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4.0 SPILL RESPONSE 
 

4.1 Assessing the damage 
Technical document 

 
Procellariidae Petrels and Shearwaters 

 
Cosmopolitan, in all oceans, greatest diversity in Southern Hemisphere, 12 genera, 70 species, 109 taxa (del Hoyo 
et al. 1992) or 24 genera, 115 species (Sibley & Monroe 1990) 
 
Petrels and shearwaters are pelagic seabirds, with a compact build, long narrow wings and a ‘tube nose’. 26 taxa 
occur within the Western Palearctic, 12 of which are very rare. Foraging concentrations may be vulnerable to oil 
pollution, but otherwise, these wide-ranging largely aerial seabirds usually stay largely clear of major spills. 
Identification of petrels and shearwaters is relatively easy in the hand, for as long as the birds are fresh and more 
or less intact. There are no clear external characteristics for either sex (but ♂ usually larger than ♀) or age and 
standard autopsies are usually required to assess those variables with certainty. In the absence of data on 
geographical variations in body size in most species, ringing data are essential to assess the breeding origin of 
oiled casualties. Arctic populations of Northern Fulmars (smaller birds, often dark phase) can be separated from 
boreal populations (larger, mostly light phase). 
 
Euring Species* Distribution, status in Europe 

 Zino’s Petrel Pterodroma madeira Madeira, 30-40 pairs. European status: critically 
endangered 

 Fea’s Petrel Pterodroma feae Desertas (Maderia, deserta) and Cape Verde Islands 
(feae). In Europe 170-260 pairs. European status: 
vulnerable 

220 Northern Fulmar Fulmarus glacialis North Atlantic Ocean, high arctic glacialis, low arctic 
and boreal zones auduboni. > 2.8 million pairs, 
following large increase and expansion. European 
status: secure 

340 Bulwer's Petrel Bulweria bulwerii Pantropical E Atlantic from Azores to Cape Verde Isl, 
in Pacific from E China and Bonin isl to Hawaii, 
Phoenix and Marquesas isl. Europe: 7000-9000 pairs. 
European status: rare 

360 Scopoli's Shearwater Calonectris [d] diomedea Mediterranean islands, Bay of Biscay; 30.000-42.500 
pairs. European status: vulnerable 

365 Cory's Shearwater Calonectris [d] borealis Berlengas (Portugal), W to Azores and S to Canary 
Islands; 235.000-245.000 pairs, European status: 
vulnerable 
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400 Great Shearwater Puffinus gravis Nightingale and Inaccessible Island (Tristan da 
Cunha), Falkland Islands. European status: not 
evaluated 

430 Sooty Shearwater Puffinus griseus S Chile and Falkland Islands, SE Australia and New 
Zealand area. European status: not evaluated 

460 Manx Shearwater Puffinus puffinus N Atlantic. Newfoundland, S Iceland, Faeroes, British 
Isles, Ireland and NW France, Azores, Madeira and 
Desertas to Canary Islands. In Europe 350.000-
390.000 pairs. European status: localised 

462 Balearic Shearwater Puffinus mauretanicus Balearic Isl (W Mediterranean), 1650-2050 pairs. 
European status: endangered 

 Yelkouan Shearwater Puffinus yelkouan Mediterranean Islands, 13.000-33.000 pairs. 
European status: secure. 

480 Little Shearwater Puffinus assimilis subsp. Azores to Canary Islands (baroli), Cape Verde Islands 
(boydi) European status: rare. 

*Other taxa on AERC TAC Checklist of bird taxa occurring in Western Palearctic region: Macronectes giganteus (Southern Oceans), Daption 
capense capense (Southern Oceans), Pterodroma arminjoniana arminjoniana (S Atlantic, Indian Ocean), Pterodroma incerta (S Atlantic), 
Pterodroma cahow (Bermuda), Pterodroma hasitata (Carribean), Calonectris leucomelas (Japan, Taiwan, China, Korea), Puffinus pacificus 
(tropical Indian Ocean, Pacific), Puffinus carneipes (Indian Ocean, Pacific), Puffinus lherminieri persicus (Arabian Sea), Puffinus lherminieri 
bailloni (Mascarene Islands) 
 
General characteristics (from BWPi 2006): Medium-sized pelagic seabirds, 6 species breeding in west Palearctic, 
others (regular) migrants or accidental. Body ovate, more elongated in shearwaters. Wings long and narrow. 11 
primaries: p10 longest, p11 minute. 20–29 secondaries; short. Tail short; 12-14 feathers (14 in Fulmarus). Bill 
heavy, more slender in shearwaters, hooked at tip; horny sheath divided in plates; nostrils in dorsal tubes of 
varying length. Legs set far back, tarsus laterally flattened, round in gadfly-petrels; lower part of tibia bare. 3 
anterior toes webbed, hind toe rudimentary, elevated; nails sharp and curved. Peculiar musky odour. Sexes similar 
in plumage, ♂ usually larger than ♀. Some species occur in light and dark morphs. 1 moult per year, primaries 
moulting descendantly. Juvenile like adult. 
 
External features: 

Assessing Categories Characteristics Database coding 
Age adult, 

juvenile 
Generally impossible from plumage characteristics. 
Standard autopsy required for confirmation. 

A 
J 

Plumage  No difference between, summer or winter.   
Sex male 

female 
Generally impossible from plumage characteristics; 
sex discriminant in some species. Otherwise standard 
autopsy required for sexing. 

M 
F 

Colour phase white phase 
coloured phase 

Northern Fulmars only, indicating high arctic 
(coloured) or boreal (white) origin 

Col (L, D, or DD) 
W (LL) 

Biometrics Bill length 1 Bill tip to feathers (0.1 mm) Bill tf 
 Bill length 2 Bill tip to tube (0.1 mm) Bill tub 
 Bill depth 1 Bill depth at base (0.1 mm) Bill base 
 Bill depth 2 Bill depth at gonys (0.1 mm) Bill gonys 
 Bill width 1 and 2 Bill width at base and gonys (0.1mm) (see below) Bill width 
 Tube Tube length from feathers (0.1 mm) Tube 
 Head length (mm) Head 
 Wing length (mm) Wing 
 Tarsus length (mm) Tarsus 
Priority Bill tf – Bill base - Bill gonys – Tube – Head - Wing – Tarsus 

Structure Primaries Longest Primary Tail feathers Shape tail 
P. madeira 10 + 1m P10 (³ P9) 12 wedge 
P. feae 10 + 1m P10 (³ P9) 12 wedge 
F. glacialis 10 + 1m P10 14 rounded 
B. bulwerii 10 + 1m P10 (³ P9) 12 wedge 
C. diomedea 10 + 1m P10 (³ P9) 12 rounded 
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Structure Primaries Longest Primary Tail feathers Shape tail 
C. borealis 10 + 1m P10 (³ P9) 12 rounded 
P. gravis 10 + 1m P10 12 rounded 
P. griseus 10 + 1m P10 12 rounded 
P. puffinus 10 + 1m P10 (³ P9) 12 rounded 
P. mauretanicus 10 + 1m P10 (³ P9) 12 rounded 
P. assimilis 10 + 1m P10 (³ P9) 12 rounded 
 
Geographical variation commoner species 
 
Northern Fulmar (from BWPi 2006, modified): Proportion of coloured birds in population and size of bill vary, but 
variation not correlated. In many high-arctic localities (Baffin Island, north-east Greenland, Spitsbergen), coloured 
morphs form great majority of population. On Bear Island, dark morph birds slightly less predominant than in 
Spitsbergen, with white phase birds 10% of population. In west Greenland and at Jan Mayen, 99% of breeding 
birds white morph. Populations of southern, boreal part of Atlantic range overwhelmingly white phase. Small bills 
found in Baffin and Devon Islands (♂♂, average 36.2). Data for Greenland scattered and conflicting, but generally 
bills slightly longer than in north Canada. At Spitsbergen, bill longer (♂♂, average 37.5) than in Baffin Island. Again, 
larger bills found at Bear Island (38.8), Jan Mayen (39.2), and Iceland, Faeroes, and British Isles (40.8). 
Salomonsen (1965) divided Atlantic Fulmar into two subspecies: glacialis comprising high-arctic, coloured, short-
billed populations and auduboni, comprising all white populations (mainly boreal). Division between light and dark 
morphs not rigid, however, as grade imperceptibly into one another. Spitsbergen birds intermediate between those 
from Baffin Island and west Europe, considerable overlap among populations. Range of mainly coloured birds split 
by white populations in west Greenland and Jan Mayen. Differences described by Salomonsen (1965) represent 
general trends, but not sufficient for acceptance of subspecies. 
 
Manx, Balearic and Yelkouan Shearwaters (from BWPi 2006, modified): Manx Shearwater previously considered 
polytypic, with nominate puffinus, east temperate North Atlantic; mauretanicus, yelkouan other Mediterranean 
islands, and 5 extralimital in Pacific. At present considered separate species. 

Balearic Shearwater Puffinus mauretanicus slightly larger than Manx Shearwater puffinus; Yelkouan 
Shearwater P. yelkouan about as large as puffinus, but tail shorter; mauretanicus also relatively short-tailed. In 
contrast to puffinus, both Mediterranean races have upperparts tinged brown. Otherwise, yelkouan similar to 
puffinus, but normally more dusky on axillaries and under tail-coverts. White crescent on side of neck often absent, 
but sometimes well-developed. Brown tinge of upperparts only diagnostic character in such birds, but occasionally 
upperside black with slight tinge of brown-grey approaching nominate puffinus still more. P. mauretanicus has 
underparts variably tinged brown-grey; in some only throat, sides of breast, flanks, lower belly, and under tail-
coverts, in others whole underside. No white crescent on side of neck, no sharp contrast between brown and white 
on side of head, axillaries entirely grey. 
 
Cory’s Shearwater (from BWPi 2006, modified) nominate diomedea smaller than borealis; bill less massive; head 
and mantle paler; chin and throat less marked grey; prominent white wedge on inner web of primaries, projecting 
well beyond under wing-coverts. The former subspecies edwardsii, Cape Verde Islands, is now regarded as a full 
species. Much smaller; bill more slender, black instead of yellow; tail relatively longer, (t1–t6 in 2 ♂♂ 34 and 40, in 
2 ♀♀ 29 and 39); crown and neck darker brown; sides of head more contrasting; mantle darker, but lighter than 
lower back, latter as dark as upper wing-coverts; no white on distal part of primaries. 
 
Basic biometrics (summarised) 
Species sex Bill tf Wing Tarsus 
Pterodroma madeira ♂♀ ♂ 24.7, 24.8, ♀ 25.1, 25.4 241-254 30-31 
Pterodroma feae ♂♀ 26-30 255-272 32-38 
F. glacialis (glacialis) ♂ 36-41 325-356 51-55 
 ♀ 33-39 312-337 49-52 
F. glacialis (auduboni) ♂ 38-44 324-355  
 ♀ 36-39 309-336  
B. bulwerii ♂ 19-23 191-207 24-29 
 ♀ 20-22 193-209 25-30 
C. [d] diomedea ♂ 49-55 331-360 

51-57  ♀ 45-53 317-355 
C. [d] borealis ♂ 51-59 350-378 54-59 
 ♀ 49-57 335-368 51-57 
P. gravis ♂ 43-50 317-348  
 ♀ 41-47 301-337  
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Using additional material from other Northern Fulmars and from four southern hemisphere species of fulmarines, a 
similar set of ‘generalized discriminants’ was developed, of which the one using the four main characters is 
recommended for usage in poorly known populations or species of tubenoses. Cut points separating the sexes 
need to be calculated from the sample itself (Van Franeker & Ter Braak 1993). 
 Many older studies lack head length. A simple discriminant for Dutch Northern Fulmars using just bill length 
and depth was calculated as: Bill tf + 2.5291 Bill gonys, with cut point at discriminant score 81.44. However, this 
function reliably separated only 93.1% of the individuals, considerably below functions using head length: 
Function NL1 Head ♂ > 95.2 > ♀  (95% correct) 
Function NL2 Head + 0.919 Bill gonys ♂ > 110.6 > ♀  (97% correct) 
Function NL3 Head + 1.057 Bill gonys + 0.428 Tarsus ♂ > 136.0 > ♀  (97% correct) 
Function NL4 Head + 0.935 Bill gonys + 0.365 Tarsus – 0.4 Bill tf ♂ > 114.9 > ♀  (98% correct) 

Generalised Head + 2.38 Bill gonys + 0.41 Tarsus – 0.21 Bill tf cut-point has to be based on sample 

 
Fulmar wrecks 

 
Figure 3. Wing moult and excessively worn secondaries in a stranded Northern Fulmar, September 2007 © CJ Camphuysen 

Procellariiform seabirds are prone to ‘wrecks’ (Joensen 1961, Crockett & Reed 1976, Bourne 1981, Teixeira 1987, 
Van Franeker 2004b). Wrecks involve mass strandings of severely emaciated individuals and the proximate cause 
of these events is food related (stock, availability, or quality). The exact mechanism of these wrecks is not well 
understood, but one of the symptoms often observed is excessive wear of feathers, suggesting arrested moult prior 
to the mortality. The illustrated example was part of a mass stranding in early autumn, with virtually all Northern 
Fulmars involved in ‘active’ wing moult (i.e. not juvenile), and mostly with ragged secondaries and primaries. 
 
 
Identification assistance (1) Manx, Sooty, Great and Cory’s Shearwaters 
The identification of commoner shearwaters should not be too problematic. Shown are some characteristics that 
would of help with the identification of incomplete carcasses, or with the (sub-)specific identification of for example 
Manx/Balearic Shearwaters and Great/Cory’s Shearwaters and subspecies of Cory’s Shearwaters. Rarer species, 
such as Little Shearwaters or gadfly petrels Pterodroma spp. should always be collected for later reference and 
museum collections. 

 

Figure 4. Underwing patterns of (A) Manx Shearwater Puffinus puffinus and (B) Sooty Shearwater Puffinus griseus, plus (1) 
greater under wing coverts, (2) central under wing coverts, and (3) lesser under wing coverts of either species. 
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Figure 5. Manx Shearwater under wing (top) and upper wing pattern (bottom). © CJ Camphuysen 

  
Figure 6. Manx Shearwater (left) with typical black-and-white overall appearance and bright white undertail coverts. Sooty 
Shearwater Puffinus griseus (right) with whitish central underwings but otherwise dark brown plumage all over. Stranded birds 
are often soaked with water and subtle colour differences or ageing characters such as the exact shape of primary tips (see 
below) can be difficult to judge on wet carcasses. © Arnold Gronert & Edward Soldaat  
 

  
Figure 7. Balearic Shearwater Puffinus mauretanicus with browner upperparts, dusky underside (can be whitish!), duskier 
axillaries and undertail-coverts (not shown here), often extending up the side of the body to beneath the wing. © Ricard Gutiérez 
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Figure 8. Upperwing patterns, upper tail and skull of Great Shearwater Puffinus gravis (Prins & Coster 1997) 

 

Figure 9. Underwing patterns of (left) Cory’s Shearwater and (right) Great Shearwater. 

  

 

 

Figure 10. Cory’s Shearwater Calonectris [d.] borealis, freshly dead corpse. Note light and heavy bill, grey head and whitish 
chin. Primaries of Cory’s Shearwater Calonectris [d.] diomedea (A) have a whitish panel of variable size at the inner vane, 
whereas primaries of C.[d.] borealis (B) are all grey. © CJ Camphuysen. 
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Sexual dimorphism of Cory’s Shearwater Calonectris [d.] diomedea (after Ristow & Wink 1980) 

 

Figure 11. Eight measurements of head and bill of 
Cory’s Shearwater, used to sex individuals without the 
need to perform an autopsy. All differences statistically 
significant (P< 0.01). 
 
 ♂ ♀ 
(1) Total head 105.9 101.2 
(2) Width of head at cheeks 34.5 32.7 
(3) Width of bill at base 19.7 19.1 
(4) Width of bill at gonys 6.7 6.1 
(5) Bill length tip to feathers 49.5 46.2 
(6) Bill length tip to tube 38.6 36.5 
(7) Bill depth base 18.6 16.6 
(8) Bill depth gonys 12.9 11.6 

Biometrical data obtained from Cory’s Shearwaters in the Aegean Sea were used to study morphological 
differences between the sexes. Males were significantly larger than females and a bi-modal pattern was produced 
by multiplying bill length (measurement# 5, Fig. 11) and bill depth (#7), suggesting that of all 76 individuals with a 
known sexual identity, the overlap in size was minimal 
 
 ♂♂ à Bill tf x Bill base > 840 
 ♀♀ à Bill tf x Bill base < 820 
 
The results suggest that only standard measurements are required for a fairly reliable prediction of sex, so that the 
excessive amount of 8 head measurements could be avoided. It is likely that a similar approach in the Atlantic race 
of Cory’s Shearwater, or indeed in other shearwaters would be similarly useful. 
 
Ageing shearwaters 

 

Figure 12. Juvenile shearwaters (autumn and early winter) generally have fresh and 
pointed outer primaries, whereas adult birds show more rounded and often abraded 
feather tips (from Baker 1993, Leonard & McKee 2005). 
 
Outer primary shape is a useful external character for most shearwaters shortly after 
fledging. The example shown here was based on Manx Shearwater studies. 
 

 
Leonard & McKee (2005) have summarised the ageing characteristics for Manx Shearwater as follows: 

 Juvenile Adult 

Outer primary shape Pointed and fresh Rounded and worn 
Inner primary shape Blunt-ended with hooked inner edge; fresh Rounded and worn 
Mantle feathers Black with pale grey edges Uniform brown and worn 
Feather colour Sooty black Brown 
Axillaries Pointed, much black on feather Rounded, no or small amounts of black 
 
The shape of the primaries of juvenile birds differs dramatically from that of adults. In juveniles, the outer two or 
three primaries are very pointed (Figure 12). Primaries 4 to 8 are blunt-ended, the end of the feathers appearing to 
have been cut off across the shaft. On the inner edge of these primaries there is a distinctive hooked point at 90° to 
the shaft. All these feathers are sooty black in colour. The edges of the feathers are fresh and unworn; the shafts of 
the feathers are black. The inner edges of the fresh unused primaries are often ‘crumpled’ giving them a waved, 
undulating appearance. In adults, all the old un-moulted primaries are rounded in shape. The outer few feathers 
can be pointed to some degree, but rarely. However, the edges of all the feathers are worn and frayed, often with 
nicks on the edge. The feather shafts are brown. 

The ground colour of the main feather tracts is one of the main differentiating features between adults 
and juvenile birds. As suggested by Baker (1993), the ground colour of juvenile birds is black. All the major feather 
tracts are the same sooty black colour, fresh and unworn - remiges, rectrices, scapulars, mantle, nape and head. 
The moult schedule of Manx shearwaters is not definitely known but it must occur during the winter (Cramp and 
Simons 1977). Adults returning to colonies in March have fresh black feathers, but by early September their 
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feathers are 6-10 months old and are consequently heavily worn. The ground colour of the mantle, scapulars, 
remiges and rectrices is a dark muddy brown. This contrast with juveniles is usually clear-cut and obvious. 
 Juvenile axilliaries were found to be pointed in shape with large amounts of black across the tip of the 
feather. Adult axilliaries were rounded with the great majority of birds having white feathers with no black markings. 
Leonard & McKee (2005) considered axilliary pattern a fine indicator of shearwater age. 
 
 
Identification assistance (2) Fea's Petrel Pterodroma feae and Zino’s Petrel Pterodroma madeira 
Identification of the 'soft-plumaged petrel' group is problematic, and separation of Fea's Petrel from the extremely 
similar Zino's Petrel represents one of the most difficult identification challenges. Diagnostic differences: bill 
measurements of the two species do not overlap, but there is as little as 1 mm difference between bills of the 
largest Zino's and the smallest Fea's Petrels. Both species are so rare, that any specimen encountered during a 
spill should be labelled, wrapped up and stored in a deep freezer for subsequent identification and analysis. 
 From Snow & Perrins (1998): Zino’s Petrel of similar appearance to Fea’s Petrel but up to 10% smaller and 
much lighter, with slimmer bill on smaller head, slimmer body and shorter outer wing with blunter tip. Plumage 
similar to Fea’s Petrel, with proven differences restricted to more mottled flanks and more clouded pale patch on 
underwing (by shoulder), but probably also showing more solid, dusky-black hood, rather darker mantle and wings, 
and darker ends to central tail feathers. In Zino’s Petrel, P1 141–150 shorter than P10, bill much more slender. 
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Appendix 
 
Specific biometrics Northern Fulmars 

 
 

 

Bill length (tf) Head length (Head)
n avg ±sd min max n avg ±sd min max

ALL 808 38.7 ± 2.2 (32.8  - 44.6) 710 94.3 ± 4.1 (85.0  - 106.0)

FEMALES 432 37.5 ± 1.6 (33.0  - 41.4) 401 91.6 ± 2.4 (85.0  - 99.0)
LL non juv 316 37.8 ± 1.4 (34.4  - 41.2) 294 92.1 ± 2.2 (86.0  - 99.0)
coloured non juv 64 37.3 ± 1.5 (33.5  - 41.4) 60 91.0 ± 2.2 (87.0  - 96.0)
LL juv 24 35.7 ± 1.1 (33.0  - 37.7) 22 89.0 ± 2.0 (86.0  - 93.0)
Col juv 21 35.9 ± 1.8 (33.4  - 39.7) 19 89.8 ± 3.8 (85.0  - 99.0)

MALES 293 40.6 ± 1.6 (36.0  - 44.6) 271 98.3 ± 2.4 (90.0  - 106.0)
LL non juv 218 40.8 ± 1.5 (36.5  - 44.6) 200 98.7 ± 2.2 (92.0  - 106.0)
coloured non juv 50 40.2 ± 1.3 (36.9  - 43.9) 48 97.5 ± 2.7 (90.0  - 102.0)
LL juv 8 39.2 ± 1.4 (37.5  - 41.7) 8 95.9 ± 2.2 (93.0  - 99.0)
Col juv 13 39.0 ± 1.5 (36.6  - 41.2) 12 96.8 ± 2.3 (92.0  - 100.0)

all , moult ignored 1019 38.637 2.2659 32.8 45.1 900 94.239 4.1469 84 106

Bill depth at gonys
n avg ±sd min max

ALL 701 16.5 ± 1.1 (13.7  - 19.8)

FEMALES 400 15.9 ± 0.7 (13.7  - 18.3)
LL non juv 293 16.1 ± 0.6 (14.3  - 18.3)
coloured non juv 60 15.6 ± 0.7 (14.4  - 17.5)
LL juv 22 15.1 ± 0.5 (14.2  - 16.7)
Col juv 19 15.1 ± 0.7 (13.9  - 16.9)

MALES 268 17.5 ± 0.8 (14.6  - 19.8)
LL non juv 197 17.6 ± 0.8 (14.6  - 19.8)
coloured non juv 48 17.2 ± 0.8 (15.7  - 18.6)
LL juv 8 16.9 ± 0.6 (15.9  - 17.7)
Col juv 12 16.5 ± 0.8 (14.9  - 17.8)

all , moult ignored 891 16.448 1.1133 13.4 19.8

Tarsus length Wing length
n avg ±sd min max n avg ±sd min max

ALL 889 53.5 ± 2.5 (43.0  - 61.0) 891 331 ± 11 (289  - 365)

FEMALES 449 52.1 ± 1.7 (43.0  - 57.9) 442 326 ± 9 (295  - 347)
LL non juv 330 52.3 ± 1.7 (43.0  - 57.9) 329 327 ± 9 (295  - 347)
coloured non juv 65 51.6 ± 1.7 (45.5  - 55.5) 61 321 ± 10 (300  - 338)
LL juv 25 51.1 ± 1.5 (48.0  - 53.5) 24 324 ± 8 (302  - 341)
Col juv 22 51.7 ± 2.1 (48.0  - 55.0) 21 327 ± 8 (314  - 344)

MALES 311 55.7 ± 1.9 (50.4  - 61.0) 303 338 ± 10 (295  - 365)
LL non juv 233 55.9 ± 1.7 (51.0  - 61.0) 227 339 ± 10 (295  - 365)
coloured non juv 53 55.2 ± 2.2 (50.4  - 59.4) 51 331 ± 11 (311  - 360)
LL juv 8 54.9 ± 2.1 (51.0  - 58.0) 8 341 ± 8 (334  - 361)
Col juv 13 55.7 ± 1.9 (53.0  - 58.5) 13 335 ± 7 (325  - 353)

all , moult ignored 1134 53.442 2.5274 43 61 1003 329.03 12.644 269 365




