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Introduction
Phylogenetic schemes for spatangoid relationships have
been proposed by Smith (1984) and more recently by
Neumann (1999). The order Spatangoida appeared first
in the lowermost Cretaceous (Berriasian). Within the
spatangoids, the family Toxasteridae originated probably
from a disasteroid ancestor. During the Berriasian to the
Aptian, diversification of the family led to appearance
of three genera (Toxaster, Aphelaster, and Heteraster).
These genera were a rootstock for all the later Spatan-
goida (Villier et al., 2004).

The genus Heteraster appeared first during the
Hauterivian. From this time to the Barremian, diversity
of the genus is very low (fewer than 5 species). The acme
of diversity occurs in the Aptian and Albian with about
20 species (Villier et al., 2001). Afterward, diversity
decreases again and finally the genus disappears during
the Early Cenomanian. The genus Heteraster is unique
among spatangoids, because its frontal ambulacrum
consists of an alternation of short and long pores. The
patterns of pore distribution in Heteraster were docu-
mented by Devries (1955) and Villier et al. (2001).

Cotteau (1890) proposed the name Heteraster as a
synonym of Enallaster. Adkins (1928) Lambert and
Thiery (1924) and Lambert (1920), regarded Enallaster
as a junior synonym of Heteraster, while Cooke (1946)
considered Enallaster at least as a subgenus of Heteraster.
Although the genus Heteraster comprises of 34 species

of spatangoids (Villier et al., 2001), there is no revised
monograph of the genus. Description of Iranian mate-
rial will improve knowledge about the genus and help
compare it with the specimens reported from the other
parts of the world.

H. renngarteni, on which this study focused, is a rather
large toxasterid echinoid and occurs abundantly in
Aptian marls of Baghin area, west of Kerman, Iran.
Apparently, this primitive spatangoid is a highly endemic
taxon, described previously from Azerbaijan (Ali-zadeh,
1988) and Turkmenistan (Lobacheva, 1968) but is
reported for the first time from Iran herein.

Geological setting and stratigraphy. The species
Heteraster renngarteni, described here, was collected
from Aptian strata that crop out in Baghin area, west
of Kerman city (Fig. 1). The Aptian sediments of
Baghin consists mainly of alternation of green marls
and thin layers of yellow shaly limestone (Fig. 2) with
an abundant benthic fauna of Orbitolina, brachio-
pods, oysters, bivalves, gastropods and corals. Echi-
noids are also among the most conspicuous and
diverse constituents of the Aptian fauna of Baghin
area, represented by Stomechinidae, Emiratidae,
Pygaulidae, Holectypidae, Cidaroida, Stirodonta,
Hemiasteridae, Toxasteridae and Acropeltidae,
among which the last two are the dominant groups of
the assemblage. The Aptian marls are covered by a
gray, bioturbated and thick-bedded limestone,
relatively barren of macro-invertebrates.
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Abstract. Detailed macro- and microscopic analysis of spatangoid echinoid, Heteraster renngarteni Poretzkaja
showed a remarkable variation in morphology and alternation of short and long pores in the frontal ambu-
lacrum. The differentiation of pores in the frontal ambulacrum has been interpreted as an adaptive strategy for
survival in a shallow shelf environment whereas, variation in morphology appears to be influenced mainly by
grain size of the substrate.
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abnormal development and not as a distinct variety. Fron-
tal sulcus was deep and well developed. Paired petals
were broad and unequal in length. The anterior petals
reached the ambitus, slightly curved backward, opened
distally. Posterior petals were  about 80% of the length
of the anteriors ones and straighter (Figs. 3 and 4). Ante-
rior ambulacrum was as wide as petals, sunken from apex
to peristome. Interambulacral areas were about twice as
wide as the ambulacral areas. No fasciole was present.
Periproct was relatively large and situated longitudinally
towards top of posterior truncate face (Fig.4c). Oral sur-
face was flat, peristome relatively large, pentagonal in
outline, one-fourth the length from the front (Fig. 4b). In
some specimens, tuberculation was highly dense (Fig. 3d).

Morphology and arrangement of pore pairs in the
frontal ambulacrum. The specimens of H. renngarteni
found in the Baghin area showed considerable variation
in morphology and also pore arrangement in the frontal
ambulacrum. The specimen outline can be cordiform,
ovate, circular, subquadrate or even hexagonal (Figs.  3
and 4), but usually cordiform.

The alternation pattern of short and long pores in the
frontal ambulacrum was also variable (Fig. 5). In the
apical part of the ambulacrum, all the specimens
exhibited an identical pore pattern. In this part all the
pores were small and showed same size, while along
the medial part, differentiation began and arrangement
was quite irregular with one short isopore alternating
with one, two, three or four elongate anisopores, but
usually one short to two or three long.

Results and Discussion
H. renngarteni specimens found in Baghin area differed
from H. oblongus and H. peroni in having a nearly cen-
tral position of the apical disc and less flexuous petals.
It is closest to the H. couloni (from Western Europe)
and  H. heckeri (from Azerbaijan). It can be differenti-
ated from H. couloni by the structure of ambulacrum
III and the relative width of the petals. Some specimens
were very similar to H. heckeri Melikov, 1989 as the

Fig.3. Camera lucida drawings of apical: (a, d, f,
h, i, k, l, n, p, q), oral: (c) and apical disc
(b,e,g,j,m,o) views in different specimens of
H. renngarteni Poretzkaja, from the Aptian
of Baghin area. Scale bars represent 1 cm.

Fig. 4. Heteraster renngarteni Poretzkaja; a-c: (SBM
22011): apical, oral and posterior views; d:
(SBM 22013); e: (SBM 22018); f: (SBM
22012); g: (SBM 22022) and h: (SBM 22031)
apical views. All from the Aptian marls of
Baghin area. Scale bar represents 1 cm.
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Table 1. Alternation of two types of pores in the frontal
ambulacrum, from apex to ambitus in seven specimens
of H. renngarteni

Sample Total number Number of Elongated
no. of pores elongated pores pores (%)

1201 35 25 71.4
1202 33 23 69.6
1203 32 22 68.7
1204 47 34 72.3
1205 42 30 71.4
1206 25 17 68
1207 27 19 70.3

Fig. 5. Heterogeneity of pores in the frontal ambu-
lacrum and architectural types of the apical
disc in some specimens of H. renngarteni
Poretzkaja, from the Aptian of Baghin area;
× 2.5 (appro.).

pores showed a sieve-like feature (Fig. 5h). It seems
that H. renngarteni is synonymous with H. heckeri.

Ecological interpretation. Echinoid requirement for
oxygen depends on many factors including: size,
deve-lopmental stage, temperature and animal activities
(Farmantarmanian, 1966). In warm waters of shallow
environment the metabolic rate is high, while gas exchange
decreases. Therefore, echinoids dwelling in shallow warm
waters have more trouble in obtaining oxygen.

The relation between functional anatomy of tube feet
and morphology of the related pores has been described
by Nichols (1959) and Smith (1980, 1978). Long pores
are related to respiratory function, while short ones are
characteristic of tube feet since their main function is
burrowing or food transport. In H. renngarteni, the long
pores are frequent and show about 70% of the alterna-
tion of the frontal ambulacrum (Table 1).

This percentage is similar to that of H. ucetiae, which
inhabits shallow environment (Villier et al., 2001). This
fact suggests that the high percentage of long pores in
H. renngarteni can be considered as an adaptive strat-
egy for living in shallow environment, because, as stated
above, in shallow- water species, the rate of respiration
increases and demand for oxygen is high, so respira-
tory tube feet are frequent (Table 1).

The warm environment is also confirmed by cons-
picuous presence of reef corals (shallow water corals)
among faunal assemblage of Baghin area and indicates
that the Aptian marls were deposited where the water
depth was shallower than 50 m and temperature, warmer
than 26 °C (Tsaparas and Diacantoni, 2005).

Detailed macroscopic analysis also shows that there is wide
morphological variation in the test shape of H. renngarteni.
Spatangoid irregular sea urchins are detritivorous benthic
organisms (Saucède et al., 2006), and almost all of them
live buried in sandy to muddy sediment from superficial
layers to more than 20 cm deep. This mode of life enables
the spatangoids to gain access to new food resources and
escape from predators (Smith, 1984). Variation in test shape
of echinoids appears to be related to sediment granulometry,
to the depth of burrowing, and to water depth (Saucède,
et al., 2007; Kanazawa, 1992; Néraudeau and Moreau,
1989;  Zaghbib-Turki, 1989; Nichols, 1959; Smith and
Paul, 1985). This study shows that there is no marked
diffe-rence in percentage of respiratory tube feet among
different specimens of H. renngarteni (Table 1). Those
tube feet represent about 70% of the pores in frontal
ambulacrum in nearly all the studied samples. This  obser-
vation suggests that considerable variation in the test
outline of Heteraster renngarteni, collected from Baghin
area, is not dependent upon spatial distribution (i.e. occu-
pation of different levels within the sediments to minimize
competition between species or water depth), but may
results from granulometric parameters. In other words,
although H. renngarteni population was located in marly
facies, this highly sensitive community was more influ-
enced by the grain size than the other factors (Fig. 6).
Closely spaced tubercles in some specimens, that supported
a dense cover of spines, might be a device for stabilization
of the walls of burrows in more loose sediments.
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