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CHAPTER - VI

MICRODFAUNAL STUDTIES

METHODOLOGY

The samples wser3 collected from the foreshore areas,
mostly beachss and tidal mudflats (estuarine river mouths). In
all, 250 reprasentative samples covering the entire coastline yers
collected and analyssd, Except a few, most of ths samples contain
Foraminifera. For microfaunal studies, the procedure for processing
was worked out by the author based cn those suggested by Cushman
(1959), John (1961) and Pokorny {(19€8). Her methodology houwsver,
to suit the requirements of the present study, was appropriatsly
modified and suitable changes in techniques were made depanding

upon the nature of the lithology of the samples.
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Following three main steps wers taken for the separation

of the microfauna from the sedimente, for detailed Taxonomic studies.

1.

2.

Weighing, treating and boiling of the samples

for disintegration,
Washing and drying of the szmples,

Sorting, picking and mountirg of the tests.,

WEIGHING, TREATING AND BOILING

In order to get a clear picture of the morphological

features it is always necessary to Fave well cleaned tests, their

surfaces completsly free of all the sediment material., To achieve

this,

it is essential that the samples are suitably treated and

boilsd. 20 gm of szach sample were tazken and processed as undsr $=

The weighad quantity of sample (20 gm) was socaked in water
and 2 table spoons of soda ash added to it. The sample was
kept overnight and than boiled for 30 minutes. This period
was appropriately reduced or increassd, depending upon the
nature of the samples, In case of some clean sands the
boiling timae yas reduced; on the othar hand samples of
tidal muds were boiled for a longzr time. After boiling,

each sample was allowed to cool down to room temperature.

WASHING AND DRYINS

The process of washing and cleaning was carried out by

using three standard ASTM sisves of 30, 60 and 140 mesh. The sisves
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were placed one above tha'other in cecreasing mesh orders and

then the treated/boiled material was put on the top sieve. A
forceful jet of water with a fine sgray action was directed upon
the sample and the force of the jet water was so controlled as

not to damage tha delicate tests. Tc avoid the clogging of the
materizl in the finer sisves, particularly while washing clay and
fine sand samples, the material was first washsed in the coarssst
sieve using a brass pan retainer below the sisve, the subseqguent
fractions wsre then washed in the finer sisves. All along the
washing, running water was constantly used in sufficient quantity
for the better cleaning up of the fussils tests and for avoiding
damage. Before taking up of the actual washing, the sisves usere
thoroughly claaned with the help of jet water spray and were stained
with the halp of methyl blus soluticn to avoid contamination
(Cushman 19593 John 1361). The sieves thus clezned were then used
for washing the samples through wet sieving prccess as describad

above,

The washed rssidues of each sisve uwere transferred to
enamelled bouwls and were thaen k%ept in oven for drying at a relati-
vely low temperature of about 40° C for nearly 60 minutes or so.

A low temperature was 8ssential to avoid destruction »f calcarsous
and pyritic tests. All the three fractions from each sampls thus
obtained were stored separately in plastic tubes, properly labelled,

mentioning the sample number and the locality.
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The grain~-size ranges in terms of the diameter have

been tabulated as under.

Mesh No, mm : Wentworth
gize class

30 1.00 to 0.59 mm Coarse sand
60 0.59 to 0,25 mm Medium sand
140 0.25 to 0,105 mm Fine sand

SORTING AND MOUNTING

The author followed the technique of picking the tests
undar a stereoscopic binocular micrcscope. A glass plate pasted
with a black coloured gridded photocraphic paper on bne side was
used for sorting, oue%mhich an =venly distributed layer of washed
residue was spread. The tests were picksd up with the help of
moistenad tip of sable-~hair brush., The entire washed matsrial was
scannad by moving the sorting plate in such a ranner that sach
square of the plate was covered one by ons. The magnification of
the microscope was adjusted accordirg to the overall size range
of the foraminifera in that particular fraction. The sorted speci-
mens after picking were initially placed in a round punched card-
board¢ slide. Later on, uwith subseqient identification, the
foraminifera were seggregated gen=zra- and species-wise, and were
accordingly mountaed in 24-chambered cardboard slides. The specimens

were fixed on the slides with the help of glus (Gum tragacanth) to
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which dilute phenol solution was added to prevent fungal growuwth

and decomposition.

SEGMENTWISE MICROFAUMNAL ASSEMBLAGES

The geomorphic and environmental diversity of the coast-
line has bean observed to be appropriately reflected in the
microfauna of the coastal sands and tidal muds in the various
segments. This diversity comprises mot only jfd the relative abund-
ance or otherwise of some gsnera anc speciss, but is also reflected
in the size frequency, robustness anc degree of abrasion of the
foraminiferal tests. For the purposes of microfaunal description

the author has divided the coastline into four coastal blocks.

1. Nerth Saurashtra coast (Jamnagar & Okha segments)

2. West and South Saurashtra coast (Dwarka, Porbandar
and Deluada segments)

3. Gulf of Cambay coast (Bhavnagar and Cambay-Dahsj
segments)

4, Mainland Gujarat coast (Hansot-Hajira and Tithal-

Umbargaon segmentS)‘

" BLOCK - 1 ¢ NORTH SAURASHTRA COAST

This part of the coastline ovarlooking the Gulf of Kutch,
as already stated earlier, is characterized by two distinct sets
of environments; the Jamnagar segment locatsd right within the
gulf differs considerably from the Okha segment, latter marking

the site of transition from gulf to apen-sea environments. This
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coastline is rich in coral reefs. 3 gand samples and 5 mud samples
were analysed, In all the thres fractions of bgach and mud sedi-
ments from Jamnagar coast, thes microfauna is marked by shells and
tests which are intact and least abraded with well preserved and
distinct morphological features, The Jst fraction of the beach

sediments is dominated by thes speciss of Amphisteginaj; these occcur

in association with tiny gasteropod shells, The Ist fraction of
mud sedimantsis very littles, whareas the IInd “ractions of both

beach and mud sediments include a large number of Ammonia beccarii.

The overall percentage of Ammonia dentatum in the beach sediments

is negligible. Along with Ammonia bsccarii occur species of Elphi-

dium and Jduingueloculina. Also occur tests of numerous tiny intact

gasteropods and ostracodes. The 1Ilrd fraction again is found to

contain aoundant Ammonia beccarii tagether with Elphidium spp.

and Quingueloculina spp., and unbroken gasteropods and ostracodes.

The tests of ostracodes are of two Jarieties, one having smooth
surface and the other highly ornamented. By and large, the tests

are intact and unabraded.

The outer part of this coastline (Okha segment) which
marks ﬁhe starting point of the gulf, is transitional providing
a mixture of faunal assemblages typical of both gulf as well as
open-sea environments. The shells/tasts presen:z in beach sediments,
though bigger in size, are generally broken. The Ist fraction is

seen to includs broken tests of spezies of Amphistegina and tiny

gasteropods, The Ilnd fraction consists of broken tests of

Ammonia dentatum in abundance along with Quinqueloculina spp.




124

and Elphidium spp. The IIlrd fraction is dominzted by Ammonia

beccarii with the common occurrence of Pararotslia spp. and

Elphidium spp. It is significant to observe that the Ilmand 11Ixd
fractions both contain Elphidium but the speciss represented in

the IInd fraction are relatively lerger in size as those species
of Elphidium which are common in the IIlrd fraction. Though the
shells shcw some damape, they can still be identified up to species

level,

The faunal assemblages of this coastal block is given in

Table UI;1 .

BLOCK - 2 &+ WEST AND SDUTH SAURASHTRA COAST

This coastal block characteristically marks an open-sea
environmant, and as is ueggnoun for the generation and accumulaticn
of biogenic carbonate _.sand. 28 sand samples and 1C mud samples
were analysed. The various fracticns of beach material have yielded
a wide variety of shell material ramging frocm almost unabraded and
intact forms to highly abraded or broken shells. The high energy
conditions of the coast are appropriately reflected in the micro-

fauna.

As regards the foraminiferal content, the sands of the beach
frocm Okha to Okha Madhi (Duwarka segment) are secn to contain Amphi-
stegina spp. in the Ist fraction whereas the IIrd fraction is

dominated by Ammonia dentatum. Towarcs Porbandar, and further south

(Porbandar segment) all along, a majcr portion of the foraminiferal
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Segmentwise assemblages of North Saurashtra coast.

Jamnagar coast

Okha coast

Ammonia beccarii (Linna)

Elphidium spp.

Spiroloculina spp,.

Quingueloculina spp.

Ammonia dentatum (Parker & Jones)

Tretomphalus . planus

(Cushman)

Discorbis sp.

Lagena sp.

Amphistsgina sp.

Nonian sppe.
Gasteropods
Ustracodes

Pelecypods

Elphidium (Juvenile) sp.

Ammonia dentatum (Parker & Jones)

Ammonia beccarii (Linné)

Elphidium crispum (Linnasus)

Elphidium spp.

Pararotalias spp.

Quinguelocilina spp.

Triloculina spp.

ammonia sp.
sasteropoda

fistracodes
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content is restricted to the IInd ard Illrd fractions, the

T . .
dominant form being Ammoniza dentatum, ogcuring in association

with Quinguelcculina, Elphidium and Cibicides. The tests are robust
and relatively big in size; while scme are intact and unabraded,
others show considerable abrasion with polishec surfacses, Delicate
tests are very few and restricted to estuarine river mouths. The

Il1Ld4fraction consists of species of Pararotaliz with those of

Quingueloculina, Elphidium and Nonizn in decrezsing order of domi-

nance, The faunal content of beach and the backshore dune materizls
are icdentical. In some of the typiecal beach samples, abraded shells
of Bolivina sp. have also been encountered. Obvicusly this genus,
characteristic of muddy waters in its abraded form, points to its
nonindigsnous character, having been transported from some distant
muddy scurce lcecated in all probability in the southeast {Gujarat

Mainland Coast).

Proceeding further scuth (Delvada segment) a marked
increase in the Fin%grained sadiments is observed. In the sand
samples of the Diu island, the Iafraction is almost negligible.

The IL4fraction is dominantly of Amronia dentatum and also Elphidium

spp. The IILafraction comprises a larger number of Pararotalia spp.

which occurs in association with Nomian sp. and Elphidium sp,
Interestingly, the tests are intact and show little abrasion.
There is a slight variation in the “aunal content of the sands of
Mahuva coast. The sands are mostly “ine grained. BAs such the I«
fraction is extremely small. On the contrary the Iluwand III.4

fractions are appreciable in guantizy. The ILufraction dominantly
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. . . e
includes Ammonia dentatum in assocization with Porqponldes

lateralis and Elphidium spp. The IIlufraction houwsver, differs

and has yielded Nenign spp. in abundance, a foraminifer characteri-
stic of shelf environment with salinity range between hyposaline

to normel marine conditions. Thus it occurs in asscciation with

Rotaliids like Ammonia bsccarii and Pararotalie.spp. Some of the

Ammonia spp. are highly abraded uwith polished/smooth surfaces.
Though in general, the foraminifera are intact having almost
negligible abrasion but occasionally the tests shou high abrasion
and polished surfaces., These perhaps represent those individual
species which have been drifted to their present site from other

location either by onshore or longshors drift,

The tidal mud fauna is not much different except that it

is characterized by a relative abundance of Ammonia beccarii a

typical transitional form that can tolerate high range of salinity

variations,

The faunal assemblapge is given in Table No.VI.2.

BLOCK ~ 3 ¢ GULF OF CAMBAY

This coastal block located right within the Gulf of
Cambay shows a marked and rather abrupt change in ecological
conditions. The carbonate (shelly sznds) disappear Prom the coast-
line and its various segments are rerlete with mud accumulations,

The coastal segment between Gopnath point and Vithal bandar,
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however has a narrou strip of beach sand, but its constituents
are quite distinc: from the beaches of the west. 0On the basis of
9 samples, it is'observed that it's Faupmal contznt shows conside-
rable declinej only the II and IIl fractions of the sediments
have furnished highly abraded tests of Ammonia spp., Quinquelo-

culina sp., Pararctalie sp., and Cibicides sp. Their morpholcgical

featurses are not clearly seen so it was found rather difficult to
identify them beyond generic level. Zven the mud from the Vithal
bandar in its II and IIl Ffractions sqows a mixture of indigenous

Ammonia beccarii and transported forw. The forms appear to be the

same as those of the Diu coast, and 3bviously they represent
transported forms, having been brougat to their existing site by
strong tidal currents (littoral drift). The 8 mud samples collected
and analysed from the localities norzh of Mahi river, have yielded

small and fragile test of the species of Pararotalia and Ammonia

in abundance, The former is more comman in the II fraction whils
the latter predominates in the III fraction which also contains

Elphidium spp., Yuinqueloculina spp., ¥onian spp. and Cibicides spp.

Of the genus Ammonia, Ammonia beccarii is most common; but occasi-

onally juvenile tests of Ammonia dentatum are also recorded. 20 mud

samples were analysed from the area to the south of the Mahi river
mouth., A distinct change in the relative proportions of the variocus

genera is observed in these muddy sediments. Here, Quinqueloculina

spp. becomes mor2 abundant, though its shells continue to be small

and delicate. This increase in the percentage of uuinquelcculina

spp. is seen to he related to the increasing coarseness of the tidal
sediments, An important genus that is encountered in conspicuocus

proportions is Bolivina, a characteristic foraminifer of muddy
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coastal waters, its tasts are unbroken and unabraded pointing
to their occurrence in the environment wher2 they originated

and thrivad.

The faunal assemblage of the various segments of the Gulf

of Cambay 1is given in the Table No,VI-3,

BLOCK - 4 3 MAINLAND GUJARAT

The faunzl assemblange of the various coastal segments to
the souzh of Nermada, show a distlinct impact of the changsd
ecological paramsters. In all 34 nud samples and 36 beach samples
were analysed., The segment betueén Hansot and Tithal has extensive
tidal flats, beaches ars rare. The muddy sediments revsal a

foraminiferal content that is characterized by Ammonia bacgcarii

and Quinqgueloctlina and Bolivina spp. Tests are intact and

unabraded and restricted to II and II1 fractions, mostly to 111
Fractions., The hbeach sediments in this segmsent also shouw identi-

cal faunal content, i.e. Ammonia beccarii tends to dominata over

ammonia dentatum which is commonly found in beach sediments, The

tests of Ammonia beccarii are guite intact, in contrast, the

Ammonia denbtatum tests show little to high degree of abrasion.

Beyond the river Tapil, Ammonia dentatum and spp. of Pararotalis

make their appearence in the beach sediments. Ammonia beccarii

and {Quingueloculina spp. show a progressive cecline in the

muddy sediments but the former maintains a steady proportion

southuward. Its tests are fragile and small ir size,
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In some ways, the foraminiferal assemblage of the

coastal segmant beyond Tithal is identical to that of Saurashtra

¢
of
coast. The I.frgection,beach sands does not contain any forami-~

nifera, while the IImfraction includes a high frequency of
Ammonia dentatum and Poré%onidss lateralis § the 1II fraction

A
is rich in speciss of Parafotalia and glphidium. Ammonia becca-

rii is restricted to the sediments of the river mouths, but it

occurs in the association with Ammnonia dentazum. The genus

Siphogenering is encountered in large number in this block j in

all the sedimegnts by and large, all the foraminiferal tests are

robust and least abraded. Faunal assemblages of the varicus segmentis

have been given ' the accompanyimg Table Nao. VI-4.

OVERALL VIEW OF FORAMINIFERAL DISTRIBUTION

Faungl assemblagss ef bthe various segmarts hkave besn
given ia the accempanying Table MNe,VI—4. The diversity of ecolo-
gical conditions prevailing in the different coastal blocks is
reflectad in the respective faunal contents. In a general way,
the delicate and small tasts are encountered in muddy sedimants
and these perhaps show thelr embryonic stage, their growth
having been inhibited by low salinity and other chemical fzctors.
In contrast, the besach sand fauna have robust, thick walled and
comparatively larger size tests; these tests seem to be in their

adulthood,.

To summarise the segmentwise faunal distribution, the
author has tabulated the percentages of dominant foragminifers

in the Tablss VI-5 to vI-8.



Table No.YI.4 : Segmentuise assemblages of the

Mainland Guijarst coast,
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Hajira coast

Dandil coast

Tithal coast

Ammonia beccarlii
(Linne)

Ammonia dentatum
(Parker & Jones)

Elphidium spp.

Pararctalia spp

Quingueloculina spp

Spiroloculina spp

Cibicides spp
Nonian spp

Bpliving spp

Pyrgo spp

Bulimina spp

Poroepcnides
Tateralis (lerguem)

Eponidss spp

{Lancris spp
Gasteropods

Ostracodes

Discorbis sp

Ammonia beccarii

Ammonia dentatum(Parker &

(Linne;

Ammonia dentatum
(Parker & Jonss)

Juingueloculina sp,

Spiroloculina spp.

Bolivinag spp.

Bulimina spp
Cancris spp
Pararotalia spp
elphidium spp
Porosponides

lateralis .
Terquem,

Lagena spp

Nonian spp.

Cibicides spp
Gasteropods
Discorbis sp.

Ostracodas

Globigerina st

Pararotalia spp.

Poroeponides lateralis

Jones )

(Terquem)

Quingueloculina spp

Triloculina spp

Pyrco spp.
Elphidium spp

Spiroloculina spp

Cibicides spp

Monian spp

Eponides spp

Bolivina spp

Ammcnia beccarii(Linne)

Discorbis sp

Siphogenerina raphanus

(Parker & Jones)

Bulimina sp

Gasteropods
Ustracodes
Bryszoa

Cancris sp.
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Tae pattern and percentages of the various important
foraminifers have also been presentsd in the form of histograms.
(Fig. VI-1 to VI-4). The size range variations of the more
impertant foraminifers in the various coastal blocks have basn
presantad in Tables VI-9 to VI-12., The synoptic variation for
the antire coastline has besen given in the next chapter

(Fig. VII=-1).

Table V1.9 ¢ Size range of dominant foraminifera of
N. Saurashtra Coast.

lLoca ity Grazin-size Amphiste~- Ammonia Elphidium Quingquelo-
gina spp. beccarii SpP. culina spp
A
43
0
a Coarse \\\
0 (1.C0-0.59 N
© ' mm) \<>
i) \
5 Medium N \\ N
o (9.59-@525 N \
p | mm \
3 N \\ N
- N
4: Fine \ k
2 (0.25-0.105 \ O
nm) N N\
\\




Table VI.10 : Size range of dominant foraminifera of
West and South Saurashtra coast. 11

Locality Grain-size Amphiste- fAmmonia Pararo~ UJuinqu- Elphi-

gina spp dentatum talia elogu~ dium
. spp.  lina sSpp,
) spp.

N
Coarse \
(1.00-0.5§
mm \
N

(80 25-00105

mm) §§

L \ N N
& .59-0,
E% mm) \k i} & | }
gif; Fine Q § s
N

Table VI.11 ¢ Size range of dominant foraminifera of
Northern Mainland coast{Gulf of Cambay).

Locaiity Grain-size Ammonia Yuinque-~- Pararo~ Elphidium
beccarii _cculina taliag spp. spp
SQQ. ’
Loarse
(1.00-0.59
2 mm)
5%
4 N
N N N\ N N
« Medium
iiﬁi (0.59—0.35 §§§ \\\ \\\ QQQ
0 30 mm \ \
sa. NN N N A
32 ~q N E
a2 \ N \ %
g2 = (F:‘me \ \
0.25-0.105 \\\
o) N N N
N N N N




Table V1,12 : Size range of dominznt foraminifera of

Central and Southern Mainland Coast,
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0
Pararo- Porep-

Locality Grain-size Ammonia Huingue- Ammonia
beccarii lcculina dertatum talia onides
SPP. SPPe Jate-
ralis
Coarse
5 (1.00-0.59
o mm)
£
3, s
2 N \
-8 Medium \ \
c
© D (0.59-0.25 S§§ \\\
- mm)
Q4 N, \
s \
=y \\ % N
f%s Fine \\\‘ \\\ <ii
(0.25-0,105 k \ N
NN N §
NN |
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SYSTEMATIC DESCRIPTION

in all, 95 species belonging to 34 gensra and 10 Families
have been identified out of which 3 spscies are plankTlonic and
the rest are benthoniz, The specific identifications of thae
genera are based on the comparisons with the cescriptions in the
various papers pertaining to the west and sast coasts of India

and the works of Cushman (1959) anc Murray {1971). The specimens

described have be=sn illustrated with the help of photographs,

FAMILY ~ MILICLIDAE

GENUS-QUINQUELOCULINA d'Orbigny 1826

Quingueloculina auberianag d'Orbigny

Var, Semi-reticulata (Hevon-Allem & Earland)
Pi. VI. 1. 1-3.

-

Miliplina aubsriana Var. Semi-reticulata - Heron-Allen and Earland,

Journs . Linn. Soc,,Zool.V0l,.35,p.607, pl.35, figs.8-10, 1924.

Description 3 This variety is more closely relatsd to

d. pseudo-reticulata Parr than d.auberiana

d'Orbigny. It can, however, be distinguishad from
the former in the aresence of a carinate periphery

and two sets of discontinuous costae.

Length H 0.55 mm, Width ¢ 0.42 mm,
focality : porbandar Coast. (Segment 1Y)

Remarks : The form is guite -obust with discontinuous gostas.



\.4
——
R

B

Juingueloculina vulgaris d'Urbigry

Pl.,VI.1. 4-6.

Quingueloculina vulgaris Cushman, 917, 71(6), p.46, pl. 11,

-

Fig. 3 Spetuleksnmi Amma, 1958, p.a, pl.1, Fic.5.

Ganapati & Satyavati, 1958, p,106, pl.1, Fiags. 24,25,26.,

Description ¢ Test is short and stoutly built; the apertural

view orbicular and peripheral margin rounded.
Sutures are depressed and distinct. The wall is
smooth and imperfeorate. Apsrture is small with

a single tooth bi“id at apex.

Length H 0.45 mm, Width ¢ 0.35 mm,
Locality : Diu Island. (Segment V)
Remarxs : Robust form with :ranslucent‘test.

Quingueloculina candeiana d'0Orbigny

pl. VIO1. 7"’9 pl-VIoSAS_"AO

Quingueloculina candeiana Cushman, 1329, 104(5),p.27, pl.3,

figs. 1 a-c.

Description 3 Test is longzsr than broad being more than tuice

its breadth in length, with chambers half a

coil in length and triangular in cross section.
Sutures are distinct, Paripheral margin has a
well-marked keel. Surface is smooth and polished.

The aperture2 has a simple tooth,



Length

Locality

Remarks

Description

Length
Locality

Ramarks

L 1]

0,55 mm, Widzh ¢ 0.3 mm,

Tithal coast. (Segment IX).

Well preserved fozm with hyaline wall,

GENUS-TRILOCULINA d'Orbigny 1826

Triloculina terguemiana (Brady)

Var. barnardi Var. nov,

Pl. vI.1. 10-13.

The test is as long as broad and triangular in end
vigw. Three arcuata chambers are triloculine
internally and broadsst in the middle becoming
narrow towards the proximal and distal ends. The
sutures are distinct., The periphsry is angled. The
porcallanous highly polished wall is ornamented
with many . langitudinal striations varying from
fine to slightly raised. The distal end of the
last chamber is protruded to form a cylindrical
neck. The oval to almost rourded aperture has a
phialine lip and a simple tocth, which is sometimes

slightly raised above the rim of the aperture.
8.6 mm, Width 3 0.45 mm,
Navibandar beach. (Segment Iu).

‘duite a robust form yith distinct striations on

ths surface.
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FAMILY - MILIOLIDAE

GENUS-3PIROLOCULINA d'Orbigny 1826

Spiroloculina sp. indst.

pl.UIQZQ 1"’2'

Description : Test is coilsd spirolnculine plane. The

chambers are flat, with continuous striations,
Central portion is concave. Periphery is angular.
Aparture with simple tooth is situated on the
last chambsr uwhich is slongate and forms a neck-

like structure.
Length : 1,15 mm, Width 3 0.75 mm,
Locality : Madhavpur beach. (Segment IV).
Remarks : Only one form of this species has besen encountered

which is quite robust, testuall translucent with

many continuous and discontinuous striations,

Spiroloculina antillatrum (d'Orbigny)

var. distortum n. var. pandya.

plo UIOZc 3-5

Description Test is coiled in spiroloculine plane, ovatas,

cantral portion desressed on both the sides., Last
but one chamber proatrudes out and gives distorted
shape to the test, There are neck-like projections
at the apertural end and the aperture has a simple

tooth.



Length : 0.55 mm., Width ¢ 0,35 mm,
Locality : Mahuva beach. (Seament V).
Remarks s Cnly one form of the type has been encountered,

and is characterised by a robust test, with

transparent wall,

Spiroloculina acutimargo var. corcava Wiesner

Pl.VI.2. 5-6-

Spiroloculina acutimargo var, Concsva - wiesner, Zool. Anz.,

yol, 41, no.11, p. 521, 1916,

, Heron-Allen & Earlard, Trans, Linn., Soc. London

Zool. vol. 11, s=r. 2, pt. 13, p.20(8, pl.39, figs. 1-3, 1916.

Description 3 The characteristic feature of this species is

that it has the thin delicate test with convexity

on cne side and concavity on the other,

Length : G.42 am, Width s 0,25 mm,
Locality s Mahuva beach. (Segment V).
Remarks : Fragile and small form with transparent wall,

Spiroloculina corrugata {(Cushman)

Var. Costata n.var. Pandya.
f")i. VI.Z. 7"90

Spiroloculina grata Terquem-8rady (Part) (Not Terguem). Rep.Voy.

Chall. Zool. Vol., 9,p.135 (not pl.10) figs. 16-17, 22-23, 1884,



1565

Spiroloculina nitidas: (striate varisty) Millett (Part)

Journ, Roy. Mier. Soc. London p.266. 1898,

Spiraloculina antillatrum d'Orbigny - sidebottom (not d'Oroigny)

Manchester Mems, Vol. 54. no.16, p.2, 1310.
Cushmzn, U, 5, Nat, Mus. Bull. 100, vol.4, p.107, pl. 81.

Figs. 4 (not Pl, 83 figs 4) 1921.

Spiroloculina corrugata - Cushman & Todd, Cushman Lab. Foram,

Res. Spec. Publ. no.,11, Sharon, Massachusetts, pp.51, 61 pl.8.
figs. 22-25 1944.

Description 3 Test is coilad in spiroloculine plane, Periphery
is rounded., Wall is calcarecus with striations,
On the surface, central portion is quite deep on
both the sidss, Aperﬁufe has a simple tocth

situated on a neck-like projection,

Length H 0.6 mm. Width ¢ 0,38 mm,
Locality : Mahuva beach. (Ssgment V).
Remarks H Robust test wyith striated surface, Only ona form

has been sncounter=zd from the study area,.

Spiroloculina grateloupi d'Orbigny

Pl. VI,2. 10 a,b.

Spiroloculina excavata Brady (not d'Orbigny), 1884 vol.9, p.131,

pl., 9, figs. 5,6.

Spircloculina grateloupi Cushman, 1317, 71(6), p.31, pl.4. figs.4,5.




Cushman, 1929, 104(6), p.40, pl. 8 Figs. 1. a,b.
Gnanamuthu, 1343, p.9 pl.2. fig. 2.

Description 3 Test is oval in shape with central portion

excavated, with numerous charbers and half a coil
in length, chambers increasing in size as added.
Periphery is convex and sutures distinct, Wall

is slightly rough in texture. Aperture has a

single bifid toott.

Length : 0.21 mm Width ¢ 0,18 mm
Locality : Halwara beach (Segment X).

Remarks : Only one form of this species was recorded. Test

is robust with smooth surface.

Spiroloculina antillatrum d'Crbigny gequa Cushman

’Pl.VIQZ- 11"‘13 ; pl. VI.Z). 1-"’30

Spiroloculina antillatrum d'Orbigny asqua Cushman, 1932, 161 (1),

p. 38, pl.9, figs. 13 a,b.

Description Test is ovate, longer than broaad with the central

region depressed on both sides. Chambers are a
few in number _Peripheral edge is rounded and
sutures distinct., Proloculum is spherical and the
last formed chambecs projects a little beyond

the body of the test at both ends § Projection

at the apertural end is neck-like. Aperture is
round and with a single tooth. Wall is calcareous,

porcellansous and smooth,



Length H

-’

Locality

Remarks 4
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0,39 mm, Widtk 3 0,17 mm,
Sigam coast (Segment VII).

Small and delicate tests uithvtransparent wall,

GENUS-PSEUDOTRILOBCULINA gen. Nov, 1970

Pseudo-Triloculina ripertiana (Brady)

pl. VIQSQ 7“‘8;

Miliolinaz rupertiana - Brady, Quart. Journ. Micr. Sci.Vol,21,

vol.
N. S. pt.3, p.46, 1881; Rep. Voy. Chall,.,Zool. 9, p.178, figs.8-12

(not Fig.7) 1834.

Triloculina rupartiana (Brady) - Cushman, U.S.Nat, Mus.B8ull, 100,

ﬁ.464, plo 93- Figs. 2 a=Ce 19210

Description @

Length :
Locality H
Remarks :

In early stages, the test is similar to that

of Triloculina-first guingqueloculine and later

triloculine. The chambsers in the adult are added
120° apart with the last three2 making up the uhole
exterior. Chambers are not labyrinthiec. Wall is
calcareous, porcellancus. Aperture is typically

without a tooth,.

0.3 mm, Width ¢ 0.68 mm,

Porbandar coast (Segment IV).

Robust Fform with translucent wsall. Continuous

striations are present all ovar the surfaces.
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Genus -~ PYRGD Defrznce 1824

Pyrgo sp. indet,
»pl.V103-11-13-

Frequent to rare tests of this indetsrminate spaciss occur

in samples from the west and south Saurashtra coast.

GENUS-UUINJUELCCULINA d'Orbigny 1326

Quinqueloculina rugosa (d'Orbigny)

var. striata n. var. pandya

Pl. vI,3., 5-6.

Description Test is coiled in guingueloctline plane with

angular psriphery. Yall is cslcarsocus, trans-
lucent with striations. Aperture has a tocth
situated at thz nsck-like projection of ths

last chamber.

Length H 0.55 mm, Width ¢ 0.3 mm,
Locality :  Tithal coast., (Secmant IX).
Remarks : Only one form is cbtained. Test has a thick wall

with striations or ity the apertural end is

damaged.



Genus - P3EUDOPYRGO Gen., Nov. 1970.

Pseudupyrgo millettii (Cushman)

Pl'UI¢30 9"10.

Miliolina durandii ~ Millett (Part,, Journ. Roy. Micr. Soc., London,

p.268, pl. 6, figs. 8-9. (not fig. 7) 1898,

Biloculina millettii -~ Cushman, U.S.Nat, Mus. Bull., 71, pt.6.

p081 {Jl.S&, Figs. 4"‘50 1?170

Pyroo millettii (Cushman) - U.S5., Nat, Mus, Bull., 104, p.68. £l.,19

fig. 1 (?). 1929; U.S. Nat.Mus. Bull, 161. p.66. pl.15, Figs. 4-5,

1532,

Description @ The earliest stages of the test are in the
microspheric form similar to those of pyrgo -
first guinquelcculine, then triloculine and
finally bilcculine. Chambers in the adult are
added 180° apart wsith the last two making up
the uwhole exterior. Interior is simple. Wall is
calcarecus, porcellanous. Aperture is typically
without a toocth.

Length : 0.6 mm, Width ¢ 0.4 mm,

Logality : Tithal coast. (Segment IX),

Regmarks : Tests robust with translucent and poreellanous

walls; slightly abraced.
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GENUS - TRILOCULINA d'Orbigny 1826.

Triloculina tricarinata (d'Crtigny)

Pl.UI.ll. 1"3.

Trilocculing tricarinata Brady, 1884, vol.9, p.165, pl.3. figs.17

a,b 3 Cushman 1917, 71(6) p. 66, pl.25, figs. 1,2.
Ganapati & Satyavati, 1958, p.106, pl.2, figs, 38.

Sethulekshmi Amma, 1958, p.8, pl.1, fig. 12Z.

Description

*e

Test is made up of three chambers, in end view

triangular, angles of chambers acute. Aperture has

single bifid tooth.

Length : O.41mm, Width ¢ 0.3 mm.

Locality : Dholar beach. (Segment IX).

Remarks : Stout test with smooth wall, Some forms are
damaged.

GENUS -~ GUINQUELOCULINA d'Crbigiy, 1826

Wuingueloculina Jdamarckiana d'Crbigny

Pl, VI.4. 4~8,

GQuingueloculina lamarckiana Cushman, 1929, 104(6), p.26, pl.2,

figs. 6 a=-c ;

Cushman, 1932, 161 (1), p.24, pl.6, Figs. 2 a-cj

Ganapati and Satyavati, 1958, p.106, pl.t1, figs. 21,22,23.
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Description Test is nearly oval in outline, apertural vieuw

is triangular, chambers are half a coil in
length, peripheral margin is subacute, sutures
are well marked, .Zast formed chamber has a short

neck, Aperture is round with a single long tooth.

Langth H 0,37 mm, Width ¢ 0,36 mm,
Locality : Tithal beach. (Segment IX).
Remarks : Robust form with smooth wall.

GENUS-TRILOCULINA d'Orbigny 1826

Triloculina schreiberiana d'Urbigny

pl. v1040 7"9.

Trilcculina schreiberiana d'0Orbigny, Foram,Cuta, p.174, vcl,8,

pl, 9, figs. 20~-22, 1839.

Description ¢ This species is closely related to T.trigonuls

(Lamarck) but differs in having a groove betueen
the penultimate ard the end chambers., Some
specimens are ornemented with longitudinal and
raised striae which become few and discontinucus
in a few specimens. Chambers are inflated.

Aperture with single bifid tooth.

Length : 0.5 mm, Width ¢ 0.5 mm,
Logality : Dandi beach. (Ssgment IX).

Remarks : Intact and fragile test with translucent wall,



o
o0

GENUS-UUINWUELOCULINA d'Orbigny 1826

Juingueloculina rugosa d'Crbigny

and
Pl, VI.3.4,P1,VIe4.10-13.

Quingueloculina rugosa d'Orbigny Ann, Sci. Nature, vol,7 p.302,

1826.

ot
Quingueloculina punctulata (,d'Orbigny)

Cushman and uickenden, Froc. U. S. Vat, Mus., Yol.75 Art. 9

p.3 pl.1 figs 2 a-c, 1928,

Description Test in Uuingqueloculine plane, periphery is

angular. Chambers are slightly inflated, wall

calcarsous and porcellanous,

Length s 0.46 mm, Width : 0.26 mm,
Locality : Tithal coast. (Segnment IX).
Remarks H Very intact and fragile form.

Quingueluculina Mosharrafai Said
g

Pl, 5. 4-6,

yuinguelogculina mosharrafai Said 1949, Cushman, Lab, foram,

Res, Spec, Publ. No.26 p.10 pl.1 fic. Z3.

Description 3 Test is coiled in cuingueleculine plane. Test

wall is thick and covered with numsrous small

pustules. fperture has a simple tooth.

Length H 0.45 mm, Wicdth ¢ 0.4 mm,
Locality : Halwara beach. (Segment X).

Ramarks : Robust test yith palished surfaces,
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FAMILY-ROTALIIDAE

GENUS-ROTALIA Lamarck 1804

Rotalia calcar (d'Orbigny)

ploVIDG 1"'3 Pl.VI.13. 1'30

Rotalia calcar 8rady, 1884, vol.9, p.709, pl. 108, fig.3, fig.4.

Dakin, 1906, vol.5, p.239;

Cushman, 1915, 71 (S), p.690 pl.28, Fig.z, plng, f’ig.Z.

Sethulekshmi Amma, 1958, p.73, pl.3, fig. 113 a,b;

Ganapati and Satyavati, 1958, p.110, pl.5, figs. 118,118,

GDescription

Diameter

Locality

Remarks

e

-

Test is many chambared with both faces of the
test convex, all the chambers are visible on the
dorsal side and on ventral side only those of the
last whorl are seen. The outer uhorl consists of
ten chambers., Sutu-es are limbate. Paripheral
margin of each chamber is drawn into a pointad
end, Test wall is Tinely foreninated. Aperture is
a narrouw slit between the periphery and umbilious

on ventral side,
0.26 mm,
Dhuwaran coast (secment VII).

fragile tests with perforated testwall,



FAMILY - MILIODLIDAE

GENUS-UUTINJUELOCULZNA d'Orbicny 1826

dQuingueloculina seminulum (Linnasus)

P.}..VI.S. 7“'9 & pl.fl.s. 7"'9-

Miliolina seminulum Williamson, 18:8, p.85, pl.7, figs,183-185;

Brady, 1884, VOlogy P-157, pl.S, Figs. 6 a=gj

Dakin, 18506, vol.5, p.229,

Quingueloculina seminulum Cushman, 1917, 71(6), p.44, pl.11,

Fig. 2’
Gnanamuthu, 1943, p.10, pl.2, figs. 4 a-f.

Description ¢ Test is oval, The peripheral margin is rounded,

chambers are half a coil in langth. Sutures are
depressed, wall is smooth and imperforate. Aperturs

has a single tooth.

Length : 0.28 mm, width ¢ 0.2 mm,

Locality : Bhogat beach (Segment I111), Ohadhar river mouth
(segment VII), Mindhola river mouth, Ubharat
coast, Dandi coast (segment IX).

Remarks : This species is conmon to very common in Saura-

shtra and Mainland coast,., The forms occur mainly
on the west and south Saurashtra coasét;;e quite
stout with translucent wall. Most of the Faorms
are damaged. Forms encountsrec from Gulf of
Kutch and Mainland coast are delicate, intact

with glassy tests,the size of the tests are

comparatively small,
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FAMILY - NONIONDAE

GENUS-ELPHIODIUM Mentfort 1808

Elphidium crispJm (Linnasus)

Pl.,VvI,6. 4-6 & 21,VI.8.10~-12.

Polystomella crispa Brady, 1884, vol.9, p.736, pl.110, figs.6,7;

Cushman, 1914, 71(4), p.32, pl.18, fig. 1,

Elphidium crispum Cushman, 1933, 161(2), p.47, pl.s11, fig.4 a-b;

Elphidium macellus Gnanamuthu, 1943, no.2, pt.5, p.16.

Elphidium crispum Daniel, 1948, p.74, figs. 115-116;

Sethulekshmi Amma. 1958, p.22, pl.1, fig. 33.

Description. s Test is biconvex end circular in shape with

numerous chambers. Sutures are slightly raised and
distinct with retral processes which extend betwsen
the suturss, Peripheral margin is acute, umbonal
regicn is raised. Aperture consists of numerous

pores on the apsertural Face of last chamber,

Diameler : 0.35 mm {Megalosph=ric) Pl. VI.8. 10-12.

0.45 mm (Microspheric) Pl. VI.6. 4-6.

Locality : Common to very common in Saurashtra and Mainland
coast,
Ramarks : Both Microspheric and Megalospheric forms ars

present., Species encountered from beach sands
are stoutly built and a big whereas tidal mud

species are delicate and small in size,



L
66
FAMILY-ROTALTIDAE

GENUS - AMMONIA BRByunmach 1772

Ammonia dentatum Parker & Jones) 1865.

pl.VI;;?o 8‘12: p;gUltgn 1"150

Rotalia beccar¥ii (Linnaeus) var. dentata Parker & Jones, 1865,

Phil, Trans., vol, 155, p.387-422, pl, 19, figs. 13 a-c.

Streblus dentatus (Parker & Jonss) Bhatia 1956, Cush. Found,

Res, Contr. Vol.7, pt. 1, p.22-23, pl, 4. fig. 33

Bhatia & Bhalla, 1959, Journ. Pal. Soc, India Vol.4, p.80 pl.2
figs. 2 a-c, Rocha and Ubaldo, 1964,

Garcia de orta (lLisCboa) Vol.12, no.3 p.12. pl. 4. Fig. 6 a-b.

Vol. 12 No.4. p. 647 ph1.2 figs,

Ammonia dentata (Parker & Jones) 3halla, 1969, Symp. Ind. Ocean,

Nato Instn Scio India, BUllo 38, Dt. 1’ P.394, 91.1 Figso 8 a=Ce

Description 3 This species is clisely related to A. annectens

and differs from it in having peripheral spines
in each chamber, The sutures on the dorsal side
are occasgionally beaded. Only thes microspheric
generation was recognized. This species show wide
variations in size, shape, and convexity and is
represantad by both sinistrally and dextrally

coiled tests,

Diagmster : 0,48 mm.
Locality : Abundant in beach =zands of west and south $aura-

shtra coast (segmert III,IV & V) and southern

Mainland coast. (Segment IX & X).
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Remarks : This speaciss is prasent in large number in the
beach sands of Saurashtra coast and Mainland
coast, Highly abraded to lesc abraded tests which
are robust with translucent walls are obtained.
Some specimens are having lorg and acute apines,

Migrospheric forme are more common,

Ammonia annectens (Pzrker & Jones ) 1865

P1,VI.7., 1-7 {(Megalospheric Fform)

Rotalia beccarii (Linnaeus) Var. annectengs Parker & Jones

1865, Phil. trans., vol., 135, p.387. 422,pl, 19, figs, 11 a-c.

Streblus annectengs (Parker & Jones), Bhatia, 1964, Cush, Found.

Foram Res. Contr. Vol.7, pt. 1, p.22,pl.3, Figs, 1-2; Bhatia 1964,
Journ. Pal, Soc. Indiaz, Vol.4 p.79, pl.2., figs. 1 a=-c; Rocha and
Ubaldo, 1364 Garcia de orta (Lisboa), vol. 13, no.4. p.421

pl. 5, figs,., 11-12,

Dasgriptian 3 This spescies belony to Hofker's suboarder

Beutero-foraminata, The apertural apparatus in
all thesse species consists of a protoforamen and
dueteroforamen. Megalospheric form is quite
abundant, in this, test is minut2 with 2% uhorls

visible on the dorsal side,

Drameley : 0,60 mm,
Locality : Porbandar beach (segment IV) and Ubharat baach

(segment IX).
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Remarxs : Megalospheric and Microspharic both the forms are
present of which, Megalospheric forms are most
abundant, All the forms are robust with translucent

wall,

. c P : ;
Ammonia becarfii (Linné)

pl. VI.B. 1‘9.

. PR . > s I : /
Ammonia beccarii (Linne) = Nautilus beccarii Linné, 1758, Systems

Naturae, Ed. 10, Holmiae, Sweden, vol, 1, p.710. figurad by

Plancus, 1739, Conch. ..., pl. 1 a-c.

Description ¢ The biconvex test is trochospirally coiled., On

the spiral side thas sarlier sutur2s become thick-
ened and impescforate but the later ones are deeply
depressed, imperforate, and ornamented with
tubsrcles. The periphery is raunded. On the umbi-
liczl side the sutures are deosressed and havs
thickened imperforate tubercular growths parti-
cularly at their umbilical ex:zremities. The
umbilicus is sometimes occupisd by a calcite boss,
The aperture 1is an interio-marginal slit, The size

range of this speciss is very variable,

Diamstsr : 0.38 mm., 0.18 mm., 0.22 mm,, 0,25 mm,
Locality : Jamnagar coast. (segment 1), Tidal mud near Diu

Island (segment V), Mahi river goutn,
Sigam coast, Dahej (segment VII). Mindhola river

mouth, Ubharat coast (segment IX).
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Ramarks : Forms are very fragile and small in size with
transparent wall. Some forms are still in

juvenile stage,

Rotalia sp. Lndst.

plc ‘U‘Io?o 13-150

Only one form of this rare speciss wiag Fcund From the
Saurashtra (Porbandar beach) (segment IV) coast, the main feature
of this speciss is the prasence of the threes acute peripheral

spines,

FAMILY - ROTALIIDAE

GENUS~-PORCEPONIDES Cushman 1944

Poroeponides lateralis (Targuem)

Plo VI-‘B. 1"120

Rosalinag lateralis Terqguem. socc, Geol. France Mem. Paris. Ser. 3.

tomes 1 no.3 p.25, pl. 2., fFigs. 11 a.c. 1378,

Pulvinulina lateralis Terquem sp. Brady. Rep. vol, Chall. zool,

val, 9 p., 689 pl. 106. figs. 2-3, 1884,

Eponides (?) lateralis (Terguem) Cushman, Cushman, U.S5. Nat.,

Mus, Bull., 104. pt. 8. p.77. pl. 10. fig. 5 a=-c. 1331.

Poroeponides lateralis (Terquem) Cushman, Cushman., Lab. Foram.

Res. Spec. Publ. No.12. p.34. pl.4, Fig. 23. 1%44.

s S3aid, Cushman, Lab. Foram. Res. 3pzc. Publ, No,26.

p. 36. pl. 36. pl. 4 fig. 3. 1349,
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Description This species has affinitiess with Eponides
repandus (Fichtel & Moll) but is distinguished
in having a compressed oval test with coarser

and more numerous pores on the apertursl face.

Diameter : 0.65 mm., 0.45 mrm,, 0.5 mm,
Locality : Porbandar coast, (segment V) Mahuva coast

(segment V), Nargol and Halyara coast (segment X).

Remarks . : All the tests are quite robust, soms are slightly

damagsd,
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FAMILY -~ ANOMALINIDAE

GENUS-CIBICIDES Montfort 1808

Cibicides reflugens lFontfort

pl. VIOII. 1""3-

Trancatulina reflugens Brady, 1884, vol, 9, 659, pl, 92. fig.7-9.

Cushman, 1915, 71(5), p.30, pl. 12 fig.2.

Cibicides reflugens Daniel, 1949, r.116, figs. 85, 86.

Ganapati & Satyavati, 1358. p.I1I, pl., 6. figs. 161-163,

Description @ Test is planoconvex, ventral side is much convax,

dorsal side is flat, chambers are numsrous, eight
chambsrs in the final whorl; the early chambers
on th2 dorsal side are indistinct, Sutures on the
ventral side are slightly depressed and somewhat
sigmoid; on the dorsal side sisturss are broad and
limbate. The peripaery is subcarinated. Wall is

calcareous and finaly perforased,

Diametser H 0.24 mm,
Locality : Diu Island (segmens V)
Remarks : This form is very common in both Saurashtra and

Mainland coast, test wall is stoutly built,

Cibicides sp, indet.

p.}.. UI.110 4-60

Rare specimens of this species have been encountered from

Vadgam coast (segment VII).
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SENUS - PLANULINA d'Orbigny 1826

Planulina wullerstorfi (Schuager)

p-}-.VI.“?O 1D*12'

Trancztulina wullerstorfi Brady, 1£84, vol.9, p.662, pl,o93,

fig., 8, 9.
Cushman, 1915, 71 (5), p.34. pl. 1z, fig. 3.

Planulina wullerstorfi Cushman, 1931, 104(8) p.110, pl. 19.fig.5.6.

Sethulskshmi Amma, 1958, p.35, pl.Z. fig. 51 a,b.

Description Test is planoconvex and many chambered, the

final whorl of nine chambers, Sutures are limbate.
The periphsral margin is rounded. Apzrture is an

arched opening situated at the base of last chamber.

Diametear H 0,25 mm,

Locality : Diu coast. (segment V).

Remar ks : Test wall is thick, scme of the forms are highly
abraded,

Cibicides lobazulus (Walker & Jacob)

pl. VI.120 7"90

Trancatulina lobatula Williamson, 1858, p,.59. pl. 5, figs,.121-123;

8rady, 1884, vol, 9,p.660. pl, 92. 7ig, 10; pl. 93. figs,.1,4,5,95,.
FigS.by5.

Dakin, 1906, vol.5 p.238;3

Cushman, 1315, 71(5), p.31, pl. 15, Fig. 1;

Cibicides lobastulus Cushman, 1359, p.335, pl. 36, fig.11.
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Description Test is planoconvex with numerous chambars,

All tha chambers are visible on the dorsal side

and only those of outer whorl are visible ventrally;

Outer whorl is of savan or eight chambers, Sutures

are slightly depressed. The surface of the test

smooth, coarssly punctate or covered with slight

protuberances, Aperture is a narrou slit situated

ventrally at the base of the final chamber,

Diameter : 8.37 mm,
Locality : Ubharat coast (secment IX).
Remarks : Intact forms having perforated wall, some are

having protuberancss, Apsrture is quite bip at

the base of the final chamber,

Cibicides pseucoungsriana (Cushman)

P1.VI.11. 7-9 (Sinistral coiling)

Pl, VI.12. 1-3 & 10-12 (dextral coiling)

Truncatulina pseudoungeriana Brady, 1384, vol.9, p.664, pl. 94

Cipicides pseudoungeriana Cushman, 1931, 104(8), p.123, pl.22,

Daniel, 1349, p.114, figs. 114-145;

Sethulekshmi Amma, 1358, p.34, pl.2. figs. 49 a-b.



174

Description 3 Taest is circular =n outline, planoconvex,

chambers are numerous, the last formed whorl
consists of ten or elsvan chambers, Sutures are
depressed below and limbate above in the earlier
chambers but become depressec in the last few

. ) Thargin
chambers of the final whorl. The peripheral,is
margin rounded. Wall is calcereous and coarsely

perforated, Apsrture is closs to the peripheral

margin on the ventral side.

Diameter : 0,32 mm (sinistrally coilad) Pl.¥i.1. 7-9,
PL. ¥I.12. 10-12.

0.35 mm. (Dextrally cciled) Pl.VI.12. 1-3

Logcality 3 Porbandar, Madhavpur (segment IV), Dhuvaran
(Segmaent VII) and Ubharat coast (segment IX).
Remarks : Both dextrally and sinistrally coiled forms are

presznt, with robitst and translucent wall,

Cipicides sp. indst,

'pl. \11.12. A_6'

Only ones form of this indeterminates spagciss was rscorded

from Yavibandar coast (sagment IV),

FAMILY ROTALIIDAE

GENUS - PARAROTALIA Le Calvez, 1549

Pararotalia baltcvskoy n, sp.

PL.VI 13, 4~-12.

Description @ Test is free, medium-sized and biconvex. The

periphery is subanjular, with a very broad,



Diamaster

Locality

Remarks
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granular keel, having blunt rounded spines in
all except the last two or three chambers; about
2% whorls are visible on ths spiral side, final
whorl has saven to eight chambers, ventral sutures
are slightly curved, dseply sxcavated; dorsal
sutures are limbate and slightly depressed; umbili=-
cus is deeply excavated with irregular plug,
unbilical plate of sarlier chambers covered by
umbilical shoulders; aparture is interiomarginal
tending to becamé areal with the devslcpment of a
small umbilical plate; wall is calcarecus and finely

perforate,
0,45 mm,

Tnis form is encountered in abundance in west

and south Saurashtra and suuthsrcn Mainland coast.
The present spaciss is quite distinctive in having
a very broad, grarular peripheral keel, The tests

are guite robust.

FAMILY - ROTALIIBAE

SENUS - CANCRIS Montfort 1808

Cancris auricule {(Fichtel and Moll)

Pl. VI-140 1"’6O

Cancris aurigula (Fichtel and Moll) - Nautilus auricula

t
Fitchel and Moll, 1798.

Testacea microscoepica. p.108, pl.20, figs, a-f.



Description

Diameter

Lccalitz

Remarks

+
»
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The trochospiral t2st is biconvex. The spiral

side has almost flush sutures which are curved
packwards. Normally B8 chambers from the last uhorl,
The sutures of the umbilical side are depressed,
straight and radial., The wal. is perforats an thsz
spiral side and on the outer parts of the chambers
of the umbilical side. The aperture is umbilical-
extraumpilical, and opens beneath an imperforate
flap., This species has somebtimes heen recorded as

C. oblonga (Williamscn).
0.35 mm.,
Bhogat bezch (segment II11).

Stoutly built test, test wall is finely perforataed.

Cancris otlonga (Williamson)

Pl.VI.‘l(&. 10"11.

Rotalina oblonga ~ Williamson, Roy. Soc. p.51, figs, 98-100, 1858,

Pulvinulina oblonga ~ Williazmson sp. Brady. Resp.VYoy. Chall, Zool.

vol., 5, p.688. pl., 106. Figs. 4, 12B4.

, Cushman, Proc. U,S. Nat.Mus, vol.56, p.631, 1319,

Cancris cblonga (Williamson) - Phleger & Parker, F.L.520l. 3Soc,

Amer. Mem. 46, pt. 2, p.20, pl.9 figs. 17-13, 1351.

s, Phlegs=r, contr. .. Cushman Founc. Foram,Res,

vol. 7, pt. 4, p.114, 1956,
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Description 3 Test is biconvex, chambers are a few about

seven or eight in the last whorl, the later
formed chambers are large in size and length.
Peripheral edge is acute and slightly carinate.
Sutures are somewyhat depressed. wWall is granular

on the dorsal side and smooth on the ventral side,

Diameter H 0.13 mm,
Locality : Northern Mainland coast. (segment VII)

Remarks : This form is very delicate and small in size,.

FAMILY - NINIONIDAE

GENUS-NONIONEL.A Cushman 1926

Nonionella turjida (Williamson)

pl.UIe‘!&. 12"1&’

Nonionella turgida (Wiliiamson) -~ Rotalina turgida Williamson, 1858,

On the recent Foraminifera of Great Britain, Roy. Soc., pp. 50,51.

pl. 4’ Figs. 95"7, TYPB"‘ 96.8.130 130

Bescription @ The test is trochospirally coiled and compressed.

The chambers increase rapidly in size. The sutures
are depresssed and slightly oblique on the spiral
side. The periphery is rounded. The final chamber
overhange the umbilical region. The aperture opens

beneath this.



178

Jiametar H 0.2 mm,
Locality : Kavi coast. (segment VII).
Ramarks : Very delicate tests, with smcoth surfaces,

FAMILY - ROTALIICAE

GENUS - DISCORBIS Lemgarck 1304

Discorbis bertheloti (d'Orbigny)

pl. VI. 1&0 7“90

Discorbina bertheloti Brady, 1884, vol,9, p.650, pl. 89, fig.10-12,

Brady, Parker & Jones 1888, vol., 1z, p.227, pl. 46, fig. 7,8.
Dakin, 1906, vol.5, p.238,

Cushman, 1315, 71(5), p.20, pl.7, Fig. 3.

Description ¢ Test is planoconvzx and compressed. The periphery

is acute and sligrhtly carinated., Dorsal side of
the test is somewralt flat, ventral side is convex,
Outer whorl has five to sevasn chambers, Sutures
are depressed, Wall is punctate. fAperture is
narrow slit situated ventrally at the innzr edge

of ultimate chamber.

Jiametar : 0.22 mm,
Locality : Yadgam coast (segment VII).

Remarks : Tests are delicate and small in size.



FAMILY ~ NONIONIDAE

GENUS =~ NONIAN Tfiontfort 1808

Nonian boueanum (d'Orbigny) Hada

pl. VI.1Sn '_4.

Nonian boueana Brady, 1884, vol, 9 p.729, pl., 109 figs. 12-13

Dakin, 1906 vol. 5 p.240.

Nonian baoueanus Daniel, 1949, p.71 fig, 114,

Cushman 1333, 161{(2) p. 42 pl. 10 fig. 3,

sethulakshmi Amma 1958. p.21, pl. 1 fig. 32.

Description : Test is circular in outline, chambers are

numerous and involute, nine to Fifteen chambers are
in final uhorl. Sutures are depressed and curved
towards the umbilicus; umbilicus is slightly
depressed and filled with granular material, wall
is calcareous smooth and finely punctate. Aperture
is a curved slit lying at the base of the last

chamber,

.21 mm,

W
3
..

Diamet

Locality : Bhogat beach (segmant III), Navibandar, Porbandar
(segment IV), Mahuua (segment V) and Dhuvaran
coast (segment VII),

Remarks : This specizs dominmates the Ngnian fauna. Ver

HemalXs P Nanian Y

intact, morphclogical features are very clear. Some

are having perforazions on the wall,
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Nonian depress.ulus (Walke: and Jacob)

Pl. VI.15. 53-7, 10-11, 13-14.

Nonian depressulus (Walker and Jacob) = Nautilus deprsssulus

Walker and Jacob, 1798, in$ Kanmacher, Adam's essays on the

microscope, Ed. 2, p. 641, fig. 33. See also Murray, 1965, Conir. Cush-

man Fon Foramina Q‘g?,,i Pp.i48-9, P1.25, Fig £-% P1-26, {‘;95_7‘& Topetypes 1862, 2.12.
453-554 .,

Description @ The compressed test is planispiral, nearly

involute, with 7-11 chambers in the last whorl,

The sutures are flush or slightly depressed in the
garlisr portion but become strongly depressed
latér. They curve oackwyard and the umbilical
portions are ornanented with tubsrcles. This
ornament is present in parts of umbilici bu%t soma=
times the lagpr have thickened walls, The wall is
perforate, granular, calcitic, Ths apsrture is
series of interio-marginal pores partly obscured

by tubercular ornament,

Diamstar H 0.3 mm,
Locality : Porbandar beach (segment IV) and Dandi beach

(segment IX).

Remarks : Intact form yith transparent wall.

Nonian Scaphum (Fichtel ard Moll)

plo VIQ15. 12"13.

-

Noutilas scaphum (Fichtel and Moll Cushman 1330, U, 5. Nat, Mus.

Bull. 184, pt. 7 pl. 2 figs. 3=4 p.5. Bhatia 1956, Centr. Cush.

Found, Foram. Res. vol.,7 pt.1 pl.3 fig. 1-5.
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Test is circular sith 8-10 chambers in final

(2]

Description

whorl, last chamber is flaring. Peripheral
margin is circular. #Aperture is a narrow slit at

the bage of last chamber.

Diameter : 0.15 mm,
Locality : Dhuvaran coast. (segment VII).
Remarks : Tast intact and generally smwall in size.

Nonian labrocoricum Dauwson

glo \fI. 150 8"'9.

Descrip-ion Tast is frese more or less involute griphery is
4

broadly rounded, chambers are numerousj wall is
finely or coarsely perforated, calcareous, apar-
tura is a low opening betwesn the base of the

apertural face and the preceding coil,

Digmster : 0. 17 mm,
Localizy : Mahi river mouth (segment VII).
Femarks: : Fragile tests, with finely pecforated test wall.

FAMILY - NOUNIONIDAE

GENUS-ELPHIJIUM Montfart 1308.

£iphidinm jangeni (Cushman)
pl.vi. 16. 6-7.

Elphidium jenseni Cushman, 1333, 161(2) p.48, gl. 11, figs. 6,7.

Description ¢ Test is flat and meny chambered. The peripheral

margin has a slight keel. Sutures are slightly

raised with retral processes wyhich bridage the gap
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between the sutures, the areas betuyean the
sutures are somewhat depresssd, umbilical region

has slignt projections,

Diameter : 0.35 mm,
Locality : Dhuvaran and Tithal coast {sagment VII & IX).
Remarks : Tests are quite robust with slightly angular

periphery. Test wall is translucent,

Elphidium hispidulum Cushnan

Pl, VI.16. 3~4.

Polystomslla verriculata B8rady = Millett (Parz), (not Brady)
H

Jour. Roy. Micr. Soc. pl.16, p.604, 1904,

Elphidium hispidulum - Cushman, Contr. Cushman Llab., Foram, Res,

vol, 12, pl. 4, p.33, pl. 14, fig., 13, 1936.

Description

*y

This species is closely allied to E., milletti

(Heron-Allen & Earland) but diffars in having a
convex projecting umbilicus being closed with a

few small plugs,

Diameter : 0,35 mm,
Locality : Porbandar beach (segment IV).

Remarks H Test is robust wizh polished test wall,
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Elphidium simple« Cushman

pl; VI- 160 11‘120

Elphidium simplex Cushman, U, S. WNat. fus. Bull. 161, pt, 2, p.52

pl.12, figs. 8-9, 1933. U, S, Geol. aurv. Prof. paper 191, p.62.
pl., 17, fig. 13, 1339.

Cushman, Todd & Post, U, 5. Geol, Surv, Prof.papar

260-H, pt. 2, p. 346, pl, 86, fig. 33, 1954.

Dgscription 3 The test is planispiral egually biconvex, The

main character of this spacies is that the depre-
ssed umbilicus is filled with or without thes fine

shell matsrial.

Diameter : 022 mm.
Locality : Ubharat coast (segment IX).
Remarks H Tests are delicate with transasarent test wall.

Elphidium pseudomilletti sp. nov.,

Pl. UI:16. 13"180

Elphidium milletti (Heron-Allen & Earland) = Cushman (not

Heron-Allan & Earland), Proc. U. S. Nat, Mus., vol.56, p.633,1919;
Carnegise Instit. uwashington, publ. 342, veol. 21, p.48, pl. 186,
Figs. 7“8, 1924; U. S. Nato WUS.SUl;- 161’ pt. 2, D.49, Dlo 13’

Figs. B a‘ﬁ, 1932:

Elphidium cf E, millettii (Heron-Allen & tarland) ~ Todd and Post

(not Heron-allen & Earland), U.S. Geol. Surv. Prof.paper 260-N,

p.557, 1954,
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Description 3 The planispiral equally biconvex test is longer

than broad and involute with a depressed umbi-
licus on each side, being covered with a shell
material. About e.ght chambers of the final

whorl are slightly longer than broad, broadsr at
the outer margins, inflated and the end one tends
to uncoil. The depressed sutures are distinct.
The lobulate periphery is brcadly rounded. The
sub-translucent well is rough due to the ornament
of continuous retral processes and numerous short

spine~like projections, Aperture is simple.

Diameter : 0.23 mm,
tocality : Tithal beach (segment IX).

Remarks : Delicate tsst with transparent testwall, last

frymed chamber is elongated.

Elphidium sp, indet,

plo UI-16- 1”"2-

This indeterminate spscies was encountersd from the Hansot

coast (segment VII).

Elphidium sp. indet.

Pl. VI.16., 7-8, 14-15,

Rare specimans of this indetzarminate species vere

encountered fram the mud sampls near Diu Island. (segment V).



FAMILY -~ NONIONIDAE

GENUS -~ ELPHIDIUM Montfort 1808

Elphidium gerthi Van Voorthuysen

PloUIo17a 4"'60

Elphidium gerthi Van Voorthuysen, 1957, Med. 2d,., geol. Sticht.,

Netherlands, n.s., Nno.11 p.32, pl. 23 figs. 12 a-b,

Description

Diameter

Locality

Remarks

Description

.
-

.

The planispiral cailed test is slightly evolute

and compressed. Tisre are 9-11 chambers in the

outer whorl, The deeply depressed sutures are curved
backwards near the periphery and crossed by short
retral processes., The umbilical areas are flat to
depressed. The agperture is a seriss of intericmargi-

nal arches.
0.26 mm,
Bhogat coast. (segment 111).

Robust test with thick testwall,

GENUS-ROTORBINELLA Brady 1944

Rotorbinella sp. indet.

Pl. VI.170 1D"‘120

Test is free, trochoid, close coiled and ventrally
with a simple umbical plug; ventral sutures are
somatimes with re-entrancej aperture is a slit

at the inner margin of the ventral face of the

last formed chamber.



Diameter : 0.2 mm,
Locality : Bhogat coast (segment I11).
Remarks : Only one indetsrminate form of this genus was

recorded.

FAMILY-CAMZRINIDAE

GENUS-OPERCULINA d'Orbigny 1826

Opsrculina granulosa (Leymsry)

plo VIQ.I’?. 1"30

Operculina granulosa 3rady, 1884, vol.9. p.77¢ pl. 112 fig.6,7,9,10.

Cushman 1933, 161 (2), 9.56 ;313- 15,15,16' ?igs. 1-3.
59thulak3hmi Amma, 1958. P.19. plc 1 ?igs. 29 a,b,Co
Ganapati and Satyavati, 13958. p.13t, pl. &4, fig. 92.

Description s Test is compressec, bilaterally symmetrical, the

final whorl is composed of numerous chambers, The
sutures are evenly curved, Wall is ornamented with
beads or bosses along the suture linss and usually
concentrated at tre centre space and scattered in
the interspaces. The aperture is situated at ths

base of last chamber,

Diameter : 80.27 mm,
Locality : Porbandar coast. (segment IV).

Remarks : Only one form has been encountsred, the test is

slightly damaged with translucent wall,



FAMILY - AMPHISTEGINIDAE

GENUS - AMPHISTEGINA d'Urbigny 1826.

Amphistegin vadiatus (Fichtel & Matl)

P}.- VI. 1180 1_5.

Nautilus radiatus - Fichtel & Moll. Test, Micr. Vienna, p.58,

Tab., 8, figs. 9 b-d, 1798.

Amphistegina lessonii d'CGrbigny - Brady (Part, (Not d'Orbigny)

Rep. Yoy. Chall. Zool. Vol. 9, p.743, pl. 111, fig. 3 (not

figs. 1=-2). 1834,

Amphistegina lsssonil d'Crbigny - Terrigi (not d'Orbigny), Mem.

Reale. Acad. Lincei, Vol, 6 ser. 4 p.120, Tav, 9 figs. 6-8 1889,

Amphistegina lessopnii var, radiata Heron-Aller & Earland, Trans,

ZDDl¢ S50C. LDndo VDlo 20, 9.736, 1?15.

Amphistegina radiata (Fichtel & Moll) - Cushmzn, Carnegie. Instt,

Washington. vol. 21, publ. No.342, p.49. pl. 17, figs. 1=-2. 1924.

Said, Cushman lLab. Foram. Res. Spec. Publ, No.26

p.38, pl.4. fig. 10. 1949,

Description 3 Test is usuaglly trochoid, often involute on the

dorsal side in the adult and ventral side with
supplementary chamrbers more or less irregularly
rhomboid; sutures have a pronounced angle, wall

is calcareocus and finely perforate.

Diameter : 40,63 mm,

Locality : Jamnagar coast and Okhamadhi coast.(segment I & 1)
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Remarks : This penus has been ancountered in abundance
mainly Ffrom the Gulf of Kutch, all the forms
are quite large in size robust with transparent

wall, some having well polished surfaces.

Amphistegina sp. indet.,

Pl.vI.18. 6-7.

This is an indeterminate species of which rare specimans were

Found in Jamnagar and Ukhamadhi coest. (segmert I & I1).

FAMILY~-LAGENIDAE

GENUS-LAGENA Walker & Jacob 1798

Lagena globosa (Montagu)

Pl.VI.18. 14.

Entosclenia globosa Williamson, 1258, p.8 pl.1, fig. 15,16.

Lagena globosa Brady, 1884, vol. 9 p.452 pl. £6 fig. 1-3.

Dakiﬂ, 1986, VG}.- 5, 9-234.
CUShman, 1913’ 71(3)’ P-3, {31. 4, Figo 2, 1923’ 104(4),;3.20,
pl. 4, figs. 10 a,b.

Sethulekshmi Amma. 1958, p.54, pl.z, f’igc 800

Dascription Test is nearly spterical, apertural end is.

e

slightly produced. wall is smooth and translucent.

Aperture is slit-like with an entosclenian neck,.

Diameter : 0,27 mm,
Locality : Ubharat coast. {(segment 1X)

Fragile tests with translucent wall,

(2]

Remarks



Lagena semistriata Williamson

Pl.\ff.‘lg. 15"'16.

Lagena striata (Walker) Var.fg. Semistriata Williamson, 1848,

pld,
Ann., Mag. nat. Hist. Ser. 2, Vol., 1, p.14%figs. 9,10,

Description 3 The unilocular test is oval., The base is smooth.
Around it is a circlset of small ribs that die out
about a third of the way up the test. The neck is
ornamented with ribs. The aperture is simple and

is surrounded by & lip.,

Diameter : 0.3 mm,
Locality : Mouth of Mindhola river (segment IX)
Remarks : Deglicate and intact tests,
Lagena lasvis (Montagu)
p}..VI'180 12"130
Lagena lasvis (Montagu) = Vsrmiculum lasve Montagu, 1903, Testacea

Britannica, p.524 Figured by wWalker and Boys, 1784,Testacea minuta

rariora, pl.1, Fig. 9.

Description 3 The unilocular test is often egg-shaped with

the broadest part at the lower end, smooth and
unornamented., The simple apertures is at ths end
of a long neck and may be surrounded by a lip.
Deformed spacimens like the one illustrated are

guite common,



Diameter

Localitx

Remarks

[ 1]
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0.3 mm,
Dhadar river mouth, (segment VII)

Form is small and fragile, with deformed basal

portion.

Lagena interripta Williamson

Pl. vI.18, 11.

Lagena interrupta Williamson = Lagena striata (Montagu) var, o

sinterrupta williamson,1848, Ann. Mag.nat.Hist.,ser.2, vol,1,

p.14, pl.1,

Description

Diamster

Localitz

Ramarks

fig.7.

(1]

The unilocular test is oval., The bass is ornamented
with 2 rings of small tuberclas. Beyond these
slender ribs ariss and run along the length of

the test to the neczk. The varying length of the
ribs is the reason for the specific name,
interrupta. The long neck is ornamented in a
distinctive hexagonal pattern. The aperture is

terminal.
0,28 mm,
Mouth of Mindhola river. (segment IX)

Delicate and intact tests,



Description

Qiameter

Localitx

Remarks

GENUS-EPISTOMINA Terguem 1884

Epistomina sp., iadst.

pl.VI'1B. 8“'130

Test is trochoid, biconvex, umbilical aresa

filled, sutures a-e usually limbate, wall is
calcareous and pe-forats; aperture is of tuo
sorts, one at the inner margin of the ventral
side of the chamber and the other in the face

itsealf.
0.35 mm,

Porbandar, Navibandar and Veraval coast.

(segment IV & V).

This specias is mostly encountered in west and
south Saurashtra coast, robust tests with trans-
parsnt test wall having perforation all over the

surface of the wall,

FAMILY-BULIMINIDAE

GENUS-BULIMINA d'Orbigny 1826

Bulimina gibba/elcngata Fornasini

and d'Orbigny respectively
P1,VI.19, 5-7,8-10,19.

Bulimina gibba Fornasini, 1902, R.Acad. Sci, Ist. Bologna, Mem.

Sci. Nat, Bologna, ser. 5, vol.9 (1901-2), p.378, pl.0 figs.32,34.

Bulimina slongata

d'Orbigny, 1346, Foram. foss., Bass. Tert.

Vienne, p.187, pl.11, fig. 13-20,
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Daescription 3 The test is triserial, nearly circular in section,

oval to slightly sxpanded aperturally in general
viaw, The sutures are slightly depressed. The
chambersoften lac< ornament although some develop
small tubsrcles along their lower edges. The wall
is perforate radial calcite. The aperture has a
toothplate, This is a very variable group which
combinas the features of B, gibba and B.elongata.
Many authors have identiﬁiedfin the past as

B. elegans d'Orbigny and B, pupoides Fornasini.

Lenglh : 0,3 mm,
Locality H Dabka, Kavi, Sigem and Dhuvaran coast.
(segment VII).
Remar ks : Intact and small forms are very common espscially

in north and central Mainland coast,

Bulimina marginata d'Urbigny

ploVIo 190 1“40

Bulimina marginata d'Orbigny, 1826, Annls. Sci.nat.,ser.1t,

9.269, Pl.12, FigSo 10~-12.

Description @ The high-spired test is triserial. The sutures

are depressed. The chambers ars inflated and have
an angular lower edge along which small blunt
spines davelop. The apsertura is comma~shaped

with a tooth plate, on the terminal chamber facse,



{_ength : 0.2 mm,

Locality : Ubharat coast (segnent IX)

Remarks H All the tests are intact with an angular peripheral
margin.

Bulimina gibba Fornasini

ploUIo‘;a» 13""14"150

Bulimina gibba Fornasini, 1902. R. fcad. Sci. 1st Bologna,

Mem, Sci. Nat, Bologna, Ser.5 Vol.9 (1301-2) p.378 pl.0 figs.32,34.

Description @ The only difference between this species and
B.gibba/elongata is that the former has compara=-
tively rounded test and chambers are inflated
while the la%@r has an slongated test,

Len th : 0.2 mm,

Locality : Dahaj, Hansot and Hajira coast. (segment VII & VIII)

Remarks : Intact and fragile -ests which are small in size,

GENUS-BOLIVINA d'Crbigny 1839

Bolivina aenariensis (Costa)

pl.VI-ZZ - 7-

Bolivina aenariensis Brady, 1884, vol.9, p.423, pl. 83, figs.10,11

Cushman, 1311, 71(2), p.44 text-fig, 71.
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Description 3 Tast is compressed and tapering with many

chambers, the apical end with or without a spine
and when there is no spine it is usually blunt.
Sutures are depresssed. Wall is covered with two
or more longitudinal thickenings or costae. Aper-
ture is a long sl.t-like with a lip placed on the

apertural face,

Length : 0.28 mm,
Locality : Ubharat coast (secment IX)
Remarks H Intact and delicate tests with clear longitudinal

costae, test wall is transparent,

Bolivina vadescens Cushman

PL.VI.19. 12,24,25.

Bolivina vadescens Cushman, 1242, 161(3), P.15, pl.5, fig.4;

Ganapati & Satyavati, 1958, p.109, pl.4 fig. 99.

Description Test is long and many chambersd, later formad

chambers are somewhat inflatedi. Peripheral margin
is rounded. Sutures are sigmoid and distinct.
Wall is smooth and finely foraminated. Aperture

is loop~shaped, situated at the base of ultimate

chamber,
Length : 0.25 mm,
Locality : Tidal mud near Biu coast. (segment V)
Remarks : Small and fragile tests with finely foraminated

test wall,
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GENUS~LOXOSTOMA Ehrenberg 1854

Loxostoma limbatum (Brady)

PlL,VI.13. 17-13.

BOliViﬂa limbata-_ BI.‘adY, 1684, VOlug, p-419, 01.52, FiQS.ZB"QB;

Cushman, 1911, 71(2), p.47, fFig.78 a,b,c. (intext).

Loxostoma limbatum Cushman, 1342, 161(3),p.35, pl.10,fig.1.

Loxostomum limbatum Ganapati & Satvavati, 1958, p.109, pl.4 fFig.132.

Description Test is somewhat twisted, longer than broad and

compressed with biserially set chambers, later
formed chambers are inflated and broader than long.
Sutures are distinct and limbate. Wwall is smooth
and coarsely perforated., Aperture is an elongate

slit at the terminal end of last chamber,

Length : 0.40 mm,
Locality : Diu coast (sefment V)
Remarks H Only one form has been encountered from the

study area, which has smooth and perforated

wall and stout tecst,

GENUS-BOLIVINA d'Orbigny 1339

Bolivina nobilis Hantken

Pl.vIe19. 11,20.

Bolivina nobilis Brady, 13811, VDl.g, p.424, pl.53, FigSo“a,"S;

Chapman, 1895, p.24;
Cushman, 1311, 71{(2), p.39, text-fig. 64;
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Sethulekshmi Amma, 1958, p.45, pl.2, fig. 68.

Description

Length

Locality

Remarks

: Test is elongate, compressed and tapering with a
blunt apical end, chambers are numerous and
slightly inflated. Test wall is aboupt half portion
from the apical end coverad with many fine longi-
tudinal coastae, ths cther half is smooth and finely
punctate. Sutures are depressed., Aperture is oval
in outline and placed at the apertural face of last

chamber,
: 0.27 mm,
: Mouth.of Mahi river and Ubharat coast. (segment IX)

: Well presarved tests. Longitudinal costae are

clearly seen. Test wall is transparent,

Bolivina striatula Cushman

PL.VI.13. 16.

Bolivina striatula Cushman, 1922, Carnegie Inst. Washington,

Publ, 311 p.27, pl.3, fig.10.

Description

Length

Locality

Remarks

: Test is slongate, usually compressed, chambers
are typically biserial; wall is calcareous and
finely perforate, aperture is an elongate slit,
ODiscontinuous or continuous vary fine striations

are present all ovar the surface of the wall,

0.25 mm,

-

Dahsj coast. (segmant VII)

*e

Very fragile test wsith striated surface,

e
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Bolivina sp. indst

Pl.VI.19. 21.

Only one form of this indeterminate specizs was encountered

From Tithal coast. (segment IX).

FAMILY-LAGENZDAE

GENUS-AMPHICORYNE Schlumberger, 1881

Amphicoryna cf scalaris (Batsch)

Pl, VI.13. 26,

Amphicoryna cf A. scalaris (Batsch, = Nautilus (Orthoceras)

scalaris Batsch, 1791, Téstaceorum arsnulas marine,pp.1,4 pl.2

figs. 4 a,b.

Description The axis of growth of the initigl chamber is

oblique to that of the .later part of the test,
There are longitudinsl costaes which die out at

the base of the neck, The .aperturs is surrpounded

by teeth.
Length : 0.5 mm,
Locality : Ubharat coast. (segment IX)
Remarks : Only one form has seen encountered from the study

area, the test of uyhich is quite delicate with

transparent wall,

GENUS-DENTALINY d'Orbigny 1812

Dentalina subazcuata (Montagu)

Pl,VI,19. 27.

Dentalina subarcuata (Montagu) = Nautilus subarcuata Montagu 1303,

Testacea Britannica, p. 138, pl.6, *ig.5.
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Description 3 The test is straight, uniserial. The inflated
chambers are ssparabted by slightly nblique depre-
ssed sutures. The aperturs is excentrie, terminzl
and composed of elongate slits arranged radially.

Length : 0.31 mm,

Locality : Ubharat coast. (segment IX)

Remarks H Only one form has been recorded from the study area,

the test of which is delicate with transpardnt wzll,

FAMILY - CAMBALOPORIDAE

GENUS-TRETCMPHALUS Moebius 1880

Tretomphalus slanus Cashman
' plLvi. 20.9-11.

Cymbalopora (Tretomphalus) bulloides d'Orbigny, Brady (not d'CGrbigny)

Rep. Voy. Chall, Zool, Vol,9 p.638, pl.,102. figs. 7-12 1884,

Cymbalopora bulloides (d'Orbigny) ~-deron-Allen & Earland (Part)

(not d'Crbigny) Trans. Zool.So¢. Lond. Vol, 20. p.688, 1915,

Tretomphalus bulloides (d'Orbigny) var. plana- Cushman, Carnegie.

Inst. Washington, Publ. 342 p.36 pl.10. fig. 8 1624,

Tretomphalus planus Cushman, Contr. Cushman,lab. Foram. Res,

Cushman, Todd & Post U,5.Gsol. Surv, Prof. 260H pt,?2

p.364 pl.90 figs, 17-18 1954,

Description ¢ The open umbilicus on the ventral side is concave.

The aperture consists of three small sub~circular

cpenings at each chamber,



Diamster H 0,6 mm,
Locality : Jamnagar coast. (segment I)

Remarks Only one species 1as been recorded. The form is

-

quite big in size with thick test wall,

FAMILY-ROTALIIDAE

GENUS-DISCORBIS Lamark 1804
Discorbis ginbulavis (d )DYEt_q*ny)
pl.vl.20.12-17.

Discorbis globularis Brady, 1884, veol.9, p.643, pl. 86, figs.8,13,

Cushman, 1915, 71(5), p.11, pl. 9 Fig. 4; 1931, 104(8),p.22, pl.4,

Sethulekshmi Amma, 1958, p.66, pl.3, fig. 101 a,b.

Description 3 Test is planoconvex, chambers are numerous, All

the chambers are visible on the dorsal side but
only those of ths last whorl of about five chambers
on the ventral sics, Sutures are depressed and
distinct. Peripheral sdge is round and carinate.
Test wall has coarse perforations, Aperture is an
elongate slit in the ' ventral side of inner edge

of ultimate chamber.

Diameter s 0.16 mm (Juvenile form) 0.25 & 0,3 mm (adult form).
Locality s Dabka and Ubharat coast. (segment VII & IX)
Remarks H The tests are intact and small, Some of the tests

show juvenile stapgz2. Common in Mainland coast.

Almost absent on Saurashitra coast,



9
FAMILY=-BULIMINIDAE 200

GENUS~SIPHOGENERINA Schlumberger 1883

Siphogenerina rashanus (Parker & Jones)

Pl.UIo190 22"'23’ plo‘}IoZD‘ 1’2,3,4,50

Uvigerina (sagrina) raphanus - Par<er & Jones, Trans. Phil. Roy.
Soc. Lond. Vol, 155, P.364, Pl- 1Bg Figso 16'17’ 1865,

Sagrina raphanus Parker & Jones - 3rady, Rep. VYoy. Chall. Zool.

vol, 9 p.585, pl. 75 fig. 22 (Not “ig. 21, 23 and 24). 1884.

Siphogenerina raphanus (Parker & Jones) - Cushman, U,S.Nat,Mus.

Bull, 100, Vol.4, p.280, pl.56, Fig. 7, 1921.

Hof'ker‘,Siboga, Expad. 4a, pl.3 {30233 Figs. 155-156. 1951.

Cushman, Todd & Post, U.S.Geol.Surv.Prof.Paper 260-H,

p}-Oz, p0356’ p1088, Figs: 23"24’ 1954.

Description 3 Some specimens have long tapering tests with

acutely rounded initial ends, Cthers have short
taests being gqual in breadth from the initigl to the
apertural ends, with broadly rounded initial ends.
Somgtimes a few of these taper towards the aper-
tural ends,

The wall is ornamented with many evenly spacsd
longitudinal coastae. The ornament varies in number
and character, In specimens with acutely rounded
initial ends, the costae are many and in the last
few chambers constricted at the depressed sutures,
whereas in the specimens with broadly rounded

initial ends, they are few and straight thrcughout,



Length

Locality

Remarks

-0

(1)

[ 1]
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In a few specimers, the costae are absent in

the end chambers,

Thus in this speciss, two forms occur. The first
form, possibly the microspheric form, is long,
tapering towards an acutely rounded initial end

and has many costae, whereas the second form,
megalospheric form, is short, either equal in
breadth, throughout or tapers touards the apertural
end, and has a brsadly rounded initigl end and a

fewy costae,
0.45 mm,

Common to abundan: in Tithal and Halwara beach,.

(segment IX & X).

Tests are quite robust with mostly megalospherie

forms.

FAMILY-ROTALIIDAE

GENUS -~ EPONIDES Montfort 1808

Eponides repandus (Fichtel & Moll)

PluVI.ZU. 6"‘80

Eponides repandus (Fichtel and Moll) = Natilus repandus Fichtel

and Moll, 1978, Testacsea microscopica, p.35, pl.3, figs. a=-d.

Description

The trochospiral test is bigenvex, The imperforate
limbate sutures of the spiral side are curved
backwards, The chember wall is perforate but in
older chambers secondary thickening produces

raised areas of imperforate ornament. The periphery
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is keeled. The suzures are depressed and radial
gn the umbilical side, The aperture is an

interiomarginal slit.

Diameter H 0.41 mm,
Locality : Madhavpur beach. (segment V).
Remarks : Robust tests with thick test wall,

FAMILY - ROTKLIIDAE

GENUS - DISCORBINELLA Cushmen & Martin,1935

Discorbinell:s sp. indet.

plg\l1021, S-ﬁo

Description : Test is trochoid znd Discorbis like; wall is

calcareous and firely psrforate, hyaline; aperture
consisting mainly of an elongate opening near the
base of the apertire face in the axis of coiling,
with a distinctly thickened lip and a supplementary,

eperture i often poorly developed aperiuve.

Biameter H 0.4 mm,
Locality : Ubharat coast. (segment IX)
Remarks : Only one form has been encountered, the test of

was
which is abraded.lt ,difficult to identify .. up tc

species level,
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FAMILY-ANAMALINIDAE

GENUS-ANAMALINA d'Orbigny 1826

Anamalina coronata Parker and Jones

Pl.VI.21o 1"3:

Anamalina coronata Brady, 1884, vol.S, p.675, pl.97, figs. 1,2;

Cushman, 1915, 71(5), p.47, pl.18, Ffig. 5.

Description Test is biconvex with few chambers, the umbilical

region is depressed on both faces, Final whorl
of test is composed of eight inflated chambers,
Wall is coarsely perforated. Aperture is a long
curved slit placed obliguely on the ventral side

at the inner margin of the last chamber,

Diameter : 0.30 mm (adult form) 0.2 mm. (juvenile form)
Locality H Madhavpur beach (segment IV) and Mahi river

mouth (segment VII)

Remarks H Both adult and juvenile tests have bsen encountered,
tests of adult forms are guite robust while the

tests of juvenile forms are small and delicate.

FAMILY-GLOBIGZRINIDAE

GENUS-GLOBIGERINA d'Grbigny, 1826

Globigerina bulloides d'Grbigny

plOVI‘21O 13"120

Globigerina bulloides Williamson, 1858, p,.56. pl.5. figs.116-118;

Brady, 1884, vo0l.9, p.593, pl,77. pl.79. figs. 3-7;
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Parker & Jones, 1888, vol. 12, p.225, pl. 45, fig. 15;
Cushman, 1914, 71(4), p.5 pl.2, figs. 7~9, pl.S.
Sethulekshmi Amma, 1958, p.12, pl.’, figs. 20 a,b;

Ganapati & Satyavati, 1958, p.110, pl.6, figs. 142~146,

Description Test is sub-trochoid spire with few chambers., All

the chambers are visible dorsally and only three

or four chambers zre visible on the ventral side;

chambers of the otter whorl are much inflated.

Sutures are deep znd distinect. Wall is calcareous
ts

and hispid. Apertire,large, situated on the inner

margin of last chamber,

Diameter H 0.15 mm,
Locality : Dahej coast. {(segwent VII)

Remarks H Fragile and small tests,

Globigerina quingueloba Natland

ploVIoZ“a 13""14.

Globigerina quingueloba Natland, 1938, Bull, Scripps. Instt.

Oceangr. tech. Ser, vol, 4, nu.5, p.149, pl. 6, figs. 7 a-c.

Daescriptiaon 3 The test is trochospirally coiled and ths chambers

increase rapidly in size as added. Ths wall is
spinose and there is an increase in spinosity away
from the last chamder, There are typically 5
chambers in the outer whorl. The last chamber bears
the intraumbilical apsrture beneath a flap. Some-
times this chamber is extended to cover mugh of

the umbilicus.
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Locality :
Remarks :
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0317 me
Dandi coast. (segpent IX)

Test is delicate and small in size.

Globigerina glutinata (Egger)

pl.v10210 ?‘-90

Globigerina glutinata (Egger) Globigerina glutinata Egger,

189%, Abh. bayer. Akad. wiss. vol. 18, p.371, pl. 13, figs.19-21

(1895 for 1893)

Description ¢

Diameter :
Localitz H
Regmarks :

The test is coiled in a high trochospiral of 2-3
whorls each of 4~5 chambers. The chambers are
inflated. The sutures are daepressed. In adult
individuals the final chamber develops as a bulla
with a primary umbilical aperture and supplementary
sutures apertures an the spiral side. The bulla

wall is smoother t-aan the remainder of the test,
0,15 mm,
Dahej coast. (segment VII)

Delicate test, small with transparent test uall,

FAMILY - MILIDLIDAE

GENUS-SPIROLOCULINA d'Grbigny 1826

Spiroloculina depressa d'0Urbigny

Pl.VI.22. 1"’3'

Spiroloculina depressa Williamson, 1858, p.82, pl.7, Pig.117.
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Spiroloculina limbata Brady, 1884, vol,9, p.150, pl.S9, figs.15-17.

Spiroloculina depressa Cushman, 1371, 71(6), p.29, pl.3, figs.6-10,

Sethulekshmi Amwa, 1958, p.2, pl.1, fig.1.

Description ¢ Test is elliptical with both faces concave. The

chambers are nume-ous, sigmoid and square in cross
section with projecting ridges at the outer margins.
Sutures are distinct. Wall is calcareous, smooth

and porcellansous. The apertural end is more or

less in itine with the body of the test with a short
neck; aperture is round with a single tooth bifid

at the tipc

Length : 0.35 mm,
Lccality H Bhogat beach. (secment 1I1)
Remarks H Well preserved forms with robust tesis,

FAMILY-BUL IMI NIDAE

GENUS - VIRGULIMA d'Orbigny 1826

Virgulina sguamosa d'Crbigny

Pl.vI.22. 8.

VYirgulina squamosa Brady, 1884, vol.9, p.418;

Cushman, 1911, 71(2), p.51, text-fig, 145;
Sgthulekshmi Amma, 1958, p.45, pl.2, fig. 67.

Description ¢ Test is elongate, thin and tapering towards the

initial end with faw obliguely arrangesd chambers,

The peripheral marjin is somewhat lobulated,
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Sutures are slightly depressad. Wall is calca-

raous,smooth, punstate and translucent. Aperture

is loop=~shaped,

Length : 0.25 mm,
Logality : Tithor coast and Ubharat coast (segment VII
& IX).
Ramarks : Small and fragile tests with glassy test wall,

FAMILY - MILIOLIDAE

GENUS-TRILOCULINR d'Orbigny 1826

Triloculina schreibariana (d'Orbigny)

Striate wvar.

pl.VIQSO 1“30 Pl.VI.ZZ. 4"6.

Triloculina schraiberiana d'Orbigny, Foram, Cuba, p.174 vol.8,

pl.g, fiQS. 20"‘22, 18390

Description

(13

This species is clossely related to T.trigonuls

(Lamarek) but differs in having a groove bstuween
tha pen ltimate and the end-chambers, Surface is
oriented with long.tudinal and raised striae

which become few and discontinuous.,

Length H 0.6 mm.Width- 0,45 mm,

Locality : Harsidhmata beach. (segment III) Bholar beach
(segment X).

Ramarks $ Tests are robust with clear striations on the

surface.



FAMILY - NONIONIDAE

GENUS-ELPHIDIUM Montfort 1808

Elphidium crispum (Linnaeus )var.saurashtrii n.var, Pandya

Pl.UI.'ZZ. 9"1Do

Description : This species is closely related to E, crisgum(ﬁnnacpg

the only difference between this species and

E, crispum is tha%t the former has flat, elongate
test whils ﬁhe laéér has rounded test. The retral
processes are close to each other and form a

net - like structure on the surface of the test,

Diameter 3 0,25 mm,
Locality : Harsidhmata beach. (segment 1I11)
Remar ks : Robust tests with densely knitted  retral processes,

FAMILY - CAMERINIDAE

GENUS ~ OPERCULINA d'Orbigny 1826

Opsrculina sp., indet.

ploVIo?.Zo 11“12.

Only one form of this indeterminate species was recorded from

Ubharat coast. (segment IX).
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Plate VI. 1.

Quingueloculina auberiana d'Orbigny
var. semireticulata (Feron-£llen &
Earland) x 90

1 - Dorsalview 2~ Ventral viesu

3 - Apertural view.

Quingqueloculina vulgaris d'Grbigny

4-Dorsal S5-Ventral 6-Apertural vieuw.

duingueloculina candeiana d' rbigny

7-0nrsal 8-Ventral 9-Aperturzl vieu.

Triloculina terguemiana {(Brady)
var. bernardi

1C-Dorsal x 80, 11-ventral x 55
1Z2-Apertural visu

13-Apertural view {enlarged).

x 105

x 1C

3
-



PLATE VI .1
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Plate VI . 2.

Spiroloculina madhopurensis n.var.Pandya

x 35 1 - Surface view 2-apertural vieu.

Spirocloculina antillatrum (0’0 ibyw)
var. distortum Pandya x 85

3~-dorsal, 4-ventral, S5-apertural vieu.

Spircloculina acutimargo var. concava
Weisner x 90.

6-dorsal, 7=-ventral vieuw.

Spiroloculina corrugata var. costata
(Cushman) x 85.

8-~dorsal, 9=-ventral, 10-apertural viesu.
Spircloculina grateloupi d'Orbigny x 120

Spirocloculina antillatrum ol’0%.bugny x 115
ls—dorsal,(s-ventral,léwapartural.
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Plate VI . 3,

1 -3 Spiroloculina antillatrum d'orbigny x 130

1.dorsal - 2.ventral - 3.aperturzl.
4 wuinqueloculina rugosa a'orbigny x 60,

5 - 6 Quinqueloculina rugcsz (d'orbigny)
var. Striata n.var. Pzndya x 80.

5.surface view 6.aperturel view.

7 -8 Aff. to Pseudotriloculina rupertiana(Brady)
x 65.

7.surface view 8.apertural vieuw.

9 -1 Pseudopyrgo milletti (Cushman) x 75

S.apertural view 10.surface view.

1. - 14 Pyrgo sp. Defrance x 90

11.surface view 12-13 apertural view.
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Plate VI. 4.

1 -3 Triloculina tricarinata (d'crbigny)
x 125
1.dorsal 2.ventral 3.apertural visu.
4 - 6 (Juingueloculina lamaé&:ana dlorbigny
x 110

4.dorsal, S.ventral, 6.apertural view,

7 -9 Triloculina sthreiberiana ,d'orbigny.
x 80
7.dorsal, 8.,ventral, 9.apertural.

10 - 12 Uuinqueloculina rugosa d'orbigny x 85
1C-ventral, 11-dorsal,

13~apertural viswu,
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Plate VI . 5,

1 -« 3 Triloculina schreiberiana var.striata
(d'Orbigny ) x 90.
1%2surface view ~ aperturzl vieuw.

4 - 6 Quingueloculina ¢f PMosrarrafai Said
x 90

4~5 surface view - 6. zpertural view.

7 -9 Quingueloculina seminulum (Linnaeks) x 140
10 pertural view - Quingueloculina <f

Mosharrafai.
1 - 12 duingueloculina sp. indet.

13 - 14 Quingueloculina <¢andeiana d'rbigny x 85
(abraded form).
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7 -8

1C - 12

Plate VI , 6,

Rotalia calcar (d'orbigny) x 125

1~dorsal 2-ventral 3-apertural

Elphidium crispum (Linre)
(Microsphsric form) 4.corsal x 90

5.ventral x 95 6.apertural vieuw.

Quingueloculina seminulum (Linnaeus)
x 135, 7.dorsal, B-ventral

9,.apertural view.

Quinguelcculina lamarckiana d'orbigny
x 120.

10.dorsal, 11.ventral, 12-apertural vieuw.
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Plate VI.7,.

1 -3 Ammonia annectens (Parker & Jones)
x 60. ‘
(Megalospharic form)
1. Borsal 2.Ventral 3.Apertural vieu.

4 - 7 Ammonia annectens {(Parker & Jones) x 55.
4=-dorsal S-ventral B~apertural view.

8 - 12 Ammonia dentatum (Parker & Jones).
8~9.dorsal x 75 & x 70.
toyentral {tapertural $12-T. 5.

13 - 15 Rotalia sp. indet.
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Plate VI , 8,

1 -3 Ammonia beccarii (Linne') x 100.

1.dorsal 2.ventral 3.apertural vieu.

4 - 6 Ammonia beccarii (Linne!)(with large plug).
x 90. 4.dorsal GS.ventral

6. apertural viauw,

7 -9 Ammonia beccarii (Linne’) x 165.
7.dorsal B8.ventral 9.apertural

(Ventral side less convex).

10 - 12 Elphidium crispum (Linne?) x 55.
(Megalaspheric form)
18 Surface view 4l.apertural view.

2. apertural view (enlarged)
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Plate VI , 3.

Ammonia dentatum (Parker & Jones) x 80

1. dorsal 2.ventral 3.,apertural vieu.

Ammonia dentatum (Parker & Jones) x 80

4.dorsal S.ventral T.apartural view,e.T. s.

Ammonia dentatum (Parker & Jones) x 55.
8e12 -dovsal . 9813 vealal 0% 14 TS (1315 apeyiuvad
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10 - 12

Plate VI, 10.

Porceponides lateralis (Terquem) x 60.

1-dorsal 2-dorsal ventral with pores,

Poroeponides lateralis (Terguem) x 55

4, dorsal 5.ventral 6-apertural.

Poroeponides lateralis (Terquem) x 35
(Juvenile form)

7. dorsal B.ventral ©9.,apertural visu.

Poroeponides lateralis (Terquem) x 50

10 dorsal 11 ventral 12 aperttral.
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10 - 12

Plate VI . 11.

Cibicides reflugens Montfort x 120
Cibicides sp. indet x 115

Cibicides pseudoungeriana (Cushman)
x 185

(sinistral coiling).

Planulina wullerstorfi (Schuager)
x 110.
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4 - 6

10 - 12

Plate VI “ 12‘¢

Cibicides pseudoungeriana (Cushmar)
x 120
(dextral coiling).

Cibicides sp. indet. x 175.

Cibicides lobatulus (Walker & Jacob)
x 70.

Cibicides pseudoungeriana (Cushman)
x 80
Sinistral coiling.
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Plate VI , 13.

1 -3 Rotalia calcar (d'orbigny) x 160

' dorsal, 2ventral 3apertural,

4 - 12 Pararotalia baltovskoy
4-6 x 90, 7-9 x 120, 10-12 x 70,
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1 -6
7 -9

10 - 11
12 - 14

Plate VI. 14.

Cancris auricula (Fich%sl & Moll)
1-3 x 90, 4-6 x 110.

Discorbis bertheloti (d'orbigny) x 260.

dorsal - ventral -~ apertursl visu,

Cancris oblonga (Williamson) x 150

dorsal - ventral -~ apsertural,

Nonianella turgidum (Williamscon)
dorsal % 165,ventral K 100, @perfural
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Plate VI . 15

1 -2 Nonian boueanum (d'orbigny).

1.surface viesw 2.apertural visw,

3 -4 Nonian boeanum (d'orbigny) perforated
wall x 140-
5 = 7 Nonian depressula (Walker & Jacob) x 85

5.dorsal 6.ventral T.apertural view.

8 -9 Nonian labrodoricum ©DawsSon x 70

& surfaced9- apertural vizu.

10 - 11 Nonian depresula (Wal<er & Jocob) x 90

losurface vieuw tt = apertu-al vieu.

12 - 13 Nonian scapha (Fichftel & Moll) x 165

12-surface view =13-apertural view.

14 - 15 Nonian depressula (Walker & Jacob) x 140

14~-surface view = 15 apertural vieuw.
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1 -2
3 - 4
5 - 6
7 -8
14- 15
9 - 10
11 - 12
13 - 18
16 - 17

Plate VI , 16.

Elphidium sp. indet x 100,
Elphidium hispidulum Cushman x B0
Elphidium jenseni {(Cushman) x 85
Elphidium sp. indet

7-8 x 100, 14-15 x 195,

ELphidium cvispum (Limne’) x | lo@\mer\%iﬁ &30*”“‘)

Elphidium simplex Cushman x 138

aff. Elphidium pseudomilletti
sp.nov. x 95.

Elphidium crispum (Linne') x 70
(Megalospheric form).
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10 - 12

plate V1 . 170

Operculina granulosa {(Leymerie) x 120.

Elphidium crispum (Linnacus) x 90.
(Juvenile form).

Elphidium gerthi Van Vporthuysen x 105

Rotorbinglla sp. 'Bvad.y x 120,
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Plate VI . -8,

€& 7 Amphistegina sp. indet x 35
Dorsal & T. 5.

1 -5 Amphistegina radiatus (Fichtel & Moll) x 65
Dorsal - ventral T.3.

8 - 40 Epistomina sp. Terguem x 895
dorsal - wventral - agpertural

11 Lagena interrupta Williamson x 55

12 - 13 Lagena lawis (Montagu) x 35

14 Lagena globosa (Montagu) x 50

15 - 16 Lagena semistriata Williamson x 35,
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8 - 10

12
24

13
14

16

17

19

11420
21
22

26
27

- 23

PLATE VI . 19.

Bulimina marginata d'crbigny 1 x 125,
2-4 x 160.

Bulimina gibba/elongata Fornasini/d'orbigny
5 x 130 6-7 x 150.

Bulimina gibba/elongata Fornasini/d'orbigny
x 85,

Bolivina vadescens Cushman x 140

Forrnasini

Bulimina gibba A x 150.

Bulimina gibba/e&wg&m”gbﬁﬁvm/dbwﬁﬁj x 155
Bolivina striatula Cushman x 125
Loxcstonia limbatum (B-ady) x 155.

Bulimina gibba/elongata Fornasini/dtorbigny
x 135.

Bolivina nobilis Hant<en x 150, 1t%I00
Bolivina sp. indet. x 30

Siphogenerina raphanus (Parker & Jones) x 55

(Microspheric form)
Amphycoryna cf. scalaris (Batsch) x 100

Gantalina subareata (MGntagu) x 160.
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9 - M

12 - 17

PLATE vI , 20,

Siphogenerina raphanus (Parker & Jones)
(Microspheric form)
1 x 75, 2 x 105, 3-4 x 70, 5 x 85,

Eponides repandus (Fichtel & Mall) x 60

6-dorsal, 7-ventral, 3-aperturel viewu.

Tretomphalus planus Cushman x 65

9-dorsal 10-ventral 11-apertural view

Discorbis glcbularis (d'orbigny) x 170

12315 -dorsal. 3% te. Ventml . 194517 ~ ab&-f“’"‘L
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1 -3
4

5 -6
7T -9
10 - 12
13 - 14

PLATE VvI , 21.

Anamalina ccronata Parker & Jones x 110

1-dorsal 2-ventral 3-apertural view.
Indet sp. x 30.
Discorbinella sp., Cushman & Martin x 70

Glohigerina glutinata (Egger) x 140

7-dorsal B-ventral 9.apertural vieuw

Globigerina bulloides d'Orbigny x 125

10-dorsal 11=-ventral 12-apertural vieu.

Globigerina quinqueloba Natland x 175.



21

LATE VI

P!




PLATE VI , 22,

Spiroloculina depressz d'orbigny x 95

Triloculina schriebariana (d'orbigny)

var., striate x 90,

Bolivina aenariensis (Costa) x 160

Virgulina squamosa d'orbigny
x 225

(Lim’\e') ..
Elphidium crispumfvar. Saurashtra

n. var. Pandya x 90,

9, surface 10. apertural view.

Operculina sp. d0«bigny x 105.

Surface and apertural view,



PLATE VI. 22

12

1



439

ECOLOGICAL CONSIOERATIONS

The foraminiferal assemblages togethaer with micraéhells
and tests of gasteropods and lame_libranchs show a diversity
that reflscts the differences in the ecological parameters of
the various coastal segments. Fron what has been described
above, it becomes evident that though the microfauna broadly
comprises aﬁﬁmblages typical of nearshore senvironments, in
several details, especially in respzct of their sizes, robust-
ness, amount of abrasion and relazive oroporticnsythey shouw
considerable variation. Taking into account the different
ecological parameters operating along the various coastline
segments and the diversity shown by thz microfaunal assemblages,
the author has in the follouwing lines attempted to visuaslise the
controls exerted by the various factors over ths fFaunal characte-

ristics.,

It may be relsvant to recapitulate at zhis stage somas
of the variations in the environmantal factors prevailing in
differant parts of the Saurashtra and Gujarat coastline. The
north coast of Saurashtra comprising a gulf 2nvironment and
characterized by a coral reef - mangrove ecosystem, is seen
to have been influenced by (i) a hard subsiding substrateg,
(ii) almost normal to hyposaline waters, (iii) low turbidity
and (iv) not su pronounced wave action. Marked by a relative
scarcity of beach sedimnents, the forsshore is mostly seaen to
form a veneer of tidal mud. In contrast, the west and south
coast facing the Arabian Sea is marked by (i) high wave energy,

(ii) clear waters of normal salinity, (iii) proncunced surf
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action acting.over a fairly broad milioclitie irregular .
substrate. This coast has besan generating vast quantities of
carbonate sands, foraminifers as w2ll as tiny tests and shells
of gasteropods and lamellibranchs. The environmental conditions
in the Gulf of Cambay are quite different From either of the
two earlier described blocks, The various environmental paramaters
like (i) muddy substrate, (ii) high tidal enargy but low wave
action and (iii) relative decrease in salinity and increass in
turbidity, are reflected in the microfauna of the gulf coast. On
going southward, the southern part of the Mainland Gujarat coast,
which again provides open-sea conditions, shows increasing effect
of salinity and waves, But in this coastal part, the shorelins
environment is considerably modifiad by the facteors of (i) influx
of river sediments, (ii) longshore drift of the gulf sediments
and (iii)} variations in the salinity conditioas dependent on the

amount of river water recsived,

Though the overall effects of variation in salinity ars
not so well marked, the normal saline, hyposaline and brackish
conditions along with the nature of associated sediments, do
seam to have influenced the microfaunal characteristics to some
extent. The Gulf of Kutch waters ranging in normal saline to
hyposaline conditions have given rise to more or less a transi-

tional fauna characterized by abunijance of Ammonia beccarii and

some species of Elphidium, The mudily sediments might have also
played dus roles in controlling the size of the tests, The uwest

and soutn Saurashtra coast prcocvides open sea conditions with
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normal salinity of water ali throughout, None of the rivers
meeting these ccastal segments bring in large guantitiss of
water and sediments., The rivers houevar appear to enrich the
coastal waters in CaCD3 . Thus, lack of fine sediments, high

CaCo contant and very effactive surf conditions have given

3
rise to an abundance of micro-shells of gasteropods and

lagellibranchs and also foraminifers like Ammonia dentatum,

Pararctaliaér%uinqueloculina- Relazive deplstion of transitional
form is noteworthy. Width and shallowness of Zhe continental
shelf aided by southwesterly onshore winds and strong wave action,
are the factors primarily responsiosle for fragmentdng, abrading

and polishing the shell fragments and foraminiferal tests,

One more interesting fact nesds mentioning,foraminifers

like #&mmonia, Wuingueloculina, Pararotalid, Egonides, Elphidium

which are characteristic of nsarshore open marine conditions
have been found to compfise two populations - abradsd and
unabraded, abraded ones could be representing organisms that
grew further offshore and were subsequently transported to the
beach, the unabraded ones might have originated not very far
from the low water line. Altsrnatively, the abraded tests could
be rapresenting earlier formed organisms subjected to a longer

pariod cf wave action as compared to the fresh ones,

The faunal assemblage and the test characteristics of
the foraminifers in the Gulf of Cembay provide some interesting

facts about the controls exerted ty salinity, substrate,
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sediment associations and energy conditions. Decreased salinity
almost bordering to brackish conditions and association of
muddy sediments and perhaps much lass CaCD3 content, all these
have acted in giving rise to a fatna different from the northern,

wastern and southern cpasts of Satrashtra. The dominant forami-

nifers are Ammonia beccarii, Quinqueloculinag semiXinulum and

Pararotazlia, but their tests are rmuch more delicate, fragilse

and glassy, and comparatively smaller in size. The amount of
abrasion is almost negligible. The small size of tests is indi-
cative of their juvenile stage, the overall conditions being not

conducive for the full growth.

8n going socuth along ths Mainland coast, ocutside the Gulf
proper, a .marked change in the ecological conditions is observed.
Though the salinity conditions show considerable variation c¢cn
account of the inflouw of river water through numerous estuarins
mouths, the amount of river borne silt and mud tesnds to decrease,
wave action is again seen to be well pronounced. As a result,
conditions somewhat identical to those of west and socuth Saurag-
shtra coast are encountered, Thié similarity is reflacted in the

foraminifers like Ammonia dentatum, Pararotalia, Quingueloculina.

The Mainland coastal fauna is howevar differzant from that of

Saurashtra in two respects,

(i) Rare but invariable pressnce of Bolivina, a foraminifer

typical of muddy sediments (Kameshwara ac, 1970), and



(ii)
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constant presence of Siphogenesrina, which is again

characteristic of greater dspths and muddy sediments.
The associated sands have a fairly large proportions of
terrigenous constituents and unlike Saurashtra, micro-
shells and tests of molluscs are absent, due to inhibited

stpply of CaCG3 .



