numenius max | 219.0 | 38.5 [ 181.0| 26.8 | 26.2 | 21.7 | 14.0 | yes |168.0 | 30.0 | curved yes yes | 196.0 | 9.4
arquata (4] 195.9| 36.5 [ 159.4] 25.5 | 25.1 | 19.4 | 11.1 141.5| 17.9 | down 173.8 | 8.1
n=10 min | 164.2 | 31.2 [ 133.0] 21.0 | 20.5 | 15.1 | 6.3 118.0 | 13.0 146.0 | 3.0
SD |2409| 4.8 |188.5) 2.8 | 29 | 33 44 263.2| 33.4 183.3 | 3.5
Limosa max | 142.4| 299 | 113.0] 19.6 | 21.5 | 16.6 7.1 no |105.0]| 10.0 | straight | yes yes | 124.0 | 5.1
lapponica (9] 129.5| 28.5 | 101.0| 18.6 | 20.5 | 154 | 6.5 93.5 | 7.5 114.2 | 4.7
n=10 min | 111.5| 26.5 | 850 | 179 | 195 | 13.8 | 5.1 70.0 | 4.0 98.0 | 43
SD |121.2| 09 |107.5] 03 | 04 | 0.6 0.5 116.3 | 2.3 933 | 0.1
Limosa max | 149.1 | 30.5 | 121.0| 20.1 | 20.5 | 15.1 8.2 no |114.0| 9.0 | slightly | slightly | yes | 129.0 | 5.4
limosa (9] 129.3 | 28.3 | 101.0| 19.2 | 19.8 | 145 | 7.6 94.2 | 6.8 | curved 111.8 | 4.9
n=10 min | 1153 | 273 | 875 | 18.1 | 18.8 | 134 | 7.1 81.1 | 5.2 up 1004 | 4.1
SD | 8.2 | 10 |908) 04 | 03 | 03 0.1 90.6 | 1.3 88.9 | 0.1
Numenius max | 131.3 | 34.1 | 97.0 | 245 | 23.6 | 202 | 7.1 yes | 85.2 | 12.6 | curved yes yes | 117.5 | 7.6
Pphaeopus (9] 127.4 | 33.4 | 94.0 | 22.2 | 22.2 | 193 | 6.5 82.3 | 11.7 | down 994 | 6.7
n=9 min |122.3| 32.6 | 89.7 | 21.2 | 20.6 | 187 | 5.8 79.6 | 10.1 88.1 | 6.0
SD | 181 | 04 | 133 ]| 24 1.5 | 05 0.3 9.7 1.2 163.8 | 0.6
Scolopax max | 119.6 | 30.6 | 89.0 | 243 | 239 | 179 | 125 no | 78.0 | 13.0 | straight | yes yes | 940 | 52
rusticola o 112.9| 28.9 | 84.0 | 23.3 | 23.0 | 17.0 | 10.6 72.7 | 11.3 88.4 | 4.6
n=10 min | 104.5| 27.7 | 76.0 | 22.0 | 22.2 | 159 | 9.3 66.0 | 10.0 82.0 | 42
SD 179 | 0.8 | 160 0.5 | 0.3 | 0.5 1.0 13.1 | 09 149 | 0.1
Gallinago max | 100.3| 23.1 | 787 | 16.6 | 169 | 12.2 | 64 no | 65.3 | 13.6 | straight | yes yes | 874 | 3.0
gallinago o 94.8 | 22.2 | 72.6 | 15.7 | 16.4 | 114 | 5.5 61.5 | 11.1 79.5 | 2.7
n=10 min | 87.6 | 21.6 | 65.6 | 152 | 159 | 10.7 | 5.0 574 | 8.2 69.3.2| 2.5
SD | 186 | 03 | 179 | 0.2 | 0.1 0.2 0.2 96 | 34 4.6 0.0
Lymnocryptes | max | 69.6 | 20.9 | 49.0 | 144 | 15.0 | 10.1 4.5 no | 424 | 84 | straight yes yes | 54.7 3.2
minimus (9] 68.2 | 19.8 | 484 | 139 | 143 | 9.8 3.8 411 | 7.3 52.2 | 3.0
n=4 min | 66.5 | 18.6 | 479 | 134 | 13.5 | 94 32 399 | 55 509 | 27
SD 2.1 12 1 02 ] 03 | 05| 01 0.3 1.4 1.7 2.9 0.0
Actitis max | 49.8 | 209 | 299 | 13.6 | 139 | 11.7 | 34 no | 254 | 6.9 |straight| yes yes | 392 | 3.0
hypoleucos o 48.7 | 19.8 | 289 | 13.0 | 13.3 | 10.7 | 2.8 237 | 5.2 384 | 27
n=7 min | 479 | 189 | 28.0 | 12.5 | 129 | 100 | 2.4 220 | 3.2 366 | 24
SD 051 05| 031 02| 01 0.3 0.2 2.1 2.2 0.8 0.0
Phalaropus |max | 47.2 | 18.0 | 29.8 | 12.0 | 12.0 | 9.6 2.6 no | 25.1 | 5.3 | straight no yes | 387 | 2.7
Sfulicarius (9] 457 | 17.7 | 28.0 | 11.6 | 11.8 | 9.4 2.5 23.3 | 47 364 | 2.6
n=3 min | 44.8 | 174 | 27.1 | 11.3 | 114 | 9.2 2.5 21.8 | 4.1 346 | 2.6
SD 1.7 | 0.1 23 | 0.1 0.1 0.0 0.0 28 | 04 4.4 0.0
Phalaropus no straight no yes
lobatus (4] 41.4 | 15.4 | 26.0 | 10.6 | 10.9 | 8.2 1.5 22.0 | 4.0 335 | 1.8
n=1
Tringa max | 94.5 | 26.0 | 68.6 | 169 | 17.8 | 13.9 6.2 no | 254 | 45.2 | straight no yes | 82.6 | 4.5
erythropus o 88.7 | 25.3 | 63.4 | 16.3 | 169 | 13.3 | 54 23.3 | 40.1 772 | 4.1
n=10 min | 82.8 | 242 | 57.0 | 15.6 | 164 | 122 | 4.5 21.8 | 344 71.0 | 34
SD | 139 | 03 | 122 ] 0.1 02 | 0.2 0.2 14 | 93 122 | 0.1
Tringa max | 92.0 | 27.5 | 64.5 ] 18.0 | 18.6 | 157 | 57 no | 35.6 | 33.3 | slightly no yes | 793 | 5.2
nebularia o 87.0 | 27.1 | 59.9 | 17.5 | 18.2 | 15.2 | 5.1 30.6 | 29.3 | curved 75.4 | 5.0
n=4 min | 81.9 | 26.5 | 554 | 17.0 | 17.7 | 146 | 4.4 254 | 22.8 up 727 | 4.8
SD | 182 | 02 | 153 ] 0.2 | 0.1 0.2 0.4 17.6 | 21.0 9.0 0.0
Tringa max | 737 | 25.2 | 487 | 169 | 17.2 | 140 | 47 no | 29.1 | 21.4 | straight no yes | 62.0 | 4.4
totanus o 71.4 | 245 | 469 | 16.3 | 16.8 | 13.1 | 4.2 27.0 | 19.9 59.4 | 4.0
n=10 min | 673 | 22.3 | 447 | 147 | 16.2 | 123 | 39 250 | 177 57.8 | 3.6
SD 36 | 07 | 20 | 04 | 0.1 0.3 0.1 1.8 1.3 1.8 0.1
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Skull Cranium Upper bill Lower bill
Species TL | CL ([UBL| CH [CW | OD |SOW | SG | NL | PL | UBS BTS | HC | LBL |LBH
Tringa max | 72.5 | 20.8 | 51.8 | 139 | 144 | 11.2 | 33 no | 28.8 | 23.0 | straight no yes | 61.0 | 2.8
stagnatilis (9] 68.6 | 20.7 | 479 | 13.6 | 14.1 | 11.0 | 3.0 27.1 | 20.8 579 | 2.7
n=3 min | 66.0 | 20.6 | 45.2 | 132 | 140 | 109 | 2.6 249 | 175 553 | 2.6
SD 117 | 0.0 | 119 | 0.1 0.1 0.0 0.1 40 | 85 8.4 0.0
Tringa max | 624 | 21.8 | 40.6 | 143 | 14.6 | 12.1 4.0 no | 26.3 | 14.3 | straight no yes | 53.2 | 3.2
ochropus o 59.5 | 21.1 | 384 | 13.9 | 144 | 11.5 | 3.8 25.3 | 13.1 49.0 | 29
n=4 min | 56.5 | 20.7 | 355 | 132 | 142 | 11.2 | 3.6 23.8 | 11.7 456 | 2.6
SD 60 | 02 | 47 | 02 | 00 | 0.2 0.0 1.3 1.1 9.9 0.1
Tringa max | 56.5 | 22.0 | 345 ) 144 | 150 | 127 | 45 no 18.3 | 16.7 | straight no yes | 46.1 3.2
glareola o 54.4 | 21.5 | 33.0 | 14.0 | 144 | 11.8 | 3.9 17.4 | 15.6 44.5 | 2.9
n=9 min | 51.8 | 21.1 | 30.6 | 13.4 | 13.8 | 10.7 | 3.0 16.4 | 13.2 426 | 2.7
SD 2.5 | 0.1 20 | 0.1 02 | 0.6 0.2 0.5 1.2 L5 0.0
Philomachus |max | 70.5 | 26.8 | 440 | 17.1 | 18.0 | 143 | 5.6 no | 358 | 94 |slightly | yes yes | 58.3 | 4.8
pugnax (4] 65.9 | 25.3 | 40.6 | 16.2 | 17.0 | 13.0 | 4.4 32.6 | 8.0 | curved 54.1 | 3.9
n=10 min | 589 | 23.0 | 357 | 15.1 | 158 | 11.8 | 3.3 28.2 | 6.00 | down 46.6 | 3.3
SD 213 |29 | 92 | 04 | 08 | 07 0.7 6.0 1.0 203 | 0.2
Calidris no curved yes yes
maritima o 62.9 | 21.5 | 41.4 | 14.0 | 15.2 | 10.2 | 2.8 341 | 7.3 | down 51.0 | 2.9
n=1
Calidris max | 655 | 19.5 | 46.3 | 13.3 | 14.6 | 10.2 | 4.0 no | 40.5| 7.0 | curved yes yes | 53.5 | 3.4
ferruginea o 61.3 | 18.9 | 424 | 12.8 | 14.1 | 9.9 3.2 36.9 | 5.5 | down 49.6 | 3.1
n=10 min | 551 | 182 | 36.2 | 12.2 | 13.6 | 9.3 2.4 321 | 4.1 441 | 2.8
SD 93 | 02 | 90 | 0.1 0.1 0.1 0.2 79 | 0.6 7.8 0.1
Calidris max | 62.1 | 23.2 | 40.2 | 155 | 167 | 127 | 4.2 no | 342 | 6.4 |straight| yes yes | 52.0 | 3.9
canutus (9] 60.3 | 22.5| 378 | 15.1 | 16.5 | 12.1 | 3.8 321 | 57 47.8 | 3.6
n=38§ min | 545 | 219 | 32.0 | 147 | 16.0 | 114 | 3.3 26.0 | 5.1 429 | 34
SD 63 | 02 | 73 0.1 0.1 0.2 0.1 77 | 0.2 9.4 0.0
Calidris max | 604 | 192 | 41.6 | 13.2 | 144 | 95 33 no | 36.6 | 55 |straight| yes yes | 49.1 32
alpina (9] 57.4 | 18.7 | 38.7 | 12.7 | 14.0 | 9.1 3.0 34.0 | 47 453 | 2.8
n=10 min | 555 | 177 | 36.6 | 12.3 | 13.8 | 8.5 2.5 322 | 41 432 | 25
SD 25102 | 26 | 01 0.0 | 0.1 0.1 29 | 0.2 3.7 0.1
Calidris no curved yes yes
melanotos o 56.6 | 21.5 | 35.1 | 144 | 15.0 | 10.0 | 2.9 29.6 | 5.5 | down 44.4 | 3.0
n=1
Limicola max | 56.1 | 184 | 383 | 12.1 | 13.6 | 10.3 | 2.9 no | 34.1 | 42 |straight| yes yes | 47.1 34
falcinellus (9] 52.6 | 17.6 | 35.0 | 11.7 | 13.1 | 9.3 2.7 31.8 | 3.2 43.8 | 3.2
n=6 min | 503 | 169 | 32.8 | 11.2 | 12.5 | 8.5 2.5 29.7 | 2.5 410 | 25
SD 54 | 03 | 40 | 0.1 02 | 04 0.0 30 | 04 5.3 0.4
Calidris max | 50.7 | 20.2 | 314 | 13.2 | 149 | 111 3.2 no | 252 | 6.7 | straight| yes yes | 39.8 | 34
alba o 48.6 | 19.0 | 29.6 | 12.8 | 14.6 | 104 | 2.9 23.6 | 6.0 384 | 2.9
n=10 min | 46.8 | 184 | 28.1 | 12.6 | 14.1 | 10.0 | 2.6 222 | 55 36.5 | 2.6
SD 19 | 0.2 1.1 0.1 0.1 0.2 0.0 08 | 0.1 1.6 0.1
Arenaria max | 49.0 | 23.6 | 259 | 159 | 172 | 13.2 | 45 no 17.7 | 9.4 | straight | yes no | 37.6 | 4.1
interpres o 46.9 | 23.0 | 239 | 153 | 169 | 12.6 | 4.0 155 | 8.4 36.3 | 3.8
n=10 min | 44.8 | 22.3 | 22.0 | 150 | 167 | 11.7 | 3.5 142 | 7.8 334 | 32
SD 1.7 | 0.2 1.3 0.1 0.0 | 0.2 0.1 1.2 | 0.2 1.6 0.1
Calidris max | 39.1 | 167 | 225 ] 109 | 119 | 84 2.4 no | 18.8 | 4.5 | straight | yes yes | 28.8 | 2.2
temminckii o 379 | 16.3 | 21.6 | 10.6 | 11.5 | 8.1 2.2 17.7 | 3.9 27.6 | 2.0
n=>5 min | 358 | 15.6 | 20.2 | 103 | 10.7 | 7.8 2.0 163 | 3.2 260 | 1.8
SD 25 | 02 1.5 | 01 02 | 01 0.0 1.0 | 03 1.4 0.0
Calidris max | 39.8 | 16.1 | 23.9 | 10.7 | 12.0 | 89 2.4 no | 20.0 | 4.7 |straight| yes yes | 309 | 2.3
minuta (4] 377 | 15.7 | 22.0 | 10.6 | 11.7 | 8.2 2.0 17.8 | 4.2 28.6 | 2.2
n=4 min | 36.8 | 155 | 20.8 | 104 | 11.2 | 74 1.8 16.1 | 3.9 275 | 2.2
SD 20 | 0.1 1.9 | 00 | 0.1 0.4 0.1 27 | 0.1 2.5 0.0
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Figs. 14-20. Skulls of Charadriidae, lateral view. — 14. Charadrius morinellus. 15. Pluvialis apricaria. 16. Vanellus vanellus. 17. Plu-
vialis squatarola. 18. Charadrius dubius. 19. Ch. hiaticula. 20. Ch. alexandrinus.
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Figs. 21-27. Skulls of Numenius, Limosa and snipes, lateral view. — 21. Numenius arquata. 22. N. phaeopus. 23. Limosa limosa.
24. L. lapponica. 25. Scolopax rusticola. 26. Gallinago gallinago. 27. Lymnocryptes minimus.
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Figs. 28-38. Skulls of various sandpipers, lateral view. — 28. Calidris canutus. 29. C. alba. 30. C. minuta. 31. C. temminckii. 32. C. me-
lanotus. 33. C. ferruginea. 34. C. maritima. 35. C. alpina. 36. Philomachus pugnax. 37. Arenaria interpres. 38. Limicola falcinellus.
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Figs. 39-44. Skulls of Tringa, lateral view. — 39. Tringa erythropus. 40. T. totanus. 41. T. stagnatilis. 42. T. nebularia. 43. T. ochro-
pus. 44. T. glareola.
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Figs.45-51. Skulls of Haematopodidae, Recurvirostridae, Burhinidae, Phalaropus and Actitis, lateral view. 45. Haematopus
ostralegus. 46. Recurvirostra avosetta. 41. Himantopus himantopus. 48. Burhinus oedicnemus. 49. Phalaropus lobatus. 50. P. fuli-
carius. 51. Actitis hypoleucos.
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