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Ch1: Seabirds & the Marine Environment

Ch2: The Fossil Record 



Defining Seabirds

What 
is a 

Seabird
?

In this class, we focus             
on ecological criteria 

Why not rely on Taxonomy ?

Taxonomy is confusing:

- Convergent evolution

- Its (still) changing



Changing Seabird Taxonomy – New Names 



Changing Seabird Taxonomy – New Names 

1 genus (Ardenna) added due to split from another 
genera, resulting in changes to 7 scientific names:

Ardenna pacifica Wedge-tailed Shearwater.
Ardenna bulleri Buller's Shearwater.
Ardenna tenuirostris Short-tailed Shearwater.
Ardenna grisea Sooty Shearwater.
Ardenna gravis Great Shearwater.
Ardenna creatopus Pink-footed Shearwater.
Ardenna carneipes Flesh-footed Shearwater.

Formerly (AOU 1983, 1998) considered species part of Puffinus, 
but now treated as separate on the basis of genetic data 
(Penhallurick and Wink 2004, Austin et al. 2004, Pyle et al. 2011), 
which indicate that Ardenna and Puffinus form two deeply divergent 
clades that are not be sister groups (Chesser et al. 2016).



Defining Seabirds

• Definition:   Birds making a living in the marine 
environment (Schreiber & Burger 2000)

- derive energy (food) exclusively from the 
marine environment (salty water) 

- live in the ocean, despite seasonal migrations 
into freshwater / land (reproduction)  

• Exceptions:

➢ Loons and grebes, which nest on lakes but winter at sea, are         
usually categorized as water birds, not seabirds. 

➢ Although some sea ducks (family Anatidae) are truly marine in 
winter, they are excluded – by convention. 

➢ Many waders (shorebirds) and herons live along the shore, but            
are also not considered seabirds.



Are they Seabirds ?

California Gull

Pied Oystercatcher

Common Loon

Western Greebe Red-necked Phalarope

King Eider



Seabird Taxonomy

Taxonomy:   The field of science that encompasses the 
description, identification, nomenclature, 
and classification of organisms   

Kingdom Animalia – animals
Phylum Chordata – chordates

Subphylum Vertebrata – vertebrates
Class Aves – birds

Hierarchical Organization:  organisms classified along 
hierarchical system, based on relatedness   



Seabird Orders

The following taxonomic groups are classified as seabirds 
(Schreiber & Burger 2000):

Sphenisciformes (16 species) – 1 family (all seabirds)

Procellariiformes (93 species) – 4 families (all seabirds)

Pelecaniformes (57 species) – 5 seabird families
(frigatebirds, cormorants, anhingas, gannets, tropicbirds)

Charadriiformes (305 species) - 5 seabird families
(gulls, skuas, terns, skimmers, alcids)

NOTE:   There are many exceptions; with most 
taxonomic groups having non-marine examples



• Diverse Lifestyles / Convergent Ecology:

about 250 species (out of ~8500 species of extant birds)

not natural (monophyletic) group – many lineages went to sea

Seabird Orders and Species

• The four orders of seabirds  
(Schreiber & Burger 2000):

Charadriiformes
Procellariiformes
Pelecaniformes
Sphenisciformes



Sphenisciformes

• Antarctic and sub-antarctic; flightless, deep-divers

Aptenodytes J. F. Miller, 1778 
Eudyptes Vieillot, 1816
Eudyptula Bonaparte, 1856 
Megadyptes Milne-Edwards, 1880 
Pygoscelis Wagler, 1832 
Spheniscus Brisson, 1760 

One Family:                 

Spheniscidae - penguins

Six Genera:                 



Sphenisciformes
Emperor penguin 
(Aptenodytes forsteri) is 
the tallest and heaviest 
of all living penguins and 
is endemic to Antarctica.

Reach 122 cm (48 in) in 
height and 22 - 45 kg 
(49 - 99 lb) in weight. 

Dive to 535 m (1,755 ft) and              
remain submerged up to 27 mins. 

Lifespan up to 40 years; some 
individuals reach 50 years.

(Fretwell & Trathan 2009)



Sphenisciformes

The Little (or fairy) Penguin (Eudyptula
minor) is the smallest penguin species.
Reaches 33 cm (13 in) in height and            
1.1 – 1.2 kg (2.4 – 2.6 lb). 

Found on the coastlines of southern 
Australia and New Zealand.

Dive down to 67 m (220 ft), 
but usually remain within           
5m (16 f) from the surface.

Lifespan, derived from 
banding records, at                   
least 22 years of age.



Procellariiformes

• Tubenoses: pan-oceanic, diverse life-styles, far-ranging 

• Four Families:

Diomedeidae - albatrosses

Procellariidae - fulmars, prions, shearwaters, gadfly petrels

Pelecanoididae - diving petrels

Hydrobatidae - storm petrels 



Procellariiformes Families
Diomedeidae - albatrosses           Hydrobatidae - storm petrels

Smallest petrels (~ 20 – 30 g), 
feed on planktonic crustaceans 
fish eggs, and small fish and 
squid from the surface.

Do not dive, but hover and           
walk on water (pattering).

Flight is fluttering:                        
swallow or bat-like.

Among largest of flying birds, the 
great albatrosses (genus Diomedea) 
have largest wingspan of any extant 
bird, reaching up to 12 feet (3.7 m). 

Surface foragers: eat fish / squid.
Soaring flight. Little diving (1 – 2 m).

Organized into 4 genera, but still in 
disagreement over number of species.



Procellariiformes Families
Procellariidae - petrels             Pelecanoididae - diving petrels

Procellariids are the most numerous 
and diverse family of tubenoses. 

They range in size from the giant 
petrels, as large as the smaller 
albatrosses, to the prions, which are 
as small as the larger storm-petrels.

Some dive, some feed at the surface.

Species poor group, with         
four very similar species              
in one family Pelecanoididae
and one genus Pelecanoides.

Small diving petrels, 120-
200 g (4 - 7 oz) in weight.

Diving petrels live in the 
southern ocean; up to Peru.



Charadriiformes

Charadriiformes (Worldwide; 305 species)

5 seabird families:
Alcidae - auks

Laridae - gulls
Stercorariidae - skuas
Sternidae - terns
Rhynchopidae - skimmers

NOTE:  We will exclude shorebirds:  
(Scolopacidae - phalaropes)



Charadriiformes
Alcidae - auks

24 species: 

auklets, puffins, murres,            
murrelets, guillemots, razorbill

Range in size from the Least Auklet,                 
at 85 g (3 oz) and 15 cm (6 in), to        
the Thick-billed Murre, at 1 kg 
(2.2 lb) and 45 cm (18 in). 

Live in northern hemisphere.  

Good swimmers and deep divers. 

Modern auks can fly (except for                
the recently extinct Great Auk). 



Charadriiformes
Laridae – gulls                Stercorariidae - skuas

Until XXIst century most gulls 
placed in genus Larus, but now 
group is considered polyphyletic:
57 species and 11 genera

Diverse species: coastal to 
oceanic, Tropical to Polar

Herring Gull
Larus argentatus

Ivory Gull
Pagophila eburnea

7 species in genus 
Stercorarius.  

The three smaller skuas are 
called jaegers, derived from 
the German word Jäger, 
meaning "hunter".

South Polar Skua
Stercorarius maccormicki



Charadriiformes

Sternidae – terns               Rhynchopidae - skimmers

Worldwide distribution; occur near 
coast, rivers, lakes and wetlands.

Previously considered subfamily of 
Laridae, now given full family status.

44 species divided into 11 genera

White Tern
Gygis alba

Sooty Tern
Onychoprion fuscatus

Tern-like birds with elongated 
lower mandible, used for fishing. 

Family comprises 3 species in              
genus Rynchops, found in South 
Asia, Africa, and the Americas.

Black Skimmer 
Rynchops niger



Pelecaniformes

Order Pelecaniformes (57 species, 5 seabird families)

Originally Five Families:

Pelecanidae pelicans
Sulidae gannets and boobies
Phalacrocoracidae cormorants
Fregatidae frigatebirds
Phaethontidae tropicbirds



Splitting the Pelecaniformes

In 1999, the American Ornithological Union (AOU) altered                         
the traditional order Pelecaniformes to reflect new data on 
their relationships, by creating the new order, Suliformes

Revised Order Pelecaniformes

Pelecanidae - pelicans                      Pelecaniformes
Phaethontidae - tropicbirds

Sulidae - gannets and boobies
Phalacrocoracidae - cormorants                Suliformes
Fregatidae - frigatebirds



Revised Pelecaniformes

Order Pelecaniformes (2 seabird families)

Pelecanidae - pelicans               Phaethontidae - tropicbirds

Characterized by a long beak 
and large throat pouch used in 
catching prey and draining 
water from the scooped up 
contents before swallowing.

Most closely related to the 
Shoebill – freshwater species.

Tropicbirds are one family, 
Phaethontidae, of tropical birds. 

Relationship to other birds unclear, 
appear to have no close relatives.

Calls to classify them in their own 
separate order Phaethontiformes 



Suliformes

Order Suliformes (3 seabird families)

Sulidae - gannets and boobies

Medium-large coastal birds that plunge-dive for fish and squid.

Ten species in this family considered congeneric in older sources, 
placing all in the genus Sula. 

However, the genus Sula (boobies) and Morus (gannets) are 
distinguished by morphological / behavioral / genetic characters.



Suliformes

Order Suliformes (3 seabird families)

Phalacrocoracidae - cormorants         Fregatidae - frigatebirds

40 species of cormorants / shags.

Several different classifications 
have been proposed recently, and 
the number of genera is disputed.

All divers and fliers… except one 

5 species in the single 
genus Fregata. They are 
sometimes called Man of 
War birds or Pirate birds.

Piscivores (fish-eaters) 
and kleptoparasites



Summary - Seabird Taxonomy

• Need to know: 5 orders and 15 families of seabirds:

Sphenisciformes (1 family) – all seabirds
Procellariiformes (4 families) – all seabirds

Pelecaniformes (2 families) – some freshwater
Suliformes (3 families) – some freshwater
Charadriiformes (5 families) – not all seabirds

• Ecological Definition:  

bird species that make a living in marine environment; 
derive energy exclusively from the sea



Summary - Seabird Taxonomy

• Diverse Lifestyles 

seabirds have diversified widely … 

vary in lifestyle, behaviour and physiology

• Convergent Ecology:  

exhibit striking convergent evolution

the same constraints resulted in similar adaptations



Cladograms Map Relatedness

• Inherited / Evolved Adaptations:  

Mapping traits over evolutionary history 

• Morphology

• Genetics

Nunn, G.B., and Stanley, S.E. 1998. Body 
Size Effects and Rates of Cytochrome 
b Evolution in Tube-Nosed Seabirds.            
Mol. Biol. Evol. 15(10): 1360–1371.



• Convergent Ecology:  

the same ecological 
constraints result in 
similar adaptations 

• Morphology 

• Behavior

Paterson, A.M., Wallis, G.P., 
and Gray, R.D. 1995. Penguins, 
Petrels, and Parsimony: Does 
Cladistic Analysis of Behavior 
Reflect Seabird Phylogeny?
Evolution 49(5): 974-989.

Novel Approaches



The oldest seabird fossil            
from the late Cretaceous             
(65 MYBP) in New Jersey.  

Cretaceous: 145 - 66 MYBP.

Relatively warm climate, 
resulting in high sea level and 
numerous shallow inland seas. 
These oceans and seas were 
populated with now extinct 
marine reptiles and ammonites.

The end of the Cretaceous is 
defined by the mass extinction 
event, which lies between the 
Mesozoic and Cenozoic Eras.

Seabird Evolution - Context



Seabird Fossils
Seabirds are well represented in the fossil record, and are first 
known to occur in the Cretaceous Period, the earliest being the 
Hesperornithiformes

Hesperornis regalis, a flightless loon-like seabird that could dive           
in a fashion similar to grebes and loons (using its feet to move 
underwater) but had a beak filled with sharp teeth.

Gregory, J. (1952). The Jaws of the Cretaceous Toothed 
Birds, Ichthyornis and Hesperornis.  Condor 54 (2): 73–88. 



Cretaceous Seabirds
While Hesperornis did not 
leave descendant species, the 
earliest modern seabirds 
also occurred in Cretaceous

Tytthostonyx glauconiticus
thought to be related to  
the  Procellariiformes
or Pelecaniformes

Olsen, S. and Parris, D.C. (1987). "The Cretaceous Birds of New 
Jersey." Smithsonian Contributions to Paleontology, 63: 22pp.



Eocene Seabirds
In Paleogene (Paleocene – Oligocene , 
65 - 23 MYBP), seabirds consisted of 
archaic penguins and extinct bonytooth
pelecaniformes (Pelagornithidae)

In the Eocene (55 – 34 MYBP), there  
were four dominant groups: 

• Elagornithidae & Plotopteridae
(extinct Pelecaniformes families)

• Petrels (family Procellariidae) 

• Large penguins (family Spheniscidae)

Olson, S.L. & Hasegawa, Y. 1979. Fossil                   
counterparts of giant penguins from the                       
North Pacific. Science 206: 688-689.



Eocene Seabirds
Pelagornithidae: Marine Geese / Swans
Earlier authors considered these marine birds 
to be most closely related to ‘Pelecaniformes’ 
or Procellariiformes, but recent phylogenetic 
analyses suggest sister group to Anseriformes.

Plotopteridae: Large Northern penguin-like birds

Plotopteridae is the scientific name for the 
small plotopterid family, including six species.

All species were flightless diving birds, with 
flippers, short feet, and dense bones like 
those of penguins (Olson & Hasegawa 1979).

Copepteryx hexeris,           
with the silhouette of an  
emperor penguin for scale



Evolution of Modern Seabirds

Modern genera began wide radiation in 
the Miocene, although many genera might 
date back to the Oligocene (~ 35 MYBP).

Highest diversity of seabirds during   
Late Miocene and Pliocene (10 – 2 MYBP). 

At the end of Pliocene, the oceanic food 
webs were in flux due to extinction of 
many marine species.

Subsequently, the spread of marine 
mammals prevented seabirds from 
reaching higher diversity in Pleistocene.



Drivers of Modern Seabird Evolution

• Miocene – marked by permanent East Antarctic ice cap, drop in 
sea level, and increase in latitudinal thermal gradient in oceans.

Increase in wind patterns lead to intensification of the gyral
circulation and coastal upwelling (Warheit 1992).

• Pliocene - Development of the California Current (California)            
and the Benguela Current (South Africa) upwelling systems

Cold water                         Highly productive 



Seabirds of Upwelling Systems

Two important habitats for modern seabird evolution:

South Africa (Benguela Current): 
evolution of penguins and petrels 
(prions, shearwaters, albatrosses) 

California Current System: 
transition from the archaic 
pelecaniformes to a modern 
avifauna, similar to current 
upwelling system faunas



Summary - Seabird Evolution

• Ultimate drivers difficult to ascertain (Warheit 1992):
- changing geology (sea level / coastlines)
- changing climate (temperature / productivity)
- ecological interactions (competition /predation)

• Seabird fossils very abundant:  good environments
- shallow seas 
- sedimentary environment

• Fossil record provides:
- evidence of many extinct species
- clues of geographic distribution
- hints for modern seabird evolution



Summary – Past Extinctions

• Fossil and sub-fossil records document extinctions:

Extinct Sphenisciformes

Anthropornis nordenskjoldi
(45 – 37 MYBP) Antarctica

(1.7 m, 90 kg)

Pachydyptes ponderosus
(34 – 37 MYBP) Antarctica

(1.6 m, 100 kg)

Extinct Pelecaniformes

Copepteryx titan (Plotopteridae)
1.7 m tall (28.4 – 23 MYBP)

(1.7 m, 80 kg)



Summary - Recent Extinctions

Oʻahu Petrel (Pterodroma jugabilis) is
an extinct species of very small gadfly 
petrel known only from subfossil material.

No close relatives in living Pterodroma.

Remains have been recovered from Barbers 
Point, Oʻahu, and from lava tubes in the 
North Kona District of Hawaiʻi. 

Probably bred elsewhere in Hawaiian 
Islands, and possibly in the Pacific. Most 
bones from archaeological sites, indicating 
birds used as food by Hawaiians.

Olson, S.L. and James, H.F. 1991. Descriptions of thirty-two new species of 
birds from the Hawaiian Islands: Part I. Non-Passeriformes. Ornithological 
Monographs 45: 17–22.



Resources - Seabirds of Hawaii & the World

Annotated List of Seabirds of the World:
http://www.oceanwanderers.com/Seabird.Home.html

Seabird Guide of the Pacific Islands Region:
http://www.fpir.noaa.gov/SFD/SFD_seabird_guide.html

Seabirds of Hawaii: 
http://archives.starbulletin.com/2004/06/05/news/story3.html

Birds of the Hawaiian Islands: 
http://hbs.bishopmuseum.org/birds/rlp-monograph/



Resources - Seabird Taxonomy

Integrated Taxonomic Information System:

http://www.itis.gov/

Avian Phylogenomics:

http://avian.genomics.cn/en/
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