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We need the patience of decades, not months or years, to understand seabirds. They were here before us, and they will surely outlive us. Their lives have a reality and immediacy that may escape us in our increasingly secure and synthetic world.

Anthony Gaston (2004)






Preface


… then the little Petrel may be seen scouring along upon the face of the sea; now he darts past the fisher’s boat as it is rowing along upon its homeward course; is seen for a moment as he flits among the lagging oars, and instantly disappears among the increasing gloom of approaching night.

Reverend F. O. Morris (1850)



Ten kilometres off the south coast of Portugal, our small boat wallowed between waves in a stiff southwesterly breeze under a steely-grey overcast sky. A few scruffy brown-and-white immature Northern Gannets flapped and glided lazily past, scanning for fish. Behind, shadowing them, followed a menacing Great Skua on the lookout for the chance to steal a free meal from an unsuspecting victim. The pitching and rolling of the boat was making it difficult to pick out smaller birds, and to ignore the inevitable queasiness. As a few spots of rain began to fall, a tiny black dot appeared for a moment just above the horizon, before dipping down into a trough between waves and becoming lost to view almost as soon as I had caught sight of it. But I had seen enough to know that it was a bird, fragile as a Barn Swallow, and tiny, and for a moment I wondered if I had imagined it – would so small a bird really be flying around out here, so low over the waves, so far offshore?

Then, suddenly, it appeared again, much closer to the boat, gliding over wave crests, fluttering down into the calmer troughs with a delicate bat-like flight, and dipping briefly down to pick up some tiny, unseen scrap of food from the water surface before bounding up and over the next wave crest, always just a few centimetres above the water. At close range, the tiny sooty-black bird showed a neat white rump patch and just the hint of a white flash under the wing as it dashed past, jinking sideways and away across the waves, vanishing once more against the grey ocean. The whole episode had lasted no more than ten seconds, and I had seen the species many times before, but my heart was racing at this brief glimpse of a European Storm-petrel, a bird that has both fascinated and mystified me for much of my life, and which is the main subject of this book.

My very first encounter with storm-petrels, many years earlier, was also at sea, on a hair-raising crossing to Fair Isle from the Shetland mainland when I was a 16-year-old schoolboy on holiday with my parents. The boat Good Shepherd III (we never found out what happened to the other two) was not renowned for its stability, and neither is my mother renowned for her fondness for boat journeys in rough weather. So while my parents took refuge below deck in the heavy seas, I clung to the railings and watched the bows of the boat crashing over roller after roller.

As Fair Isle grew larger on the horizon, storm-petrels started to appear – first singly and then in small flocks, flying up the face of the green-blue waves ahead of us, and dropping down into the troughs beyond. My memory may now be exaggerating the height of the waves, but the nonchalant gracefulness of these tiny birds in such a hostile environment is something that I have never forgotten. Later in the trip, I was thrilled to be allowed to help with the nocturnal catching and ringing of storm-petrels with the wardens at Fair Isle Bird Observatory, and I returned home proudly bearing the preserved wing of a dead storm-petrel that I had found in one of the seabird colonies – a victim of one of Fair Isle’s cliff-dwelling feral cats.

Thirty-five years later, I still possess that dried wing (which even now smells strongly of the storm-petrel’s strange musky scent), and I am privileged to be able to study these birds as part of my job as a university teacher and researcher. Much has been learned about the lives of the world’s storm-petrels over those three-and-a-half decades, and we are now entering a very exciting era of storm-petrel studies as traditional behavioural and ecological research methods are increasingly combined with genetic studies, with tiny video cameras to view the secret lives of the birds inside their nest cavities, and with the miniaturised tracking technology that allows us to follow them on their daily travels, at a local to global scale. In this book I aim to give a flavour of what we know so far (as well as what we don’t know), and to highlight some of the most exciting recent research findings and opportunities for future discoveries.

While writing this book, I have frequently been asked ‘who is it aimed at?’ The truth is, I have written it for myself, to document the wide range of reasons why I find storm-petrels so fascinating. My intention, of course, is that others will be interested too – whether they be birders and birdwatchers, biologists, island-goers and seafarers, folklorists, songwriters, poets and artists, or more general readers with an interest in the oceans and their inhabitants. I hope that this book will also convey some of the thrill and mystery of encounters with these very special little birds on land and at sea, by night and by day, and perhaps even inspire you to go and experience storm-petrels for yourself.

Rob Thomas

Cardiff, 2024
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European Storm-Petrel, off Madeira. (© H. Shirihai, Tubenoses Project)






CHAPTER 1 Introduction: the European Storm-petrel and its relatives


It has a light, active flight – somewhat like a swallow … It seems short sighted, for it flies along very near the surface – only an inch or two above – as if looking for anything close at hand. Sometimes for an instant it stops as if alighting, but only for an instant; it seems scarcely conscious of an enemy and two were caught by boys – I believe easily.

Description of the European Storm-petrel by Cornish naturalist Jonathan Couch (1789–1870, quoted in Penhallurick 2003)



This book is an account of all 28(ish) of the world’s storm-petrel species, but the European Storm-petrel Hydrobates pelagicus is its main subject (Figure 1.1), being the commonest and most widely distributed storm-petrel of the north-east Atlantic, and therefore the species most familiar to most European birdwatchers, as well as having a long and rich cultural heritage. Even for a seabird it has a wide breeding range, from rain-soaked Norwegian islands north of the Arctic Circle, to the sun-baked Canary Islands off the coast of West Africa, and numerous islands and islets in between, across the eastern Atlantic seaboard and throughout the Mediterranean basin.

European Storm-petrels are remarkable birds for many reasons, as we shall explore, but not least because they seem to hold an irresistible fascination for the relatively few people fortunate enough to have encountered them on land or at sea. Through the subsequent chapters we will explore the remarkable life of this species, comparing and contrasting its behaviour and ecology across its range, and with the other storm-petrels of the world.

Perhaps the most striking feature of the European Storm-petrel is its tiny size: they are much smaller than most people would believe a seabird could be. Depending on the time of year and environmental conditions they weigh anywhere between 20g and 37g (broadly comparable with a Dunnock Prunella modularis or a House Sparrow Passer domesticus), with a wingspan of 38cm and a body length of 16cm (both broadly comparable with a Barn Swallow Hirundo rustica). The European Storm-petrel is the smallest of the Atlantic seabirds, and one of the smallest and seemingly most delicate of seabird species globally. Yet these tiny birds are equipped to survive long months, years and decades at sea, completing their long-distance migrations through storms and doldrums, from the ice and snow of the Arctic to the heat of the equator and beyond (Figure 1.2). This is an astonishing way of life – and so, after addressing the nature of storm-petrels in general in Chapter 2, we examine the issue of quite how these birds meet the challenges of survival on the open ocean, across such a wide range of conditions, in Chapter 3.
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Figure 1.1. A European Storm-petrel at sea, showing the white underwing bar that is one of the diagnostic features of the species. (© Ben Porter)
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Figure 1.2. The long-distance migration route of the European Storm-petrel, from Skokholm Island in west Wales, to the south-east Atlantic and southern Indian Ocean, inferred from bird-ringing records spanning many decades. (© Google Earth; includes data from Data SIO, NOAA, US Navy, NGA, GEBCO, Landsat/Copernicus, IBCAO, US Geological Survey, PGC/NASA)
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Figure 1.3. The European Storm-petrel is the smallest of the Atlantic seabirds. The metal ring on this bird’s leg carries a unique number that identifies the individual. Bird-ringing and the study of individual behaviour have revealed much about the lives of these birds over recent decades. (© Rob Thomas)



European Storm-petrels are broadly typical of the storm-petrels in having a generalist diet, scavenging more or less whatever they encounter at the sea surface, including fish, crustaceans and molluscs, and in some circumstances a surprising range of inshore and even terrestrial invertebrates. In recent years, new biochemical and DNA-based techniques have been combined with more traditional methods such as the classic seabird researcher’s method of picking through regurgitated stomach contents to investigate the diet and foraging behaviour of storm-petrels, as described in Chapter 4.

The sensory world of the storm-petrels is examined in Chapter 5, taking the European Storm-petrel as a model species, and finding that despite the nocturnal habits of many storm-petrel species their sense of vision is likely to be rather similar to our own. As well as the senses of vision and hearing that are so familiar to us as humans, we investigate the less familiar senses such as olfaction (smell) and the magnetic sense that may be important in guiding storm-petrels on their global and more local travels.

For much of the year, European Storm-petrels range far from their breeding colonies, but exactly where they go outside the breeding season has until very recently been largely unknown. Fragmentary evidence, from records of ringed birds (many of them storm-driven casualties), had previously sketched out the route of a trans-equatorial migration of Atlantic-breeding individuals, skirting the western coasts of Africa to reach the fertile upwelling waters off Namibia and South Africa, with some birds evidently rounding the Cape of Good Hope into the Indian Ocean. The current revolution in miniaturisation of tracking technology is filling in this outline in stunning detail (described in Chapter 6), by enabling individual storm-petrels to be tracked around the year using geolocator devices (GLS), and in even more detail across their breeding seasons using Global Positioning System (GPS) technology.

As with most storm-petrels, European Storm-petrels are rather silent birds at sea, but they become relatively noisy at their breeding colonies, making a wide range of sounds with different functions. The classic description of the male’s song as the sound of ‘a fairy being sick’ is perhaps so widely repeated as to have become a cliché, but the links between storm-petrel voices, coming from deep within stone walls and boulder piles, and the fairy folklore of the western seaboards of Europe are yet to be fully explored.

In Chapter 7 we examine the different modes of communication used by storm-petrels, including sound, vision and the sense of smell. Much of this communication is related to their breeding biology, and in Chapter 8 we delve further into the breeding behaviour of the different storm-petrel species, highlighting a variety of ways (e.g. the size of the single enormous egg, chick torpor and super-obesity) in which storm-petrels are truly extraordinary creatures.

All storm-petrels are subject to predation, parasitism and disease, and in Chapter 9 we examine the wide range of predators, parasites and pathogens that the different species encounter across their annual cycle and across the planet. Many of these are new threats introduced by human activities, giving us insights into the conservation issues that storm-petrel populations currently face, and the new challenges that they are likely to face in the future. Other sources of threats to storm-petrels in the modern world include fisheries, energy generation and various forms of pollution (light, plastics and chemical), as well as the existential threat to all species posed by climate change – and these are addressed in Chapter 10.

The European Storm-petrel is just one of the 28 species of storm-petrels that have so far been formally described, though other species undoubtedly remain undescribed, out there on the world’s oceans and remote islands. In Chapters 11 and 12 we take a whistle-stop tour of all 28 known species, noting the similarities between the two storm-petrel families, and their individual species, and the differences in biology that make each species unique.

The European Storm-petrel is, at first sight, one of the wildest of birds – living out of sight of land for much of its annual cycle, coming ashore only on the remotest islands under the cover of darkness, nesting underground or in the darkest recesses of drystone walls and boulder scree. As a species it seems remote from our own land-bound lives, yet humans and storm-petrels have interacted in a surprising variety of ways for thousands of years, as explored in Chapter 13.

If, by this stage in the book, you have become convinced that storm-petrels are the best birds in the world, you may want to see them for yourself. Chapter 14 describes various ways in which you can encounter storm-petrels (including European Storm-petrels), and some of the wonderfully liminal places in which these encounters can take place.

The formal species account of the European Storm-petrel and its subspecies (Table 1.1) is presented in Chapter 11, along with equivalent accounts of the other storm-petrels of the world. But next, in Chapter 2, we will examine the nature of storm-petrels in general.



Table 1.1. The scientific classification of the European Storm-petrel.

	Superkingdom
	Eukarya
	Organisms possessing cells with a membrane-bound nucleus


	Kingdom
	Animalia
	Animals


	Phylum
	Chordata
	Animals possessing a spinal cord


	Class
	Aves
	Birds


	Order
	Procellariiformes
	Tube-nosed seabirds


	Family
	Hydrobatidae
	The northern storm-petrels


	Genus
	Hydrobates
	A grouping which now contains all northern storm-petrels, including those that were formerly placed in genus Oceanodroma


	Species
	pelagicus
	European Storm-petrel (Hydrobates pelagicus)


	Subspecies
	pelagicus and melitensis
	Atlantic (H. p. pelagicus) and Mediterranean (H. p. melitensis) populations/subspecies









CHAPTER 2 What is a storm-petrel?

Storm-petrels are the world’s smallest seabirds. They navigate the trackless oceans by a combination of senses that humans are only dimly aware of. They include some of the most abundant species of birds and some of the rarest; some are already extinct, and there may well be others yet to be discovered. They are among the most remarkable birds on the planet, and this book explains some of the reasons for us to take notice of storm-petrels – for their own sake, and for ours.

More formally, the storm-petrels are a taxonomic group (very recently shown to be best described as two separate families) within the order Procellariiformes, a major branch of the bird family tree often referred to as the ‘tube-nosed seabirds’. All of the Procellariiformes are seabirds, all share a common evolutionary origin and, unusually among birds, they have a well-developed sense of smell which they use to find food and navigate, as well as to detect the olfactory signals of other individuals. There are about 130 living species of Procellariiformes (Brooke 2004, Onley & Scofield 2007), and they are found across the world’s oceans, from the Arctic to the Antarctic and on all major seaways in between.

Members of the procellariiform order all share a set of characteristic anatomical features: (1) each nostril is enclosed within a keratin tube forming part of the hook-tipped sheath of the upper mandible, giving these birds their distinctive ‘tube nose’ and hook-billed appearance (Figures 2.1, 2.2); (2) within the nostrils is a characteristic and complex configuration of the nasal passages (the septal olfactory conchae), which are involved in the sense of smell; (3) procellariiform chicks possess a characteristic double-layer structure of their down feathers; and (4) all have a distinctive twisted or ‘helicoidal’ configuration of the intestines.

The storm-petrels themselves are distinguished from other tube-nosed seabirds by the combination of their very small size (less than 120g), prominent nostril tubes that are fused together at the top of the bill, primarily black and white plumage (all-black, grey and white, or grey-brown and white in some species), primarily flapping flight (rather than gliding) on relatively short and broad wings, and long thin legs, which they frequently dip into the water during their distinctive ‘water-walking’ foraging flight (Figure 2.3). The thin legs, set far back on the body, can barely support the bird’s body weight on land, and so, in common with many Procellariiformes, storm-petrels have an unsteady, shuffling walk, frequently resting by sitting back on the full length of their tarsi, and sometimes toppling sideways or crouching forwards to rest their belly on the ground.
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Figure 2.1. European Storm-petrel skull and bill anatomy. (a) The head of a European Storm-petrel, showing the intact bill sheaths, including the nostril tubes that are distinctive of the procellariiform order. (b) Drawing of a European Storm-petrel skull prepared by Amy Schwartz. The keratin bill sheaths, including the nostril ‘tubes’, have been removed, leaving the bone of the upper mandible visible. (© Rob Thomas)
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Leach’s Storm-petrel Hydrobates leucorhous. Inset: bill sheath.


[image: A skull of a small bird with a hooked beak and hollow eye sockets.]

Northern Fulmar Fulmarus glacialis


[image: A skeletal structure of a bird's head and beak.]

Wandering Albatross Diomedea exulans

Figure 2.2. Bill structure in the order Procellariiformes. The hooked bill tip is common to all Procellariiformes, and the nostril tubes gave the order its older scientific name, the Tubinares or tube-nosed seabirds. The two tubes are joined in most taxa but are separate in albatrosses. The functional implications of the differences in tube design remain unknown. (© Ed Drewitt and Rob Thomas; materials prepared by Amy Schwartz and Ed Drewitt)
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Figure 2.3. A European Storm-petrel ‘walking’ on the water as it forages. (© Kat Booth-Jones)
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Figure 2.4. (a) Distribution of body masses of all procellariiform species. There is a c. 900-fold difference in mean body mass between the largest and smallest species. (b) Distribution of storm-petrel body masses. All storm-petrel species weigh on average less than 100g (the weight of two Mars Bars*). n = 27 storm-petrel species (data from Chapters 11 and 12) and the 112 procellariiform species for which data are available (Brooke 2004).

* Other chocolate-based units of measurement are available.
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Figure 2.5. In the field, size variation between tube-nosed species looks dramatic, as in this photo of two Black-bellied Storm-petrels Fregetta tropica, a Cape Petrel Daption capense and a Southern Royal Albatross Diomedea epomophora. (© Tony Whitehead)



In addition to the tiny storm-petrels, the procellariiform order also includes several families and subfamilies of much bigger birds such as the albatrosses and giant-petrels, as well as the shearwaters, gadfly petrels, fulmars, prions and diving petrels. Indeed, the Procellariiformes exhibit the greatest size variation of any avian order (Figure 2.5). Albatrosses are – in terms of wingspan – the world’s largest flying birds; the Wandering Albatross Diomedea exulans has a wingspan of up to 3.6 metres and can weigh up to 11.3 kilograms (males are considerably larger than females), whereas storm-petrels are the smallest of the world’s seabirds. A fully grown European Storm-petrel typically weighs about 27 grams (males are slightly smaller than females) – about the weight of three British one-pound coins, or a bit less than a House Sparrow. The other storm-petrel species range from a mean body mass of around 17 to almost 90 grams, making the European Storm-petrel one of the smallest members of a diminutive family (or pair of families) within an order containing some of the world’s largest flying birds (Figures 2.4, 2.5).

How many species of storm-petrels?

In this chapter, I give an overview of the diversity of storm-petrel species, and the challenges of describing them, while a detailed account of each formally described species can be found in Chapters 11 and 12. There are probably at least 28 species of storm-petrels worldwide, but, curiously, the exact number is not known, for several reasons. Firstly, new species are still being discovered. For example, when the last major global review of procellariiform species was about to be published (Brooke 2004), the recently rediscovered New Zealand Storm-petrel Fregetta maoriana was added ‘in press’. Subsequently, in 2009, a distinctive population of storm-petrels was discovered off the coast of Chile and described as a species new to science: the Pincoya Storm-petrel Oceanites pincoyae (Harrison et al. 2013). Even more recently, in 2022, the New Caledonian Storm-petrel Fregetta lineata was described as a distinct species (Bretagnolle et al. 2022). And there are intriguing suggestions and more-or-less conclusive observations that indicate that there may be other species of storm-petrels as yet unknown to science, waiting to be discovered or formally described.

Secondly, the genetic relationships and phenotypic distinctiveness of the various storm-petrel taxonomic groups are still being investigated. Several ‘new’ species have recently been described within what was formerly considered to be a single species, as scientists have realised that already-known populations which appear very similar morphologically may be substantially divergent in terms of their genetic identity. For example, the Band-rumped Storm-petrel Hydrobates castro, which was formerly considered to be one species, is now known to comprise at least three different species (Monteiro’s Storm-petrel H. monteiroi, Band-rumped/Madeiran Storm-petrel H. castro and Cape Verde Storm-petrel H. jabejabe; Friesen et al. 2007, Bolton et al. 2008), with other populations of this taxon seemingly in the process of evolutionary divergence. Recent genetic studies indicate that there are at least seven separate isolated lineages within this ‘super-species’ or ‘species-complex’ (a group of closely related sibling-species), some of which may already legitimately be described as full species, and others potentially leading to speciation in the future (Smith et al. 2007, Taylor et al. 2019).

Likewise, Leach’s Storm-petrel Hydrobates leucorhous can be viewed as a species-complex, comprising at least four distinct populations (subspecies and/or species) at various stages of genetic and phenotypic divergence (Taylor et al. 2018). The White-faced Storm-petrel Pelagodroma marina, Wilson’s Storm-petrel Oceanites oceanicus, the ‘streaked’ storm-petrels Fregretta spp. and closely related taxa may also prove to be species-complexes (Table 2.1).

Finally, species can appear or disappear. At least one, the Guadalupe Storm-petrel Hydrobates macrodactylus, is likely already to be extinct (last recorded breeding on the island of Guadalupe off the west coast of Mexico in 1912, and not seen since – see Chapter 12), whereas another, the New Zealand Storm-petrel, which was not seen for 175 years (from 1827 to 2002) and was presumed to have become extinct, has recently been rediscovered. Though it is relatively rare, the rediscovered population of New Zealand Storm-petrels appears to be thriving, thanks to the recent eradication of introduced predators on Little Barrier Island in the Hauraki Gulf, New Zealand – the only known breeding location (Veitch 1982, Stephenson et al. 2008a, 2008b). Other storm-petrel species are likely to have been driven to extinction during the expansion of the modern human population across the planet over the last 70,000 years, without us ever knowing what we were losing.



Table 2.1. Species, species-complexes and widely recognised subspecies of storm-petrels.

	English name
	Scientific name
	Breeding locations


	Southern/austral storm-petrels: family Oceanitidae


	Wilson’s Storm-petrel complex (including Wilson’s Storm-petrel, White-vented Storm-petrel and Pincoya Storm-petrel)


	Wilson’s Storm-petrel
	Oceanites oceanicus

Oceanites oceanicus oceanicus

Oceanites oceanicus exasperatus

Oceanites oceanicus chilensis


	Antarctica and Southern Ocean, S Pacific and S Atlantic

Antarctic and sub-Antarctic islands, including Crozet, Heard and Kerguelen Islands (S Indian Ocean) and Macquarie Island (S Pacific)

Antarctic continent, South Shetland, South Georgia and South Sandwich Islands (S Atlantic)

Chile, Cape Horn Archipelago (SE Pacific), possibly Falkland Islands (S Atlantic)




	White-vented (Elliot’s) Storm-petrel
	Oceanites gracilis

Oceanites gracilis gracilis

Oceanites gracilis galapagoensis


	SE and equatorial Pacific

Chungunga Island and Atacama Desert, Chile (SE Pacific)

Breeding sites presumed to be on Galápagos (equatorial Pacific)




	Pincoya Storm-petrel
	Oceanites pincoyae
	Known only from a small area of coastal Chile (SE Pacific). Breeding sites currently unknown.


	Grey-backed Storm-petrel
	Garrodia nereis
	Subantarctic islands, circumpolar: Falklands, South Georgia and Gough (S Atlantic), Crozet, Kerguelen (S Indian Ocean), Macquarie, Chatham, Antipodes and Auckland Islands (S Pacific)


	White-faced Storm-petrel
	Pelagodroma marina

Pelagodroma marina hypoleuca

Pelagodroma marina eadesi

Pelagodroma marina marina

Pelagodroma marina dulciae

Pelagodroma marina maoriana

Pelagodroma marina albiclunis


	Atlantic and S Pacific

Canary Islands and Selvagens (NE Atlantic)

Cape Verde (NE Atlantic)

Tristan da Cunha group, including Gough Island (S Atlantic)

Islands off Australia

Islets off North and South Islands of New Zealand, Stewart Island, Chatham Island and Auckland Island (S Pacific)

Haszard Island in the Kermadec Island group (S Pacific)










	English name
	Scientific name
	Breeding locations


	White-bellied / Black-bellied Storm-petrel complex (including White-bellied Storm-petrel and Black-bellied Storm-petrel)


	White-bellied Storm-petrel
	Fregetta grallaria

Fregetta grallaria grallaria Fregetta grallaria leucogaster

Fregetta grallaria segethi Fregetta grallaria titan


	S Pacific, S Atlantic and S Indian Ocean

Lord Howe and Kermadec groups (S Pacific)

Gough, Inaccessible and Nightingale Islands, Tristan da Cunha group (S Atlantic), St Paul and Amsterdam Islands (S Indian Ocean)

Chile (SE Pacific)

Rapa Iti, off Easter Island (S Pacific)




	Black-bellied Storm-petrel
	Fregetta tropica

Fregetta tropica tropica

Fregetta tropica melanoleuca


	Circumpolar sub-Antarctic islands

South Georgia, Antarctic Peninsula, Bouvetoya (S Atlantic), Prince Edward, Crozet and Kerguelen (S Indian Ocean), Bounty, Antipodes and Auckland Islands (S Pacific)

Tristan da Cunha group, probably including Gough Island (S Atlantic)




	Streaked Storm-petrel complex (including New Caledonian Storm-petrel and New Zealand Storm-petrel)


	New Caledonian Storm-petrel
	Fregetta lineata
	New Caledonia (S Pacific); location of breeding colonies remains unknown


	New Zealand Storm-petrel
	Fregetta maoriana
	Little Barrier Island, off New Zealand (S Pacific)


	Polynesian (White-throated) Storm-petrel
	Nesofregetta fuliginosa
	S Pacific: Vanuatu, Grande Terre off New Caledonia, Fiji (likely extinct), Kiribati, Marquesas, Gambier and Salas y Gomez (Easter Island group), formerly Samoa and Cook Islands (regionally extinct)


	Northern storm-petrels: family Hydrobatidae


	European Storm-petrel
	Hydrobates pelagicus

Hydrobates pelagicus pelagicus

Hydrobates pelagicus melitensis


	Atlantic and Mediterranean

Islands in the NE Atlantic, from Canary Islands to Iceland and N Norway

Islands within the Mediterranean basin




	Fork-tailed Storm-petrel
	Hydrobates furcatus

Hydrobates furcatus furcatus

Hydrobates furcatus plumbeus


	N Pacific

Aleutian Islands and Islands off E Russia

Islands off SE Alaska, to N California




	Ringed (Hornby’s) Storm-petrel
	Hydrobates hornbyi
	Atacama Desert (SE Pacific)


	Swinhoe’s Storm-petrel
	Hydrobates monorhis
	Islands off E Russia, Japan, Korea, China and Taiwan (NW Pacific), presumed breeding outposts in N Atlantic







	English name
	Scientific name
	Breeding locations


	Matsudaira’s Storm-petrel
	Hydrobates matsudairae
	Kita-Iwojima and Minami-Iwojima Islands, Volcano Islands group, Japan (NW Pacific)


	Leach’s Storm-petrel complex (including Leach’s Storm-petrel, Townsend’s Storm-petrel and Ainley’s Storm-petrel)


	Leach’s Storm-petrel
	Hydrobates leucorhous

Hydrobates leucorhous leucorhous


	Atlantic and Pacific

Primarily white-rumped birds, breeding widely across the N Pacific and N Atlantic, with breeding outposts in S




	‘Chapman’s’ Storm-petrel
	Hydrobates leucorhous chapmani
	Dark-rumped population breeding on Coronado and San Benito islands, off NW Mexico, NE Pacific (warm season)


	Townsend’s Storm-petrel
	Hydrobates socorroensis
	Negro and Afuera Islands, off Guadalupe Island, NW Mexico, NE Pacific (warm season)


	Ainley’s Storm-petrel
	Hydrobates cheimomnestes
	Negro and Afuera Islands and Gargoyle Rocks, off Guadalupe Island, NW Mexico, NE Pacific (cool season)


	Ashy Storm-petrel
	Hydrobates homochroa
	Islands off California and Baja California (NE Pacific)


	Band-rumped Storm-petrel complex (including Band-rumped Storm-petrel, Monteiro’s Storm-petrel and Cape Verde Storm-petrel)


	Band-rumped Storm-petrel
	Hydrobates castro
	Atlantic and Pacific (including warm season, cool season and bimodal cool and warm breeding season populations)


	Monteiro’s Storm-petrel
	Hydrobates monteiroi
	Azores, NE Atlantic (warm season)


	Cape Verde Storm-petrel
	Hydrobates jabejabe
	Cape Verde, equatorial Atlantic (protracted or bimodal cool and warm breeding season)


	Wedge-rumped Storm-petrel
	



	





	Black Storm-petrel
	Hydrobates melania
	Islands off California and NW Mexico (NE Pacific)


	Guadalupe Storm-petrel
	Hydrobates macrodactylus
	Formerly bred on Guadalupe Island (NE Pacific); likely extinct


	Markham’s Storm-petrel
	Hydrobates markhami
	Islands off Peru (NE Pacific), and the Atacama Desert of Peru and N Chile


	Tristram’s Storm-petrel
	Hydrobates tristrami
	Hawaiian Islands (N Pacific), Bonin and Volcano Islands south of Japan (NW Pacific)


	Least Storm-petrel
	Hydrobates microsoma
	Islands off California and NW Mexico (NE Pacific)














	Trait-based species concepts (including the phenotypic, morphological and ecological species concepts): a species is a group of individuals that share similar phenotypic traits (similarities in anatomy, behaviour, biochemistry, ecological niche, etc.), but have different traits from other species.

	Reproduction-based species concepts (including the biological, cohesion and recognition species concepts): a species is a group of individuals that are able to reproduce together to produce fertile offspring, but which are reproductively isolated from other species.

	Lineage-based species concepts (including the phylogenetic and evolutionary species concepts): a species is an evolutionarily divergent lineage, which has maintained its separate lineage over space and time. As a result of this evolutionary divergence, such lineages can be distinguished by a unique set of genetic and (usually) phenotypic traits.
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[image: Two bar graphs showing the number of subspecies per species.]












	Primodroma bournei – England, UK, Lower Eocene (41–56 mya) (Harrison & Walker 1977).

	Hydrobates [Oceanodroma] hubbsi – California, USA, Upper Miocene (<23 mya). The skull was slightly shorter than modern Leach’s Storm-petrel, but the bill was slightly longer. Leg dimensions were very similar to Ashy Storm-petrel (Miller 1951).

	A larger, unnamed Hydrobates [Oceanodroma] species – California, USA, Upper Miocene (<23 mya) (Miller 1951).

	Oceanites zaloscarthmus – South Africa, Upper Miocene / Lower Pleistocene (2.5–0.8 mya) (Olson 1985). Suggested to be ancestral to the modern White-faced Storm-petrel.







Table 2.2. Timeline from the Age of the Dinosaurs to the present.

	Geological period
	Geological / biogeographic events
	Taxonomic events


	Triassic c. 250–200 mya
	Pangaea supercontinent
	




	Jurassic c. 200–145 mya
	Pangaea breaks apart into Laurasia and Gondwana, separated by the Tethys Ocean
	




	Cretaceous c. 145–66 mya
	


	




	Palaeogene (including Eocene and Oligocene) c. 66–23 mya
	
	53–45 mya: likely origin of Procellariiformes c. 48 mya: Primodroma Divergence of modern procellariiform families including albatrosses (52.3 mya), northern and southern storm-petrels (35–30 mya)


	Neogene (including Miocene) c. 23–2.6 mya
	
	




	Quaternary (including Pleistocene) c. 2.6 mya to present
	


	















[image: Two birds are flying over water, their reflections visible on the water.]









[image: A bar graph compares the number of mature individuals of different species.]
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