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FOREWORD

It has been a real pleasure to review Dr. Howard R. Feldman'’s published
record! His contributions to basic geological-paleontological science are very
meritorious. I first came in contact with Dr. Feldman when he was working on
his graduate degree in paleontology, centered on the study of Devonian brachio-
pods from New York. At that time [ was favorably impressed by his diligence,
and his rapidly developing capabilities in basin paleontology and stratigraphy:.
The promise of these early years has been fulfilled now in his professionally
mature years. After his initial baptism working with Devonian brachiopods, he
took advantage of the opportunity to do field work, fossil collecting and stratig-
raphy in the Jurassic of the Middle East, the Sinai Peninsula and southern Israel
in particular. Fruitful collaboration with the appropriate Israeli geologists and
careful work on resulting brachiopod collections from Sinai and Israel, along
with some material from Jordan, has resulted in a series of publications. These
publications feature detailed, critical morphology (including ontogenetic infor-
mation when available), and taxonomy of the brachiopods, plus mature consid-
eration of their paleontology and biogeography. Feldman’s work pays careful
attention not only to material collected by him, but also critical attention to the
earlier work of others in this area, updating the older work and leaving no stone
unturned in the effort to place both his own material and those previously pub-
lished by others in their proper context. Additionally, his paleoecological work
on the community paleoecology of his materials is exemplary, as is his work on
associated trace fossils in the faunas.

Feldman is now a very well rounded professional, adept not only in care-
fully describing Mesozoic brachiopods, but also evaluating their biogeographic,
paleoecologic and paleogeographic implications. Feldman is one of the very
small numbers of paleontologists today capable of effectively studying and pub-
lishing on Mesozoic brachiopods; I can think of no one else in North America
thus occupied; he has earned an important position in our profession.

Arthur J. Boucot, Ph.D.
Department of Zoology
Oregon State University



INTRODUCTION

Much of the groundwork for paleontologic research in the Levant and Sinai
was conducted by scientists of the Geological Survey of Israel. What follows is
a brief summary of some important studies by those scientists and others that
dealt mainly with faunas in Israel and Sinai and laid the foundation for future
research, particularly on the invertebrate faunas.

The Geological Survey of Israel (GSI) was established in 1949 (Grader and
Reiss, 1958). This event represented a major step toward building up the coun-
try’s economy in that it helped develop its natural resources, such as oil, gas and
minerals. Grader and Reiss reported that in 1958 the GSI was made up of seven
divisions: Geochemistry, Hydrogeology, Mapping, Mineralogy, Oil, Paleontology
and Seismology & Geomorphology. Today The GSl is organized into six divisions:
Directors Office, including Administration and Logistics, Water and Mineral
Resources, Geochemistry and Environmental Geology, Geological Mapping and
the Subsurface Environment, Engineering Geology and Geological Hazards, and
Earth Sciences Information Systems.

The Paleontology Division of the Geological Survey of Israel, headed by
Professor Zeev Reiss in 1959, was divided into micropaleontology and mega-
paleontology sections. Its research program was important in contributing to
various aspects of early geological exploration in Israel, including the mapping
program, water, oil and mineral exploration (Grader and Reiss, 1958). For ex-
ample, Reiss and Issar (1961) reported on subsurface Quaternary correlations
in the Tel Aviv area and described six stratigraphic complexes each of which
was characterized by a distinct assemblage of foraminiferans. In the 1950s
there were relatively few publications by scientists of the Geological Survey of
Israel on the megafaunas of the country (see for example Avnimelech, 1952;
Avnimelech et al., 1954; Remy and Avnimelech, 1955; Parnes, 1958).

In the 1960s, Parnes (1961, 1963, 1964, 1965) described Pseudopygurus
Lambert from southern Israel, Coniacian ammonites from the Negev and a
Middle Jurassic fauna from Makhtesh Ramon, also in the Negev. Lerman (1960)
described Triassic pelecypods from southern Israel and Sinai. Avnimelech
(1961) reported on a pachydiscid ammonite from Campanian chert of Israel and
an isocrinid fragment from the Cretaceous of the upper Galilee. Freund (1961)
reported on the distribution of Lower Turonian ammonites from Israel and
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neighboring countries and Freund and Raab (1969) described Lower Turonian
ammonites from Israel. Raab (1962) described Jurassic-Early Cretaceous am-
monites from the southern coastal plain. Lewy wrote a series of papers on
ammonites from southern Israel (1967, 1969a, 1969b). Mishnaevsky (1966,
1967) studied the ostreides in the Cenomanian of central and southern Israel
and Egypt. Reiner (1968) wrote on the Callovian gastropods from Hamakhtesh
Hagadol in southern Israel in which he described twenty nine species including
one renamed and three new species.

In the 1970s the exploration of Gebel El-Maghara, northern Sinai, enabled
the scientists of the Geological Survey of Israel to study this vast and geological-
ly diverse area. Eighteen papers were presented at the 1972-73 seminar of the
Geological Survey of Israel edited by Gill (1974). The topics covered included:
metamorphic rocks (Shimron, 1974), stratigraphy and structure (Bartov, 1974;
Hildebrand, 1974; Shirav, 1974), sedimentology (Levy, 1974), mineralogy and
geochemistry (Gavish, 1974). However, in the early part of the 1970s there is
a noticeable absence of research on the megafauna of Sinai due to the political
situation. Research on megafossils in Israel was accomplished by Lewy (1972,
1973, 1976, 1977), Lewy and Samtleben (1979), Parnes (1971), Bein (1976)
and increased in the middle to latter part of the 1970s (Hirsch, 1976, 19773,
1978, 1979; Parnes, 1974, 1975, 1977), especially with regard to the molluscs,
specifically the bivalves, gastropods and cephalopods. However, the brachiopod
faunas remained unstudied. Work was begun on the Sinai faunas in the 1980s,
facilitated by the construction of a stratigraphic section of the Jurassic rocks in
Gebel EI-Maghara (Goldberg et al., 1971), that allowed for the subsequent study
of the brachiopods and molluscs of that important section (Feldman, 1987,
Feldman and Owen, 1988; Feldman, et al.,, 1991; Hirsch, 1978). In addition to
the research in the Sinai Peninsula, Friedman et al. (1979) described pinnacle
reefs of Cretaceous age exposed along the western margin of the Dead Sea.

Hirsch (1980) described the Jurassic bivalves and gastropods from south-
ern Israel (Hamakhtesh Hagadol) and northern Sinai (Gebel El-Maghara) in
which he noted their position within the Ethiopian Province (along the south-
ern Tethyan margin). Parnes (1980) described gastropods and a brachiopod
species (Gibbirhynchia) from the Liassic of Makhtesh Ramon and a megafauna
from the Mahmal Formation (Bajocian) of the same area. Parnes (1986) de-
scribed Middle Triassic cephalopods from the Negev (Israel) and Sinai (Egypt)
and Lewy (1981, 1982 and 1985) wrote a series of papers on the cephalopods
and molluscs of the Middle East. Lewy and Honig (1985) also described a Late
Coniacian ammonite from the lower part of the Sayyarim Formation near Elat
(southern Israel). Marquez-Aliaga and Hirsch (1988) studied the migration of
Middle Triassic bivalves in the Sephardic Province. Parnes et al. (1985) reported
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on new aspects of Triassic ammonoid biostratigraphy, paleoenvironment and
paleobiogeography in southern Israel, also within the Sephardic Province.

Feldman and Brett (1997a, 1997b, 1998) reported on the paleoecology
of Jurassic crinoids from Hamakhtesh Hagadol, southern Israel and described
epi- and endobiontic organisms on crinoid columnals. They extended the range
of the trace fossil Tremichnus (now known as Oichnus) by 100 million years.
Hirsch et al. (1998) published a study on the Jurassic of the southern Levant
that discussed the biostratigraphy, paleogeography and cyclic events of the
region. Feldman (2002, 2005) described Triassic brachiopods from Makhtesh
Ramon, southern Israel, and Lewy (1995) reported on Cretaceous rudists and
ostreids (1996). Hoff (1998) described Late Cretaceous stomatopods from
Israel and Jordan.

Triassic

The Triassic is exposed in Har Arif and Gebel Areif en-Naqa as well as the
Ramon crater, Makhtesh Ramon, in the central Negev where a more complete
section crops out ranging from Olenekian through Carnian stages. Borehole
data and measurements from surface outcrops indicate that the thickness of the
Triassic rocks in Israel ranges from 500-1100 m (Druckman, 1974; Feldman,
2002, 2005). The columnar section includes the Negev Group (Yamin and
Zafir formations; Weisbrod, 1969, 1976) and Ramon Group (Ra’af, Gevanim,
Saharonim and Mohilla formations; Zak, 1963). The section in Makhtesh Ramon
consists of carbonates, sulfates, sandstones, siltstones, clays, that is largely clas-
tic in the lower, more carbonate-rich in the middle and more evaporitic in the
upper part (Druckman, 1969, 1974, 1976; Feldman, 2002, 2005) and ranges in
age from Scythian (Early Triassic) to Carnian-Norian (Late Triassic). My work
centers on the Middle Triassic transgressive Saharonim Formation that flooded
most areas on the African-Arabian platform. Along the southern Tethyan mar-
gin there is a record of endemic taxa that characterized the Sephardic Province
(Benjamini et al., 2005). The Sephardic Province (Hirsch, 1972) is represented
along this margin and seems to be correlative with the western Mediterranean
Muschelkalk and other strata in North Africa and the Levant (Benjamini et al.,
2005; Hirsch, 1977b).

Early research on the Triassic was accomplished by the British Petroleum
Company during World War II (Shaw, 1947), but data became available to work-
ers only after oil companies and governments published the results of their
drilling and exploration (Picard and Flexer, 1974). Future work in the Triassic
involves the search for brachiopods in the sedimentary deposits in Makhtesh
Ramon and the study of this generally neglected time period, atleast in terms of
brachiopod evolution and paleoecology.
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Jurassic

In 1978 1 first began to investigate the brachiopod faunas of Israel and
the Sinai after attending the International Symposium on Sedimentology
in Jerusalem. Dr. Francis Hirsch first introduced me to the Jurassic sequence
at Gebel El-Maghara, northern Sinai, by organizing an expedition from the
Geological Survey of Israel that included oil geologists, stratigraphers and pa-
leontologists. The paper on Septirhynchia from the 2,000 m section at Gebel
El-Maghara represents the first modern study of the brachiopod faunas of the
region since the early twentieth century works of Douvillé (1916, 1925) and
Cossmann (1925).

The goal of this research is to taxonomically study and revise the brachio-
pod faunas and investigate the ecological relationships in the various marine
communities, particularly their structure and paleoecology. As data accumu-
lates, the history of brachiopod species and their evolution within the Ethiopian
Province and Tethyan margin will be elucidated. These data will provide a basis
for the interpretation of the biogeographic history of the Ethiopian Province as
well as insight into the structure and paleoecology of its marine communities
(see, for example, Feldman and Brett 1998; Wilson, et al. 2008, 2010).

Endemic brachiopods taxa such as Somalirhynchia africana, daghani-
rhynchia daghaniensis, Somalithyris bihendulensis, Striithyris somaliensis,
Bihenithyris barringtoni, and B. weiri were recognized by workers (Weir, 1925;
Muir-Wood 1935) in the early to mid-twentieth century. Cooper’s (1989) work
on the Jurassic brachiopods of Saudi Arabia was based largely on collections
made during the years 1933-1953 by field geologists of the Arabian-American
0il Company (Aramco) and the Kier-Kauffmann collections (1962) (see
Feldman et al.,, 2001, for a more detailed discussion). His data, combined with
the data collected from Sinai, Israel, and Jordan over the last several years, aid
in establishing areas of endemism within the Ethiopian Province. Endemic fau-
nas in the ammonoid Cephalopoda were recognized by Arkell (1952, 1956) and
Kitchin (1912) found endemics within the trigoniacean and crassatellacean bi-
valves. These endemics also helped define the Ethiopian Province. Today, after
decades of compiling mostly brachiopod data and revising the taxonomy of the
brachiopods found within this province, we have a clearer picture of the extent
of the endemism that typifies these faunas. The faunas of Israel and Jordan lie
at the northernmost part of the Indo-African Faunal Realm and may therefore
be related to faunas of the Tethyan Realm. Completion of a systematic revision
of Israeli, Jordanian and Egyptian (Sinai) Jurassic brachiopods will enable us to
define faunal- and province-realm boundaries with greater accuracy.

Very few of Cooper’s (1989) species found in Saudi Arabia, collected from
seven formations (Marrat, Dhruma, Tuwaiq Mountain, Hanifa, Jubaila, Arab and
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Hith) and representing 1126 meters of sediment, occur in the Negev region;
they are more closely related to the Sinai faunas. The Negev fauna appears
to be more akin to Muir-Wood’s (1935) and Weir’s (1925) Somalia material.
Additionally, Cooper has erected many new species and [ strongly suspect
that many of these are simply varieties. Shi and Grant (1993) revised some
Jurassic rhynchonellids but did not deal with the distribution of genera and spe-
cies, except in a general sense. They reported on taxa mostly from the United
Kingdom, France, China, India, Egypt but only one from Israel. Only four genera
(Globirhynchia, Burmirhynchia, Somalirhynchia, and Pycnoria) occurred within
the Jurassic Ethiopian Province.

The data collected from studies on the Jurassic of Israel, Jordan and Sinai,
along with data from future projects, will help determine how closely the bra-
chiopod faunas of the Middle East can be correlated with those of other regions
within the Tethyan Realm. Kitchin (1900) described a brachiopod fauna from
the Jurassic limestones of the Cutch, India, in which he broadly correlated the
Putchum and Charee groups with the Bathonian to Kimmeridgian of Europe.
Arkell (1956) suggested that the Putchum Beds represented the Lower Callovian
whereas the Charee ranged from the Upper Callovian to Oxfordian. Until now
only a broad comparison with the Cutch faunas and the Ethiopian Province
faunas was possible. However, with additional collecting in Israel it will be pos-
sible to correlate the stratigraphic sections and determine the taxonomic and
paleogeographic relationship of the faunas. I suspect that many genera and spe-
cies from Saudi Arabia, the Cutch and Israel are very closely related, but lack of
sufficient material has made exact determinations impossible. For example, the
rhynchonellids described by Kitchin (1900) as Rhynchonella fornix and R. nobilis
are probably congeneric with the rhynchonellid Pycnoria described by Cooper
(1989) from the Upper Bathonian to Lower Callovian of Saudi Arabia. Kitchin’s
R. versabilis, also from beds equivalent to the Upper Bajocian, are similar to
those named and described by Cooper (1989), from an equivalent horizon, as
Globirhynchia crassa. The genus Schizoria described by Cooper (1989) from the
Dhruma Formation of Saudi Arabia shows affinities to R. assymetrica from the
Charee Group at Jooria, India. Many terebratulids also seem to have congeneric
forms on both continents. Kutchithyris species, similar in external morphology
to those from the Cutch, have been described from both Israel and Saudi Arabia.

Some monographs (Weir, 1925, 1929; Muir-Wood, 1935), while dealing
with specimens in strata ranging from Bajocian to Kimmeridgian age, give
the impression of a rhynchonellid-dominated fauna of comparatively little di-
versity occurring in beds of Middle to Upper Jurassic age in Somalia. Beds of
similar age (Dubar, 1967) from Tunisia also deal more thoroughly with the
rhynchonellid rather than the terebratulid species. The conclusion drawn from
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such publications has produced an impression of a closer faunal and possibly
ecological relationship of these areas. Likewise, areas currently being studied
in beds of Bathonian to Oxfordian age in the Negev, Israel, suggest a closer com-
parison with the Somali fauna than with Cooper’s (1989) Saudi Arabian fauna.
Yet, there are a number of terebratulid species that occur in both Saudi Arabia
and Israel that have not been noted from Somalia or Tunisia. Preliminary com-
parisons with the Israel faunas have shown that some genera from Saudi Arabia
have not yet been discovered in the Negev, Somalia or Tunisia.

Paleobiogeographic data obtained from analysis of the brachiopod fau-
nas in the Levant and Egypt will also provide insight into the sequence of rift-
ing within the southern Tethyan Platform that led up to total isolation of the
Ethiopian Province from its northern boreal counterpart by the completion of
the Tethyan-North Atlantic Ocean divide. Work on the geographic distribution
of brachiopod genera and species in the areas discussed above is in progress
and more comparative work, especially between the faunas of Saudi Arabia and
Israel, as well as those of Madagascar and the Cutch, must be done before any
real attempt at closer correlation can be achieved.

Community Ecology

The Jurassic was a critical time in the evolution of marine benthic communi-
ties. The “Mesozoic Marine Revolution” (Vermeij, 1977, 1987) began then in ear-
nest as ecological systems recovered from the devastation of the Permo-Triassic
extinctions and communities took on more modern aspects with a rise in preda-
tors and a consequent infaunalization of many taxa on both soft and hard sub-
strates. This Jurassic diversification has been described both very broadly (e.g.
Sepkoski, 1977) and in numerous systematic studies of particular clades, but it
is still little known at the community level. The analysis of well-preserved and
well-exposed Jurassic marine invertebrate assemblages in the Negev, southern
Israel, will help fill the gap in paleoecological studies and answer a set of paleo-
geographic and biostratigraphic questions as well. Future studies will integrate a
community analysis of brachiopod-dominated and hard substrate communities
within a sequence stratigraphic framework and correlate various Jurassic beds
throughout the Ethiopian Province from North Africa to Saudi Arabia.

Furthermore, hard substrate communities inhabited by sclerozoan (those
organisms which live on or in hard substrates such as hardgrounds, shells and
other skeletons) develop under very distinct physical requirements of tempera-
ture, water depth, nutrient levels and so forth. Wilson et al. (2008) noted that
marine fossil sclerozoans are commonly found on hardgrounds (synsedimen-
tarily-cemented seafloor sediments), rockgrounds (exposed surfaces of rocks
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lithified much earlier), and various biotic substrates including carbonate skel-
etons, wood and other plant materials. Since they are almost always preserved
in situ, they are excellent paleoenvironmental indicators. The proximity of in-
dividual elements in hard substrate communities are also preserved intact, in-
cluding overlapping competitive relationships, commensalism, and predatory
borings. These communities are easily compared with each other over time
and space, so they have been very useful for evolutionary paleoecological stud-
ies (Taylor and Wilson, 2003). Sclerozoan abundance and diversity increased
worldwide during the Jurassic (Taylor and Wilson, 2003; Wilson et al., 2008),
probably due to the increase in carbonate hard substrates in shallow marine
environments including hardgrounds (Palmer, 1982; Wilson et al., 2008) and
thick carbonate skeletons such as those of oysters, sponges and corals (Stanley
and Hardie, 1998; Wilson et al., 2008). The hard substrate faunas of the tropi-
cal Ethiopian Province have not yet been thoroughly described and integrated
with other better known subtropical to temperate faunas in Europe and North
America.

One very significant study in the Negev was that of a detailed description
of bioerosion, that is, the removal of consolidated mineral or lithic substrate by
the direct action of organisms as defined by Neumann (1966) and revised by
Wilson et al. (2010) to signify the destruction of hard substrates by biological
processes. Here numerous patch reefs and crinoids were bioeroded by various
invertebrates. The significance of the discovery of these ichnospecies is that
it is the first equatorial Middle Jurassic boring ichnofauna to be documented
(Wilson et al. 2010).

In order to provide useful data for evolutionary, paleoecological and strati-
graphic studies, the computation of “best-fit” correlation lines for several local
sections within the Negev will be completed along with the construction of a
composite standard (Shaw, 1964) that can also be used for intercontinental
correlation (based on genera). A composite standard nearly always produces a
much clearer picture of relative times of origin and extinction of species than can
be provided by any single section and its use, therefore, makes recognition of
evolutionary lineages and phylogenetic relationships less speculative than they
would otherwise be (Raup and Stanley, 1978). In addition to biostratigraphic
information, I have found other diverse data (e.g., an oolitic limestone [marker]
bed that extends laterally throughout the study area in Hamakhtesh Hagadol)
that would strengthen the conclusion of a strictly biostratigraphic investigation.

In future work sequence stratigraphic analysis will be used as a check on
biostratigraphic correlation and as a means of integrating facies information.
Fossils are the primary tools of chronostratigraphy, and biostratigraphy enables
inter-regional correlation of depositional sequences; sequence stratigraphy
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also permits, in turn, much more detailed resolution of time within biozones
(Brett, 1995). Brett (1995) believes that the sequence stratigraphic paradigm
makes a number of predictions about stratigraphic pattern and its relationship
to sea level, subsidence, and sedimentation processes. He notes that on the ba-
sis of sequence stratigraphy, further deductions can be made about the distri-
bution of both lithologic and paleontologic aspects of strata. Sequences record
fluctuations of a number of parameters, such as relative sea level and sedimen-
tation rates, which are of critical importance in governing the local distribution
of ancient organisms. Many of these aspects remain incompletely explored, but
the sequence stratigraphic model provides a powerful heuristic tool for inves-
tigating pattern in life history (Brett, 1995). Paleoecological analysis of the fos-
sils collected will enable me to study the many genetic relationships between
fossil distributional patterns and depositional sequences because paleoecologi-
cal changes are closely correlated with fluctuations in sea level and sedimen-
tation. Brett (1998) argues that sequence stratigraphy provides a temporally
constrained framework for the evaluation of ecological and evolutionary events
and, for example, may permit precise evaluation of the timing of immigration,
extinction or origination of new taxa in a region or on global scales.

Topics

The first section of the book deals with some Triassic brachiopods of
Makhtesh Ramon, a large erosional crater in the Negev adjacent to the town
of Mitzpe Ramon. A new species of the terebratulid brachiopod, Coenothyris
oweni, is erected and described (Feldman, 2002). The specific epithet, oweni,
was given in honor of Ellis F. Owen, for his important contributions to the study
of Mesozoic brachiopods. A second paper (Feldman, 2005) describes the ecol-
ogy, taphonomy (burial) and biogeography of a marine community consisting
predominantly of Coenothyris shells and ten genera of bivalves that were appar-
ently smothered by pulses of clay sedimentation.

The second section of this study includes papers that deal with the Jurassic
brachiopods and brachiopod-dominated communities of northern Sinai, specifi-
cally Gebel El-Maghara, Gebel Engabashi and Gebel El-Minshera (Feldman et. al,
1982). The second paper in this series (Feldman, 1987) is a study of the rare
Callovian brachiopod Septirhynchia hirschi collected from Gebel El-Maghara in
1978. Due to silicification of the shell, the specimens were extremely well-pre-
served and impervious to the muriatic acid in which they were prepared, result-
ing in the dissolution of the limestone matrix. The acid bath technique allowed
me to study the interiors without resorting to the use of transverse serial sec-
tioning. This was followed by a description of Goliathyris lewyi, a new genus and
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species of terebratulid from Gebel El-Minshera (Feldman and Owen, 1988). In
the early 1990s (Feldman et al., 1991), a study of a section of the sequence (2,000
m) at Gebel El-Maghara was published. This work included 15 brachiopod spe-
cies, including four new species, from an area that is critical to understanding
endemic faunas of the region (e.g. Saudi Arabia, Israel and Jordan). A follow-up
study on the fauna of Gebel Engabashi within the Maghara anticline (Feldman et
al,, 2012) provided more data on six species (one new genus and two new spe-
cies) that further elucidated the paleobiogeography of the Ethiopian Province
brachiopod faunas at the northern part of the Indo-African Faunal Realm.

The third section deals with research in Hamakhtesh Hagadol, another ero-
sional crater, a short drive south of Be’er Sheva, the “capital” of the Negev. From
the strata in Hamakhtesh Hagadol I collected 13 species of brachiopods that in-
cludes one new genus and 5 new species (Feldman et al., 2001). The rocks here
consist of 206 m of sediments that are divided into 69 subunits (Goldberg, 1963)
belonging to the Zohar and Matmor formations. In addition to the brachiopods,
we found a shallow marine sclerozoan fauna (sclerozoans are organisms that
live on hard substrates) in the Matmor Formation. In this community we found
an encrusting fauna thatlived in a shallow lagoon on the landward side of a coral
reef which was surrounded by muddy sediments that contained echinoids, oys-
ters and both rhynchonellid and terebratulid brachiopods (Wilson et al., 2008).
Additional work in Hamakhtesh Hagadol resulted in the recognition of a Middle
Jurassic coral-sponge reef community also in the Matmor Formation (Wilson,
et al, 2010) that represents one of the first detailed studies of bioerosion in an
equatorial Jurassic ecosystem. Feldman and Brett (1998) reported on epi- and
endobiontic (now termed epizoozoans and endozoozoans) organisms on Late
Jurassic crinoid columns from Hamakhtesh Hagadol. They were able to extend
the range of Tremichnus (Oichnus) by almost 100 million years. This section ends
with a summary of the biostratigraphy, paleogeography and cyclic events of the
southern Levant (Hirsch et al., 1998). Here we trace events on the Gondwanian
Tethys platform-shelf during the Jurassic Period and look at the rock formations,
fossils (e.g. brachiopods, ammonites, ostracodes) and distribution of these or-
ganisms in the southern Levant. The section ends with a discussion of the tecto-
no-eustatic cyclic events and a sequence stratigraphic view of these events.

The last paper is a description of rhynchonellide brachiopods from the
Jordan Valley (Feldman, et al., 2012) in which are described seven brachio-
pod genera including two new species. This fauna was collected from the
Mughaniyya Formation of northwest Jordan and inhabited a near shore envi-
ronment during Jurassic times. The fauna here can be correlated with the fau-
nas of the Aroussiah Formation in northern Sinai and the Zohar and Matmor
formations in southern Israel.
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A COMPARISON OF JURASSIC
AND DEevoONIAN BRACHIOPOD COMMUNITIES:
TROPHIC STRUCTURE, DIVERSITY, SUBSTRATE
ReLATIONS AND NICHE REPLACEMENT

ABSTRACT

Four Jurassic (Bathonian-Callovian) brachiopod communities from Gebel El-
Maghara, northern Sinai, are compared to four Devonian (Eifelian) brachiopod
communities from New York. All communities recognized were examined in
terms of composition, trophic structure, diversity, and relation to substrate.
Conclusions reached regarding the Jurassic communities pertain only to local
areas in northern Sinai and are strictly local observations. The faunas of the
Jurassic communities show a close affinity with Eurasian Tethyan shelf faunas
and, situated on the African continent, form an important link between the
European faunas and those of Afro-Indian origin.

INTRODUCTION

During the past decade, paleobiologists have increasingly focused on tro-
phic structure as a means of reconstructing ancient communities. One of the
trends in recent years has been to compare paleocommunities and living com-
munities (a paleocommunity is defined as a suite of preservable taxa compris-
ing a community, as opposed to a living community, which consists of all taxa
in the community, sensu Scott and West, 1976). In this preliminary study we
compare four Devonian brachiopod communities to four Jurassic brachiopod
communities and evaluate trophic structure, diversity, and substrate relations
in order to assess and recognize any major trends from the mid-Paleozoic to
mid-Jurassic.

The non-reef paleocommunities of the Onondaga Limestone (Devonian,
Eifelian) in New York have been analyzed by Feldman (1980) and Lindemann
and Feldman (1981) with respect to distribution, diversity, functional morphol-
ogy, and substrate relations, but trophic structure was not studied in detail.
A paper on the systematics of the Onondagan brachiopods (Feldman, 1980) in-
cludes additional distributional data and collecting localities.
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The Middle Jurassic section at Gebel El-Maghara, northern Sinai, which
was sampled in this study is over 600 meters thick. The brachiopod, molluscan,
and echinoderm faunas were described by Douvillé (1916) but no one has stud-
ied the brachiopods in detail since Cossmann (in Douvillé, 1925) studied the
Callovian bivalves and gastropods of Sinai and Hirsch (1979) and reported on
the bivalves and gastropods of northern Sinai and southern Israel.

The brachiopod faunas of northern Sinai are significant in that they show
a close affinity with Eurasian Tethyan shelf faunas and, situated on the African
continent, form a key link between European faunas and those of Afro-Indian
origin. Based upon data collected, we suspect that the Ethiopian Province (i.e.,
northern Sinai) was invaded by brachiopods migrating from the north in early
Jurassic times which were isolated for the remainder of the Jurassic. These fau-
nas are thought to have subsequently developed special morphological features
which distinguish them from their original stock. A detailed systematic study of
the Brachiopods is in preparation (Feldman, Owen and Hirsch) which will yield
functional morphological data as well as result in a revision of those genera
and species described before Muir-Wood (1934, 1935) and which lack internal
descriptions.

TROPHIC ANALYSIS OF SPECIFIC COMMUNITIES

Atrypa-Coelospira-Nucleospira Community.—This community is found in
mudstones and wackestones of the Onondaga Limestone (Devonian, Eifelian) in
the Mid-Hudson Valley, southeastern New York. The environment of deposition
was most likely mid-neritic with a moderately to highly agrillaceous lime mud or
lime sand substrate (Feldman, 1980). Of the four Devonian communities stud-
ied, the Atrypa-Coelospira-Nucleospira Community shows the greatest diversity.
Six major taxa were recovered (Table 1): Brachiopods (32 species), corals (13
genera), gastropods (4 species), echinoderms (indetermined number of crinoid
species), trilobites (1 species) and bryozoans (2 species). The trophic nucle-
us of the community is composed mainly of spiriferid brachiopods, low-level
suspension feeders. Note that the brachiopods show the greatest diversity in
the community. The next most abundant group is the corals (high-level suspen-
sion feeders) followed by the gastropods (collectors? browsers? scavengers?),
echinoderms (crinoids, passive high-level suspension feeders), trilobites (semi-
infaunal burrowers? collectors? scavengers? predators?) and bryozoans (low-
level and high-level suspension feeders). The Atrypa-Coelospira-Nucleospira
Community shows excellent structure and stratification with regard to trophic
levels. The high diversity appears to be indicative of a low stress environment.
(See table 1)
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TABLE 1: Trophic structure and diversity of the Atrypa-Coelospira-Nucleospira Community.

Major Taxon (in order
of relative abundance) General Morphology Trophic Group

Brachiopods Varied,* but predominantly dorsibi- Low-level suspension feeders
convex, cancavo-convex, plano-
convex, and biconvex spiriferids

Corals Solitary and colonial High-level suspension feeders

Gastropods Spinose platyceratids Collectors? browsers? scavengers?

Echinoderms Non-pinnulate inadunate crinoids Passive high-level suspension
ossicles feeders

Trilobites Fragments with inflated glabellas Semi-infaunal burrowers? collec-
(Phacopids?) tors? scavengers? predators?

Bryozoans Encrusting and ramose fragments Low-level and high-level suspension

feeders.

* A total of 32 species have been recovered, 17 of which are spiriferids.

Atrypa-Megakozlowskiella Community.—This community occurs in the
mudstones and wackestones of the Onondaga Limestone from Cherry Valley
to Clarkesville, New York. The environment of deposition was mid-neritic with
a moderately argillaceous lime mud or lime sand substrate (Feldman, 1980).
Diversity (Table 2) is greatest among the brachiopods (22 species), low-level
suspension feeders, followed by the corals (high-level suspension feeders),
echinoderms (crinoids, passive high-level suspension feeders), trilobites (semi-
infaunal burrowers? collectors? scavengers? predators?), bryozoans (high-level
suspension feeders), and gastropods (collectors? browsers? scavengers?). The
trophic nucleus is composed mainly of spiriferid brachiopods. Here, as in the
Atrypa-Coelospira-Nucleospira Community, there is excellent stratification of
trophic levels with eight different trophic groups recognized. The high diversity
appears to be indicative of a low stress environment. (See table 2).

TABLE 2: Trophic structure and diversity of the Atrypa-Megakozlowskiella Community.

Major Taxon (in order

of relative abundance) General Morphology Trophic Group
Brachiopods Varied,* but predominantly Low-level suspension feeders
dorsibiconvex and ventribiconvex
spiriferids
Corals Solitary and colonial High-level suspension feeders
Echinoderms Non-pinnulate inadunate crinoids Passive high-level suspension
ossicles feeders
Trilobites Indet. Fragments (molts?) Semi-infaunal burrowers? collec-
tors? scavengers? predators?
Bryozoans Trepostome? fragments High-level? suspension feeders
Gastropods Lenticular tropidodiscids Collectors? browsers? scavengers?

* A total of 32 species have been recovered, 11 of which are spiriferids.



A COMPARISON OF JURASSIC AND DEVONIAN BRACHIOPOD COMMUNITIES 29

Leptaena-Megakozlowskiella Community.—This community is found in
mudstones and wackestones of the Onondaga Limestone in central New York,
in the vicinity of Syracuse. The environment of deposition was probably mid-
neritic with a moderately to highly argillaceous lime mud or lime sand substrate
(Feldman, 1980). Brachiopods (low-level suspension feeders) comprise the tro-
phic nucleus (Table 3) with 17 species followed by corals (high-level suspen-
sion feeders), echinoderms (crinoids, passive high-level suspension feeders),
trilobites (semi-infaunal burrowers? collectors? scavengers? predators?), gas-
tropods (collectors? browsers? scavengers?), bryozoans (high-level suspension
feeders) and cephalopods (predators). Again, eight different trophic groups are
recognized, minimizing feeding competition in this highly stratified community.
As in the two previous communities discussed, high diversity here appears to
indicate a low stress environment. (See table 3)

TABLE 3: Trophic structure and diversity of the Leptaena-Megakozlowskiella Community.

Major Taxon (in order
of relative abundance) General Morphology Trophic Group

Brachiopods Varied,* but predominantly Low-level suspension feeders
concavoconvex strophomenids and
ventribiconvex spiriferids

Corals Solitary and colonial High-level suspension feeders

Echinoderms Camerate crinoid columnals Passive high-level suspension
feeders

Trilobites Medium sized flat forms with spine-  Semi-infaunal burrowers? collec-

bearing pygidia, pear-shaped and tors? scavengers? predators?
inflated glabellas

Gastropods Lenticular, trochiform, and discoid Collectors? browsers? scavengers?
morphotypes
Bryozoans Ramose fragments High-level suspension feeders
Cephalopods Subdiscoid and lenticular morpho- Predators
types

* A total of 17 species have been recovered, 8 of which are spiriferids.

Amphigenia? Community.—This community occurs in a sandstone fa-
cies of the Onondaga Limestone in central New York. The environment of
deposition was inner-neritic with a sand substrate (Feldman, 1980). Of all
the Devonian communities studied, the Amphigenia? Community shows the
least diversity (Table 4). Although only two major taxa are found in this com-
munity, they are stratified such that they feed at different trophic levels: bra-
chiopods (low-level suspension feeders) and corals (high-level suspension
feeders). The low diversity and coarse substrate are indicative of a high stress
environment.
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TABLE 4: Trophic structure and diversity of the Amphigenia? Community.

Major Taxon (in order

of relative abundance) General Morphology Trophic Group
Brachiopods Robust biconvex terebratulids Low-level suspension feeders
Corals Solitary and colonial High-level suspension feeders

Eudesia Community.—The Eudesia Community (Jurassic, Upper Bathonian)
is found in interbedded, in places microoncolithic, friable limestones and thin-
bedded calcareous shales of the Sherif Formation, Gebel El-Maghara, northern
Sinai. The general environment of deposition of the Sherif Formation in south-
ern Israel and northern Sinai was a peritidal shelf environment indicative of
alternating sequences of clastics and carbonates, representative of continu-
ally shifting river systems which drained the Arabo-Nubian shield (Goldberg
and Friedman, 1974). However, locally, the environment of deposition ap-
pears to have been one of low-energy (mid-neritic) with a low rate of depo-
sition, dominated by brachiopods and bivalves (Eligmus, Africogryphaea, and
Gryphaeligmus) on a mud substrate. Brachiopod diversity is markedly reduced
from the Devonian communities. In the Fudesia Community (Table 5) only 1
brachiopod genus (i.e. Eudesia) represents the trophic nucleus. There is pres-
ent, however, an additional rare species of smooth terebratulid. The brachio-
pods (low-level suspension feeders) are closely followed in abundance by
bivalves (low-level suspension feeders), rare gastropods (collectors? browsers?
scavengers?) rare cephalopods (predators), and rare echinoderms (scaven-
gers, predators). Structure and stratification of trophic levels is not as good as
in the first three Devonian communities discussed above, and only five differ-
ent trophic groups are recognized here. The relatively high diversity appears
to indicate a low stress environment, although the presence of bivalves in the
number 2 biovolume dominance position may indicate a position closer to the
shore. (See table 5)

TABLE 5: Trophic structure and diversity of the Eudesia Community.

Major Taxon (in order

of relative abundance) General Morphology Trophic Group

Brachiopods Biconvex multiplicate and rare Low-level suspension feeders
smooth terebratulids

Bivalves Ostreids, malleids Low-level suspension feeders

Gastropods Medium-spired morphotypes Collectors? browsers? scavengers?

Cephalopods Oxyconic ammonites Predators

Echinoderms Regular echinoids Scavengers, predators
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Ptychtothyris Community.—This community occurs in the upper part of
the Sherif Formation (upper Bathonian), Gebel El-Maghara, in a shallower ma-
rine environment than the underlying Eudesia Community. The shale content
is greater and microoncolites are present along with recrystalized limestone
due to aragonite dissolution of shallow marine organisms (Z. Lewy, personal
communication). Here again brachiopod diversity is reduced from that of the
Devonian. The trophic nucleus (Table 6) consists of brachiopods (over 95%
Ptychtothyris, 3% Eudesia, 2% indet. sp.) (low-level suspension feeders) fol-
lowed in abundance by bivalves (low-level suspension feeders), gastropods
(collectors? browsers? scavengers?), and echinoderms (scavengers, predators).
A mid-neritic environment of deposition is assigned, although the presence of
microoncolites would seem to indicate a higher energy environment. Trophic
structure and stratification are similar to that of the Eudesia Community with
only four different trophic groups recognized. Bivalves are again in the num-
ber 2 biovolume dominance position.

Certain parameters typical of opportunistic species (see Levinton, 1970;
Alexander, 1977) appear to be applicable to the genus Ptychtothyris. Although
found in adjacent strata, Ptychtothyris reaches overwhelming numerical abun-
dance (95%) in some strata. There is a definite lack of size sorting within the
population. The cause of this possible opportunistic explosion is not certain. It
may have been related to substrate mobility and/or reduced salinity caused by
the drainage of river systems from the adjacent Arabo-Nubian shield. Goldberg
and Friedman (1974) report that the presence of clastic rocks within the Sherif
Formation suggests runoff of sand- and mud-bearing river water from nearby
land areas. (See table 6)

TABLE 6: Trophic structure and diversity of the Ptychtothyris Community.

Major Taxon (in order

of relative abundance) General Morphology Trophic Group

Brachiopods Smooth and multiplicate biconvex Low-level suspension feeders
terebratulids

Bivalves Ostreids Low-level suspension feeders

Gastropods Medium-sized, medium-spired Collectors? browsers? scavengers?
morphotypes

Echinoderms Regular echinoids, medium-spired Scavengers, predators
morphotypes

Septirhynchia Community.—The Septirhynchia Community (Lower
Callovian?) is found in the Zohar Formation, Gebel El-Maghara, just above a
series of crumbly limestones in a hard, dense, buff colored limestone with a
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distinct chert band at the top. The lowermost meter contains the entire fau-
na which is biostromal in some parts. The environment of deposition appears
to have been mid-neritic. The trophic nucleus (Table 7) consists of brachio-
pods (over 99% Septirhynchia) (low-level suspension feeders), followed in
abundance by bivalves (low-level suspension feeders), corals (high-level sus-
pension feeders) and gastropods (collectors? browsers? scavengers?). No am-
monites have been found associated with this community. Stratification is not
well developed here, although the large size of the brachiopods may in actual-
ity bring them into direct competition with the corals in terms of utilization
of food resources. Mancenido and Walley (1979) have proposed a life position
for Septirhynchia which would have placed the anterior commissure of gibbous
forms at a level several centimeters above the sediment-water interface. With
the commissure vertically oriented, the brachiopod attained a certain amount
of stability on the sea floor. Juvenile forms, however, were true low-level sus-
pension feeders since they lived attached by a pedicle accompanied by incurva-
ture of the umbos which was typical of all gibbous forms observed in the field.
Although corals are common throughout the outcrops studied, no reef mounds
are present. (See table 7)

TABLE 7: Trophic structure and diversity of the Septirhynchia Community.

Major Taxon ( in order
of relative abundance) General Morphology Trophic Group

Brachiopods Large, strongly costate rhyn- Low-level suspension feeders
chonellids and very rare smooth
terebratulids, e.g. Ptychtothyris

Bivalves Small, inequivalved exogyrids, Low-level suspension feeders

and subequivalve, irregular ovate

malleids
Corals Indet. ramose fragments High-level suspension feeders
Gastropods Medium-large sized, medium- Collectors? browsers? scavengers?

spired morphotypes

Somalirhynchia Community.—This community (Upper Callovian) occurs
at the top of the Zohar Formation, Gebel El-Maghara, in a yellow, nodular, ar-
gillaceous limestone. The environment of deposition was midneritic. The tro-
phic nucleus consists of brachiopods (low-level suspension feeders) followed
in abundance by ammonites and belemnites (predators), bivalves (low-level
suspension feeders), and gastropods (collectors? browsers? scavengers?).
Stratification of trophic levels is fair in this community (Table 8), with five dif-
ferent trophic groups present. Additional data are needed before a further de-
tailed evaluation of this community can be completed. (See table 8)
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TABLE 8: Structure and diversity of the Somalirhynchia Community.

Major Taxon (in order
of relative abundance) General Morphology Trophic Group

Brachiopods Medium-large sized rhynchonellids, Low-level suspension feeders
smooth terebratulids.

Cephalopods Ammonites: Sowerbyceras with Predators
acutely sigmoid constrictions on
test; Involute ornate oppeliids, evo-
lute, compressed unicarinate and
pachyceratid morphotypes. Belem-
nite fragments; Paracenoceras.

Bivalves Ostreids, pectenids Low-level suspension feeders
Gastropods Low-, medium-, and high-spired Collectors? browsers? scavengers?
morphotype.
DISCUSSION

Although this study deals with brachiopod communities of the Devonian
and Jurassic, additional observations were made pertaining to other marine
communities, especially in the Jurassic. These observations are incorporated
into the discussion below. The bivalves in the Jurassic, in some cases, may have
taken over the ecological niche of the Paleozoic brachiopods subsequent to
the Permian crisis. We concur with Gould and Calloway (1980) that after the
Permo-Triassic extinction (which affected brachiopods profoundly but clams
relatively little) the clams may have been the first back after a brachiopod de-
bacle in which clams played no causal role. They did not actively displace the
brachiopods during the Permian crisis. In general, in the Jurassic, we find little
evidence for a “takeover” by bivalves and often meet with distinct faunal groups
of one phylum or another. It is important to note that conclusions reached here
based upon data collected in the Jurassic of northern Sinai, especially regarding
niche-replacement, pertain only to local areas and are strictly local observa-
tions. Further study will yield additional data which will allow more general
conclusions to be drawn regarding Jurassic marine communities.

Table 9 summarizes the niche replacement and biovolume dominance of
the eight communities studied. The Devonian and Jurassic communities are
similar in that they are all dominated by low-level suspension feeders. However,
in the vast majority of the Jurassic communities observed that were not domi-
nated by brachiopods, bivalves invariably moved into the number 1 biovolume
dominance position. Thus, the ecological niche representative of the number 1
biovolume dominance position, that is, low-level suspension feeders, was the
same in both the Devonian and Jurassic. In the Devonian high-level suspen-
sion feeders (corals) were consistently in the number 2 biovolume dominance
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position but by Jurassic time they dropped to number 5 position. The passive
high-level suspension feeders of the Devonian communities do not appear in
any of the Jurassic communities. The number 3 biovolume dominance position
that they had occupied in the Devonian was taken over by the predators (cepha-
lopods) in the Jurassic. It is noteworthy that the Devonian predators (i.e. cepha-
lopods) occupied a number 7 position indicating their increased importance as
Jurassic community faunal constituents. The Devonian trilobites have no exact
ecological counterpart in the Jurassic communities we observed, although a
crustacean has been reported from the Eudesia beds (Z. Lewy, personal com-
munication). Their extinction by the end of the Permian resulted in a vacant
niche which may have been taken over, at least in part, by the echinoids. The
gastropods maintained a relatively stable ecological position from Devonian
through Jurassic, moving from a number 5 to number 4 biovolume dominance
position. (See table 9)

TABLE 9: Niche replacement and dominance in Devonian
and Jurassic brachiopod communities.

Period of occurrence BIOVOLUME DOMINANCE POSITION

and communities 1 P 3 4 5 6 7
Jurassic
1) Eudesia Brachio- Bivalves Cepha-  Gastro- Corals  Echi- —
2) Ptychtothyris pods (LLSF) lopods pods (HLSF) noids
(LLSF)* (P) (C,B,S) (RS)

3) Septirhynchia
4) Somalirhynchia

Devonian
1) Atrypa-Coelospira-  Brachio-  Corals Crinoids  Trilo- Gastro-  Bryozo- Cepha-
Nucleospira pods (HLSF) (PHLSF)  bites pods ans (HL, lopods
2) Atrypa Megako- (LLSF) (SB,C,  (C,B,S) LLSF) (P)
zlowskiella S, P)

3) Leptaena-Megako-
zlowskiella

4) Amphigenia?

* Note that the non-brachiopod dominated marine communities observed in the Jurassic of Gebel
El-Maghara, not studied in detail in this report, consistently had mollusks (usually bivalves) in the num-
ber 1 biovolume dominance position. Abbreviations: LLSF = low-level suspension feeder; HLSF = high-
level suspension feeder; PHLSF = passive high-level suspension feeder; P = predator; C = collector; B =
browser; S = scavenger; SB = semi-infaunal burrower.

Turpaeva’'s (1957) well-known generalizations regarding arctic and bo-
real marine communities apply to three of the four Devonian communities
in that they are: 1) Dominated by one trophic group (low-level suspension
feeders) and, 2) Structured such that the second most dominant species be-
longs to a different trophic group from the most dominant species. However,



