
birds. T h e s t imula t ing effect of song of one m a l e o n the singing 
of o ther males is well k n o w n b o t h f r o m na tu ra l observa t ions 
a n d f r o m play-back expe r imen t s 9 , 1 0 . T h e increase in song В 
in dense popu la t ions a f t e r t he first of J u n e m a y result f r o m the 
fixation of terri torial boundar ies a n d the resul t ing relat ive 
decline in s i tuat ions of terr i tor ial in teract ion a n d s i tua t ions 
where a ma le is o n " u n c e r t a i n " g round . 

Observa t ions of the contexts of the two song types, a n d 
part icular ly of the s i tuat ions in which switching f r o m one t o 
the o ther occurs , suggest tha t the song types represent segments 
of a mot iva t iona l con t inuum. This wou ld suggest in t u rn t ha t 
their func t ion is r a ther similar. T h e f u n c t i o n of terr i torial 
displays is to defend an a rea wi thou t resor t ing to physical 
encounters . T h e existence of m o r e t han one terr i tor ial display 
(such as different song types) al lows the recipients t o deter-
mine the activities and emot iona l s ta te of the displaying males 
m o r e precisely f r o m a dis tance and t o d iscr iminate m o r e 
finely in their responses. This wou ld m e a n , fo r example , t ha t 
there would be no reason to chase a n d fight t o de te rmine the 
posi t ion of a ne ighbour ing male ' s terr i torial b o u n d a r y . 

A t the same t ime there is no th ing in such a s i tuat ion t o 
prevent b o t h song types serving a n o t h e r func t ion in m a t e 
a t t rac t ion a n d pa i r -bond fo rma t ion a n d main tenance , f o r t he 
meanings of the displays depend on the classes of recipients. 

I t h a n k E. M a y r a n d W. J. Smi th fo r c o m m e n t s o n the 
manuscr ip t . Suppor t for the research was provided by the 
U S Na t iona l Science F o u n d a t i o n a n d the Car l A . a n d K a t h -
ar ine F. R i c h m o n d F u n d , H a r v a r d Univers i ty . 
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western G r e e n l a n d 5 . O n e of the d o m i n a n t genera of this 
flora was Phoenicopsis, a g y m n o s p e r m o u s p lan t of Czekanow-
skialean affinities. Phoenicops is flora is supposed to be app rox -
imately equivalent t o t he t empera t e forest zone. 

Second, there a r e t he M a d r o m e s o z o i c o r Cycadeoidea flora. 
T h e richest localities of Cycadeo idea a n d its allies ( M o n a n -
thesia, bu t no t the lep tocaul bennet t i tes which a re widespread 
in all geofloras) a r e conf ined to the Black Hills of D a k o t a , the 
Freezeout Hills of W y o m i n g a n d nor th-wes tern N e w Mexico 6 - 7 

no t f a r f r o m the a r ea where Axe l rod establ ished his M a d r o -
ter t iary flora8. T h e Cycadeo idea flora is well represented also 
in the E u r o p e a n Jurass ic a n d a f t e r cons iderable interval appea r s 
in Ind ia , M o n g o l i a a n d J a p a n 9 . I t is absent in the Phoeni-
copsis zone. T h e difference between these two zones seems to 
be vegeta t ional a s well as floristic. T h e M a d r o m e s o z o i c zone 
p r o b a b l y compr ised the treeless a reas of p ro fuse g rowth of 
small pachycaul p lants exposed t o p r o n o u n c e d aridity, 
a l t hough mos t of t he region was covered with conifer forests. 

Th i rd , there is the N o t o m e s o z o i c or Pentaxylon flora. T h e 
Pentaxyla les h a d been described f r o m the Ind ian localities. 
They were identified in some sou the rn hemisphere t aphof lo ras , 
bu t neve r in t he n o r t h e r n hemisphere a p a r t f r o m India . Thei r 
s ta tus in t h e sou the rn floras was ana logous t o tha t of Czekanow-
skiales in t he n o r t h e r n floras. T h u s , the s t rong southern 
affinity of the Mesozo ic Ind ian flora is evident. 

T h e classification p r o p o s e d here is relevant t o t he theory of 
cont inenta l dr i f t . T h e fossil floras of peninsular Ind ia retained 
their sou the rn affinity u p t o the Eocene 1 0 . T h e change of 
floristic compos i t ion of this a rea coincides wi th its supposed 
collision with Asia as t he result of ei ther ant iclockwise ro ta t ion 
o r t he strike-slip a long the t r a n s f o r m fau l t s 1 1 . Thus , the 
palaeoflorist ic evidence agrees wi th the pla te tectonic version 
of Ind ian pla te his tory. 
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Fig. 1 Scheme of the Mesozoic geofloras. 

Phytogeographical Classification of 
Mesozoic Floras and their Bearing 
on Continental Drift 
ALTHOUGH m u c h pa laeobotan ica l w o r k has focused o n 
Palaeozoic p lan t geography there have been few a t t empts t o 
classify Mesozoic t aphof loras . T h e Jurass ic flora was t hough t 
to be un i fo rm all over t he wor ld t h o u g h Oswald Hee r showed 
tha t t he Siberian Jurass ic vegeta t ion (con t ra ry t o t he con tem-
poraneous E u r o p e a n vegetat ion) h a d been d o m i n a t e d by the 
Ginkgo allies1 . N a t h o r s t re fer red t o t he Mesozo ic flora of 
Siberia a n d Arct ic islands as "Phoen icops i s flora", a n d 
P rynada p roposed the designat ion " S i b e r i a n " o r " P h o e n i c o p -
sis" flora fo r this type of Mesozoic vegetat ion. V a k h r a m e e v 2 , 3 

coined the te rm " I n d o - E u r o p e a n floristic p rov ince" f o r t he 
rest of Euras ian t aphof lo ras of this age, un i t ing two floristic 
regions ( India a n d Europe ) of r a the r different aspect . I 
p ropose the fol lowing phytogeographica l classification. 

First , the Arc tomesozo ic or Phoenicopsis flora include the 
Siberian province of P rynada , Alaska , western Canada 4 , a n d 

Reserva t ions mus t b e m a d e as to the o ther implicat ions of 
cont inenta l dr i f t . S o m e a u t h o r s a r e inclined to explain all 
dis junct dis t r ibut ions, f o r example , d is t r ibut ion of the Pro-
teaceae a n d o the r ang iospe rm groups , as the consequence of 
predr i f t (Triassic) a r r angemen t of the sou thern con t inen t s 1 2 . 
Such suggest ions d o n o t agree with the fossil record . N o 
ang iosperms were f o u n d in the sou thern t aphpf lo ras unti l the 
end of the Ear ly Cre taceous . T h e similarites demons t r a t ed 
between the Pa laeozo ic Glossopteris floras of G o n d w a n a 
persist a f t e r t he b r e a k u p in t he post -dr i f t late Mesozoic floras 
of this region. I t seems tha t the floristic c o n t i n u u m was no t 
greatly affected by t h e first stages of expans ion due t o successful 
migra t ions across t he l and bridges a n d / o r " s t epp ing s tones" . 
T h e G o n d w a n a concep t is n o t necessary fo r the explanat ion 
of all floristic connex ions of the sou thern cont inents . 

Accord ing t o t he p la te tectonic theory , the l i thosphere is 
c o n s u m e d in t he t renches borde r ing the Pacific Ocean , the 
c o n s u m p t i o n be ing super ior to the crus t accret ion a long the 
Pacific ridges. If t he At lan t ic Ocean is expanding, " i t is 
ax iomat i c t ha t a n o t h e r m a j o r ocean (Pacific) is c o n t r a c t i n g " 1 3 . 
If we accept this we m i g h t p re sume tha t the floras o n oppos i te 
sides of t he Pacif ic ocean have been m o r e dissimilar in the 
Pa laeozoic t h a n they were in f ac t 1 4 . T h e Cycadeoidea flora 
is represented o n b o t h Asia t ic a n d Amer ican margins of the 



Pacific Ocean . There is a considerable gap in the fossil record 
of Cycadeoidea between E u r o p e a n d Cent ra l Eastern Asia 
a n d the Cycadeoideas f r o m Mongol ia and J a p a n a re p robab ly 
of Amer ican origin. Migra t ion across the Bering land bridge 
is excluded because the nor the rn par ts of Asia a n d Amer ica 
were occupied by the Arc tomesozoic f lora. 

There is a s tr iking parallel between the dis t r ibut ion of 
Cycadeoidea a n d horned dinosaurs , the latter being represented 
only in Mongol ia and western N o r t h A m e r i c a " . Accord ing 
to Colber t , the horned d inosaurs crossed the Pacific Ocean 
but were incapable of su rmoun t ing the Lance Sea—a na r row 
strip of water . Migra t ion a long the Bering bridge is a lso 
doub t fu l because of cl imatic barr ier . 

These facts enable us to suggest the migra t ion rou te across 
the Mesozoic Pacific Ocean at middle lati tudes. This means 
a much nar rower , not wider Pacific. It fol lows tha t the 
Pacific as well as Atlant ic area was expand ing at the end of 
Mesozoic t ime, the difference being p robab ly not in the a m o u n t 
o r crust accret ion but in the a r rangement of rise systems. 
While the t rue mid-ocean rise was active in the At lant ic Ocean , 
the asymmetr ical seaf loor spreading (half cell stile of spreading) 
took place a long the margins of Pacif ic1 3 . 
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Revised Radiocarbon Chronology 
for the Stone Age in South Africa 
SEVERAL rad ioca rbon dates have recently become avai lable 
which necessitate a ra ther drast ic revision of the chrono logy 
of the Stone Age sou th of the L i m p o p o River 1 . An impor tan t 
consequence of the new t ime scale is tha t there is now s t rong 
evidence to suggest a very early appearance of Homo sapiens 
sapiens in Afr ica—considerably earlier t han in the Midd le East 
and Europe . It t hus seems possible t o envisage the cont inent 
of Afr ica as the area where much of m o d e r n m a n ' s early 
evolut ionary development t ook place. 

The first r ad ioca rbon t ime scale fo r sou thern Afr ica was 
p roposed in 1959 by J. D . C la rk 2 , w h o est imated tha t the 
Middle Stone Age ( M S A ) lasted f r o m 38,000 в с to 6,000 вс , 
and tha t the Later S tone Age (LSA) pos tda ted 6,000 вс . T h e 
only m a j o r subsequent modif ica t ion of this scheme has been 
the shif t ing of the L S A / M S A interface back t o a b o u t 10,000 
в с 3 . W h e n rad ioca rbon dates of greater t han 50,000 years 

were ob ta ined for the M S A 4 , 5 , however, the validity of the 
prevailing chronology was doub ted , a n d these doub t s have 
recently been conf i rmed by readings of earl ier than 20,000 в с 
for LSA aggregates at three widely separa ted localities. 

W e have here, purely for present purposes , in t roduced 
var ious new terms, which a re identified by means of quo t a t i on 
marks . 

T h e LSA is usually defined in terms of the presence of flakes 
wi th plain str iking p la t forms , par t ly p roduced by means of a 
punch technique 6 . T h e mos t consistent a r te fac t classes a re 
var ious convex scraper types, scaled pieces and bone points . 
O u r analysis of the s t ra t igraphic and da t ing evidence indicates 
tha t it is possible to subdivide the LSA into two m a j o r t empora l 
phases, namely an "Ea r ly L S A " a n d a " L a t e L S A " , equa ted 
typologically with the U p p e r Palaeol i thic a n d Mesoli thic of 
Western Europe , respectively. 

T h e M S A , on the o ther hand , is dis t inguished by the occur-
rence of flakes with faceted butts , a n d the consistent , but not 
necessarily domina t ing , presence of flake points shaped either 
by convergent dorsal f laking o r by lateral t r imming 6 . Strat i-
graphic evidence provides proof tha t the M S A may be envis-
aged as an unb roken l inear development , within which a 
n u m b e r of t empora l phases can be isolated on a rb i t ra ry 
typological g rounds . It may in this way be separated into a 
" fu l l M S A " , representing the M S A proper , a n d a "f inal M S A " , 
which would cor respond with the now a b a n d o n e d Second 
In termedia te . 

T h e fol lowing sites have provided key dates for the " E a r l y 
L S A " and the "f inal M S A " in Sou th Af r i ca : 

(1) Rose Co t t age Cave, near L a d y b r a n d in the Orange 
Free State. At this locality three Wil ton levels are successively 
under la in by a Pre-Wil ton s t r a tum, 1.5 m of beige sand con-
taining for the most par t a sparse and even older "Ea r ly 
L S A " aggregate a n d 3.0 m of "f inal M S A " ascribed t o the 
M a g o s i a n 7 , 8 . T h e per t inent d a t e s 4 , 5 , 9 a r e : 

Pta-211 RC 1.35 m base Pre-Wilton 27,480 + 520 вс 
GrN-5300 RC 1.46 m top beige sand 23,690 + 220 вс 
Pta-354 RC 3.25 m base beige sand > 39,000 вс 
Pta-213 RC 3.33 m top Upper Magosian >48,250 вс 
Pta-214 RC 3.78 m Upper Magosian >42,500 вс 
SR-116 RC 3.78 m Upper Magosian >48,000 вс 

These results show clearly tha t the "Ea r ly L S A " must have 
existed well before 27,500 вс . 

(2) Heuningsneskrans Shelter, near Ohr igs tad , in the 
Transvaal . Here 6.4 m of "Ea r ly L S A " deposit rest directly 
o n bedrock a n d underl ie surface Iron Age. T h e basal s t r a tum 
yielded the fol lowing d a t e s 9 : 

Pta-114 Hnk. 1.56 m top Stratum 1 8,480+ 150 вс 
Pta-100 Hnk. 2.27 m upper Stratum 1 1 1 , 1 5 0 ± П 0 в с 
Pta-101 Hnk. 4.39 m middle Stratum 1 22,680± 300 вс 

T h e apparen t ly linear ra te of accumula t ion , when ext rapola ted , 
gives a da te of abou t 32,000 в с for the base of S t ra tum 1. 

(3) Border Cave, near Ingwavuma , in Na ta l . T h e 1970/71 
excavat ions at this site revealed an " E a r l y L S A " whi te ash 
s t r a tum u p to 30 cm thick, lying between I ron Age a n d M S A 
layers towards the centre of the cave, a n d elsewhere a "f inal 
M S A " of Epi-Pietersburg type overlies the " fu l l M S A " 1 0 . 
D a t e s fo r these levels a r e : 

Pta-422 Ingw. 1.0 m top First White Ash 
Pta-433 Ingw. 1.1 m middle First White Ash 
Pta-424 Ingw. 1.2 m base First White Ash 
Pta-459 Ingw. 0.4 m base Epi-Pietersburg 

34,850+1,000 вс 
34,150+ 900 вс 
33,750± 1,100 вс 

> 46,300 вс 

(4) M o n t a g u Cave, near M o n t a g u , in the Cape . Here 
Wil ton (Layer 1) is under la in in t u rn by u p to 1.5 m of grey 
sand conta in ing " f ina l M S A " of Howieson ' s Poor t aspect 
(Layer 2), and by two Acheul ian levels separated by sterile 
red sand (Layers 3-5) . Layer 2 was subdivided into an upper 
par t , with seven surfaces represented by increased ar tefact 


