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ABSTRACT I

BERNASCONI, M.P. and STANLEY. D.J., 1994. Molluscan biofacies and their environmental impli-
cations, Nile delta lagoons, Egypt. Journal of Coastal Research, 10(2), 440-465. Fort Lauderdale (Florida),
ISSN 0749-0208.

Molluscan assemblages and their distribution in surficial sediment of Idku, Burullus and Manzala tagoons
and Mariut lake in the northern Nile delta, Egypt, are defined. Quantitative analysis is performed on
thanatocoenoses comprising a total of 47 species using a principal component analysis to distinguish the
molluscan biofacies. Cumulative dominance values of fresh-water, lagoon sensu stricto and marine settings,
calculated for molluscan assemblages in each sample. reveal considerable faunal variability within and
between the four Nile delta water bodies.

Three molluscan biofacies are identified: those recording a marine, a fresh-water and a lagon sensu
stricto influence. Biofacies indicate that, of the three lagoons, Manzala has the most fresh-water affinity
and also receives the greatest incursion of marine waters via its outlet. Mariut lake biofacies, comparable
to those of the Nile lagoons, likely record its history early in the last century when it was a lagoon
connected to the Mediterranean. As a result of relatively high freshwater input, modern Nile molluscan
biofacies comprise larger proportions of fresh-water species than in many other Mediterranean lagoons.
The smaller number of molluscan biofacies and their more extensive geographic distribution in modern
Nile lagoons, as compared to petrological subfacies, are a function of sediment transport-related phe-
nomena.

The results of this study are applied to the fossil record in short cores from former Abu Qir lagoon, as
old as 200 years, and older Holocene sequences in the underlying northern delta. Molluscan biofacies in
these older units indicate settings that are somewhat less fresh-water and more lagoon sensu stricto
influenced than those in modern Nile lagoons. Since molluscan faunas are sensitive markers of environ-
mental conditions, it is recommended that their distributions in baseline studies be monitored in Nile
delta lagoons and Mariut lake which are undergoing drastic modification by man.

ADDITIONAL INDEX WORDS: Fossil record, Holocene sequence, biomarker, lagoonal facies, deltaic
facies, thanatocoenoses, molluscan assemblage.

INTRODUCTION

This investigation defines molluscan assem-
blages and interprets their origin in modern and
Holocene lagoon deposits in the northern Nile
delta of Egypt. Special attention is paid herein to
Mariut, Idku, Burullus and Manzala, the four
brackish water bodies of variable size which cover
a large area of the lower delta plain (Figure 1).
Mariut, a lake, is enclosed and has been without
a major connection to the sea since the nineteenth
century (Dr CossoN, 1935). In contrast, the other
three display typical lagoon characteristics (cf.
KERAMBRUN, 1986; Kyerrvr and MaciLL, 1989;
WARD and AsHLEY, 1989): each is elongate, ori-
ented generally parallel to the coast, shallow (<
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2.5 m), separated from the Mediterranean Sea by
low, long and narrow coastal sand barriers, and
connected to the sea by an outlet. Vegetation-
covered islets abound in all lagoon basins. La-
goons were previously fed by River Nile distrib-
utaries (ARrROWSMITH, 1807; JacoTin, 1818;
TouUssoUN, 1922) and overbank flooding, but pres-
ently receive much of their fresh to slightly saline
water from irrigation channels and drains that
flow primarily from the south (Iwaco, 1989;
SEsTING, 1992).

A number of studies have called attention to
the dark, organic- and plant-rich deposits that
accumulate in these lagoons on the Nile delta plain
(SHAFEI, 1946; Saip, 1958; Burzer, 1959, 1976;
UNDP/UNESCO, 1978). The most obvious at-
tributes of these muds and sandy silts, sometimes
interbedded with thin sand laminae, are their gray
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Figure 1. Map of northern Nile delta region of Egypt, showing
Mariut lake (A), three modern lagoons [ldku (C); Burullus (D);
Manzala (E)], and former Abu Qir lagoon (B). Details of the
five regions and sample sites are shown in Figure 2.

to dark olive color, abundant shell and plant lay-
ers, and root and biogenic structures visually ob-
served in split core sections and in x-radiographs.
On the basis of these and associated petrologic
and stratigraphic considerations, COUTELLIER and
STANLEY (1987) were able to readily distinguish
Holocene lagoon from interfingering coastal and
marine deltaic facies.

Both faunal and floral components are char-
acteristic of Nile lagoon deposits but, to date, few
comprehensive studies of these biogenic fractions
have been made in either present-day or Holocene
Nile delta sequences. Moreover, the various in-
vestigations which record shell-rich sediments on
the floor of modern delta lagoons have not de-
tailed the specific nature of the molluscan assem-
blages (EL-WAKEEL and WaHBY, 1970; Saap,
1976a,b, 1978; Lo1zEAU and STaNLEY, 1993). Gen-
eral lists of modern molluscan faunas for various
regions of northeast Africa, including Egypt
(PALLARY, 1911; STEUER, 1939; BrownN, 1980;
DammMmE, 1984), are of value in this respect. With
this as a base, a recent study was initiated to
define modern molluscan assemblages in the three
major lagoons and Mariut lake in the Nile delta
(Lonco, 1992).

Primary considerations here are to (1) define
modern molluscan biofacies on the basis of sta-
tistical analysis of faunas identified by LoNco
(1992), and (2) determine their geographic dis-
tributions in the three Nile delta lagoons. The
quantitative examination of faunal data was un-
dertaken to refine interpretations on present en-
vironmental conditions affecting these shallow
water bodies. This is of importance because all
modern Nile lagoons are undergoing very rapid
change (reduction in size, pollution) as a result of
accelerated anthropogenic activity, and their de-
mise is expected to have potentially serious re-

percussions for the delta region (STANLEY and
WARNE, 1993).

In addition, the methodology developed for
analysis of molluscan assemblages in Nile lagoons
is applied herein to interpret those recorded in
Mariut lake, the enclosed water body on the
northwestern delta margin. Findings on modern
molluscan assemblages are also applied to cores
recovered in former Abu Qir lagoon (Figure 2B),
drained more than a century ago as a result of
land reclamation, and to older Holocene lagoon
sequences in cores recovered in the lower Nile
delta plain (Figure 2B).

METHODOLOGY

A total of 78 bulk samples were examined in
the present study. Forty of these are from surficial
samples (Figure 2A, C-E), collected with a 5-liter
grab sampler during two field expeditions (1989,
1990): in Manzala (20 samples), Burullus (4 sam-
ples) and Idku lagoons (10 samples), and in Mari-
ut lake (6 samples). All surficial samples were kept
in 4% formaline solution to preserve the living
fauna (biocoenosis). Also examined in this study
are 13 bulk samples (~100 cm®) from four short
cores (to 70 cm depth) recovered in former Abu
Qir lagoon during a 1992 survey (Figure 2B), and
25 coarse fraction (> 0.5 mm) residues from la-
goon sections in 3 long cores (to 9 m depth) col-
lected in the northwest Nile delta (Figure 2B).

Faunal components (molluse, polychaete, crus-
tacean and bryozoan remains) were separated from
the terrigenous fraction using a 1 mm sieve in the
case of surficial samples, and a 0.5 mm sieve for
core samples. With respect to molluscan material
separated from these surficial samples, the living
molluses (biocoenosis, usually in low proportions),
were distinguished from the non-living fauna
(thanatocoenosis). This study focuses on the
thanatocoenoses because of their higher propor-
tions in most samples. The species forming these
thanatocoenoses are considered autochthonous,
i.e., they have not been substantially displaced
after death. Mollusc shells attributed to the than-
atocoenoses range in size from 0.5 mm to 4 cm.

Shells were identified, and the number of spec-
imens in each taxon counted following the method
proposed by Di GrronNiMo and RoBra (1976).
Abundance of taxa (A = number of specimens of
a given taxon in a given sample), and dominance
of taxa (D = abundance of taxon in a given sample
divided by the total number of specimens of that
sample) are recorded, respectively, in Tables 1
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Figure 2. Positions of surficial samples in Mariut lake and three lagoons, short cores in former Abu Qir lagoon (AQ1-AQ4), and
long cores (S-62, -72, -74) in the Idku lagoon region. X-radiographs of 3 short cores (MZ-XIII, MZ-XXI and MZ-XXXI) in Manzala

lagoon are illustrated in Figure 3.

and 2. The species are listed in systematic order
following criteria suggested by Moore (1969) for
the bivalves, and that proposed by WENz (1938-
1944) for the gastropods.

Statistical analysis was performed to define bio-
facies in the modern Nile Jagoon environments.
Faunal lists compiled for each of 33 bulk samples
from Idku, Burullus and Manzala lagoons (Bu-
rullus sample BU3, collected in a marsh, was not
considered) provide the basis for a principal com-
ponent analysis. The data matrix consists of the

33 samples considered as variables (data in ver-
tical columns) and the 46 molluscan species in
these lagoon samples as observations (data in hor-
izontal rows). The numbers in the matrix are spe-
cies abundances (Table 1). Following the same
procedure, the six Mariut lake samples were add-
ed to and treated statistically with the 33 lagoon
surficial samples (for a total of 47 species) using
the same matrix. The principal component anal-
ysis was performed on a Macintosh LC personal
computer using StatView 512+ ¢ software.

Journal of Coastal Research, Vol. 10, No. 2, 1994
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DEFINING LAGOON SUBFACIES:
GENERAL CONSIDERATIONS

Lagoon deposits constitute the dominant sed-
imentary facies of Holocene age in the northern
Nile delta (STanLEY and WaARNE, 1993). On the
basis of comprehensive compositional analysis of
the sand-size fraction, it is readily possible to dis-
tinguish sands in modern Nile delta lagoon facies
from sands in desert, river and various coastal
deposits with which they interfinger (STANLEY and
CHEN, 1991). Lagoon deposits can also be differ-
entiated from associated marsh facies on the basis
of organic content (DoMINIK and STANLEY, 1993;
SiEGEL et al., 1993) and plant matter (Howa and
STaNLEY, 1991). Moreover, composition of sand
and coarse silt fractions serves to differentiate two
lagoon sub-types, essentially biogenic- and ter-
rigenous-rich.

Grain size, staining and surface texture attri-
butes of the sand fraction (FriHy and STANLEY,
1987), on the other hand, are not sufficiently sig-
nificant criteria to define modern Nile delta la-
goon facies. Nor does statistical analysis of the
composition of the sand-size fraction in subsur-
face mud and sand sequences, alone, suffice to
distinguish lagoon from associated deltaic facies
inthe Nile delta (Frity and STanLEY, 1988). These
difficulties result, in part, from effects of extensive
sediment reworking and mixing due to transport
processes, and also from effects of both fluvial and
marine influences which often occur within a sin-
gle lagoon. To resolve this process-related prob-
lem, definition of Nile lagoon facies in subsurface
Holocene sequences requires taking into account
sedimentary and biogenic structures along with
textural and compositional attributes (LoizEau
and STaNLEY, 1993). This comprehensive ap-
proach serves to more clearly define lagoon de-
posits, and also to differentiate marine- from flu-
vial-influenced variants (ARBOUILLE and STANLEY,
1991; CHEN et al., 1992; STANLEY et al., 1992;
WARNE and STANLEY, 1993).

It isrecognized that the biogenic content of Nile
lagoon deposits tends to be higher than in other
facies (COUTELLIER and STANLEY, 1987; STANLEY
and CHEN, 1991), and this component usually in-
cludes a statistically large proportion of mollusc
shells and shell fragments (often stratified, Figure
3), as well as polychaetes, ostracods (PUGLIESE
and STANLEY, 1991), foraminifera (KuLvk, 1987)
and plant debris (Howa and StanNLEy, 1991). A
diverse suite of petrological subfacies in Idku la-
goon, including some that are biogenic-rich, has

recently been identified by analyses of surficial
and subsurface deposits (in short cores). The ap-
proach used integrates data on lithology, physical
and biogenic structures, grain size and composi-
tion of the sand-size fraction (Loizeau and
STANLEY, 1993).

MOLLUSC DISTRIBUTIONS AND
INTERPRETATIONS

General

A total of 47 mollusc species in the 34 surficial
lagoon and 6 lake samples, represented by 66,224
specimens (Table 1), were identified. These in-
clude 21 bivalves and 26 gastropods (Tables 1 and
2). All taxa have been previously cited in the Med-
iterranean area, and most are also described in
the literature. An autoecological investigation
made for each of the 47 species (Lonco, 1992)
includes their environmental setting, ecological
meaning, life-habit and feeding type (these are
summarized in Table 3). Ecological meaning re-
fers to affinity of a species to a precise biocoenosis,
as defined by modern bionomists working on
Mediterranean faunas (PErES and PicagrD, 1964;
PicAarDp, 1965; GUELORGET and PERTHUISOT, 1983).
Ecological meaning codes used in Table 3 refer to
both marine and lagoon taxa. On the basis of all
the above available information, it is possible to
assign a fresh-water, lagoon proper or marine set-
ting to 41 of the 47 species (Table 3).

Cumulative dominance values of these three
environmental settings have been calculated, tak-
ing into account the entire molluscan fauna in
each of the 40 samples. Relative percentages of
fresh-water influenced, lagoon sensu stricto (s.s.)
and marine influenced assemblages for all sam-
ples in the three lagoons and Mariut lake are de-
picted in Figure 4. There is considerable vari-
ability of faunas within and between water bodies:
Manzala comprises samples with a large propor-
tion of marine, and some with high percentages
of fresh-water species; Idku, Burullus and Mariut
thanatocoenoses are dominated by lagoon s.s. taxa,
although of variable proportions. This variability
is the result, in part, of an uneven sampling net
with respect to both sample spacing and geo-
graphic setting (Figure 2). Some of the factors
which result in sample variability depicted in Fig-
ure 4 are discussed in the following sections.

Idku Lagoon

Idku, smallest of the three lagoons, is located
in the northwestern part of the delta, south and

Journal of Coastal Research, Vol. 10, No. 2, 1994
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Table 2. Dominance values of mollusc species in surficial samples of Mariut lake, and Idku, Burullus and Manzala lagoons in the northern Nile delta of Egypt. Explanation in text.
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448 Bernasconi and Stanley

Figure 3. X-radiograph prints of shell-rich layers in selected short cores from Manzala lagoon. A, autochthonous assemblage of
articulated bivalves (Cerastoderma glaucum) and gastropods (Potamides conicus) dispersed in muddy sand; arrows point to burrows
(core MZ-XXXI), B, lower section reveals two autochthonous layers (arrows) comprising small articulated pelecypod and gastropod
shells scattered in mud; upper section shows the base of a thick (> 30 cm), coquina-like, allochthonous concentration of disarticulated
pelecypod valves (core MZ-XIII). C, allochthonous layer of large, disarticulated valves of Cerastoderma glaucum, dispersed in sandy
mud (core MZ-XXI). Bar scale in C = 2 cm.
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Table 3.  Autoecological attributes of molluscan species (taxa are listed in systematic order).

Environmental Ecological Feeding
Setting Meaning Life-habit Type
Bivalvia
Glycymeris sp. UNDET VAG INF SUSPENSION
Brachidontes (B.) variabilis LAGOON LEE ATT EPIF SUSPENSION
Musculus costulatus MARINE SSPR ATT EPIF SUSPENSION
Pinctada radiata MARINE SSPR ATT EPIF SUSPENSION
Ostrea edulis MARINE SSPR ATT EPIF SUSPENSION
Ostrea sp. UNDET ATT EPIF SUSPENSION
Loripes lacteus MARINE SVMC VAG INF SUSPENSION
Laevicardium (L.) oblongum MARINE DC VAG INF SUSPENSION
Cerastoderma glaucum LAGOON LEE VAG INF SUSPENSION
Mactra (M.) corallina MARINE SFBC VAG INF SUSPENSION
Macoma (M.) cumana MARINE SFBC VAG INF DETRITUS
Donax (D.) semistriatus MARINE SFHN VAG INF SUSPENSION
Donax (D.) venustus MARINE SFBC VAG INF SUSPENSION
Donax (Serrula) trunculus MARINE SFHN VAG INF SUSPENSION
Abra ovata LAGOON LEE VAG INF DETRITUS
Pharus legumen MARINE SFBC VAG INF SUSPENSION
Muvtilopsis sp. UNDET ATT EPIF SUSPENSION
Corbicula (C.) fluminalis FRESH WATER AT EPIF SUSPENSION
Venerupis aurea MARINE SVMC VAG INF SUSPENSION
Chamelea gallina MARINE SFBC VAG INF SUSPENSION
Barnea candida MARINE SFBC VAG INF SUSPENSION
Gastropoda

Diodora sp. UNDET VAG EPIF SCRAPER
Gibbula sp. UNDET VAG EPIF SCRAPER
Theodoxus (N.) niloticus FRESH WATER VAG EPIF BROWSER
Bellamya unicolor FRESH WATER VAG EPIF BROWSER
Lanistes carinatus FRESH WATER VAG EPIF BROWSER
Valvata nilotica nilotica FRESH WATER VAG EPIF BROW/SCRA
Hydrobia (H.) stagnorum LAGOON LEE VAG EPIF BROWSER
Gabbiella ct. senaariensis FRESH WATER VAG EPIF BROW/SCRA
Cleopatra bulimoides FRESH WATER VAG EPIF SCRAPER
Melanoides tuberculata FRESHW/LAGOON VAG EPIF SCRAPER
Potamides conicus LAGOON LEE VAG EPIF SCRAPER
Bittium (B.) reticulatum MARINE HP/AP VAG EPIF BROWSER
Bittium sp. UNDET VAG EPIF BROWSER
Neverita josephinia MARINE SFBC VAG INF CARNIVORE
Sphaeronassa mutabilis MARINE SFBRC VAG INF CARNIVORE
Hinia pygmaea MARINE SKFBC VAG INF CARNIVORE
Hinia reticulata LAGOON LEE VAG INF CARNIVORE
Turbonilla gradata MARINE SSPR VAG EPIF PARASITE
Haminoea navicula MARINE SSPR VAG EPIF BROWSER
Ferrissia isseli FRESH WATER VAG EPIF SCRAPER
Physa acuta FRESH WATER VAG EPIF BROWSER
Lymnaea natalensis FRESH WATER VAG EPIF BROWSER
Segmentorbis angustus FRESH WATER VAG EPIF SCRAPER
Bulinus (Isidora) truncatus FRESH WATER VAG EPIF SCRAPER
Biomphalaria alexandrina FRESH WATER VAG EPIF SCRAPER
Planorbis planorbis FRESH WATER VAG EPIF BROWSER

Abbreviations are: AP = Biocoenosis of Photophilous Algae; ATT EPIF = attached epifaunal; DC = Biocoenosis of Coastal Detritic
Bottoms; HP = Biocoenosis of Posidonia Meadows; LEE — Biocoenosis of Euryhaline and Furytherm Lagoons; SFBC = Biocoenosis
of Fine Well Sorted Sands; SFHN = Biocoenuosis of Surficial Fine Sands; SSPR = no precise ecological meaning; SVMC = Biocoenosis
of Surficial Muddy Sands in Sheltered Areas; UNDET = undetermined; VAG EPIF = vagile epifaunal; VAG INF = vagile infaunal
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Figure 4. Dominance percentages of fresh-water, lagoon s.s. and marine influenced molluscan assemblages in 40 surficial samples

collected in the four modern water bodies of the Nile delta.

east of the town of El Maadiah (Figure 2C). It is
~27 km long and has a maximum width of 10 km.
It presently consists of two almost separate, open
water basins (LLoizEAu and STANLEY, 1993); these
cover a total area of 18 km?, and are connected
to the Mediterranean by a narrow channel opened
along the northern margin of the lagoon. This
outlet is located at its northwestern sector at the
town of El Maadiah. Along its southern and east-
ern margins, the lagoon is bordered by extensive
marshes comprising aquatic macrophytic plants.
Much of the fresh water reaching the lagoon is
fed by an extension of Idku drain, flowing from
east to west, and also by irrigation channels flow-

ing to the basins from the south. Water depth
ranges from about 0.5 to 1.5 m, and chlorinity
from 0.48 to 2.0 g/l (Saap, 1976b). Ten samples
(coded I) were collected in the shallower and rel-
atively more saline western basin (Figure 2C).
Molluscan thanatocoenoses are characterized
by vagile epifaunal herbivore (scraper and brows-
er) taxa, except for the assemblage of sample 11
(collected in the outlet proper) where vagile in-
faunal suspension and detritus feeders are better
represented, accompanied by a small percentage
of attached epifauna (Tables 2 and 3). Six samples
(I5 to I10), aligned east to west at about 700 m
south of the outlet, contain large proportions of
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lagoon s.s. taxa (Figure 4). Samples [2 to 14, col-
lected close to the outlet in the northeastern sec-
tor of the western basin, record a high percentage
of fresh-water molluscs. Marine species are pres-
ent, with a negligible cumulative dominance (Fig-
ure 4) in samples I1 and [2 (Tables 2 and 3).

This faunal distribution was unexpected, for
there is a greater cumulative dominance of fresh-
water taxa in samples closest to the outlet and
sea. It appears that the influence of land-derived
water is stronger than the marine in this part of
the western basin. This is probably related, at
least in part, to important fresh-water input by
Idku drain which then flows from east to west
along the northern lagoon margin. The small cu-
mulative dominance of vagile epifauna in sample
11 is primarily a function of strong, predominant
outflow from lagoon to sea as recorded in and near
the outlet (Loi1zEau and StaNLEY, 1993). Propor-
tions of such vagile epifauna species would be
reduced in the vicinity of the outlet, where strong
bottom current conditions prevail.

Burullus Lagoon

Burullus, second largest of the coastal lagoons,
is located in the north-central part of the delta
plain and occupies much of the area between the
Rosetta branch of the Nile and the town of Baltim
(Figure 2D). It is ~55 km long and reaches a
maximum width of 14 km (KERAMBRUN, 1986).
The outlet to the Mediterranean is located at its
northeastern margin just west of the town of El
Burg. The southern margin is bordered by both
submergent and emergent marshes, the former
being better developed in the southeastern sector
and the latter in the southwestern one (AR-
BOUILLE and STANLEY, 1991). The lagoon receives
fresh water from numerous drains along the
southern and eastern margins; among the more
important is Burullus drain, which discharges into
the eastern part of the lagoon, southeast of the
outlet. Water depth ranges from 0.1 to 2.4 m, and
chlorinity from 0.32 to 2.4 g/l (SAAD, 1976a). Four
samples (coded BU) were collected: one in the
eastern sector close to the outlet; two in the west-
ern part distant 30 and 40 km, respectively, from
the outlet; and one from the southwestern marsh
area (Figure 2D).

Molluscan thanatocoenoses are mainly com-
posed of vagile epifaunal species accompanied by
a few representatives of both attached epifauna
(BU3) and endofauna (BU4). Herbivores prevail
in samples BU1, BU2 and BU4 and, among them,

browsers account for greatest cumulative domi-
nance values. Suspension feeders are important
in sample BU3 (Tables 2 and 3). Only lagoon s.s.
and fresh-water species are observed in this la-
goon (Figure 4). There is a gradual increase in
fresh-water taxa with increasing distance from the
outlet. Sample BUS3, collected in the marsh, is
composed entirely of fresh-water molluscan spe-
cies. The negligible influence of the sea in Bu-
rullus lagoon is denoted by the absence of marine
species, even in sample BU1 positioned close to
the outlet.

Manzala Lagoon

Manzala, largest of the delta lagoons, is located
in the northeastern part of the delta plain. It oc-
cupies the region between Damietta branch of the
Nile to the west, and Suez Canal and Port Said
to the east (Figure 2E). This water body is gen-
erally rectangular in shape, with a length of ~49
km, maximum width of 29 km, and an area of
about 450 km? (RaNDAZz0, 1992). The major out-
let to the sea, at El-Gamil, lies about 8 km west
of Port Said. Periodic incursions from the sea into
the lagoon occur primarily during winter, result-
ing in part from washover events in the north-
western sector of the lagoon. Storm waves, occa-
sionally cresting to ~2 m, are sometimes driven
landward over and across the low-lying sand ridg-
es which separate the lagoon from the sea. As in
Idku and Burullus, emergent and submergent
marshes (Figure 5B) border the margins and also
the numerous islets in the lagoon. Manzala re-
ceives fresh water from a series of drains, some
of them very large, which discharge along its west-
ern, southern and eastern margins; these latter
include some channel connections with the Suez
Canal and Port Said area. Water depth does not
exceed 1.8 m, and averages 1.2 m (Figure 5A). The
chlorinity varies according to locality and season
from 0.77 to 11.67 g/l (KERAMBRUN, 1986). Twenty
samples were collected (coded MZ), 4 near El-
Gamil outlet and 16 along two transects (Figure
2E). Ten of the 16 MZ samples were taken along
a NW-SE transect (parallel to the coast), and the
other six along a SW-NE transect (perpendicular
to the coast).

Molluscan thanatocoenoses are mainly char-
acterized by vagile epifaunal species (Tables 2 and
3). Infauna is prevalent in only four samples, i.e.,
near the outlet (MZ2 and MZ4) and in the north-
westernmost sample (MZ44). From a trophic point
of view, the fauna, including seven feeding types,
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Figure 5. Selected photographs of Manzala lagoon region. A, recovering short core at about 1 m depth; B, phragmites and water
hyacinths in marsh on western border of lagoon; molluscan assemblages in this sector record fresh-water influence; C, concentration
of open marine nearshore molluscs (mostly Mactra corallina) on sand lagoon margin, near El-Gamil outlet; D, view of dense
underwater vegetation covering the floor of the west-central sector of the lagoon.

is more diversified than in the two other lagoons.
Among these are herbivores (scrapers and brows-
ers) which are dominant over much of the lagoon
(15 samples), a large part of which is floored by
vegetation (Figure 5D). Exceptions occur in the
northwesternmost and southeasternmost sectors
(MZ44, MZ5) and in the area close to the outlet,
in proximity to the sea (MZ2 to MZ4); suspension
feeders are important in these five samples. The
other four trophic groups (Table 3) have negli-
gible cumulative dominance values (Table 2).
Three different assemblage groupings, indicative
of three environmental settings (Figure 4), are
distinguished. Thanatocoenoses collected closest

to the outlet are composed primarily of marine
species (MZ2 to MZ4). Lagoon s.s. taxa prevail in
samples surrounding the outlet (MZ62, MZ69-
MZ71, MZ76-MN78), and in the northernmost
sample (MZ44). Fresh-water species comprise up
to 50% of cumulative dominance in the remaining
samples, most of which were collected in areas
more than 800 m distant from the outlet.

Of the mollusc faunas examined in the Nile
delta lagoons, those close to El-Gamil outlet in
Manzala most clearly record a marine influence
(Figures 4 and 5C). This evidence for incursion
of Mediterranean water, however, extends only to
a small area in proximity of the outlet. The some-
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what more marine assemblage in sample MZ44
probably reflects the influence of episodic wash-
over by the sea into this sector of the lagoon,
primarily in winter.

Mariat Lake

Mariut, south and southwest of Alexandria, is
an enclosed, elongate (NE-SW trending) water
body located at the northwesternmost margin of
the Nile deita plain (Figure 2A). Presently, there
isno natural communication between the lake and
the Mediterranean. It is ~25 km long, has a max-
imum width of 10 km, and is subdivided into more
than nine sub-basins by causeways and canals
(WARNE and STaNLEY, 1993). It receives agricul-
tural drainage water mixed with industrial and
municipal wastes (SesTINI, 1992; LoizFau and
StaNLEY, 1994), in particular from the El-Qalaa
drain, a westward extension of the large El1 Mah-
mudiya canal. The El Mex pumping station, west
of Alexandria center, discharges surplus water
from the lake to the sea, maintaining lake level
atabout 2.8 m below sea level. Water depth ranges
from 0.9 to 1.5 m (KERAMBRUN, 1986), and chlo-
rinity in the eastern sector of the lake from 0.73
to 19.89 g/l (SAAD et al., 1984). Salinity increases
dramatically in the central sub-basin where com-
mercial salt ponds are developed: portions of the
elongate western extension of Mariut are sabkha-
like (A1 and WesT, 1983). Only two of the sub-
basins are actually open water lakes (¢f. WARNE
and STANLEY, 1993): one occupies the northeast-
ern part of Mariut, and the other is SSE of El
Mex pumping station. Five samples (coded MR)
have been collected in this latter sub-basin (MR2
to MR6), and one (MR1) to the southwest in the
salt basin close to the Desert Road (Figure 2A).

Sample MR1, surprisingly, is characterized by
vagile infaunal, detritus and suspension feeder
taxa of lagoon s.s. setting; faunas record only a
minor marine influence, and none of fresh water.
Assemblages collected at this site, now a com-
mercial salt basin, are older and reworked and not
autochthonous faunas. A gradual increase of fresh-
water species is observed from sample MR2 to
sample MRS, i.e., generally toward the NE and
in proximity to El Umoum drain. Molluscan than-
atocoenoses are dominated by vagile epifaunal,
herbivore (scraper and browser) taxa (Tables 2
and 3) of lagoon s.s. setting (Figure 4). Molluscan
faunas of eastern Mariut lake, as a whole, are
similar to those of the three Nile delta lagoons
(Figure 4). Moreover, they comprise a lower pro-

portion of fresh-water faunas than might be ex-
pected in a lake setting.

DISTINGUISHING LAGOON
MOLLUSCAN BIOFACIES

A principal component analysis was initially
performed taking into consideration the 46 spe-
cies present in the 33 surficial lagoon samples.
Only the first two major factors, together account-
ing for 28.5%. of cumulative variance, have been
considered herein. This is depicted graphically in
an unrotated orthogonal plot (available from the
authors), where lagoon samples are clearly sepa-
rated in three distinct groups.

In the previous section it was shown that faunas
from surficial samples in Mariut lake appear gen-
erally similar to those of the lagoons (Figure 4).
To quantitatively verify the similarity, faunal data
from the six Mariut lake samples were thus added
to those from the 33 lagoon samples and treated
statistically together (47 species in 39 samples).
As shown in the unrotated orthogonal plot (Figure
6), three distinct clusters (coded A, B, C) are dif-
ferentiated, and the six lake samples group well
within two of these, i.e. B and C.

By taking into account the complete faunal list
and ecological meaning of each species (Table 3),
the two major factors can be interpreted. Factor
1 refers to dominance of Hydrobia stagnorum
(Table 2); and Factor 2 to dominance of fresh-
water species (the 14 taxa listed in Table 3). The
dominance of the two factors is illustrated graph-
ically in Figure 7, where samples are listed in order
of increasing values for each of the two factors.
This figure also shows the assignment of each of
the 39 samples to the three clusters (A, B, C)
identified in Figure 6.

These three groups, A, B and C, define lagoon
molluscan biofacies (Figure 7): A = lagoon with
marine influence (total of 3 samples); B = lagoon
with fresh-water influence (15 samples); and C =
lagoon s.s. (21 samples). Faunal composition of
the biofacies, listing mean dominance values, is
shown in Table 4. Percentage values listed below
refer to dominance. Biofacies A is characterized
by >80% marine species, associated with 20% or
less of lagoon s.s. taxa (but no Hydrobia stag-
norum), and an absence of fresh-water species.
Biofacies B is characterized largely by fresh-water
taxa of highly variable proportions (0 to 80%)
associated with lagoon s.s. taxa of which H. stag-
norum never exceeds 259 ; marine taxa are pres-
ent, but in low proportions (0-13¢). Biofacies C
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Figure 6. Unrotated orthogonal plot showing two principal components. Factor 1 = dominance of Hydrobia stagnorum; Factor 2
= dominance of fresh-water species. This analysis groups molluscan assemblages in 39 surficial samples (including those of Mariut
lake) into three clusters corresponding to molluscan biofacies A, B and C.

isdominated (> 70%) by lagoon s.s. taxa, of which
H. stagnorum accounts for >40% of all species
counted; fresh-water (to 30%) and marine (to
~3%) taxa are present, but usually in low pro-
portions.

Further definition of the three above molluscan
biofacies can be derived by considering the dom-
inance variations (Figure 8) of four species (H.
stagnorum, Abra ovata, Cerastoderma glaucum,
Potamides conicus) viewed as exclusive of the
lagoon environment (PERES and PicARD, 1964; P1-
CARD, 1965; GUELORGET and PERTHUISOT, 1983).
These species are illustrated in TEBBLE (1966),
BrownN (1980), SABELLI (1980) and DAMME (1984).
In biofacies A (marine influenced), it is of note
that these four species, together, account for
<17%. Biofacies C (lagoon s.s.) is clearly distin-
guished by dominant values of H. stagnorum and
very low proportions of the other three taxa. As
to biofacies B (fresh-water influenced), the dom-
inance value of any one of the four species does
not exceed 50%, H. stagnorum is usually the least
represented, and C. glaucum decreases as the pro-
portion of H. stagnorum increases.

Detailed examination reveals that species pro-
portions in five (MZ44, MZ50, MZ62, 11, and MR1)
of the 15 samples grouped in biofacies B differ

markedly from the other 10. These five samples
have relatively low proportions of H. stagnorum
(samples denoted by asterisk in Figure 7, upper),
and they are also characterized by overall higher
cumulative proportions (45-77%) of A. ovata and
C. glaucum (Figure 8). These five samples have
an affinity with biofacies C in that lagoon taxa are
dominant, and fresh-water species, overall, have
a low dominance value (B biofacies samples de-
noted by asterisk in Figure 7, lower). The origin
of this B biofacies variant (coded B*) will be dis-
cussed in the following section.

DISTRIBUTION AND INTERPRETATION
OF MOLLUSCAN BIOFACIES

The distribution of molluscan assemblages
(Figure 9) indicates that a large part of Mariut
lake and Idku and Burullus lagoons are domi-
nated by biofacies C (lagoon s.s.), while Manzala
by biofacies B (lagoon with fresh-water influence).
Biofacies A (lagoon with marine influence) is the
most restricted geographically, being recorded only
in sands near the El-Gamil outlet of Manzala la-
goon. In marked contrast to the outlet setting of
Manzala, biofacies B samples occur near El Maa-
diah outlet in Idku lagoon, and a biofacies C sam-
ple near El Burg outlet in Burullus lagoon.
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Figure 7.

Histograms depicting dominance values of the two major factors shown in Figure 6. Samples are listed in order of

increasing values for each of the two factors. Upper, Factor | = Hydrobia stagnorum; Lower, Factor 2 = fresh-water species. Biofacies
A groups 3 samples; biofacies B, 15 samples; and biofacies C, 21 samples. The five samples denoted by asterisk correspond to a

biofacies B variant (B*, explanation in text).

Manzala appears to be generally more fresh-
water influenced than the other three water bod-
ies (Figure 9). This is probably a response to large
volumes of fresh, albeit polluted, water flowing
via large drains (Bahr El-Baqgar and others) into
Manzala (Saap et al., 1985; SIEGEL et al., 1993).
However, our study of faunas in surficial samples
also indicates that Manzala is the lagoon with the
greatest incursion of marine waters which enter
via the outlet, at least seasonally (Figure 9).

In contrast, molluscan biofacies record that the
influence of marine waters at the outlets is modest
to minimal in both Idku and Burullus lagoons.
Thisis likely a function of relatively large volumes
of fresh water which are presently pumped from
the Nile delta plain (Figure 10A and B) into ir-
rigation drains and channels (Figure 10C) and,
hence, into these lagoons (Figure 10D). As ob-
served in air photos and satellite images, this ex-
cess water then tends to flow out of these two
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lagoons, via their outlets, into the Mediterranean
(Figure 11D).

Molluscan faunas (primarily biofacies C) in
Mariut lake are primarily of lagoon s.s. origin, and
statistically comparable to those in the three Nile
delta lagoons. Although completely enclosed at
present, this water body in the earlier part of the
last century was connected at its eastern margin
to Abu Qir Bay in the Mediterranean and its sur-
face area was much enlarged compared to the
present (ArrowsMITH, 1807; JacoriN, 1818;
WARNE and STANLEY, 1993). The surficial samples
we examined, unfortunately, have not been dated.
It is thus conceivable that sediment and fauna
may have been exposed artificially on the lake
floor as a result of recent reworking of bottom
sediments by dredging and fishing activity (such
as core MR1 recovered in what is presently a salt
pool). In this case, faunas could be old and per-
haps date back at least to the beginning of last
century when Mariut was still a lagoon open to
the sea. On the other hand, the surficial assem-
blages may actually be modern to very young in
age, and in this case assemblages would indicate
faunas of relict stock (¢f. PERTHUISOT et al., 1990).
Although Mariut is now enclosed, highly polluted
(SAaD et al., 1984), and extensively modified by
man (WaArNE and STANLRyY, 1993; Loizeau and
STANLEY, 1994), its depth, water salinity, tem-
perature and associated flora are comparable in
many respects to those of the modern Nile delta
lagoons. Thus, it would not be surprising to record
moluscs comparable to those living in Idku, Bu-
rullus and Manzala.

It is recalled that five samples in Mariut, Idku
and Manzala (depicted by asterisk in Figures 7
and 8) are identified as a variant (B*) of biofacies
B (fresh-water influenced). Assemblages are char-
acterized by very low values of H. stagnorum and
high percentages of A. ovata and C. glaucum,
which are taxa of exclusively lagoon origin. These
thanatocoenoses likely record special conditions
on the lake and lagoon floors. They comprise mol-
luscs that are infaunal, living in bottom sedi-
ments, usually mud, covered with minimal and
scattered vegetation. Such sectors are character-
ized by less flora than in most areas (Figure 5D)
where molluscs, typically forming biofacies B,
thrive.

To interpret Nile molluscan biofacies, it is use-
ful to consider their overall distribution in light
of the paralic ecosystem model of GUELORGET and
PerTHUISOT (1983: Figure 19). This model em-

Table 4. Faunal composition of molluscan biofacies in the
Nile delta. Numbers correspond to mean dominance values.

Biofacies
A B C
Bivalvia
Glycymertis sp. —  0.466 —
Brachidontes (B.) variabilis — —  0.002
Musculus costulatus 0.100  0.340  0.023
Pinctada radiata — —  0.002
Ostrea edulis 0.100 — 0133
Ostrea sp. — 0.040 0.004
Loripes lacteus — 0.560 0.009
Laevicardium (L.) oblongum — —  0.004
Cerastoderma glaucum 3.566 17.693  6.742
Mactra (M.) corallina 5.866 0.073 0.057
Macoma (M.) cumana —  0.013 —
Donax (D.) semistriatus 64.566  0.013  0.014
Donax (D)) venustus — —  0.061
Donax (Serrula) trunculus 5.166  0.086 —
Abra ovata 0.900 11.220 6.704
Pharus legumen 0.300 — —
Mytilopsis sp. — 0.013  0.009
Corbicula (C.) fluminalis — 9573 0.257
Venerupis aurea —  0.333 0.038
Chamelea gallina 9.566 — —
Barnea candida —  0.086 0.042
Gastropoda

Diodora sp. — —  0.002
Gibbula sp. — —  0.002
Theodoxus (Neritaea) niloticus — 2466 1.204
Bellamya unicolor — 0386 0.008
Lanistes carinatus — 0.100 0.019
Valvata nilotica nilotica — 4200 0.176
Hydrobia stagnorum — 7.453 69.628
Gabbrella cf. senaariensis — 0.160 0.014
Cleopatra bulimoides — 0393 0.023
Melanoides tuberculata — 24140 7.347
Potamides conicus 3.966 9.706 5.119
Bittium (B.) reticulatum — —  0.002
Bittium sp. — —  0.038
Neverita josephinia var.

aegyptiaca 5.566 — —
Sphaeronassa mutabilis 0.200 — —
Hinia pygmaea —  0.013 0.008
Hinia reticulata — — 0.002
Turbonilla gradata 0.100 — —
Haminoea navicula — —  0.004
Ferrissia tsseli — — 0.009
Physa acuta — 0593 0.142
Lymnaea (Radix) cf. natalensis — 0.040 0.004
Segmentorbis (S.) angustus — 0.053 0.014
Bulinus truncatus — 0.146 0.128
Biomphalaria alexandrina —  0.020 —
Planorbis planorbis —  9.946  1.900

phasizes biological zonation and the concept of
confinement, the latter viewed as the essential
factor controlling organism distribution in coastal
water bodies. Confinement zones correspond to
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Figure 8. Diagram showing dominance variations of four key species in 39 surficial samples of the Nile delta shallow water bodies.
The samples are grouped into molluscan biofacies A, B and C; the tive samples denoted by asterisk correspond to the biofacies B

variant (B*, explanation in text).

different amounts of time of renewal with marine
waters at each given point in a lagoon. In the case
of Nile delta lagoons, this would refer largely to
the time needed for marine waters to reach from
the outlet to inner parts of the water body. Nile
delta molluscan biofacies B could be associated
with confinement zone VI, biofacies C with zone
V, variant B* with zone IV, and A with zone III.
These zones, from V1 to 111 as defined by GuELOR-
GET and PERTHUISOT (1983), range to progres-
sively less confined, i.e. to sectors with a progres-
sively shorter time of renewal with and/or access
to marine water.

FRESH-WATER SPECIES:
THEIR SIGNIFICANCE

Modern Nile delta molluscan taxa, as a whole
(Tables 1 and 3), as well as the biofacies that they
form (Figures 6 to 8), comprise a somewhat larger
proportion of fresh-water species than in many
other Mediterranean lagoons (Frrvre, 1968;
BarasH and Danin, 1982; CorskLut, 1987; Car-
BONI et al., 1989). The relatively high proportion
of fresh-water taxa in Nile delta lagoons is largely
a function of the important River Nile water dis-
charge and consequent relatively low salinities.
We suggest that this discharge factor is more im-
portant than geographic configuration, degree of

closure and water exchange patterns between la-
goons and open sea (c¢/. KJerrvE and MaGILL,
1989).

In this respect, attention is paid to increased
control of River Nile flow by emplacement of the
Low Dam at Aswan at the beginning of this cen-
tury and closure of the High Dam in 1964. Before
these dams and barrage construction on the two
Nile distributaries, annual Nile flooding in sum-
mer and early fall resulted in extensive flushing
of the delta plain and marked seasonal input of
fresh water into lagoons. However, during periods
of low flow, freshwater discharge into lagoons was
minimal. This seasonal discharge probably re-
sulted in greater fluctuations in salinities. During
the past 30 years, there has been an increase in
use of River Nile water between Aswan and the
coast for municipal, agricultural and industrial
purposes, and since the High Dam and creation
of Lake Nasser, there is decreased flow of River
Nile water to the delta and sea. It could be en-
visioned that this decreased fresh-water input to
the northern delta would have entrained a con-
current increased marine incursion into the la-
goons. This, however, is not the case, and we were
initially surprised by our findings which record
relatively important proportions of fresh-water
taxa in surficial deposits.
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Figure 9. Distribution of the three molluscan biofacies (A, B, C) and variant B* in the four shallow water bodies of the Nile delta.

The total amount of fresh water, much of it
polluted, reaching the northern Nile delta has, in
fact, decreased. Some of this water, formerly flow-
ing to the sea directly via the Rosetta and Dam-
ietta branches of the Nile (Figure 1) is now di-
verted across the delta plain by a dense network
of irrigation channels and drains and pumped into
the lagoons (WATERBURY, 1979; SESTINI, 1992;
Loizeau and STANLEY, 1994). Consequently, there
is more fresh water entering these water bodies
than a century ago, and an even larger volume
after emplacement of the High Dam at Aswan in
1964 (SuaniEN and Yosger, 1978; Banous, 1979).
In addition to the development of an increasingly
dense irrigation channel and drain network, the
northern delta plain is experiencing large-scale
land reclamation projects (WATERBURY, 1979;
SesTiNI, 1992). These have converted extensive
lagoon and wetland areas to aquaculture ponds
and farmland (Figures 10A, B and 11A). As a
consequence, the lagoons and Mariut lake, now
of much reduced size (STanLEY and WARNE, 1993),
are receiving a proportionally higher amount of

fresh water. Thus, rather than the formerly more
direct outflow of Nile waters at the mouth of the
two Nile distributaries (INMAN et al., 1976), irri-
gation waters increasingly are pumped from the
delta via the lagoons and their outlets to the Med-
iterranean (Figure 11D).

Present conditions are expected to continue:
delta lagoons of rapidly decreasing size (Figure
11B) will receive a larger proportion of flow from
the Nile. As a consequence, we predict that fresh-
water influenced molluscan biofacies B in the fu-
ture will become even more widespread in lagoons.

APPLICATION TO THE FOSSIL RECORD
Faunas in Pre-Recent Sequences

Molluscan faunas were previously described in
several subsurface core sequences of Holocene age
in the northern Nile delta plain (BERNASCONI et
al., 1991), but specific lagoon biofacies were not
defined. Herein, we apply findings of the present
study on modern asserablages to the fossil record
of the delta region. In a first phase, we focus on
pre-recent lagoon sequences in short cores (40-70
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Figure 10. Selected photographs of Burullus lagoon region. A, lagoon surface being drained by pumping; B, recently reclaimed
former lagoon surface floored by shell-rich (largely Cerastoderma glaucum) sandy mud deposits; C, irrigation channel almost
completely filled with water pumped from reclaimed lagoon surface; and D, sediment, some derived from drainage channels,
accumulating as islets on southern lagoon margin.

cm), dated from about 200 years ago to the pres-
ent. This age range is estimated on the basis of
sediment accumulation rates from ~0.3 to 0.5 cm
per year (SIEGEL et al., 1993; Loizeau and
STANLEY, 1994). For this study, 13 samples were
examined in the short cores collected in former
Abu Qir lagoon (Figures 2B and 11C), a water
body converted to agricultural land during the
last century. In these samples special attention
was paid to abundance of the four key species
that help distinguish specific modern lagoon bio-
facies and also shed light on environmental con-
ditions in this former lagoon.

Sufficient shell material was available for iden-
tification and counts in 10 of the 13 core samples
examined; two samples contained microfossils but
no molluscs, and one was devoid of any fauna.
Fewer taxa were present per volume of sediment
than in surficial samples of modern Nile delta

lagoons. The eighteen species recorded in Abu Qir
cores are among those listed in Table 1. Propor-
tions of species (especially H. stagnorum, A. ova-
ta, C. glaucum and P. conicus) were calculated,
as were the proportions of fresh water, lagoon s.s.
and marine taxa (data available from the au-
thors).

Biofacies A, B (including variant B*) and C
were identified (Figure 12, upper). In addition,
one strand-plain (comprising primarily near-
beach, open marine species, see Figure 11C) as-
semblage and one marsh (entirely fresh water)
were noted. The molluscan biofacies of Abu Qir
indicate somewhat more lagoon s.s. settings than
those in modern Nile delta lagoons. Core AQ1 is
the most diverse and displays, from the base up-
ward, a change from lagoon s.s. to marine influ-
enced. Core AQ2 reveals a change upward from
marsh to fresh-water influenced lagoon. This in-
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Figure 11. A, southern margin of Burullus lagoon transformed to a shallow fish pond; B, high mud ridge bordering south shore of
Burullus lagoon, as a result of recent land reclamation project; note thick concentration of water hyacinths; C, former Abu Qir
lagoon, at short core site AQ1 (palms in background are positioned on former sandy strand-plain deposits on southwest shore of
Abu Qir Bay); D, satellite image (Landsat 1, 31 August 1972) showing outflow of sediment-enriched waters (arrow) from Burullus
lagoon, through the outlet near El Burg, into the Mediterranean.

creased marine influence with time, not clearly
recorded by petrologic subfacies analysis (Lo1zEau
and STANLEY, 1993), likely records conditions as-
sociated with closure of the former shallow water
body: increased salinity during its final evapora-
tion phase in an arid setting.

Faunas in Holocene Sequences

The general results derived from our quanti-
tative study of modern surficial lagoon samples
were also applied, but in simplified manner, to
the older Holocene subsurface record (past 7,000
years) in the Nile delta region. A qualitative con-
sideration of relative abundances of the four key
mollusc species, as well as of marine and fresh-
water faunas, was made in selected cores that
comprise Holocene lagoon sequences. Rather than
specific counts, a general frequency scale (abun-

dant, present, rare, absent) was devised. An ex-
amination was made of 25 samples from three long
Smithsonian cores, S-62 and S-72 recovered in the
Idku lagoon area and S-74 in the former Abu Qir
lagoon region (Figure 2B). These samples, col-
lected at subsurface depths of ~2 to 9 m, were
selected from deposits previously identified as la-
goonal (CHEN et al., 1992; WARNE and STANLEY,
1993; Loizeau and STANLEY, 1993). Seventeen of
the 25 samples had shell material for evaluation
(all are species listed in Table 1); two samples
contained microfossils but no molluscs, and six
were devoid of any fauna.

The four key species were observed in these
long core sequences, and an evaluation of their
general frequency and proportions reveals the
presence of biofacies B, C and variant B* (Figure
12, lower) that characterize modern Nile delta
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Figure 12. Logs of subsurface Holocene lagoon sequences,
showing molluscan biofacies A, B and C, and variant B*, as
defined in Figures 6 to 8. Upper, distribution in four short cores
in former Abu Qir lagoon. Lower, faunal distribution in three
long Smithsonian cores in the northern Nile delta.

lagoons. Also recorded are several samples with
fluvial (essentially fresh water), marsh (fresh-wa-
ter species associated with abundant plant de-
bris), and strand-plain (worn shell fragments of
shallow nearshore, open marine) taxa. Molluscan
biofacies in these three long core sequences record
somewhat more lagoon s.s. environments than do
the modern Nile lagoons. The faunas, however,
do not show any clear time-related or lateral
trends, unlike up-core changes recorded in the
Abu Qir cores. Rather, marked temporal and spa-
tial biofacies variations record rapid paleogeo-
graphic and paleoclimatic fluctuations of the for-
mer lagoons (c¢f. StaNLEY and WaRNE, 1993).

COMPARISON WITH PETROLOGICAL
OBSERVATIONS

Relatively large numbers of petrological subfa-
cies have been defined in surficial sections of Idku
and Manzala lagoons (RANDAZ70, 1992; Loizeau
and STANLEY, 1993) and in Mariut lake (Lo1zrau
and STANLEY, 1994). These are primarily a re-
sponse to diverse physical and biogenic deposi-
tional processes that affect shallow water bodies
in the Nile delta, even those of modest size. In
the case of lagoons, these processes are mainly
controlled by geomorphic setting; i.e., limited ac-
cess to the sea by a narrow inlet, seasonally strong
wind influence resulting in vertical mixing of the
shallow water column, and basins backed by
marshes. The nature, origin and distribution of
Idku and Manzala petrological subfacies are ul-
timately a function of the spatial configuration of
fresh-water dominated (landward and along la-
goon margins) to brackish (in lagoon basins prop-
er) to higher salinity-dominated (near inlet) zones
typical of lagoons receiving both fresh and marine
water input.

The smaller number of molluscan biofacies and
their more extensive geographic distribution in
modern Nile delta lagoons, as compared to pet-
rological ones, can be explained by several factors:
larger size of the shell material, and wide tolerance
of species to ecological conditions (euryhaline and
eurytherm taxa). Mud and sand (63 to ~500 um)
fractions, which define most Nile delta petrolog-
ical subfacies, are more easily displaced by bottom
currents (particularly by wave reworking of the
bottom in winter), than much coarser (> 1 mm)
molluscan remains. This process-related phenom-
enon would explain the contrast between more
diverse, size-sorted petrological subfacies as de-
fined in [dku and Manzala lagoons (RaNDAZzo0,
1992; Loizeau and STANLEY, 1993) and Mariut
lake (Loizeau and STANLEY, 1994), and smaller
number of molluscan biofacies in these same wa-
ter bodies as distinguished in the present study.
Moreover, the geographic distribution patterns of
molluscan biofacies and petrological subfacies
need not be coincident. Life habit (such as bur-
rowing in bottom sediment), and large size and
weight would enable some taxa, such as C. glau-
cum, to withstand displacement by current trans-
port, unlike the associated sand and finer frac-
tions in which they live.

The role of sediment transport and lateral re-
working should not be ruled out, however, in in-
terpreting mollusc-rich deposits. X-radiographs
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of lagoon sequences in cores, for example, reveal
stratified shell-rich horizons. Some strata com-
prise variable thickness (to > 30 c¢m) of autoch-
thonous shell concentrations which accumulated
in-situ (Figure 3A), while others are coquina-like
layers of displaced valves (Figure 3B and C). Core
sequences also reveal alternating layers of au-
tochthonous and displaced shells (Figure 3B). It
is thus likely that when stratification attributes
of both autochthonous and allochthonous assem-
blages are considered, the number of molluscan
biofacies in Nile delta lagoons is actually larger
than recorded in our present study of surficial
grab samples. Molluscan biofacies could perhaps
be better defined on the basis of species abun-
dances integrated with information on spatial dis-
tribution of shells in sediment and their associ-
ated structures, such as burrows.

This study indicates that, even with the still-
limited information, molluscan assemblages pro-
vide environmental information not available from
sediments alone. For example, the influence of
marine water at and near inlets of Manzala and
Idku lagoons is more clearly indicated by faunas
(Figure 9; EL-WAKEEL and W aHBY, 1970: Figures
2 and 3) than by texture and sediment composi-
tion alone (Er.-WAKEEL and WAHRY, 1970: Figures
4 and 5; Loizeau and STANLEY, 1993: Figure 10).
In the case of older lagoon sequences, such as
those recovered in cores, definition of molluscan
assemblages also supplement petrological inter-
pretations. Particularly valuable in this respect is
recognition of short-term temporal fluctuations
of salinity conditions.

Until recently, lagoons have accounted for the
single most important and widespread environ-
ment in the northern Nile delta plain. Anthro-
pogenic pressures, due largely to the extremely
rapid growth in population, are now dramatically
changing the configuration, conditions (salinity,
pollution and other; SAAD et al., 1985; KEraM-
BRUN, 1986; S1EGEL et al., 1993) and uses of water
bodies in the lower delta plain (STanLEY and
WARNE, 1993). It is recommended that further
evaluation of molluscan biocenoses, sensitive
markers of environmental conditions, be made in
studies of the rapidly altered Nile delta lagoons
and Mariut lake.

SUMMARY

(1) Dark, plant- and shell-rich muds and sandy
silts of lagoon origin are widespread in the north-
ern Nile delta of Egypt, and these deposits are

characterized by a larger proportion of molluscs
than other deltaic facies. The present study de-
fines modern molluscan assemblages and their
distribution in surficial sediment of Idku, Burul-
lus and Manzala lagoons and Mariut lake. This
faunal examination was made to better interpret
environmental attributes of these shallow water
bodies, which are now undergoing very rapid
change as a result of accelerated anthropogenic
activity.

(2) Faunal examination was made of 78 sam-
ples, including surficial grabs in the four modern
shallow water bodies, short cores collected in for-
mer Abu Qir lagoon, drained and converted to
farmland in the last century, and deeper cores
which recovered older Holocene subsurface la-
goon sequences. Quantitative analysis is per-
formed on thanatocoenoses comprising a total of
47 species. Taxa abundances are the basis for a
principal component analysis to define molluscan
biofacies.

(3) An autoecological investigation provides
information on environmental setting, ecological
meaning, life-habit and feeding type for the iden-
tified species. On the basis of all available infor-
mation, it is possible to assign a fresh-water, la-
goon sensu stricto or marine setting to each taxon.
Relative cumulative dominance values of each of
these three settings are calculated for assemblages
in each sample, and these reveal considerable fau-
nal variability within and between the four Nile
delta water bodies.

(4) Two major factors derived from a principal
component, analysis refer to dominance of Hy-
drobia stagnorum and to that of fresh-water spe-
cies. Statistical analysis serves to distinguish three
molluscan lagoon biofacies: those revealing a ma-
rine influence; those of fresh-water influence (in-
cluding a variant comprising an infaunal assem-
blage living in bottom sediments covered with
minimal and scattered vegetation); and those of
lagoon s.s. origin.

(6) Molluscan biofacies indicate that Manzala,
in contrast to Idku and Burullus, is the most fresh-
water influenced lagoon, and also records greatest
incursion of marine waters via its outlet. Although
Mariut is now an enclosed lake, molluscan faunas
(mainly lagoon s.s.) are statistically comparable
to those in the three Nile lagoons. Mariut biofa-
cies likely record its history when, early in the last
century, it was a lagoon connected to the Medi-
terranean Sea.

(6) Modern Nile delta molluscan biofacies
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comprise a somewhat larger proportion of fresh-
water species than in many other Mediterranean
lagoons. This is largely a function of important
River Nile water discharge and consequent rela-
tively low salinity. Delta projects have consider-
ably reduced the size of Nile delta lagoons, and
this presently results in a proportionally higher
fresh-water input in these water bodies.

(7 Findings of the present study can be ap-
plied to the fossil record, including short cores
from former Abu Qir lagoon dating back to about
200 years ago. Molluscan biofacies indicate some-
what more lagoon s.s. settings than those in mod-
ern Nile delta lagoons. This likely records in-
creased salinity associated with closure of that
former shallow water body, and its final evapo-
ration phase in an arid setting.

(8) As a test, the method was also applied in a
simplified manner to older (past 7,000 years), Ho-
locene subsurface sequences in long cores recov-
ered in the northern delta plain. General fre-
quencies and proportions of taxa record somewhat
more lagoon s.s. environments than in modern
lagoons. The rapid spatial and temporal biofacies
fluctuations in cores are a function of marked pa-
leogeographic and paleoclimatic changes affecting
former delta lagoons.

(9) The smaller number of molluscan biofacies
and their more extensive geographic distribution
in modern Nile delta lagoons, as compared to pet-
rological subfacies, is a function of sediment
transport-related phenomena. It is likely that the
number of molluscan biofacies would be larger
than recorded in the present study if both au-
tochthonous and allochthonous (including coqui-
na-like shell concentrates) assemblages are con-
sidered.

(10) Molluscan assemblages are sensitive
markers of environmental conditions, such as
fluctuations of salinity conditions, and thus sup-
plement petrological interpretations. It is pre-
dicted, for example, that fresh-water influenced
biofacies will become progressively more wide-
spread as lagoons receive relatively substantial
fresh-water input but continue to decrease in size.
In view of the much-increased anthropogenic
pressures, it is recommended that molluscan fau-
nas be monitored in baseline studies of Nile delta
lagoons and Mariut lake.
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