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GLOBIG ERIN 4 PACH YDERMA (EHRENBERG) IN THE SHELF SLOPE SEDIMEN'I‘S 0!? NORTHERN

INDIAN OCEAN

ABSTRACY

The occurrence of specimens of Glob'gering pachyderma
(Ehrenberg) which is considered ta be a typical bipolar, ¢ooler watee
pecies, in the Recent shelf-slope sediments of tac northera indlan
ocean as far north as 9, 12, 14, 19 aad 23° fatitudes u the Arablan
§a and 18° latitude in the Bay of Bengs! is considered and con»

pared with similor occurrence from other oceans of the wcﬂd

: It | The vertical and spatia) distributions have lhown shat it is both
dexlrally and sinistrally eoxled. tescona”y distributed, controlied
by water masses and the Jumllc forms of G. eggerl

6. quadrilatera, G. bulloides und also “G.’ qufnuueloba appearing
o variams of this species -are donsidered as morpholugic
uegrades. Bvidencos of periodic drifis of - climate ars observed
v seen in the alternate layers of cold and warm water sediments
acores of Atlantic and the Pacific thus_bringing the colder water
funa 10 lower latitudes. An understanding of the hydrological
wonditions in the Indian Ocean reveaied the Sub-tropical Sub-
wlace Water mass is traced as far north as Oulf of Aden, and gie
blsn Ocean Deep Bottem Wator origineting in the .decpest
fels of the South Polar reglon moves northwards and passing
tough the equatur encers the Arvabian Sea and the Bay of Beagal;

kdalso the Indiun Central Water mass und the Equatorial Wadter
mis having different 1-8 relationship are responsible in tne
naspors of this species 10 the middle and low lutitudes. Tnemf@
msidering various factors like’ mqmncnt of low salinity, low
Tperature water masses, mixing and upwelling resulting in the
wurrence of this' species in the northern Indian Ocoari sediments;
's proposed that the forms which occur in the lew latitudes
#025° N) in the nortbern Indian Ocean be reterred to-honevforth
ll) (8) Globigerina pacbydemm (Ehrenbug)forma dextrgliy typica
1y, n. subsp.’ (Sensu Stricto) if' the species is ‘tight-coiled, and (b)

ks Stricto) for those which occur in the mid-latitudes; und (4)
Hthose forms which occur inthe  high latitudes as Globigerina

An imvestigation ‘of several sampies of bottora sedi-

ligering  pachyderms  (Ehrenberg) forma  sinlsicalis typlra'
- wbsp. Setty (Sensu Stricto) if the species is left-coiled; (3) as”
Nigering pachyvderma (El.renberg) formia dextralis- Setty, n. subs. -

iyderma (Ehrenberg) (Sensu Smcto) wlere tfey are typically-

nts of the Indian shelf of the Arabian Sea revealed .
il the -planktonic foraminifcra “increase in their abun- .
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dance lowurd the outet ahclf aud 1he slope whsle thay
arc frequcnt to rarc shorsw.trds Also, they tend to bc
abaem at the mouths of the rivers which may be due 0
the freshwater influx into the sea and consequent. fall in
saltaity, tcmpetaturc, organic conteat, and a confinuoys
sediment mﬂow mto lhc mglon (Setty and Guptnﬂ
1972 -h). o

~ The characteriyiic planktonic. foraminifera that are
encouptered in the surface shell sediments in the five
regions of . the nopihern. {ndian Ocean (four: inthe
Arabijan Sea and oue in the Bay, of Bengal) norih of ;ths -
equator represent _father unusual _mixed aasemblagp
which includes @ wpxcal tropicatwarm . water, - cold -
tcmperaw and transitional fauna Furtber, it sccmed rather
intriguing to record the occumnce of undoublcd though
rare, spcimens of Globigcrma pc.chydenna (Enr\.nberg) ln

lhe aedxmcm:.. C

GIob.germa pachyMa (Enrenberg) has been a
subjcct ol considerable study in- the last fow ‘years. AY
it has been considered o be'a typical’ bipolat,” coofeR
water species, its value 29-a. paleoclimatic indicator hds
begn greatest, Therefore, it occutrence - in 4 sedis
assuMCs. greater iniportance, more so0 in arcas. which’a
known- toduy as troplcal regions. of the Wcrﬂd w0

piscussion”. . T

Wtule dlscussmg the anwcedenta and the dism-\
buuon of Globigerina .- pachyderma: (Ehrenberg), .in the: .
Southern Pacific, Parker (1962) stated that, ‘occasionul.
specimens are scen even at the equator;’ though thig7”
species is lagely confined 10.the urea south of Lat. 25°S. .. -
But, it is of interest to note here that G. .packyderma’
is recorded in the shelf and slope sedirents of the west
coast of India; 8s far north as 9°N, 12°N; 14°N, 19°N
und also 23°N in the Arubian Sea (Setty, 1972, 5 uy and
Gupta 1972, Raa 1972, Natayanan 1974 MS) ind nearly

_18°N in thie Bay of Bengal (Bhatt, 1969); all the locations *

'.!~

buing b.yond the equazor and 10 the nonh o! ity
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. Thoughitis 8 bipolar species, the Arctic forn
L differs considerably from that of the Antarctic. Arctic .

orms ar¢ gmaller and. thinner, - whereds Antarctic: forms. :

are thicker and larger, though both types are sinistrally
coiled, However, lhe typ:cal characteristics of G. puchy-
derma s 8 spcies, ate, in havinga squure outline, the
nal chamber being smaller than the penultimate oae;
the Tast whotl Having 4-5 chambers, the test being fragile
in juveile forms and qpmose with 4 large aperture. while

itlw adult is 4 robust form showing indistinct’ chambers .

due.to thickening giving distinctly a pitted appearance;
and the apecture bemg smnll and placed in the final

thamber.
"DISTRIBUTION (IN SPACE) AND ENVIRONMENT
(PRESENT)

1t is stated: that, us a rule, G pachyderma isa cold
water fuuna extending as far south as 25°N in’ the Nor-

thetn Hemisphere and again as far north as 25°S in the

“Southern Hemzsphere though a- fcw cold ‘temperate
I’otms penetrate as isolatcd spcumcns into the tropicnl
zones. This spcclcs is typically - Teft coiled as @ cold
! water fauna in the high latitudes of the South. Auantic
‘where the temperature is about 9°C (Boltovskoy, 1969),

Similarly, it is 50 it the North Atlantic where the isutherm

is 7..2°C. ‘This situation however, alters with a decrease
in latitude aud. increase in temperature above 7. 2°C
{Ericson, 1959} in the North -Atlantic, #nd 9°C in the
South Atlantic, when the left coiling - direction passes
yiclding tathe right coiling-forms, It is these right coiled
forms which become thin walled and reduced  in size and
are engountered ‘ogcasionally even- at -the equator.Ac-
cording to Ericsou (1959) -and  Baady (1960} these are
charucteristic warm water, mid-latitude fauna sometimes
extending to low latitudes, Kennett (1970) pointed out
thut during the Pleistocene time, the Arctic and  Advarce

tic populations reached the Equator and had a free inter- -

change there, but, in the indign Ocean, it is the Antar-

ctic funna alone that is found in ‘the equaterinl waldrs

and spreads again further to the north mto me Ambmn
Sen and the Bay of Bt.m,al :

Tlxough the d::.mbuhon of G pach)‘r’cmm is consi-
dered restricted its accurrence in other. low.rlatitudes is
observed,
\‘Ld Biween 2’!°~14 N (from Florida to Cap. Hatteras)
in thé meh mner, mzddlc and’ outer shelf and the
stope tegichs and also .ﬂoug the path of the Gulf Stresm

(Wilconon, 19641 Further it is reported, though us rase

_perature is 20°C in February and 29°C in August Pagd

here that d’Oerg,nys specimen was originally cclle ]
: ‘from the vicinity of Cuba; though. Ehrenberg’s specimed
“was from 62°60'W and. 23‘”’ LW, :

. Bombay rﬂong Lat, 18°033'N and Lcmg 722228 and)

(0-500 m) water but tare in greater depili and sedimeig
- and {2) ferrsa typica which s, .characierisic of. SV
ln he Nunh Aﬂunhc,,ﬁ padndemm 15 ohser !

MG. ANANTHAPADMARABHA SE¥TY

specxmens, in the regmn hemwn Cd;ss QJd o 15N i
Surgasso Sea. (. subtrgpical rather: than. ‘aubix.mperm
zong) and in-the': South  Equatorial ' Curr It a3
10°N flowing into the Gulf of Mesico (cnrem, i%‘m)
Similasly, it ocours in very fow frequancies in the bostontt
sediments of the Guif at 28°N 86°W, a. regien whin
is dizgnostic of mid-latitudes where ‘the surface ieo

ker, 1954). incxdemaiiy, it ray be of interest to ulY

‘ Undoubted specnmens of G, pachyderma oceur |
the bottom sediments of Kerala (9°N, 76°E}, Mangulo
(12°. 35'N, 74°, 16.5'E), Karwar (14°-22, 3'N, 7418

706°-30° B tmfmm; and off Gujarat coast (in the regi
b&f’men 2250 7’!‘\ 6‘?° OYE and 23°. 29.2'N 68°. Al
A very few npewnens of sinistrally coiled forms are ol
seen in the Gujacat region. The thin-watled specimens
found here are very ‘similar to those figured by Par
{1962). S»mﬂu- de\.tmlly cml»d forms arc, howev
reporied from the Recent sediments off New Zealaoll
(Jeuking, .967, ‘Keonett, 1967), This is due to an abru®
change that * ocours at 52°S whxch is- the Antare

C onvcrgcnce £RRI

G pac}zy(ierma a!so has a vcﬂn.al dtsmbmmﬂ

bas obscrved t}mt G. [?ﬂdl}’(!d‘i)iﬂ is abundum i ug
deepe* 200 m layer which is a warmer und mors satis
water of the Alantic that entess the Arctic throug
Huzen Strait adjacent to Prince Gustav Adolf Sen. T
obsetvation seripusly coritradicis the notion that ihfs
species is 'ndxgcnons o ihe :\rctm or “Amarctic | ~
“and thus ‘only confined 4 cold watcr, But, -this does nd
apply to the Antarctic water,

Boltovskoy (1%9} d:ﬁ‘cremmm(? pudnd» ron b
upon Hs appearsace in iwo care zories— 1 Jorma supg
fivieria which s chiefly coufined 1o the upper 107g

depths (500-2000 m) bt never in -surface” waters. g
confirms that G, pachyderma is hemipelapic and ot
wi depitis ranging. from 0-500 (o 2000 m aiso and thercy
in sediménts whose latitude and . sutfuce terapetaty
" zopation is at variunce with the envxronmwm wnmlhg



GLUBKGERINA PACHYDERMA (smu.wawcl I THE

g dep] hb evon at the. .qu.gtur and beyond - it. Hawevcr,_

2sHovshoy. U%Q) has further divided this species inlo
e kindds based upen - their direction of coiling—{i}
formnd. .smz.wmiw, A typical low temperatine and h:ph
witude (25°—05°8 and 25°~65°N} fauna and (2} Sorma
‘,;ﬂl‘{,’fl.s‘, @ typiu! transitional and warm  water- fauna
o (D) Jorme dexiralis, & typicel wansitional and warm
L.umt 5 N~-2‘“S) shich oocurs even &t the equater,

in the Medaterrarmau, this .spe o3 iy observed to be

worinted with G. guingucioba, G. b Hoides, Globoguas

frintr duetereres Pasker (== Giobz wma eggeri Rhnmbler)

iv highier {requencies whereas G. inflaia, . q;:mf'nr'ml.‘a,
G, acqw:'ateralm and Globigerinoides ruber in low frequ-
encics at 4 mean minimum temperature of 13°C (Parkes,
1954). Thus temperature plays a key role in the lateral
nd vertical distribution of G. puchyderma in the water
msses of the oeceans,  though several knowa and
wknown factors are nl'io responsible.  The watcr tem-
peratyre ufiects e abschute Size of‘ the teste. resulting in
dthor fragile or robust forme. Further, it is the chief
ftor that is respomxb!e i changing the dtrect,mu of
wiling, however, according Lo Kenneti { i9 70) it is more
s as a resull of environmental variation,

1t is considersd that the juvenile forms of G. eggerl,
(=Globoquadring ~ dutertret. Parker),  G. quadrfiarera,

G. billoides ave similar 1o those of G pachydermu und

herefore they arc considered to be morphiologic inter-
irades (Smith, 1963}, Forther, this specica s also consi-
Gred as @ variant of G. bulloides and G. guingueloby
Wrinivasan, personal communication). Bui Bolovskoy
1971} and Kenuett (955) have shown the differences bet-
ween the twe species. . However, Be” (1960) has obs‘,rw:d
lhat the so called occurrence of G. builoides in the Central

&rctic Sen 3 only a morphological variant and on earher

fvelopmental stage of G. pachyderma. Keannett (1970)
ks shown the distinct differences between the Arctic
wd Asninrctic specivs. G, inflare and G. pd(’h}l(ful‘xtih
Meempi {Cafc“s) are SynoyRous \mh G. pachydcesne
Eheenberg). - : - e

b{(‘LJG!CAL I‘!ML AT\D PALE 0~0L}“XNOGAPHX

" Dehinite and usdoubted specimens were recognised
fa‘om the Mohnian stage (carly Tate Mincene of Kleinpell
1938) of Califerris in the core of the ﬁpc"iméutal
Mool T Troject, wherein’ zi uzss found 3hat Im’io WETE
BfY eciiling (in sampic nol 12) Térins compured to only
% m the overlying (sampic Ne 13) Pliocene sadiments

,i*icusurcmems indicate that the Iui

“resulting Pleistocene glucmtmn causes climatic changes

'slmzlaﬁy {hése from mid-latitudes are like: thuse n@m

" (Parker, 1964, ‘These °pacsm ; were- *”cmnd 10 be warm
water or irsitichal zone species (Patker 1962, p. 630)
and their percentage or colling ratio chang,eu with the
change in um mmm,c,rvsronmcntal coudmena oﬁ ,
1’11(»:2:1& time. - : :

éccc}mm.g 1o Freipichs {3971‘ ihe pzﬂcnmrrjw-ﬁ:mfc
: Mwm, ue 1o, Reseat’
interval-is not a time of generic s_“.m"izot' hut &lwwsa
d cline in the appearance of new plankt onic foramigi- 1
feral genera, Whether magmuc seversuls  sluce. i:m:'»;
Miocene time (orzw thid mavter even . eavlier) has had
eny eﬁcu.t and if %0.L0 what extent is noi very clesr:

A gz,neral fowering of earth’s tcmpmuur& m*t& the:"’

thus resuitiog in the extension of the mid-lntitude fauna
to shift furtlier 16 lower latuudt.,s This fc.cxinatcs this
species to cxtend itself to pew areas and thus reoosd 1ts
exisience it the bottom %demcllts of the regions of the
low Iatitudes ums“l are todny m'n'lronmmmﬂv very
different. Evidences of such m:r;omc drifts . of climatic
changes are observed in- the a‘llematg. favers . of waems
water and cold water faunal decp 563 - s..dzments in the
Atlantic and the Pacific (Arthenias 1932, Encson »:md
Wollin, 1956 b, Phlegar et al., 1953 and others), in’ the-
Gulf of México (Ewing e al., 1958); in the Mediterranean :
{Phlegar 1947); and 2lso i the -Arabias “Sea (Stubbings {
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1937). Thus  aécording te Phicgar.- (!%G) thi colder |
wam‘ fuuna neticed in the .,m'z*s tn,m the- low. L.mudr:s
are ke those of now hvmg iy the ‘de&t.md"‘. and

living in high fatitudes. ththcr this view. wrrobomte’. L
with polar wundering concept during: ‘the Teriiary time |
is not knowa,  Therefore, extending or delimiling vhe |
mnfc of d qnhuuon of any mgem but pamc‘umri" i
G. pochyderma 1o tem;v: AMUTE ZoBes By pro posed by !
Viug ahan (1647} muy not: bc lUbhﬁub'e br'_uus':. {1 ﬂw
chs wﬁmncm» are for the saiface waicr m.»wz. iy, (-7, i
the vertical temp:z falurs zomation  Vaties g-msmcrab?v
angd {3V 4. pac ’r,uf“f“;.\r is ala found’ to live at C’t”h!‘r,
even upte 2000w, and {41 the ih&i‘didk%""l“k!‘ of thiy
species in the pasts differs e m thut of the, ptesc

Further, i is also to br noteg xlml the kmpcralu:r 4’0’?‘:3
of‘\/..m-'m:z{m 10) dnd others gro nai*" fram the infl e
ence of currenty and WaTLr IDREs _Tx(uﬂ"!h_ls'a irom 1m
Foles. Theraloss, the extendon of latilodbud rang upw

l

the equator necd no beoericizd tosthe condiics ius
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reneral cooling of ogeanic waters during the Pﬁeialoime’

time (though under suchi condizions such 2 sityation i
further :Ju.\,lal‘ulcd) bt it can be 1 Ring ;:x.u,e :“'"z, At
'prc\‘.uf mnc due 1o the conurmous movement f\;mn
otic (and Arctic in some pasts of me P.‘.,nc a..,n the
thmw) cold cursents and water massey at Oﬂcild‘tl‘dblc
| depth,

1n the fndian Oceean, the Sub-irom".zi ‘4‘.ub->vr}u.‘v
wawr magss i traced to sove a5 far worth as ihe Czuh
of Ades and i e Guif of (")mun, after sinki ing below ihe
surfave wl the region of the Sub-ropicai . Convergrace

Line, Similarly, the indiae ocean Decp Bottom water—
3 water mass of low salinity and fow (emperature origing-

Faorthwards und passing the cquator enters the Arabian
Sea through the Laccadive Sea and the Bay of Bengd
(Sewell, 3937; Robiison, 1966). Further, the Indizn
‘Ccntml Water mass ev:;endmg bemeen I5°-40"§ and
15°20° 8 has n tenpctaturc/s:a.mtly telauon ‘which faila
bcw e T = 8°C8 = 34“3’/,. and T = [5C, 8 -
55T, The Indian Fquatorial Water mass lies, to 1he
north of the' C‘enfm ‘Water mass and the T-~§ relag iony
at most of the stations north of the equ ator fall between
Tws4C, 8§ == 3490 foes T == 18°C, == - 32. 73 Too  but
ths*’ relations are intermediate between the Lquutoml
Water and  the Central Waler musses (Sverdrup oral,
§952; Fuirbridge et a, 1966, p. 387). " This indicates that
¢ T= § reiationship falls within the iolerance runge of
b2 right coiling forms of G. pachydenna. A part of the
Antarctic Botom Water ﬁcws north into the Arabxan
Sea and the Bay of Bengal, and having been consxderably
rinsformied, it rises to shoaler depths and again returas
swuth in the Intermediate cwrent. Further, the Antarctic

ottom Water (which 'is chioucterised By negalive tem--

erature’ rangmg from T —0.24°C 10 ~~ 0.07°C and
= 34.6% *{,; with okygen content of 470 te 5,27 mi/1)
s resuie of mixing with the North Indian Decp water
zeomes the Indian Geean Bollom: Waier muass (having
Ve B.2°C 1o 147°C, § = v&w‘) 13 34779 . with
issoived  oaygen comtent  of - 403 i 4.68 i1y
FRELFAtes it the doepest Paris of the Arbisa Sos
ngd the  Bay of Benpal  and  gises  to hipher
vels  (Gallagher,  1986), Therefore, it : may  be
ostuiated that Antarciis Bottom Water mass and the
eniral and Faustiori n Waier masses flowing northwards
wrth of the ¢qudwr mm khxu Arabian Sex and the i'
f rf,.z:‘zi) rm tog gremcr ex!cn* .zeuﬂdl‘bfbiﬁ ShE mu\!ma‘,

" sepions aleo.

the Antarctie Bottom Water apd the Iuding  Ocey

" Hottom wa*er in  transporting 1his . species Intg (i)
region. . Simitarly, the punreence of | dextrally goilo

ng in the deepest levels of the south polar segivn moves -

ABSWEs 10 the eccafrence (~f thig species 10 the gealuy

Y ' .G, AN A\I-aT;ZA?n;JﬁmN,.;'ii'f SEYYY

‘the m':.;sh'il s st great depth snd dcxt rad forms o

upnar levels notthwards and ostablish their thanatacpen,
- . the o ’::?' shelf  #hig R |
sediments of e :‘Ax'auran Sea (el Coehiia, Mungaloy
Karwar, Bombay and  Gujorun < Coust) “and the Bay o
Eeagal off '\’bha*ha;w!vauv snd poasibly in ibe Boxth
Thus; the arcnvreiice o uh SReWy \}ka ,Lg
coifed form of G. pacdhydeimg @ the de en warer g
ments of the northern Indian Ocean confirms the role ¢

- s, M . )s
-:u, hrough upweling

form sl confirms the vole of the Indian Cesteol ang
Equatorial Water masses Ltbe northern movement ¢
this species. The, vore scd;mcsxis may well have i

mh usders damf’n!x u!so

Therefore, ‘in"brder"té 'm;"pr‘éi%c and spociil i
feferring to this spedics in tem» of its ocs UPESHE an
rbxogeoempi Hy dxst':buimn in the }'n&van Ogear, i iy
proposed that’ blobggarfna parhya’erma (& hu.n‘ix:,.,; be
rcm l‘Ld 108y, wIJOWS' o

( 1} Thosg fgrm which ocetir in the low !.m&udaai
(upto 25°N) in the Northern Indian Ocean {Arsbian Seu
and the Bay of Bam,ai) be designated. sy (a) Glofigering
pad.»dr-rma (rnmnberg,} Jorma dexiralis ippica Seity n.
subsp. g&enst. s Stricto) if the ‘iptcm, is :.vh-.,c:.ca, and (b}
Globigerine padn-dmna (B mub«,w} famw siplsiralis
frpica ‘-ctty i, sub:p (ScmL amcie) if the specics is]
lr-fbcnﬂcd

(2) fhose fotms whmh oceur in ihe mid-latitndes
when they -are typically sight coiled be - designated 'ns
Globigerina pachyderma. (Ehrenberg‘ ferma dextralis Setty
n. subsp, (Sensu Stricto); and

(3} Al those formb Wbtch occur in th; the hwh
Jatitudes be dcuu_;ndted &5 Globigeris ia pachydvesiic Ehpar
be rb) {Sen: s élmtu) whcre tmy are 'qu‘ cally heft e;mh:

Speciation aﬂ‘j ~ub-sﬁewucm qt G, paciyderma it
this masnet inte d- Hnite latitudinal zones wiih- ve.hc.d.
and  horizontal  distribution belps greatly in ‘hﬁ'
siandardisation of this, b]Jt,f’luA. than leaving it au'm-

- guously,

Thus heaceforth, 28 the forms found in the nor
thern Jodiaw Qoean muy be sonsidesed ‘s Giphigeriis

A



GLOBIGERINA mcm'umm {EPRENSARG) IN THE SHELS )

F(]zy(ff’ﬂ?'dfurl. :a dextralis typica Setty and f‘labrg;. rina
,adgydema Jorais stuisicalis 1ypica Setty.
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