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Introduction


For over one hundred years the Order Pinnipedia has presented numerous problems for zoologists and taxonomists.  Because many of the morphological characters in the clade are derived, it was difficult to identify the Carnivorian ancestor(s).  A prevalent view in the 1960s and 1970s (one that first appeared in the late 19th century) was a diphyletic evolution of the Pinnipeds.  In this view, Otarioidea, the walruses (Odobenidae) and sea lions/fur seals (Otariidae), evolved from a common ursid ancestor, while the true seals (Phocidae) evolved from a common mustelid ancestor. (Tedford, 1976)  The diphyletic view has been challenged in recent years, and instead it has been proposed that pinnipeds are, in fact, monophyletic. (Arnason, 1986; Wyss, 1988; Berta, et al, 1989; Adam, 2000; Cozzuol, 2001; Walsh, 2002)  The monophyletic view has all the families of the pinnipeds evolving from a common mustelid ancestor. (Arnason, 1986)


The question that arises out of this confusion is:  which view is correct?  As this essay will show, the new morphological analysis of extant and extinct pinnipeds in conjunction with genetic tests of living taxa will demonstrate that Pinnipedia is a monophyletic group, thus disproving the old diphyletic hypothesis.

General Characteristics of the Pinnipeds

Pinnipeds are generally adapted to aquatic life, whether that is for short periods (for example the harbour seal, Phoca vitulina) or long periods (for example the northern fur seal, Callorhinus ursinus) of time. (Scheffer, p. 7)  Some migrate with the seasons to take advantage of warmer weather, while others flourish in arctic conditions. (Scheffer, p. 7)  Although, even when on land for long or short time spans, they do not frequent shores of continents; they prefer islands, sandbars, large offshore rocks, or ice flows. (Scheffer, p. 7)  And because they cannot defend themselves well against predators, their breeding grounds are often isolated. (Scheffer, p. 7)


The body size of pinnipeds ranges greatly, but is generally smaller than the larger Carnivora species (such as Black Bears and Mountain Lions), with the females in the Phocidae being approximately the same size as males, sometimes larger (as in the monk seal), and sometimes smaller (all of the Otariidae). (Scheffer, p. 8)  The shape of the body is streamlined, as would be expected in a marine mammal (a convergent feature shared with Cetaceans), and the skull is somewhat telescoped. (Scheffer, p. 8)


The humerus and femur are extremely short compared with other Carnivores. (Scheffer, p. 8)  There are always five phalanges with web-like flesh between the digits. (Scheffer, p. 8)  Most pinnipeds have small claws terminating the phalanges, with the hind claws usually bigger than the fore claws. (Scheffer, p. 8)


The phocids use spinal undulations on land for locomotion, and swim in the water using hind flipper sweeps. (Adam, 2000)  The otariids have an ambulatory terrestrial gait, and swim with fore flipper strokes. (Adam, 2000)  On land, the odobenids are like otariids, while in the water, they swim like phocids. (Adam, 2000)


The pinnipeds have fewer and more uniform teeth than other Carnivores, and they have no carnassial cusps. (Scheffer, p. 16)  The pinnipeds have between 18 (one species of Odobenidae) and 38 (one species of Otariidae) teeth. (Scheffer, p. 16)

In Support of Diphyly

 The basic classification of pinnipeds seems to be agreed upon by most zoologists.  As outlined in Tedford’s 1976 article, pinniped classification is composed of the following:

Order:  Carnivora


Superfamily:  Canoidea



Superfamily:  Arctoidea




Family:  Ursidae




Family:  Procyonidae




Family:  Mustelidae

The dispute arises when attempting to place the pinnipeds within the Arctoidea.  As mentioned above, in the diphyletic view, the Phocidae are descended from mustelid ancestors, and Otariidae and Odobenidae (collectively the Otarioidea) are descended from ursid ancestors, thus making the group paraphyletic (Fig. 1).  Tedford argues that there are hardly any non-convergent traits related to aquatic adaptation that link the Phocidae and Otarioidea as sister groups to one another, thus supporting a diphyletic origin. (Tedford, 1976)
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Fig. 1:  a phylogenetic tree of the diphyletic view of the pinnipeds.  OG=Out Group (i.e. other families of carnivores)

A fossil of the Potamotherium genus was found in Early Miocene sediment, and is thought to be an aquatic arctoid. (Tedford, 1976)  The postcranial skeleton shows features consistent with the utilisation of body flexion during swimming, which is a feature shared with the phocids. (Tedford, 1976)  Features of the dentition show that Potamotherium may be descended from mustelids. (Tedford, 1976)  The link is especially strong when comparing the sickle-shaped scapula of Potamotherium with extant phocids and mustelids. (Tedford, 1976)  The large infraspinatus fossa divided by a secondary ring on the scapula is indicative of the proposed intermediate step.  Thus, Tedford believes that Potamotherium is the link between Mustelidae and Phocidae. (1976)


Enaliaractos, a primitive otarioid from the Early Miocene, “show[s] an ear region lacking many of the modifications for underwater hearing and hence showing greater resemblance to terrestrial forms.” (Tedford, 1976)  It also had carnassials, which is also synplesiomorphic with terrestrial carnivores. (Tedford, 1976)  Thus, basal otarioids share many characters with the Ogliocene ursid subfamily, and Enaliaractos is the link between Otarioidea and Ursidae. (Tedford, 1976)

In Support of Monophyly


Since the mid-1980s there has been increasing evidence for a monophyletic origin of the pinnipeds.  Most of the characters that were judged in the past to be convergent on a semi-aquatic or aquatic lifestyle were looked at again, and assigned as synapomorphies that distinguish Pinnipedia from other arctoids.  As referred to above, in the monoplyletic view of the pinnipeds, all phocids, otariids, and odobenids evolved from a common ancestor. (Arnason, 1986; Wyss, 1988; Berta, et al, 1989; Adam, 2000; Cozzuol, 2001; Walsh, 2002)  With strong reference to genetic data especially, that common ancestor apparently comes from a mustelid lineage (Fig. 2). (Arnason, 1986)
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Fig. 2:  a phylogenetic tree of the monophyletic view of the pinnipeds.  OG=Out Group (i.e. other families of carnivores)


In a 1988 paper by Wyss, which was one of the first studies of flippers with regards to phylogeny of the pinnipeds, he outlines all the morphological synapomorphies including flipper morphology, foot morphology, apendicular skeleton morphology, cranial morphology, and he also looks at a functional perspective with respect to modes of swimming.


Synapomorphies for flipper morphology include 1) marked elongation and enlargement of both major elements of first digit of manus, 2) progressive decrease in emphasis of digits I-V on manus, 3) strong reduction of fifth intermediate phalanx of manus, 4) strong development and elongation of first metatarsal and proximal phalanx, 5) well-developed and elongated major elements of digit V on pes, 6) weak development of digit III, 7) phalangeal flattening and non-trochleated, hinge-like interphalangeal articulations, and 8) reduction of the median keel on the disto-plantar surface of the metacarpal heads and their associated pits on the proximal phalanges. (Wyss, 1988)


Synapomorphies for the foot morphology include 1) strong development and elongation of metatarsal I and the first proximal phalanx, 2) well-developed and elongate major elements of digit V, 3) weak digit III, and 4) a similar pattern of metapodial-phalangeal and interphalangeal articulations discussed for the hand. (Wyss, 1988)


Appendicular skeleton synapomorphies include 1) well-developed greater and lesser trochanters, 2) strong deltoid-pectoral crest, 3) marked shortening of the humerus, 4) short, antero-posteriorly flattened femur with fovea for teres femoralis ligament lacking or greatly reduced, 5) olecranon process of ulna is spatulate, and 6) dorsoventrally broad distal half of radius. (Wyss, 1988)


The cranial monophyletic evidence includes 1) details of ossicular morphology, 2) lack of pit for insertion of tensor tympani muscle, 3) round window greatly enlarged over oval window, 4) basal whorl of scala tympani enlarged, and 5) maxillary contribution to anterior rim and wall of orbit. (Wyss, 1988)


Evidence from a functional perspective also leads credibility to the monophyletic origin theory.   Walruses and true seals use thrust produced by stroking the hind limbs back and forth to swim, while sea lions and furred seals use their fore limbs. (Wyss, 1988)  Therefore, because their limb structures are so similar (see above), but are used in different ways, they must have evolved from a common ancestor. (Wyss, 1988)


All of the above characters discussed also occur in all fossil pinnipeds that are known, leading even more credence to the monophyletic theory.  Although not all of the characters are found in all extant phocids (though most are), that is clearly because of derived characters in those groups. (Wyss, 1988)


A common ancestry for the pinnipeds is also supported by genetic data.  Because convergence in DNA sequences in unlikely to occur, genetic data is a good source of phylogenetic data. (Arnason, 1986)  DNA data from many species in the three pinniped families was compared to DNA from six mustelids, and four non-mustelid carnivores (raccoon, polar bear, domestic dog, and domestic cat). (Arnason, 1986)  Results from the hybridisation showed that all of the pinnipeds had identical fragment lengths for each of the components. (Arnason, 1986)  All of the mustelids except the skunk had three out of four components hybridise to fragments of the same length. (Arnason, 1986)  There was imperfect success with raccoon DNA, and hardly any success with polar bear, dog, and cat DNA.  Therefore, all of the pinnipeds evolved from a common mustelid ancestor, not just the phocids, and the otariids and odobenids did not evolve from ursids. (Arnason, 1986)  “In our opinion the presence of a pinniped-specific highly repetitive DNA component suggests that the pinniped ancestors separated from the mustelids as a common lineage…” (Arnason, 1986)


Berta et all took another look at Enaliarctos, a fossil genus once believed to be the link between terrestrial ursids, and extant Otarioidea. (Berta et al, 1989)  However, they found that Enaliarctos is actually the sister taxon to all other pinnipeds. (Berta et al, 1989)  There are numerous features supporting this including 1) the suprasinous fossa, the origin of the suprasinatus muscle, is large showing the anterior rotation of the scapula, 2) there is a strong deltopectoral crest and enlarged tuberosities on the humerus for humerus adduction and flexion, 3) Enaliarctos appears closer to terrestrial arctoids than modern pinnipeds, because the olecranon process is broad and massive, but it does not have the modern pinniped feature of a posteriorly expanded hook shape, and 4) flat articular surface for attachment of cartilaginous extension on the terminal phalanges (also a non-modern feature).  The swimming locomotion of pinnipeds is also used here to show that Enaliarctos is the sister taxon to modern pinnipeds.  “The skeletal morphology of Enaliarctos suggests that pinnipeds primitively swam using the axial skeleton as well as both fore and hind flippers.” (Berta et al, 1989)


Synplesiomorphies between Enaliarctos and terrestrial arctoid include 1) knob-like acromion process on scapula, 2) lack of muscular process on malleus, and 3) shelf-like anteromedially placed fourth upper premolar protocone. (Berta et al, 1989)


Features that divide Enaliarctos from Pinnipedia include 1) six lumbar vertebrae versus 5, 2) the ulna does not have a posteriorly expanded olecranon process, 3) the radius lacks strongly flattened and expanded distal ends, 4) the fifth intermediate phalanx of the manus is unreduced, 5) the femur bears a distinct pit on the head for the teres femoris ligament, and 6) the metapodial shafts are rounded in cross section, their heads are keeled, and the phalanges bear strongly trochleated articulations. (Berta et al, 1989)


A researcher wrote a response to Berta et al’s paper disagreeing with their assessment. (Repenning, 1990)  He concluded that many of the synapomorphies between Enaliarctos and the extant pinnipeds were due to convergence.  However, Berta replied, “[this] is highly subjective, and ingnores sweeping changes in systematic theory during the past thirty years.” (Berta et al, 1989)  And, “That it is possible for features to be functionally important yet remain phylogenetically informative is undeniable.” (Berta et al, 1989)  Also they said that Repenning disregarded the fact that there are many features of the flippers,

as well as cranial characters that are synapomorphies for the pinnipeds, and do no occur in other vertebrates. (Berta et al, 1989) 

Conclusion


From the morphological analysis detailed above of extant and extinct pinnipeds in combination with genetic data demonstrates that Pinnipedia is a monophyletic group, thus disproving the old diphyletic hypothesis.


The major problem with the diphyletic view is that it assumes too many features are the result of convergence.  As Wyss states, “The mere association of a given evolutionary innovation with a particular lifestyle does not diminish its phylogenetic relevance.” (Wyss, 1988)


Both of the main points of the dyphyletic view have now been disproven.  Mustelids are not just the ancestors of phocids, but of all pinnipeds, as proved by genetic data. (Arnason, 1986)  Cozzuol emphasises, “The hypothesis favouring a separate origin of the Phocidae from a mustelid Potamotherium is less parsimonius than a monophyletic origin for the pinnipeds.” (Cozzuol, 2001)   And Enaliarctos is not the link between ursids and otarioids, but instead the sister taxon to all the pinnipeds, as proved by numerous morphological data. (Berta et al, 1989)


Therefore, true (earless) seals, fur seals, sea lions, and walruses all evolved from a common ancestor of probable mustelid origin, and no pinniped family is very closely related to ursids.  It seems this 100-year-old mystery can finally be put to rest.
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