Reprinted from ¢ Proceedings of the 11 Indian Colloguivm on Micropatacontology and Stratigrephy, 1972, _
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Abm-uct

Of the benthonic foraminiferal specics, the aggll,tmatcd forms form one of the d154
tinctive elements by differing in type and the degree of their abundance in the scveral
zones of the marinc environment. The role played by the eightcen species bclongmg
to six families, in a depth zone of 33-222 m of the east-coast of India (between Visakha-,
patnaro and \dasuhpamam along the continental shelf-slope region) in terms of lithology,
faunal assemblage and their percentage distribution are discussed. It is found that the
highest concentration of these species is noticed in the qmtc region of the shelf, and
least in the deltaic areas. The population is highest in the region of fine sands at depti
(55-74 m) and decrease markedly beyond. Similarly, they are rarc in the near shore
(upto 55 m depth) from the coast,,. They also indicate the evidence of slumping in’
decper waters. These forms also havc a wide range in the composition of the material
making up their test which is attributed to the selective power of the organism.

Introduction :

The majority of the foramxmfera that inhabit the sea are the bottom dwellmg
benthonic species. The arenaceous or agglutinated species form onc of the distinctive
clements of the benthonic species. “Unlike the pelagic environment the marine
benthonic environment is divided into several depth zones whercin ecologic factors
like temperature, salinity, depth, bottorn conditions and the like play an important role
in the delineation of the different species characteristic of several zones. No doubt,
the agglutinated forms are found to be distributed in all these zones but their type and
degree of abundance differs in cach. [t is generally known that the arenaceous forms
are abundant in the marsh environment but decrease in number with depth.

An attempt has been made here to investigate the role played by the aggluunated
species in a depth zere of 35-222 m (the shelf-slope region) of the east coast of
India.

Eighteen species of agglutinated 1oram|mfcra arc noticed in a faunal assemblage
and they are briefly described and illustrated. The sampled area is between Vishakha-
patnam and Masulipatnam at depths varying from 35 ‘to 222 m-on the continental
shelf and slope region, These samples werc collected during the, 18th gruise of INS
KISTNA as part of the International Indian Ocean Expedmon, Indmn Programme.
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The carliest record of foraminifera from the Bay of Bengal was given by John
Murray in 1889. Recent invesligators are Bhatia (19.,6) Bhatia & Bhalla (1939), ,
Bhalla {1968), Rao Vedantam (1968), Setty & Almeida {in Press). '

Lithology ’

The eastern continental shelf is very narrow, curved and a region of several river
mouths than the wide, almost straight, gently inclining western shelf.  Therefore, the -
lithology of this region is different from the other. The study area is located between
the rivers Krishna in the south and Mahanadi in the north including the wide delta of the
Godavari in the middle. However, the general expectant pattern of sand, silt and clay
distribution from the coast towards the off shorc is noticed and appears to be normal.
Samples collected at Sta. Nos. 444, 459 and 463 are typically sandy, dark grey in colour
and poor in microfauna. Samples collected at Sta. Nos. 443, 457 and 461 are charac-
teriscd by medium to fine sand with some oolites in it. Whole and fragmented
gastropod-pelecypod fauna having a cornmon type of microfauna is noticed in them. =
Samples from Sta. nos. 467, 472, 476 and 477 arc véry similar in being silty and partly
clayey and being poor in foraminifera since the arca is off the mouth of the river |
Godavari., However, samples from a similar station {No. 453) at the edges of the shelf
and the other (Sta. No 450) con the slope are clayey, nch in foram-mfeta but particularly
in globxgcrmnda '

The gencnc and supragencnc classification proposed i m thc Treatise of Invertcbrate
Paleontology 'is bemg followed here :

Systematics
. Ammodiscacea Reuss 1862
" Astrorhizidae Brady 1881
Hippocrepininae Rhumbler 1895
Faculella Brady 1879
Jaculella acata H. B. Brady .
 Plate 1, fig. 1
1934 Jaculella acuta Brady Earland, Dncovery chls V IO PartS pl 2 ﬁgs 19 20
p. 72. ' “
‘Remarks @ This specimen agrees wcll ‘with the dcscnpuon, bat dlffcn only in the”
niture of the wall, which is made up of oolités instead of coarse sand gr‘ams Onlv onc
specimen was found at Sta. no. 461 o
Length—1.32 mm. P
Saccamminidaé Brady 1884
' Saccammininae Brady 1884
" Saccanimina M. Sars 1869
Saccammina sp.. "
* Plate 1, fig.' 2 ' i
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1964  Saccammina sp., Loeblich and Tappan, Treatise Inv, Paleo. fig. 112, p. C 196

Remarks : The outer wall composed of oolites and the aperture irregular in shape,
subrounded to angular, as it is composed of three or four grains of oolites. Found at
sta. no. 461 only.

Diameter—0.43 mm to 0.32 mm.

Lituolacea de Blainville 1825
Hormosinidae Haeckel 1894
Hormosininae Haeckel 1894 -
Reophax Montfort 1808
Reophax sp.
Plate 1, fig. 3
1964  Recphax sp., Loeblich and Tappan, Treatise Inv. Paleo. fig. 128, p. C 216.
. Remarks ;: Chambers (3-4) de not increase in size as added ; apci‘turc not placed at
the end of a tubular neck ; wall ooilitic. It israre but found at sta, no. 461 only. When
sectioned, chambers clearly seen. '
Length—0.85 to 1.38 mm.

Textulariidac  Ehrenberg 1838
© Textulariinae Ehrenberg 1853
Bigenerina D'Orbigny 1826
Bigenerina nodosaria d’Orbigny
Plate 1, fig. 4 :
1931  Bigenerina nodosaria d’Orbigny, Hada, Rept. Biol. VSurv. Mu,tgu Bay. 19.
text-fig. 26, p. 73.
1966  Bigenerina nodosaric d’Orbigny, Boltovskoy and Lena, Hydrobxologxa, Tomo
1, no. 8, pl. 1, fig. 14, p. 284.

Remarks : Aperture terminal on a short neck.  This species is characteristic of depths
of 60-80 m (Mathlcu, 1971} but it is found at sta. nos. 444, 443 457 zmd 439 at dcpths
ranging from 35 to 74 m.

Length—1.06 to 1.38 mm.

Bigenerina textularioidea (Goes)
Plate 1, fig. 5 |
1954 Bzgenmna textularioidea {Goes) Parker Bull. Mus, Comp Zool vol. 111, No.
10, pl. 5, figs. 4-5, p. 492.
Remarks : Wall coarsely arenaceous, roughly ﬁmshed Very similar to B. nodosaria,
however chambers being smaller with rough texture and yellowish white colour, found
at sta. no. 445 only. '

[ ERT R S

' Lcngth Itol 59 mm '
' Textularia Defrancc 1824
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Textularia agglitinans d'Orbigny
" Plate 1, figs. 6, 7'and 8.
‘ 194.1 : Textultma agglutinans d’ Orbxgny Lalicker and Bermudez TORRI* IA, No 8.
pl- 1, fig. 7, p. 6.
1664 Tmtulana cgglutinans &' Orbigny Srmth Geol. Surv. Prof Paper 4‘?913 p 1
fig. 7, p. B. 28.
- Remarks : Some specimens have wall composed of oohtes while some others made up
of shell fragments and foraminiferan shells. This species is reported off Mexico and
Ecuador, at depths of 15 to 25 m (Lalicker and \/IcCuiloach 1940) but in hls area it'is
‘noticed at 55 and 74 m depth. : ,
 Length 0.85 to 1.33 mm.

Textularia panamensis Cushman _
Plate 1, figs. 9 & 10.
1964  Testularia panamensis Cushman Smith, Geol. Surv Prof. Paper 429-B, pl 1,:
fig. 6, p. B28. s
Remarks : Wall very fine grained, smooth ; sutures less oblxquc in these apccxmens
than in those described by Smith. Originally described from the Miocenc of the
Panama Canal Zone. Reported from the Gulf of California to Peru at depths ranging
from 18 to 90 m (Lalicker and McCulloach 1940}, and from off Central America at depths
of 20 to 140 m (Smith 1964). Found in this regmn at sta. nos. 430 453 at depths of
292 and 203 m respectively. : R P T
Length—-O 69 mm. Wldth—(} 48 m.m. ‘

Textularxa alazanensis Nuttal
+ Plate I, figs. 11-13. '
1953  Textularia alazanensis Nutta] Drooger Cushm:m l‘ound l'oram Rcs Contri.
-, v. 4, pl. 19, fig. 2, p. 119.
- Remarks : The aperture in this specimen is a small slitina rtcntram in contrast with
* the big and broad arched aperture in the typical form described by Drouger (1933 )s,
Length—0.58 mm,

Textularia conica d’Orbigny _
Plate 1, figs. 14, 15. e
1954 Textularia conica d'Orbigny Parker, Bull. Mus Comp Zool., v. lli; no. 10,
pl. 2, fig. 13, P 490,
1958 Textularza conica d’Orbigny Parker, Repts. Swedtsn Dcep Sca-Expd v 8,
no. 4‘ pl 1, ﬁgs 56, p. 254.

" Remarks’: 'Tlié specimens show a wide variation in the matcmﬂ m’tkmg up the test.
The aperture in specimens from sta. no. 459 is a small slit and is ot placed at the basé”
of the last chamber on the inner side near the suture but slightly aboye it and composcd
entirely of quartz grains and not of shell fragmems as are those at. 5ta no 444

Length—0.42 mm,

St Fa
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- Textularia torquata Parker
- Plaw 1, figs. 16, 17. S
1952 Testularia torquata Parker Phloger Cushman Found. Foram Res. Contr "
v, 3, pl. 13, figs. 18-19, p. 86.
11964 - Textularia torquata Parker Cooper, Cushman found. Foram. Rcs Contr,
v 15, pt. 3, pL 5, fig. 9, p. 94, -
‘Remarks : The aperture in these specxmens is not visible. from top because of the
'presence of a boss like protuberance. * Cooper (1964) reported this species from 35
stations in the Chuckchi Sea havmg a wide range of temperature salinity, sediment
size and depth.
Length 1 t0 1.33 mm. ; -

Textularia thanetana Lalicker
Plate 1, figs. 18, 19,
1958 Textulana thanstana Lalicker Haynes, Cushman Found. Foram., Res Contr .
u9p115ﬁg35p60 ‘

Remarks : The aperture in these specimens being placed along the basal suturc of
the last chamber which isin a reentrant, and thc indistinct early planispiral coil. Found
at'sta. nos. 457 & 461.
" Length—0.96 mm.

Textularia candeiana d’ Orb;gny
Plate 2, figs. 1, 2. :
1934 Texitularia cana'aaua d’Orbigny Parkcr, Bull. Mus. (,»omp Zool V. M,
no. 10, pl. 2, figs. 16-17, p. 490.
‘Remarks : Specimens similar to those of Parker (1954) but are shghtly more com-
pressed: The wall is made up of sand grains.
Length—0.48 to 0.69 mm.

Ataxophragmiidac Schwager 1877
Verneuilininae Cushman 1911°
Gaudryna d'Orbigny 1839
Gaudryna arenaria Galloway and Wissler
PL 2, figs.36. - - ' ‘
1960 (.:audryna arenaria Galloway and Wissler UCth Cushman Found Ioram
.. ~Res., Sp. Publ, no. 5, pl. 2, figs. 14-Ia,p 56. .
Remarks : Wall fine grained, smooth, specimens from . shailow depths have mica
flakes, They are found at sta. nos. 443, 450, 457, 461.
Length———O 53 to 0.74 mm.

Tritaxm tricarinata (Réhsé) )
Plate 2, figs. 7, 8.
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1964 Tritaxia tricarinata \Rcuss) Loeblich and Tappan, 'I’rcause Inv Palco, fig.
, 182, p. G 272, - : :
Remarks : Found at station nos. 450, %3 and 461,

Length—0.43 to 0.86 mm.

Miliolilacea E hrcnberg 1839 -

Miliclidae’ Ehrenberg 1839

Qumquclocuhmnae Cushman 1817

“Quinqueloculina d’Orblgny 1826

Quingueloculina agglutinata Cushman -

Pl 2, figs. 9, 10. . :

1964  Quinqueloculing agglutinata Cushman Cooper, Clshman l'ound Fomm “Res.

Contri., vol. 17, pt. 2, pl. 7, figs. 2-4, p. 68.

Remarks : Cooper {1964} reported this species from Chuckchi Se:t at dcpths ranging
from 13-39'm. Haman (1966) obtained a single specimen from a fjord in the Facroe
Islands at 15 m depth.  Found in the present material at sta. nos. 445, 437 and 461,
at depths of 33, 74 and 123 m respectively. :

Length—0.58 mm ; Width-—0.43 mm.

Sigmoilopsis Finlay 1947

Sigmuoilopsis moyi Atkinson

Plate 2, figs. 11, 12,
1968  Sigmotlopsis moyi Atkinson, Cushman Found, Foram. Res. Contr:, vol 19,

pt. 4, pl. 18, fig. 3, p. 161,
Remarks : The specimens are similar to those of Atkinson (1968) but differ i in havmg ‘
a more ovate outline and flat cross section. '

Length—0.80 m ; Width—0.53 mm. =~

Sigmoilopsis woodi Atkinson
Plate 2, figs. 13, 14. ,
1968  Sigmoilopsis. woodi Atkinson, thman Found. Foram. Res. Contri., vol. 19,
pt. 4, pl. 18; fig. 4, p. 161.
Length—0.69 mm ; Width 0.48 mm. . .
Siphonaperte Velia 1957
Siphonaperta macbeathi Velh.
Plate 2, figs. 15, 16, -
. 1957 Siphonaperta macbeathi Vella, New anland Geol, Surv.,, Palaeo. Bull no. 28 :
) pl. 4, figs. 60-61, 63, p. 19. '
Remarks : The specimens are not angled and wall compmed of oolites. * An aber- -
rant specimen having two last chambers instead of one in the normal qumqucloculme
arrangement was reported by Sctty and Almeida (in Press).
‘Length—0.74' mm ; Width—0.59 mm.
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Discussion

The sediment in the sampled arca varies from fine sand to silt and clay.  The agglu-
tinated foraminifera also vary from less than one per cent {in most of the samples) to
ncarly about 895 (sta. no. 457) in the outer shelf (Fig. 1), Ol the 12 samples analysed,
2 samples (from sta. nos. 457 and 445) contain the highest percentage (7.86% and 7.5%,)
followed by sta. no. 461 having 2.66°, while the rest (9 stations) contain less than 19,
of which two stations, 477 and 453 (at the cdge of the shelf) have only traces (.(2 and
0.06) of agglutinated forms in the total benthonric foraminiferal population  (Table
1). The highest concentration i in the quite region of the shelf where the influx of
sediment discharge aad the fresh water is practicaliy nil or least and quite water condi-
tions prevail. This rezion (ofishore of tlie shelf) lics between Kakinada and Visakha-
patnam. This itin contrast te the deltaic offshore region [sta. nos. 463, 467, 472 and
476) of the river Godavari wiiere the agglutinated forms are practically non-cxistent. In
addition, cven the other kind of microfauna is reporied to be meagre and small sized.

It appears that the population of the aggiutinated benthic foraminifera is highest in
the region of finc sands at depths between 60 to 830 m depth.  Textularians are common
throughout the shelf (at all depths) but they are abundant in the near shore (sta. nos.
445 and 437) though some of the spccies are characteristic of certain depths only {Table 2).
Mathieu (1971) contends that the Textularians form about 2% beyond 80 m. depth
while the agglutinated forms have never exceeded 109% in the samples of the present day
seas. ‘In the present samples, it is noticed that the highest percentage of agglutinated
forms are confined to 55-74 m depth and decrease miarkedly beyond this depth zohe.
Similarly, they are rare in the near shore region (upto 55 m depth) from the coast.

The absence of agglutinuiis in the region of the stations 476, in the south, through
472, 467 to0 463 indicates that the area is inundated by fresh water flow and sediment
discharge by the rivers Krishna and Godavari and the spread of their deita.  Stations
477 and 463 are at the edge of the shelf hence traces of these toraminifera are noticed.
This may possibly be due to the fact that the delta has not spread and reached this far
or tha: the overioad of the deltaic sediment has been removed exposing the underlying
sediment. This possibility «iay apply v sta. 461 also, however, the exposure of the relict
oolite bearing structure may be presumcd to be at the margin of the Godavari delia.

The higher percentage noticed at sta. 450 at 222 m depth compared to sta. no. 453
at 203 m depth may be attributed to a deposit of slumped material on the slope.

The agglutinated forms described here have a wide range in the composition of the
material making up the test. It varies from coarse to fine grains of quartz, foraminiferal
shells, shell fragments and aolites, In some forms like Textularia panamensis Cushman,
Gaudryna arenaria Galloway & Wissicr, and Tritaxia tricarinata (Reuss} the tests are made
up of very finc materiai and have a smooth appearance. This indicates a relationship
between the nature of the sediment and the composition of the test. At station no. 461,
the agglutinans {faculvlle acuta Brady, Saccammina sp. and Reopkax sp.) are mostly made
up of oolites ; but there are also forms like Textularia anqlu.’zz.an; d’ Orblgny made up of
foraminiferal tests; other shells, their fragments aind also quartz grains. These however
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may be attributable to the seleetive power of lhc orgumm There is no doubt lhzu 'fw

. foraminiferan piays an important role in its selection of the. material for ifs wall and
thercfore the iests of fine grains are found along with tests Pomposcd of coarse gxams in
mainly coarse: grained samples.- :

Naidu (1968) who collected a sample nearby the statxon -‘}61 gave-the radlo carbon
dating for the oolite fraction of the sediment as 10800 £ 135 years. Another sample
collected one-mile: north of lhib station consmmg of coarse caicareous sand and oolites

* and shallow marine foraminifera at a depth of 93 o 183 m i refcrrcd to as a rchct
"structuxe (Rao 1957). ‘ LAl

‘An aberrant and unusual form of S:[;homperta sp. from these samplcs found at srauon
no, 461 is described and discussed (Setty and Almeida, in Ptecs) sc'pdtarelv '
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1-64.
EXPLANATION OF PLATE 1
t Jaculelln acuta Brady hypotype - .. .. . .o 13X
2 Saccamminag sp. hypotype .. .. .. e . .. 16X
3 Reophax sp. hypotype .. . .. e . oo 13X
4 Bigenerina nodasaria’d'Orbigny hypotvpc e .. . .. 13X
5 Bigenerina textularioidra {Goes) hypotype . e o .o 13X
6- 8 Texiularia agglutinans d’Orbigny hypotype 5-/ lateral view (test made of shell fragments) ;
7-apertural view ; 8-lateral view, (test made of oolites) .. . 13X
9-10 Textularia panamensis Cushman, hypotype 9-apertural view ; [0-lateral view 16X
11-18 Zextularia alazanensis Nuttal, hypatype ]l~apcnura. view ; 12-lateral view, )3-sxdc
view of another specimen {broken} .. . e . .. 16X
14-15 Textularia conica 4’Orbigny, hypotype l4-¢pcrtural view ; 19-iateral view . 16X
16-17 Textularia torguata Parker, hypotype 16-side view showing the aperture ; 17-lateral view 13X
18-19 Textularia thanetana Lalicker, hypotype [C-apertural view ; 19-lateral view .. 18X
EXPLANATION OF PLATE 2
- 2 Textuloria candeiana d'Orbigny hypotype, I-lateral view; 2-apertural view . 1IX

3- 4 Gaudiyna arenaria Galloway and Wisler, hypotype, 3-lateral view; 4-apertural
view of a specimen sbowing quadrangular later siage. o 7K

5- 6 Gsudrynga renaria Galloway and Wissler, hypotype, 5-latecal view; 6-apertural -

view of another speeimen. o 17X

7+ 8 Tritaxia iricaripain {Reuss), hypotype 7-lateral view: 8-apertural view. .. 171X
9-10 Qaingueloculina agglutinata Cushman, hypotype 9-apertural view: 10-side view . 17X

- 10-12 Sigmoilopsis moyi Atkinson, hypotype !l-apertural view: 12-lateral view. o X
13-14 Sigmoilapsis woedi Atkinson, hypotype 13-lateral view: l4-apertural view. o 17X
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15-36 Szphonaperta macbeathi Veila, hypotype l5~lalcrol view: lG»apcuura'l view, - :4..“1' 17

EXPLANATIO)\ OF TABLE—-I :

Table 1: Pcrcentacc dlslnbunon of agglutmatcd Foram;m(cra in the bcnthomc populahon'along
wnh station locauom.

fExAPI,A:NAVTION OF TABLE-H

BT O

“  Table2: " Distribution chart of the agglutinated :f'k;ranﬁnifcra.ixt' téx".fns ‘of depih and 'St:;tlié_u;.; ‘
EXPLANATION OF FIGURE~I -

Fig. 1: Location map of the sampled arcas on the coast of India,
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PLATE I Setty and Almeida
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