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Globorotalia truncatulinoides : 
a Palaeo-oceanographic Indicator
S t u d i e s  o f  liv ing  p lan k to n ic  fo ram in ife rs  h a v e  e s tab lish e d  th a t 
m an y  species h a v e  lim ited  to le ra n c e  to  ch an g es in  te m p e ra tu re  
a n d  sa lin ity ; th e y  a re  a d a p te d  to  v a r io u s  w a te r  d e p th s  a n d  
th e ir  d is tr ib u tio n  on  th e  se a flo o r u su a lly  resem b les th a t  in  th e  
w a te r  lay e rs  ab o v e . P la n k to n ic  fo ra m in ife rs  a re  th e re fo re  
usefu l in  re c o n s tru c tin g  th e  h is to ry  o f  o cean s  a n d  seas, an d  
h e re  I  d e sc rib e  th e  d is tr ib u tio n  o f  G loborotalia  truncatulinoides  
a n d  a sso c ia te d  fa u n a  in  th e  N o r th  A tla n tic  a n d  M e d ite rran e a n , 
d e m o n s tra tin g  th e ir  p o te n tia l  v a lu e  a s  t ra c e rs  o f  p a la eo c u rren ts  
a n d  specific w a te r  m asses.

A t p re sen t th e  sin is tra lly  a n d  d e x tra lly  co iled  fo rm s  o f  G. 
truncatulinoides live  in  d iffe ren t w a te r  m asses a n d  h a v e  d is tin c t 
d e p th  h a b ita ts . S in is tra l p o p u la tio n s  p re d o m in a te  in  th e  w a rm  
G u lf  S tream , th e  N o r th  A tla n tic  C u r re n t  a n d  its  b ra n ch e s , a n d  
in  th e  N o r th e rn  S arg asso  S ea , w h ereas d e x tra l fo rm s in h ab it 
th e  d eep  a n d  c o ld e r w a te r  o f  th e  E q u a to r ia l  A tlan tic . B o th  
v a rie ties h a v e  p e a k  a b u n d a n c e s  d u rin g  w in te r  m o n th s 1-3 .

E ric so n  e t al.A h a v e  c h a r te d  th e  d is tr ib u tio n  o f  G . trunca tu ­
linoides in  N o r th  A tlan tic  su rfa ce  sed im en ts  a n d  recogn ize  
th re e  p ro v in ce s: a  left co iling  o ne , in  m id  la titu d e s , a n d  tw o  
r ig h t co iling  p rov in ces, o n e  in  th e  e q u a to r ia l-su b tro p ic a l la t i ­
tu d es  a n d  a n o th e r  in  th e  N o r th -e a s t  A tla n tic  (F ig . 1). A c co rd ­
in g  to  M a n n 5 th e  G u lf  S tre a m  p ro p e r , w h ich  flow s n o r th  fro m  
C a p e  H a tte ra s  a lo n g  th e  e a s te rn  N o r th  A m e ric an  c o as t, 
d iv id es in  th e  v ic in ity  o f  40° N  a n d  45° W , c o n tin u in g  u n d e r  th e  
n a m e  o f  “ N o r th  A tla n tic  C u r re n t” . O n e  a rm  o f  th e  c u rre n t 
b en d s n o rth -w es t, w hile  th e  m a in  b ra n c h  co n tin u e s  essen tia lly  
e as t, so u th -e a s t a n d  n o rth -e a s t.  P a r t  o f  th e  eas t-flo w in g  c u rre n t 
e n te rs  th e  M e d ite r ra n e a n  a t su rfa c e  (ref. 6 a n d  F ig . 1). T h e  
d is tr ib u tio n  o f  G. truncatulinoides  in  su rfa c e  A tla n tic  se d im e n ts4 
(F ig. 1) su g gests s tro n g ly  th a t  th e  b ra n c h in g  o f  th e  N o r th  
A tlan tic  C u r re n t  is re c o rd e d  b y  th e  tw o  fo rm s  o f  G. truncatu­
linoides: th e  s in is tra l  v a r ie ty  is c a r r ie d  by  th e  w a rm  c u rre n ts  
n o r th -w e s t a s  w ell as eas t a n d  p e n e tra te s  th e  M e d ite r ra n e a n 7 -1 1 
(F ig . 1) a n d  th e  r ig h t co ilin g  v a r ie ty  in h a b its  th e  c o ld e r N o r th ­
e a s t  A tla n tic  w a te r  m ass.

T h e  v e rtica l d is tr ib u tio n  o f  p la n k to n ic  fo ra m in ife rs  in  sed i­
m e n t co res ta k e n  b e n e a th  th e  N o r th  A tla n tic  C u r re n t  n e a r  
G ib ra lta r  in d ica te s  th a t  in  p o stg lac ia l sed im en ts  p re d o m in an tly  
s in is tra l G. truncatulinoides  a re  a sso c ia ted  w ith  o th e r  w arm - 
te m p e ra te  N o r th  A tla n tic  C u r re n t  fa u n a l e lem en ts . T h is 
p o p u la t io n  re p la ce d  c o ld e r  p la n k to n ic  fo ram in ife rs  ro u g h ly  
11-13,000 y ears  a g o 12’13. D u r in g  th e  la s t g lac ia tio n , d ex tra l



Fig. 1 C irculation o f the  N o rth  A tlantic  according to  Sverdrup 
et al.6. Inset, coiling of G. truncatulinoides in surface sedim ents 
from  th e  N o rth  A tlantic  after Ericson et al.* and  in the M editer­

ra n ea n 8-11.

G . truncatulinoides, to g e th e r  w ith  o th e r  c o ld - to le ra n t species 
su c h  a s  G lobigerina bulloides, G loborotalia  inflata, Globigerina  
pachyderm a , G lobigerina quinqueloba, G loborotalia  sc itu la , a n d  
G lobigerin ita  g lu tina ta , in h a b ite d  th e  G ib r a l ta r  se c to r  o f  th e  
A tla n tic 12. T h ese  ta x a  a re  fo u n d  in  p o s tg lac ia l L a b ra d o r  an d  
N o rw e g ia n  S ea  se d im e n ts14,15.

T h e  fa u n a l  d a ta  suggest th a t  f lu c tu a tio n s  in  p a s t  c lim ates 
h av e  in flu en ced  ocean ic  c irc u la tio n : d u rin g  th e  la s t  glacial 
(W isco n sin , W ü rm ) th e  G u lf  S tre a m  a n d  th e  N o r th  A tlan tic  
C u rre n t m ig ra te d  so u th  by  sev era l deg rees. T h is  m ig ra tio n  
re su lte d  in  th e  re p la ce m en t o f  w a rm -te m p e ra te  p la n k to n ic  
fa u n as  b y  n o r th e rn  im m ig ran ts  in  th e  G ib r a l ta r  se c to r  o f  th e  
o cean  a n d  in  th e  M e d ite rra n e a n . T h ese  ta x a  n o w  in h a b it  th e  
c o ld  A tla n tic  w a te r  m asses n o r th  o f  th e  G u lf  S tre a m  a n d  th e  
N o r th  A tla n tic  Current.-.

M ic ro p a lae o n to lo g ic a l an a ly se s  o f  sed im en t co res  fro m  th e  
M e d ite rra n e a n  a llow  th e  re c o n s tru c tio n  o f  th e  c lim a tic  a n d  
h y d ro lo g ica l h is to ry  o f  th is  sea  b ack  th ro u g h  th e  la s t in te rg la ­
c ia l. T w o  co res fo r  w h ich  a b so lu te  ages, m ic ro p a la eo n to lo g ic a l 
d a ta  a n d  180 / 160  d e te rm in a tio n s  a re  av a ilab le  i llu s tra te  these  
o sc illa tio n s8-11 (F ig . 2).
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Fig. 2 Two sedim ent cores from  the M editerranean : V I0-65, 
34° 37 ' N , 23° 25 ' E, w ater depth  2,586 m ; V10-67, 35° 4 2 ' N, 
20° 43 ' E , w ater depth 2,890 m. Black sapropels (hatched areas) 
represen t stagnan t episodes. C lim atic curves based on to tal 

planktonic faunal analysis (after ref. 9).

V a ria tio n s  in  co iling  d irec tio n  o f  G. truncatulinoides  reflect 
ch an g es in  su rfa ce  w a te r tem p e ra tu re s  a lso  in fe rre d  fro m  o th e r  
p la n k to n ic  fo ram in ife rs  a n d  oxygen  iso to p e  d e te rm in a tio n s . In  
p o stg lac ia l sed im en ts  s in is tra l G. truncatulinoides  o c c u r  to g e th e r 
w ith  G lobigerinoides ruber, G lobigerinoides sacculifer, G lobi­
gerinella  aequilateralis, G. inflata, a n d  G. bulloides. D u r in g  
th e  la s t  g lac ial, th e  M e d ite rra n e a n  s u p p o r te d  c o ld e r  w a te r 
e lem en ts , in c lu d in g  d e x tra l G. truncatulinoides, G. bulloides,
G . sc itu la , a n d  G. inflata.

R a d io m e tr ic  age  d e te rm in a tio n s8 -1 2,16, co u p le d  w ith  close 
in te rv a l in te r- a n d  in tra -b a s in a l b io s tra tig ra p h ic  c o rre la tio n s
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be tw een  c o re s , in d ic a te  th a t  d u r in g  th e  la te  C a in o z o ic , c lim atic  
o sc illa tio n s  in  th e  M e d ite rra n e a n  w e re  c o n te m p o ra n e o u s  w ith  
th o se  in  th e  A tlan tic .

T h e  fa u n a  o f  th e  M e d ite rran e a n  a n d  A tlan tic  h a v e  close 
a ffin ities excep t d u rin g  p e rio d s  o f  s ta g n a tio n  (F ig . 2) w h en  th e  
M e d ite r ra n e a n  p la n k to n ic  p o p u la t io n  w as d o m in a te d  by 
e u ry h a lin e  a n d  low  sa lin ity - to le ra n t spec ies, su ch  a s  G. ruber, 
Globoquadrina du tertrei a n d  G. quinqueloba.

S ev eral ta x a  liv ing  in  th e  A tla n tic  d id  n o t  p e n e tra te  th e  
M e d ite rra n e a n . T h is  m ay  b e  b ecau se  o f  th e  sh a llo w  G ib ra lta r  
sill d e p th , th e  d e p th  h a b ita t  o f  c e r ta in  species a n d /o r  th e  h ig h er 
sa lin itie s  o f  th e  M e d ite rra n e a n  w h ich  m ay  in h ib it  th e  surv iva l 
o f  s te n o h a lin e  taxa.

T h e  tim e  in te rv a l re p re se n ted  by  th e  lo n g est M e d ite rra n e a n  
c o re  exceeds 120,000 y r. F a u n a ]  ev idence su g gests th a t 
su rfic ia l w a te r  ex ch an g e  b e tw een  th e  o cean  a n d  th e  sea  w as 
v ir tu a lly  u n in te r ru p te d  th ro u g h o u t th is  tim e . C o n seq u en tly , 
w h en  re c o n s tru c tin g  th e  la te  C a in o z o ic  c lim atic  h is to ry  o f  th e  
M e d ite rra n e a n , p a s t  o sc illa tio n s in  c lim ates  a n d  c irc u la tio n  
p a tte rn s  o f  m a jo r  c u rre n t  sy s tem s in  th e  a d ja c e n t N o r th  
A tla n tic  O c ea n  m ay  be in fe rre d  w ith  h ig h  d eg ree  o f  
confidence.

T h is  w o rk  w as  su p p o r te d  by th e  N a tio n a l Sc ience  F o u n d a ­
t io n  a n d  by  fu n d s  p ro v id ed  by  th e  W ash in g to n  S ta te  U n i­
v e rs ity  G ra d u a te  S ch o o l D e v e lo p m en t F u n d . I  th a n k  J . W . 
M ills a n d  P. E . R o sen b e rg , W ash in g to n  S ta te  U n iv ersity , fo r  
c ritica lly  re ad in g  th e  m an u sc rip t. T h e  M e d ite rra n e a n  cores 
w ere  co llec ted  by  L a m o n t-D o h e r ty  G eo lo g ica l O b se rv a to ry  
a n d  by  th e  G ö te b o rg  In s titu te  o f  O c ean o g rap h y , a n d  sam p les 
w ere  p ro v id e d  by  M r  R . C apo .
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