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Marine sediments from the western coast of southern Africa record the origin of the
Benguela Upwelling System, one of the most productive in the world. High
productivity, in turn, is reflected in a diverse marine mammal fossil assemblage,
comprising whales, dolphins and a phocid seal. Here, we describe new records of
baleen whale (mysticete) fossils from the early Pliocene localities of Saldanha Steel,
Milnerton and Langebaanweg, as well as several potentially younger specimens
trawled fromoffshore sediments. The presence of the extinct rorqualsDiunatans and
Fragilicetus suggests biogeographical links with the eastern North Atlantic and, thus,
potentially antitropical population structuring. The trawled specimens also include
rorquals (e.g., the blue whale, Balaenoptera cf. musculus), as well as a right whale
(Eubalaena) and a pygmy right whale (Caperea). The latter is the first fossil of this
family every discovered in Africa, and only the seventh specimen to be reported
worldwide.
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1 Introduction

The Benguela Upwelling System (BUS) along Africa’s southwest coast supports one of the
world’s most productive marine ecosystems (Ansorge and Lutjeharms, 2007). After originating
during the Late Miocene, the BUS intensified during the early Pliocene (ca 5 million years, Ma),
creating a nutrient-rich environment with a diverse marine mammal assemblage (Hendey,
1976; Hendey, 1981; Tankard and Rogers, 1978; Siesser, 1980; Siesser and Dingle, 1981;
Govender et al., 2016; Govender, 2019; 2021). The latter inhabited a cold temperate coast
featuring scattered islands during times of high sea level (Hendey, 1981; Erasmus, 2005; Roberts
et al., 2011). Embayments and lagoons provided shelter, feeding opportunities and likely also
breeding grounds, as suggested by the presence of pups and calves (Hendey, 1981; Govender
et al., 2012; Govender et al., 2016; Govender, 2019; Govender, 2021).

Previous studies on the Mio-Pliocene marine mammals from western South Africa have
revealed a phocid seal (Homiphoca capensis), sperm whales, beaked whales, dolphins, porpoises,
right whales, rorquals, and even a grey whale (Hendey and Repenning, 1972; Muizon and
Hendey, 1980; Govender et al., 2011; Govender et al., 2012; Govender et al., 2016; Govender,
2015a; Govender, 2015b; Govender, 2018; Govender, 2019; Govender, 2021). Together, the
latter suggest links with the North Atlantic, the Mediterranean, and the eastern North and
South Pacific (Govender, 2019; Govender, 2021). In addition, offshore finds hint at a diverse
beaked whale assemblage, again reflecting high primary productivity (Bianucci et al., 2007).

Here, we further expand the regional Pliocene marine mammal record via new fossils from
the localities of Saldanha Steel, Milnerton and Langebaanweg (“E” Quarry). In addition, we
report specimens trawled from the seafloor off the Cape Peninsula and south coast (Figure 1A).

OPEN ACCESS

EDITED BY

Borja Figueirido,
University of Malaga, Spain

REVIEWED BY

Michelangelo Bisconti,
University of Turin, Italy
Salvatore Siciliano,
Fundação Oswaldo Cruz (Fiocruz), Brazil

*CORRESPONDENCE

Romala Govender,
rgovender@iziko.org.za

SPECIALTY SECTION

This article was submitted to Paleontology,
a section of the journal
Frontiers in Earth Science

RECEIVED 30 September 2022
ACCEPTED 28 December 2022
PUBLISHED 12 January 2023

CITATION

Govender R and Marx FG (2023), New
cetacean fossils from the late Cenozoic of
South Africa.
Front. Earth Sci. 10:1058104.
doi: 10.3389/feart.2022.1058104

COPYRIGHT

© 2023 Govender and Marx. This is an
open-access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Earth Science frontiersin.org01

TYPE Original Research
PUBLISHED 12 January 2023
DOI 10.3389/feart.2022.1058104

https://www.frontiersin.org/articles/10.3389/feart.2022.1058104/full
https://www.frontiersin.org/articles/10.3389/feart.2022.1058104/full
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2022.1058104&domain=pdf&date_stamp=2023-01-12
mailto:rgovender@iziko.org.za
mailto:rgovender@iziko.org.za
https://doi.org/10.3389/feart.2022.1058104
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2022.1058104


2 Geological/palaeoenvironmental
setting

During the Mio-Pliocene, sea surface temperatures off the South
African west coast changed from warm tropical to cold temperate

(Siesser and Dingle, 1981; Pether et al., 2000). Intensification of
upwelling created a nutrient-rich coastal environment characterised
by moist onshore conditions, warmer offshore sea surface
temperatures, and phosphorite formation (Siesser and Dingle, 1981;
Tankard and Rogers, 1978).

FIGURE 1
(A) Fossil localities on the west coast where specimens were collected. (B) Coastline during the 30 m sea level high when sediments were deposited
along the west coast (grey early Pliocene coastline).
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Marine deposits recording this development occur at the fossil-
rich Langebaanweg “E” Quarry, which straddles the Middle Miocene
to early Pliocene (Hendey, 1981; Hendey, 1989; Roberts et al., 2011).
The specimens described here were collected from the upper part of
the Varswater Formation, which records a 30 m transgression and
comprises the Langeberg Quartzose Sand (LQSM) and the Muishond
Fontein Pelletal Phosphorite Members (MPPM) (Roberts et al., 2011).
The latter was deposited in an embayment with a barrier bar between
“E” Quarry and granitic offshore islands (Figure 1B; Tankard, 1974;
Hendey, 1976; Smith and Haarhoff, 2006), and includes estuarine,

marine and some river facies. Fossils from the LQSM and MPPM are
mainly concentrated in lag deposits likely dating to the earliest
Pliocene, 5.15 ± .1 Ma (Roberts et al., 2011).

In the vicinity of Saldanha Steel, fossiliferous shallow marine
deposits occur in channel-like depressions possibly formed by the
proto-Berg River (Rogers, 1980; Roberts, 1997). Pristine teeth
belonging to coastal sharks suggest a low energy, possibly estuarine
environment, but some specimens also show abrasion due to tidal
reworking or secondary derivation from older deposits (Roberts 1997).
The occurrence of phosphatised shark teeth plausibly locates Saldanha

FIGURE 2
Balaenoptera cf. musculus SAM-PQ-3082 in (A) ventral, (B) dorsal, (C) medial, and (D) lateral view, scale=5 cm. Balaenoptera sp. SAM-PQ-3086 in (E)
posteromedial, (F) posterolateral, (G) posteroventral, and (H) dorsal view, scale=2 cm. Diunatans luctoretemergo SAM-PQSS-223 in (I)medial, (J) lateral, (K)
posterior, and (L) dorsal view, scale=2 cm.
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Steel in the upper Varswater Formation, tentatively implying an
earliest Pliocene age (see above; Rogers, 1980; Roberts, 1997;
Roberts et al., 2011). Warm-water species like Galeocerdo cf. cuvier,
Carcharhinus leucas, C. obscurus and Carcharias cf. taurus suggest
tropical conditions still notably warmer than today (Tankard, 1975;
Hendey, 1981; Roberts, 1997; Kock, 2002). The presence of Isurus and
Carcharhinus altimus (including some juveniles) furthermore
indicates an inshore environment crossed by deep channels (Kock,
2002).

At Milnerton, the MPPM extends to the mouth of the Diep River
(Rogers, 1980; Rogers, 1982; Roberts, 2006; Avery and Klein, 2011).
Cetacean fragments and a small terrestrial component
(Gomphotherium, equid and rhinoceros remains) have been found
at the Milnerton Lagoon mouth, with additional material of uncertain
provenance occurring up to 200 m offshore (Avery, 1995). Like
Koeberg, this area may have been the site of a temporary lagoon
delimited by a barrier spit (Rogers, 1979).

Besides these onshore locations, Neogene offshore deposits occur
along the entire coast except for a small gap west of the Agulhas Bank
(Rogers, 1980; Dingle et al., 1983; Avery, 1995; Roberts et al., 2006).

The overall sediment cover is thin and somewhat erratic, however, and
seafloor exposures are limited (Wigley and Compton 2006).
Phosphatised cetacean remains trawled from this area could date to
the Mio-Pliocene, but plausibly also be as young as Pleistocene or even
Holocene (Compton and Wiltshire 2009).

3 Materials and methods

Specimens from Saldanha Steel come from the first and
second excavations in 1997 and were retrieved via sieving
(Roberts, 1997). They are relatively well preserved, but all
suffered some damage. At Milnerton, material was found
either at the lagoon mouth or picked up from the beach in
1974 and again in late 1993 to early 1994 (from catalogues).
Fossils from this area often show signs of rolling, abrasion, and
breakage. Two periotics from Langebaanweg (“E” Quarry) were
collected in 1968 (SAM-PQL-11680) and 1977 (SAM-PQL-
54708), respectively; they are abraded and fragmentary, and
only preserve the pars cochlearis.

TABLE 1 Measurements (in mm) of isolated tympanic bullae from Saldanha Steel, Langebaanweg, Milnerton, and offshore trawls.

Specimen
number

SAM-PQ-
3082

SAM-PQ-
3089

SAM-PQ-
3083

SAM-PQ-
3085

SAM-PQ-
3088

SAM-PQ-
3093

SAM-PQ-
3090

SAM-PQ-
3096

SAM-PQ-
2716

Length 130.36 134.30 116.71 95.76 111.34 89.69 93.99 145.66 145.91

Width 80.89 79.79 63.51 49.67 47.54 56.84 58.07 91.55 74.93*

Involucrum width 41.05 36.35 40.79 37.93 38.69 28.11 28.20 51.69 36.86

Greatest depth 53.00 44.00 46.00 34.00 19.84 34.50 48.00 29.66 36.00

*Measured at conical process as rest of the lateral margin is broken.

TABLE 2 Measurements (in mm) of isolated periotics from Saldanha Steel, Langebaanweg, Milnerton, and offshore trawls.

Specimen number SAM-
PQSS-223

SA-
PQSS-224

SAM-PQMT-
2800

SAM-PQMT-
2063

SAM-PQL-
11680

SAM-PQL-
54708

SAM-PQ-
3080

Length 90.34 75.69 90.23 75.82 - - 96.10

Width 60.61 53.03 67.42 62.56 45.05* 53.23* 57.19

Pars cochlearis length 46.34 46.96 36.64 34.21 45.68 45.39 49.24

Pars cochlearis width 36.74 33.76 33.67 30.65 32.58 29.12 32.10

Transverse width anterior
process

34.76 29.93 38.74 26.80 - - 67.89

Specimen number SAM-PQ-
3081

SAM-PQ-
3084

SAM-PQ-
3086

SAM-PQ-
3087

SAM-PQ-
3091

SAM-PQ-
3092

SAM-PQ-
3094

SAM-PQ-
3095

Length 126.29 120.45 55.77 60.82 70.73 45.50 65.35 (80.01)** 75.04

Width 101.16 118.11 53.08 49.72 48.74 41.80 57.06 58.27

Pars cochlearis length 58.77 71.24 40.38 34.87 30.22 25.82 44.81 45.28

Pars cochlearis width 43.51 61.85 23.15 18.15 18.44 17.97 30.86 28.33

Transverse width anterior
process

56.11 62.89 27.96 24.83 29.77 28.64 27.64 31.62

*Only pars cochlearis preserved.

**Measurement includes part of posterior process.
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Finally, all but one of trawled specimens were collected using a 15-
foot beam trawl at stations A316 (34° 42S 16° 54′E;
1,500–1,580 fathoms = 2743.2–2889.5 m) and A322 (34° 36S 17°

00′E; 2743 m) of the RV Africana II routine cruise off the Cape
Peninsula in December 1959 (Thandar, 1999). One specimen was
collected from Station D002 (35° 01S 24° 60′E; 914 m) of the F. R. S.
Africana Voyager III demersal cruise, which began at Cape Agulhas
(20°E) in 1993 (Barange et al., 1998). All specimens are now housed in
the Cenozoic Palaeontology Collections at Iziko South African
Museum (SAM). Anatomical terminology follows Mead and
Fordyce (2009) and Ichishima et al. (2021).

4 Systematic palaeontology

Cetacea Brisson, 1762
Mysticeti Gray, 1864
Balaenopteridae Gray, 1864
Balaenoptera Lacépède, 1804
Balaenoptera cf. musculus (Linnaeus, 1758)
Referred material. SAM-PQ-3082—right bulla

lacking the posterior portion of the outer lip (Figures 2A–D;
Table 1).

Locality and Horizon. Trawled, RVAfricana II, 8 December 1959,
Station A316.

Age. Unknown.
Description. In ventral view, the bulla is relatively long (130 mm;

Table 1) and marked by a somewhat squared anterior border with a
weakly developed anterolateral shelf. In dorsal view, the main ridge is
moderately convex. The involucral ridge is notably retracted from
both the medial and posterior margins, and anteriorly does not extend
beyond the main ridge. The Eustachian outlet is relatively narrow. As
far as can be told, the sigmoid process would have been positioned at
the midline. In lateral view, the posterior rim of the tympanic cavity
lies far forward of the posterior border of the bulla. In medial view,
there is a relatively well developed inner posterior prominence which
imparts a concave outline to the dorsal surface of the involucrum. The
main ridge is prominent and elevated.

Comments. SAM-PQ-3082 closely matches B. musculus in its
overall shape, retracted involucral ridge, weakly developed
anterolateral shelf, centrally positioned sigmoid process, well
developed posterior extension, and notable inner posterior
prominence. It is, however, somewhat smaller than extant blue
whales, with reported bulla lengths for the latter ranging from
134 to 146 mm (Ekdale et al., 2011). Among extant rorquals, a
length of 130 mm is consistent with the upper size range of B.
physalus and B. borealis. SAM-PQ-3082 differs from both, however,
in having a marked inner posterior prominence, a less developed
anterolateral shelf, an anteriorly retracted involucral ridge, and a more
centrally positioned sigmoid process.

cf. Balaenoptera sp.
Referred material. SAM-PQ-3086—small left periotic showing

signs of weathering (Figures 2E–H; Table 2).
Locality and Horizon. Trawled, RV Africana II, 10 December

1959, Station A322.
Age. Unknown
Description. In ventral view, the anterior process is bluntly

triangular and somewhat thickened transversely. In medial view,
the anterior process is triangular, pointed, and separated from the

pars cochlearis by a broad embayment. The lateral tuberosity appears
elongate, low, and rounded, but this may at least partially be an artefact
of weathering. The pars cochlearis is elongated cranially, and dorsally
bears a shallow promontorial groove. The posteromedial border of the
pars cochlearis bulges posteriorly and partially obscures the cochlear
window. The posterior cochlear crest appears indistinct, but this again
may reflect weathering. In dorsal view, the proximal opening of the
facial canal is approximately as large as the remainder of the internal
acoustic meatus. The perpendicular crest is thin and deeply recessed.
The apertures for the cochlear and vestibular aqueducts are slit-like
and arranged en echelon. In posterior view, the cochlear window is
separated from the aperture for the cochlear aqueduct.

Comments. SAM-PQ-3086 resembles Balaenoptera in having a
thin and deeply recessed perpendicular crest, a notable degree of
cranial elongation of the pars cochlearis, a broad-based lateral
tuberosity, a proximal opening of the facial canal that is roughly as
large as the remainder of the internal acoustic meatus, and a cochlear
window that is distinct from the aperture for the cochlear aqueduct. It
differs from other members of Balaenoptera and Megaptera in
retaining a promontorial groove and in having a less pronounced
lateral tuberosity; fromDiunatans, Fragilicetus and Plesiobalaenoptera
in having a thinner, recessed perpendicular crest; from Diunatans,
Eschrichtius, Fragilicetus, Gricetoides, Marzanoptera,
Plesiobalaenoptera and Protororqualus in having the cochlear
window separated from the aperture for the cochlear aqueduct;
from Archaebalaenoptera, Eschrichtioides, Eschrichtius, Gricetoides,
Incakujira, Miobalaenoptera, Norrisanima and Parabalaenoptera in
having a cranially less elongated pars cochlearis; and from
Nehalaennia in having a shorter and blunter anterior process and
lateral tuberosity in ventral view.

Diunatans Bosselaers and Post, 2010
Diunatans luctoretemergo Bosselaers and Post, 2010
Referred specimen. SAM-PQSS-223 (SAM-PQY-112)—

incomplete right periotic (Figures 2I–L; Table 2).
Locality and horizon. Saldanha Steel, excavation, Dump 2/7.
Age. Early Pliocene (Zanclean).
Description. In ventral view, the anterior process is elongate and

relatively thick with nearly parallel medial and lateral borders. In
medial view, the anterior process is triangular, pointed, and bears a
marked fossa for the attachment of the tensor tympani. The lateral
tuberosity is bluntly triangular. The pars cochlearis is somewhat
elongated cranially but remains longer than tall; its anterior portion
remains attached to the anterior process. The posteromedial border of the
pars cochlearis bulges posteriorly and partially obscures the cochlear
window. The posterior cochlear crest is broadly triangular and points
posteriorly. In dorsal view, the proximal opening of the facial canal is
separated from the remainder of the internal acoustic meatus by an
extremely robust perpendicular crest. The promontorial groove is shallow
(partially due to weathering) but broad. In posterior view, the cochlear
window is confluent with the aperture for the cochlear aqueduct. In lateral
view, there is a cavity of unknown function or origin thatmay be related to
the anteroexternal sulcus.

Comments. SAM-PQSS-223 resembles Diunatans luctoretemergo
in having a robust and sharply triangular anterior process bearing a
fossa for the tensor tympani, a confluent cochlear window and
aperture for the cochlear aqueduct, a thick perpendicular crest, and
a broad promontorial groove. It differs from Fragilicetus in having a
more pointed anterior process in medial view and a more robust
perpendicular crest; from Archaebalaenoptera, Balaenoptera,
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Eschrichtioides, Eschrichtius, Gricetoides, Incakujira, Marzanoptera,
Megaptera, Miobalaenoptera, Norrisanima and Parabalaenoptera in
having a cranially less elongated pars cochlearis; from Balaenoptera,
Incakujira,Megaptera andNorrisanima in having a confluent cochlear
window and aperture for the cochlear aqueduct; from
Plesiobalaenoptera in having a more pointed anterior process and a
shallower promontorial groove, and in lacking a clearly defined
superior process and a sulcus for the facial nerve extending
cranially from the proximal opening of the facial canal; from
Nehalaennia in having a smaller lateral tuberosity in medial view;

from Marzanoptera and Protororqualus in having a more pointed
anterior process in medial view; and from Protororqualus in having a
thicker perpendicular crest.

Fragilicetus Bisconti and Bosselaers, 2016
Fragilicetus sp.
Referred specimens. SAM-PQSS-224, PQMT-2800, SAM-PQL-

54708—incomplete right periotics; SAM-PQMT-2063, SAM-PQ-
3084—incomplete left periotics (Figures 3, 4A–H; Table 2).

Locality and horizon. SAM-PQSS-224—Saldanha Steel, Dump 1;
SAM-PQMT-2063—Milnerton Beach; SAM-PQMT-

FIGURE 3
Fragilicetus sp. SAM-PQSS-224 in (A)medial, (B) lateral, (C) posterior, and (D) dorsal view, scale=2 cm. PQMT-2800 in (E)medial, (F) lateral, (G) posterior,
and (H) dorsal view, scale=2 cm. SAM-PQL-54708 in (I) medial, (J) lateral, (K) posterior, and (L) dorsal view, scale=2 cm.
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2800—Milnerton Lagoon, south of the river mouth; SAM-PQ-
3084—trawled, RV Africana II, 8 December 1959, Station A316;
SAM-PQL-54708—Bed 3aN, Dump 8, MPPM, Langebaanweg.

Age. SAM-PQ-3084—unknown; the remainder all date to the
early Pliocene (Zanclean).

Description. In ventral view, the anterior process is elongate and
pointed, and bears a distinct ridge for the insertion of the tensor tympani.
The body of the periotic is slightly hypertrophied. In medial view, the
anterior process is sharply pointed and bordered by a well-developed
triangular lateral tuberosity. The pars cochlearis is somewhat elongated

cranially but remains longer than tall; its anterior portion is detached from
the anterior process. The posteromedial border of the pars cochlearis
bulges posteriorly and partially obscures the cochlear window. The
posterior cochlear crest is triangular and points directly posteriorly. In
dorsal view, the proximal opening of the facial canal is separated from the
remainder of the internal acoustic meatus by a robust perpendicular crest.
In posterior view, the cochlear window is confluent with the aperture for
the cochlear aqueduct.

Comments. The new specimens resemble Fragilicetus in having a
confluent cochlear window and aperture for the cochlear aqueduct (in

FIGURE 4
Fragilicetus sp. SAM-PQMT-2063 in (A) ventromedial, (B) lateral, (C) posterior, and (D) dorsal view, scale=2 cm. SAM-PQ-3084 in (E) medial, (F) lateral
view, (G) posterior, and (H) dorsal view, scale=2 cm. Balaenopteridae indet. A, SAM-PQ-3094 in (I) ventromedial, (J) lateral, (K) posterodorsal, and (L) dorsal
view, scale=2 cm.
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SAM-PQSS-224, SAM-PQMT-2063, SAM-PQMT-2800 and SAM-
PQL-54708), a robust perpendicular crest, and an anterior process
that is elongate, transversely compressed and bordered by a blunt
lateral tuberosity in ventral view. They differ from F. velponi in having
a more pointed anterior process in medial view and a triangular, rather
than finger-like, posterior cochlear crest; from Archaebalaenoptera,
Balaenoptera, Eschrichtioides, Eschrichtius, Gricetoides, Incakujira,
Marzanoptera, Megaptera, Miobalaenoptera, Norrisanima, and
Parabalaenoptera in having a cranially less elongated pars
cochlearis; from Balaenoptera, Incakujira, Megaptera, and

Norrisanima in having a confluent cochlear window and aperture
for the cochlear aqueduct; from Archaebalaenoptera in having the
anterior portion of the pars cochlearis clearly separated from the
anterior process; from Diunatans and Plesiobalaenoptera in having a
less globose pars cochlearis in ventral view, and in lacking a deeply
excavated promontorial groove; from Nehalaennia in having a less
globose pars cochlearis and blunter lateral tuberosity; from
Parabalaenoptera in having a cranially less elongated pars
cochlearis and a medially less excavated anterior process; from
Marzanoptera, Miobalaenoptera and Protoroqualus in having a

FIGURE 5
Balaenopteridae indet. A SAM-PQ-3095 in (A) ventromedial, (B) lateral, (C) posterior, and (D) dorsal view, scale=2 cm. Balaenopteridae indet. SAM-PQ-
3081 in (E) medial, (F) lateral, (G) posterior, and (H) dorsal view, scale=2 cm. SAM-PQL-11680, (I) ventromedial, (J) lateral, (K) posterior, and (L) dorsal view,
scale=2 cm.
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more pointed anterior process in medial view; and from
Protororqualus in having a thicker perpendicular crest.

Balaenopteridae indet. A
Referred material. SAM-PQ-3094—left periotic; SAM-PQ-

3095—right periotic (Figures 4I–L, 5A–D; Table 2).
Locality and Horizon. Trawled, RV Africana II, 10 December

1959, Station A322.
Age. Unknown.
Description. In ventral view, the anterior process is short and

thick, with a blunt and somewhat squared tip. The body of the periotic
shows no sign of hypertrophy. In medial view, the anterior process is
likewise somewhat squared and flanked by a short, knob-like lateral
tuberosity. The pars cochlearis is slightly elongated cranially, largely
thanks to the border of the internal acoustic meatus being raised into a

sharp rim. There is a well-marked promontorial groove. The posterior
cochlear crest is triangular and points directly posteriorly. In dorsal
view, the perpendicular crest is relatively thin and slightly recessed into
the internal acoustic meatus. The proximal opening of the facial canal
is circular and approximately half the size of the remainder of the
internal acoustic meatus. In posterior view, the cochlear window is
circular and well separated from the aperture for the cochlear
aqueduct.

Comments. SAM-PQ-3094 and 3095 resemble Balaenoptera in
having a relatively thin perpendicular crest that is recessed into the
internal acoustic meatus, and a cochlear window that is distinct from
the aperture for the cochlear aqueduct. They differ from
Balaenoptera in having a blunter anterior process, a pars
cochlearis showing relatively little cranial elongation, a smaller

FIGURE 6
Balaenopteridae indet. SAM-PQ-3092 in (A)medial, (B) lateral view, (C) posterior, and (D) dorsal view, scale=2 cm. SAM-PQ-3087 in (E)medial, (F) lateral,
(G) posterior, and (H) dorsal view, scale=2 cm. SAM-PQ-2716 in (I) ventral, (J) dorsal, (K) lateral, and (L) medial view, scale=5 cm.
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lateral tuberosity, and a proximal opening of the facial canal that is
notably smaller than the remainder of the internal acoustic meatus;
from Diunatans, Fragilicetus, and Plesiobalaenoptera in having a
thinner, recessed perpendicular crest; from Diunatans, Eschrichtius,
Fragilicetus, Gricetoides, Marzanoptera, Plesiobalaenoptera, and
Protororqualus in having the cochlear window separated from the
aperture for the cochlear aqueduct; from Archaebalaenoptera,
Balaenoptera, Eschrichtioides, Eschrichtius, Gricetoides, Incakujira,
Marzanoptera, Miobalaenoptera, Norrisanima, Megaptera, and
Parabalaenoptera in having a cranially less elongated pars
cochlearis; from Nehalaennia in having a blunter anterior process
and smaller lateral tuberosity in medial view; and from

Protororqualus in having a circular cochlear window and a more
crest-like rim of the internal acoustic meatus.

Balaenopteridae indet.
Referred material. SAM-PQ-3092—incomplete left periotic;

SAM-PQ-3081, 3087, SAM-PQL-11680—incomplete right periotics;
SAM-PQ-2716, 3083, 3089—incomplete left tympanic bullae; SAM-
PQ-3085, 3088, 3093—incomplete right tympanic bullae (Figures
5E–L, 6, 7, 8A–H; Tables 1, 2).

Locality and Horizon. SAM-PQ-3081, 3083, 3085—trawled,
RV Africana II, 8 December 1959, Station A316; SAM-PQ-
3087–3089, 3092 and 3093—trawled, RV Africana II,
10 December 1959, Station A322; SAM-PQ-2716—trawled, F. R.

FIGURE 7
Balaenopteridae indet., SAM-PQ-3083 in (A) ventral, (B) dorsal, (C) lateral, and (D) medial view, scale=5 cm. SAM-PQ-3089 in (E) ventral, (F) dorsal, (G)
lateral, and (H) medial view, scale=5 cm. SAM-PQ-3085 in (I) ventral, (J) dorsal, (K) lateral, and (L) medial view, scale=5 cm.
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S. Africana, May 1993, Station D002, SAM-PQL-11680—“E”
Quarry, Langebaanweg.

Age. SAM-PQL-11680—early Pliocene (Zanclean); the age of the
remainder is unknown.

Description. The state of preservation of this material is variable,
but all of the periotics except SAM-PQ-3081 have damaged anterior
processes and lack the posterior processes, and the tympanic bullae
lack the outer lip. In medial view, the pars cochlearis is somewhat
cranially elongated but longer than tall and detached from the anterior
process. In dorsal view, the proximal opening of the facial canal
appears separated from the remainder of the internal acoustic
meatus by a robust perpendicular crest, but details are obscured by

the poor preservation of SAM-PQ-3092. In SAM-PQ-3087, the
cochlear window is confluent with the aperture for the cochlear
aqueduct. In ventral view, the tympanic bullae are broadly
reniform and rounded transversely. In dorsal view, the main ridge
is moderately convex and detached from the medially retracted
involucral ridge. The involucral incisure is poorly developed. In
medial view, the inner posterior prominence is low to indistinct,
with no sign of a medial furrow.

Comments. The periotics resemble balaenopterids in having a
cranially somewhat elongated pars cochlearis and differ from
extant rorquals in having a robust perpendicular crest. The
tympanic bullae resemble balaenopterids in their reniform

FIGURE 8
Balaenoptera indet., SAM-PQ-3088, (A) ventral, (B) dorsal, (C) lateral, and (D)medial view, scale=5 cm. SAM-PQ-3093 in (E) ventral, (F) dorsal, (G) lateral,
and (H) medial view, scale=5 cm. Caperea sp., SAM-PQ-3090 in (I) ventral, (J) dorsal, (K) lateral, and (L) medial view, scale=5 cm.

Frontiers in Earth Science frontiersin.org11

Govender and Marx 10.3389/feart.2022.1058104

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1058104


shape, poorly developed inner posterior prominence, and medially
retracted involucral ridge.

Cetotheriidae Brandt, 1872
Neobalaeninae Gray, 1873
Caperea Gray, 1864
Caperea sp.
Referred material. SAM-PQ-3090—incomplete left tympanic

bulla (Figures 8I–L; Table 1).
Locality and Horizon. Trawled, RV Africana II, 10 December

1959, Station A322.
Age. Unknown.

Description. In ventral view, the anteromedial surface of the bulla
is rounded transversely and lacks an anterolateral shelf. In dorsal view,
the anterior margin of the bulla is squared, which in turn reflects the
broad, rectangular Eustachian outlet. The main ridge is strongly
convex. The involucral ridge extends to the posterior edge of the
bulla but is retracted medially. The surface of the involucrum appears
smooth with no obvious transverse creases. The medial margin of the
involucrum gradually curves posterolaterally. In medial view, the
anterior border of the bulla is notably squared and the dorsal
surface of the involucrum appears flat with no inner posterior
prominence.

FIGURE 9
Eubalaena sp. SAM-PQ-3096 in (A) ventral, (B) dorsal, (C) lateral, and (D)medial view, scale=5 cm. Mysticeti indet., SAM-PQ-3091 in (E) ventromedial, (F)
lateral, (G) posterior, and (H) dorsal view, scale=2 cm. SAM_PQ-3080 in (I) ventromedial, (J) lateral, (K) posterior, and (L) dorsal view, scale=2 cm.
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Comments. SAM-PQ-3090 resembles Caperea in having
squared anterior margins in dorsal and medial view, a broad
Eustachian outlet, and a flattened dorsal margin of the
involucrum with no inner posterior prominence. It differs from
C. marginata in having a medially retracted involucral ridge and a
gradually curving, rather than rectangular, medial margin of the
involucrum in dorsal view. The absence of transverse creases on
the involucrum also differs but could be a juvenile feature
given the comparatively small size of this specimen (Ekdale
et al., 2011).

Balaenidae Gray, 1821
Eubalaena Gray, 1864
Eubalaena sp.
Referred specimen. SAM-PQ-3096—incomplete right tympanic

bulla (Figures 9A–D; Table 1).
Locality and horizon. Trawled off southwest Cape coast.
Age. Unknown.
Description. In ventral view, the anteromedial surface of the bulla

is notably concave transversely. There is no anterolateral shelf. In
dorsal view, the anterior margin of the bulla is squared and almost
perpendicular to the weakly convex main ridge. The Eustachian outlet
is relatively narrow, whereas the involucrum is relatively broad
throughout. The involucral ridge is neither medially nor anteriorly
retracted. The dorsal surface of the involucrum bears numerous well-
defined transverse creases. In medial view, the anterior border of the
bulla is pointed. From its anterior margin, the involucrum gradually
rises dorsally, levels out, and then steeply descends towards the
posterior border of the bulla. There is no inner posterior prominence.

Comments. SAM-PQ-3096 resembles Balaena and Eubalaena
in being relatively large (146 mm; Table 1), with the bullae of
extinct balaenid genera like Antwerpibalaena, Archaeobalaena,
Balaenella, Balaenula, Peripolocetus being ≥40 mm shorter.
Differs from Balaena in having a less acutely pointed
anteromedial corner in ventral view, a somewhat narrower
anterior portion of the involucrum in dorsal view, and a more
pointed anterior margin in medial view.

Mysticeti indet.
Referred material. SAM-PQ-3091, 3080—right periotics (Figures

9E–L; Table 2).
Locality and horizon. SAM-PQ-3080—trawled, RV Africana II,

8 December 1959, Station A316; SAM-PQ-3091—trawled, RV
Africana II, 10 December 1959, Station A322.

Age. Unknown.
Description. In ventral view, the anterior process is slightly

thickened and flanked by a blunt lateral tuberosity. In medial view,
the anterior process is triangular and relatively smooth, with no
depression or ridge for the attachment of the tensor tympani. The
pars cochlearis is not cranially elongated and bears a well-marked
promontorial groove. The cochlear window is flush with the
remainder of the pars cochlearis. In dorsal view, the proximal
opening of the facial canal is compressed transversely, smaller than
the remainder of the internal acoustic meatus, and separated from
the latter by a robust perpendicular crest. In SAM-PQ-3080, a
circular hiatus Fallopii opens just anterior to the proximal opening
of the facial canal; no such opening is evident in SAM-PQ-3091, but
the anterior border of proximal opening of the facial canal is
somewhat teardrop-shaped. The suprameatal area is broad and
bordered by a low superior process. The aperture for the cochlear
aqueduct is circular and neither arranged en echelon with that for

the vestibular aqueduct, nor aligned with the proximal opening of
the facial canal and the remainder of the internal acoustic meatus.
In posterior view, the cochlear window is separated from the
aperture for the cochlear aqueduct.

Comments. SAM-PQ-3080 and 3091 differ from balaenids in
having a longer, triangular anterior process in medial view, and in
lacking marked hypertrophy of the lateral tuberosity and body of
the periotic; from balaenopteroids in having an aperture for the
cochlear aqueduct that is circular and not arranged en echelon with
that for the vestibular aqueduct; and from balaenopterids in lacking
a cranially elongated pars cochlearis and recessed cochlear window
in medial view. The broad suprameatal area, robust perpendicular
crest, and transversely compressed proximal opening of the facial
canal are reminiscent of cetotheriids, but there is no obvious
alignment of the aperture of the cochlear aqueduct with the
proximal opening of the facial canal and the remainder of the
internal acoustic meatus.

5 Discussion

Biogeography. Modern marine mammals often either have large
geographic ranges with pronounced population structuring, or form
clades of closely related species separated by a geographic barrier
(Yonezawa et al., 2009; Churchill et al., 2014; do Amaral et al., 2017;
Holt et al., 2020). The warm waters of the tropics are perhaps the most
notable driver of such patterns, with several temperate or cool-water
species showing marked antitropicality (Davies, 1963). The
biogeography of extinct marine mammals is usually hard to
ascertain, owing to the scarcity of described material, time-
averaging of fossil assemblages, and strong regional differences in
research effort and rock availability (Uhen and Pyenson, 2007;
Pyenson et al., 2009).

Notwithstanding these caveats, it seems noteworthy that the
extinct rorquals Diunatans and Fragilicetus were first described
from the Pliocene of the eastern North Atlantic (Bosselaers and
Post, 2010; Bisconti and Bosselaers, 2016). Their presence in South
Africa i) suggests a relatively large geographic range, consistent with
that of most living rorquals; and ii) necessitates dispersal across the
equator prior to the onset of Northern Hemisphere glaciation.
Comparatively warm Pliocene conditions would likely have made
the tropics hard to cross for many temperate animals. If so, both
Diunatans and Fragilicetus could plausibly have exhibited some degree
of antitropicality, as previously suggested for certain other extinct
cetacean populations and/or species (Bianucci et al., 2016; Govender
et al., 2016; Tsai et al., 2017; Bisconti et al., 2021).

Palaeoenvironment. Strengthening of the BUS during the Late
Miocene to early Pliocene resulted in cooler temperatures and
increased marine primary production along the coast (Dupont
et al., 2009). The western margin of South Africa changed from
sandy and rocky beaches to sheltered lagoons and embayments
(Kensley, 1972; 1977; Pether, 1994; Siesser and Dingle, 1981; Smith
and Haarhoff, 2006). This contrasts with the situation today, where the
coast is open to the prevailing westerly winds and swells (Barendse and
Best, 2014).

Deposition of the MPPM and equivalent strata took place during
the 30 m high of the early Pliocene transgression (Hendey, 1981;
Roberts et al., 2011). During this time, Saldanha Steel would have been
in a shallow marine or estuarine environment (Roberts, 1997),
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whereas Milnerton was probably located further offshore with the
occasional lagoon forming during regressions (Rogers, 1979; 1980).
Similar conditions were likely encountered by Diunatans and
Fragilicetus in the Pliocene North Sea, where fossils were deposited
in a cool-temperate nearshore environment that was 30–50 m deep
(see summary in Lambert and Gigase, 2007).

Fossil record of pygmy right whales. Neobalaenines have a
largely obscure fossil record that has only recently been somewhat
elucidated by finds from Peru, Japan, Italy, Australia and, perhaps,
Argentina (Bisconti, 2012; Fitzgerald, 2012; Buono et al., 2014; Tsai
et al., 2017; Marx et al., 2018). The tympanic bulla described here
(SAM-PQ-3090) is the first pygmy right whale fossil ever reported
from Africa, and only the seventh fossil described worldwide. Notably,
five of these seven fossils come from the Southern Hemisphere,
matching the exclusively southern distribution of living Caperea
marginata (Kemper, 2014). Unfortunately, the uncertain age of
SAM-PQ-3090 makes it impossible to say whether its presence
reflects an ancient geographic pattern, or merely an old record of
modern Caperea.

6 Conclusion

We report new records of the extinct Pliocene rorquals Diunatans
and Fragilicetus from the west coast of South Africa. Both genera also
once occurred in the Pliocene North Sea, suggesting large geographical
ranges and, plausibly, antitropicality. Trawled specimens of uncertain
age include further rorquals, as well as a right whale and the first
pygmy right whale fossil from Africa.
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