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This thing we call ex is tence ; is it not a someth ing 

which has its roots far d o w n b e l o w in the dark, and 

its branches stretching out into the immens i ty above , 

which we among the branches cannot see? 

— O l i v e Schreiner (nom de plume, Ralph I r o n ) , 1883 
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PREFACE 

THIS BOOK is about fossils and about Afr ica. Thanks t o the generous 

support of the Nat ional Geograph ic Soc iety , mos t of i t is based on my 

exper iences and f ie ld w o r k excavat ing fossils on the Afr ican cont inent . But i t 

is about m o r e than bones dug f r om the Earth. It is also about the peop l e of 

Afr ica and h o w their legacies have shaped their l ives. A n d it is about h o w such 

a thing as an exped i t i on to find the ancient bones of the past can be put to 

use n o w to help build the future. 

T h e fossils in this b o o k are those of dinosaurs and the animals that l i ved 

w i th t h e m — w e i r d c rocod i l es , strange mammals , and m o r e familiar beasts, 

such as frogs and turt les. It is the w h o l e suite, the once l iv ing c ommun i t y , that 

is most impor tant , but dinosaurs catch the imaginat ion first. Dinosaurs and 

Afr ica are t w o subjects that have a strange, i f not sinister, appeal. Dinosaurs 

are scary giants; Afr ica is the Dark Cont inent . Those percept ions of dinosaurs 

and of Afr ica are partly my th , part ly t rue ; nevertheless the appeal they 

engender seems to be enduring for each. T h e y are both exc i t ing , true enough. 

But the v i e w of Afr ica as the Dark U n k n o w n is an o ld idea indeed . Afr ica is 

no longer as i t was in the nineteenth century. H o w could i t be? W h i l e s ome 

things neve r seem to change, in reality a lmost every th ing does . In Afr ica as 

e l sewhere it is impor tant to appreciate the past, and to enjoy the present , and 
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it is necessary to build for the future. D o e s d igg ing for fossils in Afr ica fit that 

bill? Y o u be t i t does . 

In W e s t e r n eyes Afr ica is pe r ce i v ed as a land for adventurers and exp lor 

ers. I t seems that eve ry out lander w h o has e ve r g one to Afr ica assumes that 

he or she has found someth ing . Each has " d i s c o v e r e d " s ome part of the 

cont inent . But wh i l e Afr ica is undeniably d iverse and di f ferent, it has never 

been a lost c o n t i n e n t — o n l y unfamil iar, underapprec iated, misunderstood, 

or f o rgo t t en . Every out lander w h o has e v e r g one to Afr ica has taken a part 

o f i t away and left someth ing behind. T h e results have not always been 

g o o d , nor have they always been bad, but they have all g one into the m i x 

that makes up Afr ican society. I want to put in someth ing g o o d . I want to 

use my w o r k on the bones o f Afr ica to build the capabilities o f one small 

p lace , r ight in the heart o f A f r ica , so that the p eop l e can do on their o w n 

what I do w i th them n o w . I want to dr i ve myse l f ex t inc t , at least in te rms 

o f the pa leonto log ica l d e v e l o p m e n t o f the tiny country o f Ma law i . This 

b o o k tells h o w I am do ing it. 

But is it a g o o d thing for A fr ica to focus the talents of a l imited number 

of educated peop l e on the study of fossils? Is that not fr ivolous? Is it necessary 

that a p o o r Afr ican nation d e v o t e resources to such a thing as fossils? That is 

for Afr icans to dec ide . At least we k n o w that fossils are g o o d , in a very w a r m 

sense, no mat te r w h e r e they are found, even Afr ica. Just ask a kid. Besides, 

i t can be no m o r e f r ivo lous and no m o r e unnecessary than in d e v e l oped 

countr ies , w h e r e v e ry respectable prof its are made f r om the sale o f 

dinosaurian accouterments and many an eager mind has opened to the w o n 

ders o f science after be ing tapped by the exc i t emen t o f the Lost W o r l d o f the 

past. M o r e o v e r , by way o f e x a m p l e , pa l eon to logy has certainly been g o o d for 

the Afr ican nation of Kenya , judg ing f r om the lasting value of the Leakeys ' 

w o r k built there using the fossils o f our co l l ec t i ve human ancestry. 

T h e f i rst chapter of this b o o k defines the scientific issues invo l ved in my 

Afr ican w o r k and discusses h o w I g o t to Afr ica in the f irst p lace. It also 

prov ides the background of evo lu t ion and g e o l o g y necessary for a fuller 

appreciat ion o f w h y this pa leonto log ica l w o r k in Afr ica i s w o r t h do ing . T h e 

second chapter is d e v o t e d to the major earthly feature o f this part o f A f r i c a — a 

giant lake. T h e lake influences every th ing and e v e r y o n e in the country , 

including its early European exp lo r e r s , w h o marve l ed at i t even as resident 

citizens and visitors do today. But the lake is also a geo log ica l feature, and 

understanding h o w it f o r m e d is essential to understanding w h y the fossils are 
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there at all. This theme is cont inued by detai l ing h o w to f ind a fossil and, once 

found, h o w to get i t out o f the g round . T h e third chapter presents the country 

of Ma law i in m o r e detail and narrates the day-to-day activit ies of a fossil-

hunting exped i t i on in Afr ica. T h e human setting and its history are w o v e n into 

the fieldwork, and that thread is carr ied through in later chapters. Drafts of 

Chapter 3 (and parts of several o ther chapters) w e r e w r i t t en in the f ield. I 

hope this imparts an immed iacy , a spirit of real t ime and exc i t emen t , to my 

descript ions o f f i e ldwork . 

T h e next four chapters are d e v o t e d to specific groups of fossils and their 

significance. Chapter 4 examines the sauropod dinosaurs, wh i l e Chapter 5 

covers the other dinosaurs and their ro les in the M e s o z o i c w o r l d . Chapter 6 

discusses the ve ry interest ing c rocod i l es f r om Ma law i and their relationships 

to those d iscovered in South Amer i ca . Chapter 7 is d e v o t e d to the search for 

early mammals . Chapter 8 covers s ome familiar but rather poo r l y unders tood 

animals and outl ines some enigmat ic patterns in l iv ing species that trace their 

roots to m o r e ancient t imes . 

T h e ninth chapter, wh ich deals w i th rumors o f l iv ing dinosaurs in Afr ica , 

is a bit of a s idel ine, but a necessary one . Afr ica and its remoteness is o f ten 

misunderstood in the W e s t . Science is also o f ten misunders tood . These t w o 

phenomena manifest themselves in some strange ways . O n e particularly o d d 

way is the search for l iv ing dinosaurs in the swamps of the C o n g o . T h e r e are 

reasons to l ook at Afr ica as a cont inent e ve r changing through g eo l o g i c 

t ime , which it is, rather than as a stagnant re fug ium w h e r e l i fe , that of 

dinosaurs or p e o p l e , neve r changes. 

Science neve r ends. Each e xpe r imen t a t t empted , each analysis p e r f o r m e d , 

each fossil measured only leads to m o r e quest ions, m o r e expe r imen ts , m o r e 

analyses, and m o r e measurements . Science neve r stops, but my w o r k in 

Afr ica is enter ing a n e w phase, and that prov ides a conven ient mi l epos t f r o m 

which to ref lect . T h e f inal chapter, an a f t e rwo rd , is des igned to me ld my 

feel ings for the country w i th the scientific results of the exped i t i ons , and to 

present some aspirations for the future. My Malawian col leagues are w e l l on 

their way t owa rd managing their o w n pa leonto log ica l resources in a pro fes 

sional, wor ld-c lass way w i thout need ing the exper t i se o f out landers. T h e y are 

becoming the exper ts on their o w n dinosaurs. That is the way i t should b e , 

and this phase o f my Afr ican w o r k must happily y ie ld to m o r e appropr iate 

strategies that Afr ican paleonto log ists w i l l w r i t e about in the future. 

N o n e o f the w o r k r epo r t ed in this b o o k could have been accompl ished 
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wi thout the g o o d w i l l and companionship of col leagues in the f ie ld. I have 

l isted the m e m b e r s of the various Afr ican dinosaur expedi t ions at the end , but 

I also wish to express my appreciat ion to all the col leagues of many nations 

on other exped i t ions in wh ich I have been a party on three cont inents. A m o n g 

these are the p e o p l e w h o have had the greatest influence on my career through 

their actions during my training and format ive years, especial ly Everet t H. 

Lindsay, R o b e r t F . But ler , G e o r g e Gay lo rd S impson, Edw in H. Co lbe r t , 

N o y e M. Johnson, Dav id P i lbeam, and my f e l l ow graduate students, all o f 

w h o m have left on me an indel ib le stamp. A n d n o w I appreciate the graduate 

students w h o teach me today. It is w i th a great deal of fun that I a cknow ledge 

them all. 

Further , I must a cknow l edge the friendship and cordial coopera t ion of 

Gadi M g o m e z u l u , n o w Secretary for Education and Cul ture , but prev iously 

the Principal Conserva to r o f Ant iqui t ies in Ma l aw i . W h e n he m o v e d on , he 

was rep laced by Yusuf Juwayey i . W i t h o u t these t w o f ine gen t l emen there 

w o u l d have been no Ma law i P ro j ec t . I must also thank Ze f e Kaufulu, n o w at 

the Univers i ty of Ma l aw i , in this regard . In C a m e r o o n I had the except ional 

g o o d for tune to be associated w i th Joseph V i c t o r He l l . I am also grateful, for 

various reasons, to W. J . Ande r son , Ne t t a Blanchard, James E. Brooks, 

Caro l yn B r o w n , M iche l Brunet , L . Sprague de C a m p , Edw in H . Co lbe r t , 

W i l l i a m R . D o w n s , M a x Fine, Lawrence J . F lynn, Brian M. Foy , Elizabeth 

G o m a n i , John G o o d g e , R o b e r t T . G r e g o r y , V icki Hansen, Harvey He r r , 

Paula H e r r , R o d n e y L. Honeycu t t , N icho las H o t t o n I I I , Bonnie F. Jacobs, 

Richard E. Leakey , Dav id James M a x w e l l (also k n o w n as V i l lage Headman 

Makonganya ) , A . L e e M c A l e s t e r , Phil l ip A . M u r r y , Mor r i s Mwafu l i ra , O l i v e r 

M w e n i f u m b o , K e n t N e w m a n , Dav id P i lbeam, Louis H . Tay l o r , Mary Tay l o r , 

Alisa J . W i n k l e r , and Da le A . W i n k l e r . Gerhard Ma i e r p rov ided valuable 

in format ion about Tendaguru . I am pleased to ment ion the Nat ional G e o 

graphic Soc ie ty , Nat ional Science Foundat ion, Margo l i s Foundat ion, Carl B. 

& F lo rence E. K ing Foundat ion, Institute for the Study of Earth and Man , 

Johnson & Johnson Or thopaed i cs , Ca l tex Pe t r o l eum Corpo ra t i on , and Cal tex 

O i l Ma l aw i L im i t ed for support ing this Afr ican f i e ldwork . T h r e e g en t l emen 

at Ca l t ex , Brian Foy , Steve Carson, and J .B .R . A l l en , deserve special thanks 

for facilitating w o r k in Ma law i . T h e Huntingf ie ld Co rpo ra t i on , through the 

g o o d offices o f O w e n Henderson and H. Russell Mo r r i s on , p rov ided for the 

training of a Malawian technician in my Dallas laborator ies. T h e Dallas 

Aquar ium a l l owed access to their extraordinar i ly interesting co l l ec t ion o f 
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species. My l i terary agent , John A . W a r e , my ed i to r , Douglas Stumpf, and 

the staff at Vi l lard Books , have been exceed ing l y skillful and support ive in 

br inging this b o o k to fruit ion. T h e illustrations w e r e cheerful ly , pleasantly, 

enthusiastically, and realistically r endered by M a r y A n n Zapalac. My w i f e , 

Bonnie , read and c o m m e n t e d upon several drafts, e ven appearing to enjoy the 

process. W h i l e i t must have been hard on her , i t was encourag ing to m e , and 

I thank her for it. My son, M a t t h e w , and my daughter, Melissa, w e r e great 

helps, especially on the c ompute r . 

Finally I wish to of fer my pro found thanks to Afr ica , and in particular to 

the peop l e and the gove rnmen t s o f M a l a w i , C a m e r o o n , and Kenya . 

ZIKOMO! 
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THE F O R G O T T E N 

D I N O S A U R S 

O F A F R I C A 

BEG TO D R A W your attent ion t o A f r i c a . " Those are the w o r d s o f 

the missionary Dav id L iv ingstone . He was try ing to focus the eyes o f the 

nineteenth-century w o r l d on the inter ior o f the Dark Cont inent . He wanted 

to deve l op the e c o n o m i c potent ia l of its d o w n t r o d d e n slaving grounds as a 

means of saving it. 

O n e o f those w h o f o l l o w e d L iv ingstone in his mission was Henry D r u m -

m o n d , an influential Scottish theo log ian and scientist. In 1883, ten years after 

L iv ingstone d i ed , D r u m m o n d conducted a br ie f natural-history survey in 

British Central Afr ica to de t e rm ine what species of plants and animals inhab

i ted the reg ion , wh ich might be o f e c o n o m i c signif icance, and h o w suitable 

the area might be for agricultural and minera l d e v e l o p m e n t . A c c o r d i n g to his 

contemporar i es , D r u m m o n d , wh i l e exceed ing l y pleasant to be around, was 

m o r e infatuated w i th the idea of be ing a famous Afr ican naturalist than 

e n d o w e d w i th the attributes to be one . His efforts in Afr ica came to v e ry 

l i t t le. Never the less i t is impor tant for this story that D r u m m o n d d iscovered 

foss i l s—the f i rs t f r om this part o f what used to be L i v ings tone ' s landscape. 

No others w e r e found until the nex t century , w h e n a British planter s tumbled 

across some scraps o f petr i f ied bones and r epo r t ed them to colonia l authori

t ies. T h e y turned out to be dinosaurs. 

" I 
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In 1930, f ive decades after D r u m m o n d f irst found fossils, the British 

Museum (Natura l H i s t o r y ) sent an exped i t i on to investigate the reports o f 

dinosaurs. I t , t o o , found some . T h e y w e r e dug up and shipped back to 

England. Since then those o ld dinosaur bones f r om Afr ica have been lying 

comatose , virtually i gno red , do ing nothing but haunting the basement of the 

natural-history museum on C r o m w e l l R o a d , L o n d o n . For o v e r f i f t y years no 

serious dinosaur hunter re turned to f ind m o r e bones , or to make sense o f the 

rocks that e n t o m b them. T h e dinosaurs f r om the W a r m Hear t o f Afr ica, the 

country n o w cal led M a l a w i , w e r e for all practical purposes fo rgo t ten . 

I f you want to k n o w about dinosaurs, m o r e specifically Afr ican dinosaurs, 

I suppose you could start in the basement of the British Museum. O r , in a very 

broad sort o f way , you could take the advice o f the ko l oko l o b ird: " G o to 

the banks of the great g ray -g reen , greasy L i m p o p o R i v e r , all set about w i th 

f ever - t rees , and f ind o u t . " I f you are curious about Afr ican fossils, go there . 

T h e r e are m o r e bones in the g round . T h e Afr ican dinosaurs in the British 

M u s e u m may be mo lde r i ng in a state of seclusion, but in the tiny country of 

Ma law i (F igure 1 ) m o r e bones are starting to e m e r g e f r om the badlands 

visited so long ago by the British exped i t i on . 

T h e r e are three reasons w h y the fossil bones f r om Ma law i are significant: 

First is their age , second is their locat ion, and third is the species they 

represent . At about 100 mi l l ion years o l d , the bones f r om Ma law i represent 

animals l iv ing at the ve ry t ime the m o d e r n w o r l d , as we k n o w it, was 

beg inning to take on its o w n def ini t ion, even as the dinosaurs remained in 

apogee . T h e i r place is significant because at that t ime the continents and 

oceans o f the w o r l d w e r e rearranging themselves dramatical ly. Afr ica was 

once a part of a gigantic southern supercont inent . T h e once- l i v ing species that 

inhabited it, and their fossil bones , are descended f r om animals that w e r e at 

one t ime part of a w idespread c o m m u n i t y l iv ing on the huge landmass. But 

Afr ica was breaking away. M e m b e r s o f the g lobal animal commun i t y e vo l v ed 

their separate ways after Afr ica , South Amer i c a , Australia, India, and Antarc

tica became separate. Ma law i is particularly impor tant because the bones that 

are eme rg ing there are abundant and we l l p rese rved , and it is the only place 

w h e r e some unique species can be found. That brings us to the third reason 

w h y the bones in Ma law i are significant: T h e y represent a w i n d o w into the 

past, a v i e w of an ancient c o m m u n i t y , that has no t been seen e l sewhere . 

T h e Repub l i c of Ma law i in southeastern Afr ica is a bit larger than Louisi

ana, but nearly a quarter of its area is wa te r . A lake, Lake M a l a w i , dominates 

the country . It is 360 mi les long . T h e w h o l e country is not all that much 
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FIGURE 1: Location map of Africa. Malawi, a part of the Interior explored by 

David Livingstone, is stippled. The major lakes of Africa are shown in black. The 

string of lakes in eastern Africa owe their existence to the Great Rift Valley. 

l onger . At its w ides t , the shores are 50 mi les apart, at its nar rowes t , 11 . T h e 

total area o f Lake Ma law i is a lmost equal to that o f the state o f N e w 

Hampshire , but not all of i t be longs to M a l a w i ; part of the lake is in 

Mozambiquan terr i tory . I t is the w o r l d ' s third deepest lake, behind Lake 

Tanganyika, which lies just to the nor th , and Lake Baikal in Asia, wh ich is the 
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deepest . Lake Ma law i is 2 ,300 feet d e e p , nearly half a m i l e , w i th the surface 

at an e levat ion of 1,550 feet above sea l eve l , and its deepest po int at 750 feet 

b e l o w sea l eve l . T h e Lake is fresh and b lue , f i l led by yearly rains. It drains 

to the south, via the Shire R i v e r to the Zambez i . T h e Zambez i f lows into the 

Indian Ocean south of Chinde in M o z a m b i q u e . Ma law i is a beautiful sett ing, 

and it has b o n e s — l o t s of t h em. 

AFR ICA HAS BEEN f o r eve r the mos t in t rover ted of inhabited continents. 

T h e r e is no way around the c l iche. It has a myst ique , a legacy of exo t i c tr ibes, 

w i l d animals, diseases, the unknown . For centuries the Arabs , British, French, 

Ge rmans , and Portuguese w e r e held at bay by the fevers of Darkest Afr ica. 

Still the slavers and exp lo r e r s , traders and planters, and the m e n l ike L iv ing

s t o n e — w h i t e s w i th a mission o f G o d — i n v a d e d the cont inent . T h e y came , 

and they t ook , and some of them be l i eved they saved. But Afr ica , though 

changed, was not assimilated. 

A century has passed. Afr ica , its p e o p l e , and its animals are exo t i c to this 

day. I t remains unknown to us in the W e s t . T h e myst ique remains. But the 

myst ique evo l v es . T h e r e are still snakes, and scorpions, and malaria. The r e 

is m o r e w i l d game than anywhere else on Earth. But a n e w set of p rob l ems 

has taken o v e r the cont inent . Starvation replaces slavery. T h e reality o f A I D S 

surpasses the dread of o ther diseases. T h e specter o f ex t inct ion supplants the 

exc i t emen t o f d iscovery . On safari, strings o f por ters have lost their jobs to 

Land Cruisers. A n d n o w we shoot w i th cameras. But the myst ique remains. 

T h e myst ique of Afr ica attracted m e , yet h o w I g o t there was as much an 

accident , an unpredictable set of c ircumstances, as it was anything else. For 

the kinds of things I wanted to d o , ge t t ing to Afr ica has never been particularly 

easy. As i t ended up, in 1981 I w e n t to w o r k for Richard Leakey as head of 

the Div is ion o f Pa laeonto logy at the Nat ional Museums of Kenya . 

T h e Leakey family and Kenya , f i rmly set in the Cradle of Humankind , are 

famous for their d iscover ies of the remains of our early ancestors at O lduva i 

G o r g e , Lake Turkana, and other places in East Afr ica. Consequent ly there is 

a superb co l l ec t ion of o ld bones f r om the Ri f t Va l ley and Lake Victor ia stored 

in the Nat ional Museum in Na i rob i , w h e r e Richard was d i rec tor . I t was my 

responsibi l i ty - r a v great fun— to oversee them. 

I g o t the j o b in Na i rob i because I was in the right place at the right t ime . 

T h e small museum in Ar i zona w h e r e I had been w o r k i n g for the three years 
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since gett ing my P h . D . was laying of f researchers, and I was one marked to 

g o . I f igured I w o u l d be out of the bone business a l together and into 

something else, maybe sell ing shoes. It real ly did not mat ter what I did if I 

was not do ing fossils. I rat ional ized that the fieldwork I had done prev ious ly 

in the wes te rn Un i t ed States, M e x i c o , and Pakistan during the t ime that I was 

lucky enough to be a pa leonto log is t had been its o w n r e w a r d . Circumstances 

w e r e just m o v i n g me on . 

My ongo ing f ie ldwork at the t ime was in Pakistan. I had been go ing there 

for the past six years as part of a larger pro jec t try ing to unravel the Asian 

chapter of human evo lu t i on , that of the last e ighteen mi l l i on years, f r om 

fossils found in the southern foothi l ls of the Himalayas. T h e r e are similarities 

in the fossil r eco rd b e t w e e n Asia and Afr ica indicating that there was in the 

past a certain amount of migrat ion invo lv ing a number of kinds of animals, 

including pr imates , some of wh ich are c lose ly associated w i th human ances

try. T h e r e are many kinds of fossils found in Pakistan, and my particular 

responsibi l i ty was to f ind, co l l ec t , and interpre t the evo lut ionary patterns o f 

all the tiny mammals , such as m i c e , the ones so small that they had been 

o v e r l o o k e d be f o r e . Because they can be found in much greater abundance 

than homino id pr imates w h e n searched for w i th the appropr iate techniques, 

the small mammals p rov i de useful mode l s for evo lut ion in southern Asia 

general ly , and they ref lect c lose ties to Afr ica. 

I had at least one m o r e tr ip to Pakistan left wh i l e I still had a j ob . It 

occurred to me that, since I was go ing to be out of the business anyway , I 

should have a final fling and do what I had long wan ted to d o . I should have 

my last plane t icket h o m e f r om Karachi wr i t t en through Afr ica because, I 

thought, I w o u l d neve r g e t another chance to see it. 

As circumstances w o u l d have i t , at this same t ime Leakey ' s head of 

pa leonto logy just happened to be m o v i n g on as w e l l . Unbeknowns t to m e , 

Leakey was in L o n d o n . So was Dav id P i lbeam, the leader of the Pakistan 

pro ject . Leakey men t i oned that he needed a r ep lacement to f i l l the vacant 

posi t ion. Dav id gave my name . M e a n w h i l e , wh i l e they w e r e talking in 

London , I was in the f ield in Pakistan talking about Afr ica w i th A n d r e w Hi l l , 

one o f Leakey ' s emp loyees f r om the museum in Na i rob i . A n d r e w w o u l d no t 

be in Na i rob i w h e n I w e n t through, but he gave me the keys to his flat and 

a letter of introduct ion to take to R ichard. 

I me t Leakey for the first t ime on that t r ip . It was in his off ice at the 

museum. I thought it was just an oppor tun i ty to m e e t h im as a co l l eague . But 
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i t was a j o b in t e r v i ew . T h e r e I was , in formal , untucked, ro l l ed up, and 

be thonged . Because 1 did no t k n o w o f the w o r d s b e t w e e n Dav id , A n d r e w , 

and R ichard , I was ignorant , unaware , and anything but nervous . That must 

have been what d id it. 

" I am look ing t o hire s o m e o n e , " said Leakey . 

T H E NEXT NOVEMBER Bonnie and I g o t marr i ed . She was still in graduate 

school at the Univers i ty of A r i zona , studying fossil po l l en and what it tells 

about ancient plants and env i ronments . A mon th after we g o t marr i ed , I left 

for Afr ica wh i l e Bonnie stayed behind to w o r k on her research. In Apr i l , after 

her P h . D . dissertation t o o k shape, Bonnie j o ined me in Na i rob i . O u r Afr ican 

exper i ence had begun, and it was exc i t ing for us both . Bonnie set up a po l len 

laboratory and I w o r k e d w i th bones . A n d I neve r had to ge t out of the fossil 

business. 

Many of my duties in Kenya ran automatical ly . T h e staff was we l l trained 

and quite pleasant. A l l the curators k n e w their functions long be fo re I arr ived. 

A l f r eda , Mary , Emma , A l i c e , and the others needed l itt le supervision. T h e y 

l o oked after the co l lec t ions and I he lped l ook after fore ign researchers. I 

conducted training classes that he lped the staff in their w o r k and he lped me 

to learn Afr ican fossils. O n e o f my great respons ib i l i t i es—and p l easures—in 

Leakey ' s absence was to show visitors through the cathedral l ike vault holding 

the sacred fossil ized remains o f human ancestors. Somet imes the visitors w e r e 

dignitar ies, such as the f o r m e r secretary genera l of the Un i t ed Nat ions f r om 

Venezue la , Javier Pe rez de Cuel lar , o r the C r o w n Pr ince , n o w E m p e r o r 

Ak ih i t o , o f Japan. 

T h e v i ew ing o f the pr imate fossils, those mos t majestic relics o f human 

evo lu t i on , each one del icate ly cushioned in a cus tom-made pro tec t i ve b o x , is 

a so l emn c e r e m o n y indeed . O n e by one the boxes are r e m o v e d f r om steel 

cabinets and placed on padded tables. T h e n s l ow ly , a t op is l i f ted, a spec imen 

is bathed in soft l ight. Dur ing that f irst m o m e n t e v e r yone in the vault, 

e v e r yone w i thout excep t i on , is struck w i th the same a w e s o m e emo t i on . I t is 

a b l o w that reverberates through the reaches of human consciousness, l ike 

thunder but m o r e pleasant, deafening ye t stirring deep into the soul. To be 

in the presence of such t r emendous fossil reminders of our c o m m o n and 

distant past is a m o v i n g expe r i ence l ike no o ther , no t re l ig ious but inspiring 

all the m o r e . F r o m that vantage po int , w i th the vast evo lut ionary distances 
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our species has t rave led clearly in v i e w , tangible and cred ib le , it is but a short 

step to the future. No o ther set o f fossils so forceful ly emphasizes the no t ion 

that the w o r l d o f t o m o r r o w w i l l be shaped by the actions o f those l iv ing today 

because no o ther set of fossils demonstrates so frankly that we ourselves are 

the earthly product of the lives of distant and equally earthly antecedents. 

ON SAFARI INTO the Afr ican bush I saw vast herds of ante lope , families of 

elephants, and prides o f l ions. C rocod i l e s basked on the w a r m banks o f 

watercourses . I t rave led through deep red soil on dusty roads that hung l ike 

native necklaces around M o u n t Kenya , stringing toge ther small vegetable 

plots and steep, hillside maize shambas, dangl ing f r om the byways like bangles 

in the coo l K ikuyu highlands. T h e magni f icent vo lcano Ki l imanjaro , the 

molehi l l of the gods , and the splendid scar that is the Great Ri f t Va l ley 

testified to the geo log ica l tension concea led beneath the Afr ican landscape, 

creating in places the condit ions just r ight for fossils. Even at our h o m e , in 

v i e w o f the N g o n g Hi l ls , giraffe b r o w s e d b e l o w our house outside the Na i rob i 

suburb o f Karen . Duikers ate the best cabbages f r om our garden. Eagle ow l s 

roosted in the trees and grunted l ike pigs in the night. Y e t wh i l e I was 

surrounded by this v ibrant w i ld l i f e and superb scenery, in my w o r k at the 

museum I was immersed in l i fe 's h i s t o r y — t h e remains , excavated f r om the 

Earth, of beasts and humans that ex isted in past mi l lennia. I dug fossils myse l f 

f rom the musty mudstone o f the T u g e n Hi l ls . D i r t f r o m the rocky graves o f 

ancient animals g round under my f ingernai ls . 

Afr ica is a very impor tant p iece of the puzz le that is the fossil r e co rd , and 

my t ime in Na i rob i c o m p l e m e n t e d what I had already observed in my 

f ieldwork in both N o r t h A m e r i c a and Asia. I en joyed be ing in the Afr ican 

setting, learning what Afr ica had to say about h o w life changed f r om the bones 

of the past to the flesh and b l o od of today. 

M o s t o f my research exper i ence was w i th m a m m a l s — t h o s e animals that, 

wh i l e l iv ing, have fur, p roduce mi lk , and show parental care o f their young . 

In fact, as I men t i oned ear l ier , I was a specialist on rats due to my doctora l 

research on fossil r odent teeth f r om Pakistan. I t seems odd to say i t n o w , so 

much out of con tex t , but that is what I g o t my P h . D . f o r—foss i l rats, mi l l ions 

o f years o ld . I t may seem odd also, but they are v e r y , ve ry interest ing. The i r 

fossils speak of their o w n special evo lut ionary history, but because they are 

often abundant as fossils, they can serve to reso lve g eo l o g i c t i m e . T h e y can 
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even tel l us about evo lut ionary phenomena that might also affect o ther kinds 

o f animals, analogous to the way laboratory m i c e are used in medical exper i 

ments as mode l s for humans. 

T h e r e are p lenty of fossil mammals in Afr ica , and studying fossil rats w o u l d 

have been the logical way for me to p r o c e e d . A n d in fact I have kept an 

interest in them. But I was interested in o ther things and other animals as 

w e l l . I wan ted another research pro jec t . O n e that was n e w to me and out o f 

the ordinary . That is a big o rde r in Afr ica , w h e r e all pro jects are, by nature 

of their v enue , out of the ordinary . I wan ted someth ing that w o u l d make a 

di f ference in the w o r l d of fossils. 

A t the t i m e , there was on ly one dinosaur bone k n o w n f r om all o f Kenya, 

and it was f r om an e x t r e m e l y r e m o t e area wes t of Lake Turkana. I could see 

it e v e r y day because it was on display at the M u s e u m in Na i rob i . It had been 

found years ear l ier , but no pa leonto log is t since had been back to the spot. I 

was no t , at that t i m e , particularly interested in dinosaurs. T h e y w e r e for kids, 

and much t o o popular for an egghead scientist l ike m e . Besides, d id we not 

already k n o w every th ing w o r t h k n o w i n g about dinosaurs? W h a t I was inter

ested in was what might be found w i th them. T h e r e cou ld be early mammals 

in the same strata. 

I k n e w that unless Afr ica was di f ferent f r om the rest of the w o r l d during 

the A g e o f Rept i l es , the rocks that the Kenyan dinosaur bone had c o m e f r om 

could be no younge r than 66 mi l l i on years o ld . That was w h e n dinosaurs w e n t 

ex t inc t , l ong be fo re any o f the fossil mammals k n o w n f r om Kenya had l i ved . 

I f dinosaur bones w e r e p rese rved in those ancient sediments , o ther bones 

could be as w e l l . I f I cou ld f ind mamma ls , any mammals , f r om that part of 

the A g e of Rept i l es in Afr ica , I w o u l d make a significant scientific contr ibut ion 

t o w a r d k n o w i n g h o w the kinds o f animals we see today e v o l v e d . Such a f ind 

w o u l d be v e r y , ve ry impor tant . T h e fossils w o u l d be t iny. T h e y w o u l d be 

strange. T h e y w o u l d be ve ry di f ferent f r o m anything k n o w n today, but just 

h o w they w o u l d be di f ferent I cou ld not say because no one had e ve r seen 

them b e f o r e . M o s t l ikely on ly their tee th , the hardest, most durable parts o f 

the b o d y , w o u l d be p rese rved . T h e y w o u l d be minute . Each spec imen w o u l d 

nestle snugly on the head of a p in. But I k n e w I could find them; I w o u l d use 

the same techniques I had used prev ious ly to find single, isolated rat teeth in 

much younge r rocks . 

I approached Leakey for permiss ion to search for mammals in the dinosaur 

beds wes t o f Lake Turkana. I t was not f o r thcoming . He said no . T h e reasons 

w e r e l eg i t imate , but I was shattered. W h a t was I to do? I was conv inced of 
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the scientific impor tance of f inding early mammals in Afr ica, yet I could not 

go to the spot I had p icked to search. 

I examined maps o f Kenya to f ind suitable rocks s o m e w h e r e else. T h e r e 

w e r e some d o w n by the coast, a bit o l d , but still interest ing, about forty mi les 

inland f r om the o ld A rab po r t city o f Mombasa . Bonnie searched w i th m e . 

No luck. Disappointed but not de feated , i t was no t in the cards for me to f ind 

early mammals in Kenya . I re t reated f r om the Kenya coast. 

Still I could not g i v e up. I read about o ther Afr ican dinosaurs, try ing to 

locate another place to go in search of early mammals . Afr ican dinosaurs have 

not been found in all that many places. Fish-eating Spinosaurus (F igure 2) and 

a f ew others w e r e k n o w n f r om Egypt . T h e y had been co l l ec ted by Germans 

and shipped of f to Europe , but mos t o f their bones w e r e des t royed in W o r l d 

W a r I I when Stuttgart was b o m b e d by A l l i ed forces . T h e French had a f e w 

localities in r e m o t e N o r t h Afr ica. T h e star dinosaur local ity in f rancophone 

(French-speaking) W e s t Afr ica is Gadoufaoua in N i g e r . At Gadoufaoua beauti

ful bones of the t w o - l e g g e d , sai l-backed, herb ivorous Ouranosaurus (F igure 3) 

w e r e found, a long w i th bits and pieces and skeletons o f f ish, turt les, c r o co 

di les, and other dinosaurs. T h e French w e r e r u m o r e d to be searching for 

mammals there . 

Of the age I was interested in, one leg bone was k n o w n f r om M o z a m b i q u e , 

a f e w scraps w e r e r epo r t ed f r om Zambia , and a f e w m o r e f r om Z i m b a b w e . 

A small handful of localit ies w e r e scattered around southern Afr ica , each 

containing on ly the f ragmentary parts o f single skeletons. T o g e t h e r they 

added up to a meage r r e co rd . W h a t I n eeded was a local i ty r ich in bone so 

that tiny mammals might have a greater chance of be ing e n t o m b e d in the 

sediments along wi th any dinosaur parts. Even wi th all these- reports , and 

despite a long history of exped i t i ons , there was no deny ing that Afr ica was 

very nearly a f o rgo t t en land for dinosaurs and the animals that l ived w i th 

them. I dec ided that the best place for me to go for what I wanted to do was 

Tendaguru in southern Tanzania. T h e grandest co l l ec t ion of dinosaur bones 

e ve r to c o m e out of Afr ica is f r om there . It is hard to imagine a site r icher 

in dinosaurs. It ranks as one of the truly great dinosaur localit ies of the w o r l d . 

Tendaguru ! Its name conjures up the Afr ican myst ique . Everyth ing about 

Tendaguru and its l ong history made me want to go there . T h e r e was e v en 

a tradit ion l inking it to the museum in Na i rob i . Louis Leakey , R ichard 's 

father, served on the f i rst British exped i t i on to Tendaguru in 1924 w h e n this 

part o f Tanzania was cal led Tanganyika. 

Fate t ook Louis Leakey to Tendaguru . W h i l e a student at C a m b r i d g e , he 
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FIGURE 2: SPINOSAURUS, a carnivorous dinosaur from Africa, eating a large 

lungflsh. Bones of this beast were found in Egypt by German expeditions, who 

shipped them to Europe, where they were destroyed in the Allied bombing of 

Stuttgart during World War II. SPINOSAURUS has a long, narrow snout, which 

suggests it might have eaten fish, and a saillike hump on its back supported by 

long projections from the vertebrae. Like other carnivorous dinosaurs, the footprints 

of SPINOSAURUS would show three pointed toes. 
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FIGURE 3: OURANOSAURUS, an herbivorous dinosaur from Africa. This dinosaur was 

first discovered by the French in West Africa. Although it has long projections off 

the vertebrae supporting a saillike hump similar to that seen in meat-eating 

SPINOSAURUS, the two are not closely related. OURANOSAURUS is a plant-eater 

grouped with the duck-billed dinosaurs. Its footprints would show blunter toes, less 

formidably clawed than those of carnivorous dinosaurs. 

was kicked in the head, t w i c e , in a rugby match. This caused his cranium to 

ache whenev e r he concentrated . Studies w e r e out ; he was forced to take a 

year 's leave. Being born in Kenya of missionary parents, and be ing fluent in 

Kiswahi l i , a language used w i d e l y across East Afr ica , he had the Afr ican 

exper ience the exped i t i on needed and the t ime of f f r om his studies to a l l ow 

him to take part in the w o r k of excavat ing dinosaurs in the cont inent that was 

his h o m e . 
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Even be fo re Louis Leakey , Tendaguru had an il lustrious history in the 

annals o f pa l eonto logy . Bones w e r e f i rst d iscovered there by a Ge rman mining 

eng ineer in 1907, in what was then cal led Ge rman East Afr ica, Deutsch-

Ostafrika. By 1909 there was an exped i t i on under w a y , w e l l f inanced, for 

G e r m a n honor , through the d o g g e d de terminat ion o f the d i rec tor o f Berl in 's 

natural-history museum. Excavat ions cont inued for f ive years until January 

1913. A t the height o f f i e ldwork nearly f i ve hundred laborers w e r e e m p l o y e d , 

all o f w h o m , and many o f their famil ies, had to be p rov i d ed w i th f ood and 

wa te r . Imagine the logistics of supplying a small t ownfu l of excavators in 

tropical Afr ica eighty years ago . 

Afr ican c r ews w o r k e d in the pits under the watchful eyes o f their whi te 

supervisors, scratching huge bones f r om the Earth. Each fossil was encased in 

plaster or c o v e r e d wi th red m u d to p ro t ec t i t f r om damage . T h e n i t was 

cushioned in dry grass and crated in cyl inders of b a m b o o slats and round 

cross-sections o f logs . M o r e than 250 tons, w e l l o v e r f i ve thousand man-loads 

of fossils, each carr ied on an aching shoulder or t ee ter ing atop a throbbing 

head, w e r e transported o v e r f i f t y mi les f r o m Tendaguru to the Indian Ocean 

at Lindi to be shipped to Europe . Imagine the endless lines of porters snaking 

their way for days t o w a r d the coast. This was the Afr ica o f the mov i e s . N e v e r 

be f o re has there been a dinosaur exped i t i on of such magni tude . It is difficult 

to conce i v e o f there e ve r be ing one l ike i t again. 

In 1914, at the height of the G e r m a n Tendaguru exped i t ions , the First 

W o r l d W a r spread to Afr ica f r om Europe . For mos t o f us this is also the 

Afr ica of the m o v i e s , because our only familiarity w i th it is Bogart and 

Hepburn in The African Queen. But the war was real . T h e c o m m a n d e r of 

G e r m a n forces in East Afr ica was Paul v on L e t t o w - V o r b e c k , whose namesake 

is the Tendaguru dinosaur Dryosaurus lettowvorbecki. Lake Ma law i in August 

1914 was the venue of the f i rst British naval v i c tory o f the war . T h e British 

steamship Guendolen fired upon a Ge rman gunboat , the Hermann von Wissman, 

whi l e i t was beached for repairs. T h e Ge rman captain, w h o k n e w the British 

captain as a f r iend, r o w e d out to the Guendolen to f ind out what was happen

ing. He was placed under arrest. 

G e r m a n y lost the war and its Afr ican co lon ies . T h e C a m e r o o n s w e r e 

d i v ided b e t w e e n Britain and France. Namib ia became a South Afr ican pro tec 

torate . Deutsch-Ostafrika b ecame Tanganyika T e r r i t o r y in British East Afr ica. 

Thus the stage was set for the British M u s e u m to enter Tendaguru , which i t 

did a decade later. A n d , w i th the British entry into Tendaguru , the Leakey 

family , because o f Louis 's aching head, en te red into the w o r l d o f dinosaurs. 
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T h e leader of the first British Tendaguru exped i t i on was a Canadian 

dinosaur hunter named W. E . Cut l e r . He had neve r been to Afr ica be f o r e , 

and that is w h y Louis Leakey , w i th his k n o w l e d g e of Afr ica as a nat ive-born 

Kenyan, was so valuable to the exped i t i on . Leakey p r o c e eded be fo re Cut l e r 

f r om London to Lindi on the Afr ican coast, then, w i th fi fteen por t e rs , he set 

off up-country to Tendaguru . Eight weeks later, in June 1924, Leakey gu ided 

Cut ler to the camp he had built . T h e t w o wazungu, wh i t es , hired about a 

hundred laborers, s ome f r om as far away as Nyasaland, n o w Ma l aw i . In 

O c t o b e r Leakey left for England wh i l e Cut le r r ema ined . N i n e months later 

Cut le r was dead o f malaria. 

Cut le r was replaced by F . W . H . M i g e o d . He had Afr ican exper i ence f r o m 

his civil service background, but he was not a pa leonto log is t . In 1930 M i g e o d 

and an assistant, R e x Parr ington, a young Cambr i dg e student, made an 

exp lora tory side trip f r om Tendaguru to Nyasaland to de t e rm ine i f bones 

r epor t ed f r om the nor thwes te rn shore o f Lake Nyasa, L iv ings tone ' s lake, 

w e r e like those of Tendaguru . T h e y crossed the lake on the Guendolen, the 

same ship that s ixteen years earl ier had scored the W o r l d W a r I naval v i c tory 

against the Germans . M i g e o d no t on ly found dinosaurs, he also found o ther 

kinds o f bones in rocks o lde r and younge r than the dinosaur beds. A f t e r t w o 

months he re turned to Tendaguru . In January 1931 the British Museum 

abandoned Tendaguru and East Afr ican dinosaurs. No one has seriously 

w o r k e d there since. 

T h e British ef fort was n o w h e r e nearly so w e l l f inanced as the Ge rman 

expedi t ions . Consequent ly the t w o w e r e o f di f ferent scales, and their results 

w e r e o f di f ferent magni tude . Neve r the l ess , held up against any digs excep t 

those o f the Germans at Tendaguru , the British exped i t ions w e r e except iona l . 

Both the Germans and the British opened quarries in the hil ly countryside for 

a t w o - m i l e stretch f r om north to south, and a lmost the same distance f r o m 

east to wes t . A l l through the area dinosaur bones lay e n t o m b e d in r i ve r 

sediments 145 mi l l i on years o ld . T h e dinosaurs o f Tendaguru are not so 

different f r om those o f the same age in Utah, or W y o m i n g , or C o l o r a d o . L ike 

their No r the rn Hemisphere cousins, the bones be l onged to menac ing car

n ivores , giant herb ivores , l i ght -boned coelurosaurs, and other ext inct m e m 

bers o f the dinosaur c ommun i t y (F igure 4 ) . 

N o r t h Amer i can Stegosaurus, w i th its r o w s of triangular plates running 

d o w n its back to the spiked end of its tail, has its Tendaguru counterpart in 

Kentrosaurus, w i th an equally small , l ong head, but w i th spikes replacing plates 

higher up along the rump . These animals fed on vegetat ion l o w to the g round . 



FIGURE 4: African life 145 million years ago. This scene is a reconstruction of the 

famous fossil beds at Tendaguru, Tanzania. Dinosaurs lived along the shores and 

bays of the ancient East African coast. Here ALLOSAURUS, a carnivore, spies a group 

of the giraffe-necked sauropod BRiCHiosAURUS. The plated stegosaur KENTROSAURUS 



and the lightly built carnivore ELAPHROSAURUS are in the lower left. Plant-eating 

DRYOSAURUS is in the far left. The trees are related to living monkey puzzles. There are 

also cycads related to sego palms, horsetails, and low-growing conifers—relatives of 

pines. Notably missing are theflowering plants or angiosperms. 
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A l so l o w to the g round was the small , p r im i t i v e he rb i vo re Dryosaurus, scam

per ing in goat l ike f locks, c o m m o n to both sides of the equator . Dicraeosaurus, 

wi th its l ong , sinuous neck, m i r r o r e d Diplodocus, and so , t o o , but to a lesser 

d e g r e e , did Janenschia. Big Barosaurus l i ved on both cont inents . These w e r e 

huge , f our - f oo t ed beasts. As gigantic herb ivores , they w o r r i e d the trees for 

f odder to f i l l their be l l ies . Feroc ious AUosaurus, w i th daggers for teeth that 

w e r e half a f oo t l ong , p r e y ed on wh i cheve r v ic t im failed to parry its thrust. 

At Tendaguru Brachiosaurus t o w e r e d o v e r them all, its spectacular f o r ty - foo t 

height embarrassing its ne ighbors . It s tood on all fours w i th its fore l imbs longer 

than the hind. That raised its chest, g i v ing it what s ome of us might call a proud 

stature. At the summit of its vert ica l , giraf fel ike neck balanced its grotesque ly 

small head, about the size of a not-so- large beach ball. T h e forehead was high and 

d o m e d , w i th nostrils a t the apex. T h e prognathous jaws ex t ended f o rward into 

an absurd, t oo thy duck 's bi l l . T h e c r owns o f the teeth w e r e hardly the size o f 

teaspoons. T e n large bull e lephants, or a family herd of females and young , 

w o u l d bare ly equal the we i gh t o f one o f these giants. This beast could we i gh 

m o r e than f i f ty tons, perhaps as much as e ighty. H o w could this animal maintain 

its bulk feed ing, as it had to d o , through such a small head? 

T h e bones at Tendaguru are so c o m m o n , and the l ook of the dinosaurs so 

famil iar, at least in a genera l sort of way , that it is amusing, if not in format ive , 

to speculate about their l ives. Imag ine Brachiosaurus, its huge size making it 

appear to m o v e as i f in s l ow m o t i o n , head erec t on a thin obel isk of a neck, 

the b o d y rest ing on legs l ike the co lumns of an animate t emp l e . I t stops 

wa lk ing and dips its head slightly to pluck sprigs and needles f r o m the top of 

a coni fer . T h e d e ep g reen fol iage r ides a peristalt ic w a v e d o w n its f i re-hose 

esophagus. T h e bolus halts at the g izzard to be g round by mil lstones called 

gastrol iths be fo re sliding on to b e c o m e engul fed in the ro i l ing , hot mass o f 

c o m p o s t f e rment ing in the cavernous gut . Energy for the great body pig

gybacked on bi l l ions of commensa l m i c robes . Brachiosaurus is always w a r m . 

T h e f e rment ing c ompos t in its be l ly and the thickness of insulating f lesh assure 

a high t empera ture . H o t b l o od f r om deep in the c o e l o m i c cavity f lows 

through pump ing arter ies, thick as ropes , then passes through capillaries and 

veins that carry the heat to the b o d y ' s dry surface. This dinosaur likes the 

coo l ing feel of rain washing the dust f r om its rough skin. It likes the coo l taste 

of wa t e r . Imag ine Brachiosaurus a l ive ! 
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T H E Y NO LONGER breathe, but f i ve skeletons f r om T e n d a g u r u — K e n -

trosaurus, Dryosaurus, Dicraeosaurus, Elaphrosaurus, and the nob le Brachiosaurus— 

can be seen today at the Museum fur Naturkunde on publ ic display in what 

was f o rmer l y East Berl in. T h e y w e r e all once alive and m e m b e r s o f the same 

commun i t y . W h a t else could have been l iv ing w i th them? W i t h so many 

dinosaur bones , there had to be small animals as w e l l . A n d in fact there w e r e . 

T h e Germans co l l ec ted a number of animals besides dinosaurs including 

sharks, f ish, c rocod i l es , f lying pterosaurs, and one small , b roken f ragment o f 

a j aw wi th the bone missing on one side and all the teeth g o n e . But that was 

enough to show it was a m a m m a l . Tendaguru had just what I was look ing for 

in a n e w pro jec t . I cou ld go into Tendaguru w i th my techniques, I thought , 

virtually assured of f inding what I wan t ed . I d id no t need huge exped i t i ons . 

A l l I needed was a f e w tons of g o o d , fossil i ferous dirt . I could extract t iny 

mammal teeth f r om that. T h e dinosaurs w e r e all k n o w n anyway , right? W h a t 

I w o u l d f ind w o u l d be n e w . I t did no t occur to me at the t i m e , even though 

I was w o r k i n g in a museum, h o w impor tant the dinosaurs ought to be in 

educating the genera l publ ic about the life of the past and about this w o r k in 

particular. N o r did I real ize at the t ime the truly exc i t ing scientific questions 

that dinosaurs posed . I should have, but I d id no t . I was t o o invo l ved w i th the 

thought o f t iny mammals . 

L iv ing in Kenya as I d id , the logistics of w o r k i n g at Tendaguru w o u l d be 

manageable. Even though the bo rde r w i th Tanzania was officially c losed, i f I 

g o t clearance to w o r k at Tendaguru , permiss ion to cross the bo rde r w o u l d 

f o l l ow . A f t e r all, had no t Bonnie and I been a l l owed to cross the bo rde r and 

visit Mary Leakey at O lduva i Go rge? I w o u l d dr i ve d o w n to Tendaguru f r om 

Na i rob i , taking every th ing I n e e d e d — f o o d , co l l ec t ing equ ipment , a drum of 

d i ese l—because nothing was available on the open market in Tanzania at that 

t ime . I l ooked f o rward anxiously to dr iv ing the length of the country . I was 

ready t o g o . 

By this t ime I had s o m e famil iarity w i th h o w Afr ican bureaucracies w o r k . 

T h e y are di f ferent f r om Amer i can bureaucracies, but no t necessarily w o r s e . 

Both can be equally frustrating. I set about the s l ow process of obtaining 

permission f r om Tanzanian authorit ies. My f i r s t over tures w e r e encourag ing ly 

r ece i ved . 

" A n exce l l ent p r o j e c t , " I was to ld . " P l e a s e contact the next administra-

tor . 

This cont inued for s ome t ime . I was lul led into an unwarranted sense of 
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impend ing success. I should have k n o w n bet te r . T h e d o o r s lammed shut when 

I was to ld that it was a great pro jec t , and s omeone else was do ing it. 

No one else has. 

W H A T NEXT? TWO t imes n o w , in Kenya and in Tanzania, I had been unable 

to ge t w h e r e I wanted to g o . T w o strikes. Should I just hang i t up? 

T h e r e was no way I cou ld do that no mat te r h o w discouraged I was. A n d 

then, w o u l d n ' t you k n o w it, just at that t ime , as fate w o u l d have it, a Berke ley 

student, an Afr ican studying in Cal i fornia, was visit ing the Museum in Na i rob i 

in connec t i on w i th his doc tora l research. I thought he was Tanzanian. I 

exp la ined the situation to h im , searching for s ome lead in his responses that 

might g i v e a clue as to h o w I cou ld surmount the obstacles b e t w e e n me and 

the fossils. Z e f e l o oked at me quizzical ly as I spoke to h im of Tanzania. 

" I a m f r om M a l a w i , " h e said. " C o m e there . W e have dinosaur b e d s . " 

T H E ROCKS ZEFE was talking about, the same ones M i g e o d and Parr ington 

had visited a long L iv ings tone ' s lake in 1930, the same ones that had y ie lded 

spec imens to the British M u s e u m , sounded a lmost t o o g o o d . T r u e , they did 

no t have the reputat ion o f Tendaguru fo r vast quantities o f b o n e , but on the 

o ther hand, the area was m o r e r e m o t e . I t had been visited but never seriously 

w o r k e d by a pa leonto log is t . Y o u n g e r than the Dinosaur Beds w e r e rocks of 

the r ight age to contain Australopithecus, humankind 's ancestor. Z e f e was do ing 

his P h . D . dissertation on th em , and he had found many bones weather ing out 

already. Still y ounge r , there was interest ing archaeo logy , cultural remains 

f r o m the Afr ican Stone A g e . Still o l de r than the Dinosaur Beds w e r e rocks 

w i th fossils o f animals that w e r e tradit ional ly cons idered sort o f evolut ionar i ly 

" h a l f w a y " b e t w e e n rept i les and mammals because, although they are on the 

mammal ian l imb of the evo lut ionary t r ee , they have a p r im i t i v e , repti l ian l ook 

t o them. 

A l l o f these di f ferent aged rocks w i th their wea l th o f fossils w e r e found in 

the same area of nor thern M a l a w i . Surely an exped i t i on to such a place w o u l d 

pay off. If I d id not ge t exact ly what I wan ted in the Dinosaur Beds, I w o u l d 

just m o v e in to younger rocks . I f that did not w o r k , I w o u l d go o lder . T h e 

state of k n o w l e d g e of Afr ican pa l eonto logy be ing what i t was , I was sure to 

find someth ing significant. It was a no- lose situation. 
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Yes , Ma law i was the place to g o . Z e f e had a j o b wai t ing for h im at the 

Depar tment of Ant iqui t ies in the capital, L i l o n g w e , w h e n he f in ished his 

P h . D . We go t along w e l l . He was probably as happy to have a co l league 

interested in c o m i n g to w o r k in Ma law i as I was in go ing there . I w o u l d study 

the bones , Z e f e w o u l d study the rocks they came f r o m . T o g e t h e r we w o u l d 

unravel the geo log ica l history o f M a l a w i , and put its fossils into the w h o ' s w h o 

of ancient l i fe. A l l that remained was to do it . 

Z e f e and I dec ided that we w o u l d wa i t for his imminen t graduation f r om 

Berke ley . T h e n , w i th P h . D . in hand, he w o u l d return to Ma l aw i . I w o u l d 

submit a proposal to the Nat ional Geograph ic Society for funds to support our 

w o r k . I f we g o t funded, we w o u l d be off. 

I t was t w o years be fo re the plan was put into act ion. 

MY COMMITMENT TO investigating the fossils o f Ma law i stems f r om a deep 

and considered calculation that they w o u l d p rov i de an impor tant chapter in 

the history of l i fe. Serious study of the history of life goes back a long, l ong 

way , but a g o o d place to start l ook ing at it is w i th Charles D a r w i n (F igure 

5 ) . David L iv ingstone was a con t empora ry o f D a r w i n ' s whose masterful w o r k 

p rov ided a foundation for understanding evo lut ion and for making sense out 

of fossils. L iv ingstone f irst visited the shores of Lake Ma law i in 1859, the same 

year Darw in published The Origin of Species. It was an exc i t ing t ime in the 

d e v e l opmen t o f great ideas. 

FIGURE 5: David Livingstone, whose explorations and opposition to slavery opened 

the Interior of Africa to the Western world, and Charles Darwin, who elucidated 

natural selection as the mechanism for evolution. 
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Liv ingstone was trained in theo logy and med i c ine , but he had a broad 

interest in natural history fostered by his studies w i th the great British 

anatomist Sir Richard O w e n . I t was Sir Richard O w e n w h o co ined the t e rm 

dinosaur, an event that occurred just after L iv ingstone first departed for Afr ica. 

L iv ingstone admired O w e n , and the admirat ion was rec iprocated by the 

teacher. Years after be ing a pupi l , L iv ingstone brought to O w e n , all the way 

f r om Afr ica , an interest ing but heavy spec imen. It was an elephant tusk wi th 

a strange spiral curve . 

Sir Richard was ve ry influential in bui lding the British Museum. He was 

an accompl ished and r ecogn i z ed scientist. D a r w i n repeated ly cites his wo rks 

and opinions in the Origin of Species. M o r e o v e r D a r w i n refers to O w e n ' s 

f o r m e r student by name in Chapter 1 of the Origin, stating in his discussion 

of b io log ica l variation under domest ica t ion , in a passage on the widespread 

use o f se lect ive b reed ing o f l ivestock, " L i v i n g s t o n e shows h o w much g o o d 

domest i c breeds [o f animals] are valued by the negroes o f the inter ior o f Afr ica 

w h o have not associated w i th E u r o p e a n s . " 

Stil l , l ong be fo re D a r w i n published the Origin of Species, L iv ingstone , in his 

o w n w a y , conc luded that science and re l i g ion w e r e no t opposed . Both, 

thought L iv ings tone , w e r e mutual ly necessary and helpful revelat ions o f the 

D i v i n e . H e rema ined , h o w e v e r , l ike O w e n , unsympathet ic t o Da rw in ' s v i ews 

on evo lu t i on . His conclusion was reached not so much by the study of 

D a r w i n ' s w o r k — t h e r e i s no ev idence he e v e r studied i t — b u t rather because 

nothing in his travels suggested to h im that humans descended f rom apelike 

ancestors. That v i e w is he ld by some even n o w , but w i th much less justifica

t ion than in L iv ings tone ' s day. 

Evo lut ion prov ides a f r a m e w o r k wi th in wh ich we can v i e w the interrelat-

edness of l i fe , o f all the myr iad di f ferent species that have e ve r ex is ted. T h e 

Earth through t ime prov ides the setting in wh ich evo lu t ion takes place. T h e 

w o r l d as we k n o w i t today results f r om a vast amalgam of in te r tw ined physical 

and b io log ica l processes acting f o r eve r under the ambient circumstances of 

the t imes . T h e future, in its turn, w i l l be m o l d e d by these same immanent 

processes. T h e r e is an unbroken cont inuity in Earth history. H o w e v e r , in the 

f inal measure , the Earth and li fe are continual ly changing. No t ime is exact ly 

the same as any o ther , and no place is e v e r exact ly the same t w i c e . 

L i fe changes through the mi l lennia. No species has remained unchanged 

since the beg inning o f life on Earth. M o s t species, the o v e r w h e l m i n g major i ty , 

are di f ferent and distinct in successive epochs of Earth history. That is an 

empir ica l fact. Even so, although apparent ly great di f ferences exist b e t w e e n , 
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say, jellyfish and wh i ppoo r w i l l s , or b e t w e e n kelp and rhododendrons , each 

distinct species is re lated to all o thers . Of this D a r w i n said, " I t is a truly 

wonder fu l f a c t — t h e w o n d e r o f which we are apt t o o v e r l o o k f r om familiar

i t y — t h a t all animals and plants throughout all t ime and space should be 

re lated to each o t h e r . " 

T h e r e is cont inuity in the spectrum of l i fe. A l l species, whe the r ex t inc t or 

still l iv ing, are re la ted, in greater or lesser d e g r e e , in much the same way as 

we as individuals are re lated through family genea logy to great-grandparents 

or second cousins tw i c e r e m o v e d . T h e change o f l i fe through t ime , this 

historical parade of re lated species, is evo lu t i on . 

T h e big di f ference b e t w e e n an evo lut ionary t ree and a genealog ica l t ree is 

that the branches of an evo lut ionary t r e e , unlike family histories, cannot jo in 

and m e r g e the way families can, w i th the marr iage of a Smith to a Jones, for 

instance. Con t empo ra r y species cannot in terbreed . N e i t h e r can t ime sequen

tial species, but the transformation of an ancestral species to a descendant 

species is a process that takes place through t ime . Ancestra l species e v o l v e 

into descendant species, or they go ext inct . 

T h e continuity of life is obv ious and logical when read in the fossil r e c o r d , 

or even when v i e w e d in the immense array o f l iv ing species. M o r e o v e r , i t has 

adequate tes t imony in the fundamental mo lecu les o f l i fe , perhaps most p r o m i 

nently in D N A , the substance that carries the genet i c code f r om generat ion 

to generat ion . T h e c o m p l e x mo lecu les o f life are surprisingly un i fo rm in their 

basic structural plans throughout the panoply of species al ive today , even 

though in less fundamental details the mo lecu les of di f ferent species differ 

slightly. Mo l ecu l es such as D N A and prote ins are the basic functional and 

structural c omponen ts o f cel ls. No life exists w i thout them. In practical t e rms 

it is this similarity, this basic uni formity in both compos i t i on and function at 

the molecular l eve l , independent o f the diversity o f species, that a l l ows , f o r 

examp le , the use of laboratory rats as substitutes for humans in exper imenta l 

med ic ine . It is the basis for the b i o t echno logy r evo lu t i on , a l l ow ing for the 

genet ic eng ineer ing o f i m p r o v e d agricultural stocks, or the mass product ion 

o f medic ines as by-products o f mod i f i ed bacteria. These advances de r i v e f r om 

the recogni t ion of the basic cont inuity , the relatedness, of l i fe , the fact that 

species have changed o v e r t ime notwithstanding. 

As species of organisms have changed through the mi l lennia, so has the 

leve l o f b iot ic sophistication, for want o f be t t e r w o r d s , changed. T h e s impler 

basic divisions of l i fe , such as s ingle-ce l led pro tozoans for instance, have been 

around longer than m o r e c o m p l e x , mult ice l lular organisms w i th di f ferenti-
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ated tissues and organ systems. This is no t an inexorab le transcendental 

progress ion f r o m single-ce l led bacter ium in pr imord ia l o o z e to lo f ty , god l ike 

humans in the Garden of Eden. It is a general i ty . Besides, there are still lots 

and lots o f di f ferent kinds o f bacteria around. A n d yeasts. A n d algae. A n d 

sponges. A n d all kinds of s imple organisms. A f e w kinds of s imple organisms, 

such as s o m e parasites, are s imple because they are degenera te . A l l these 

species have a ro l e in the c ommun i t y of l iv ing creatures. Never the less , in 

genera l , the m o r e s imple a creature is, i f it has parts that w i l l fossil ize, the 

farther back in t ime fossils representat ive of its l eve l of sophistication can be 

found. Those s imple organisms that are still a r o u n d — t h e bacteria, yeast, and 

other p r im i t i v e c r e a t u r e s — b e l o n g to species that e vo l v ed along lineages that 

have no t branched as significantly, or so great ly , f r om the ancestral stock. 

Thus , s ingle-ce l led bacteria, as a g r oup , not any particular l iv ing species, 

have been on Earth much l onge r than mult ice l lular sponges. These have been 

around l onger than f ishes, and they l onger than repti les and mammals , and 

among mamma ls , humans are late on the scene. In this sense there is a 

progress ion , but only ve ry genera l ly . This is not to say that f ish and repti les 

and invertebrates are no t sophisticated. T h e y obv ious ly are , having e vo l v ed 

a long their o w n evo lut ionary pathways. T h e y l ive as m e m b e r s o f compl ica ted 

eco log ica l communi t i es that have changed w i th t ime . C o m p a r e , for instance, 

the d inosaur-dominated landscapes o f the M e s o z o i c w i th the mamma l -dom i 

nated communi t i e s o f today. To fully understand the or ig in o f the m o d e r n 

w o r l d , the evo lu t ion o f the species invo l v ed , and the evo lut ion o f the c o m m u 

nities to wh i ch they be l ong must be brought to l ight. A n d order ing species 

in the d imens ion of t ime is necessary for both . 

Compar i son o f the D N A or certain prote ins among l iv ing species can lead to 

conclusions regarding the antiquity of species just as the study of fossils can lead 

to such conclusions. A l l species have D N A w i th essentially the same architec

ture , but m o r e c lose ly re lated species have m o r e similar D N A ; less closely 

re lated species have increasingly m o r e , albeit m ino r , di f ferences. T h e basic 

structure of the mo lecu les is constant, but re lat ive ly small submolecular 

di f ferences occur . A m o n g species, these add up m o r e and m o r e w i th the 

increasing distance o f relationship and remoteness o f c o m m o n ancestry. T h e 

total d i f ference in the D N A o f t w o species i s general ly re lated to the length o f 

t ime that their evo lut ionary l ineages have been separate and distinct. That 

means that fossils or mo lecu les can somet imes be used to test and verify 

conclusions based on one or the o ther . A n d that is part of the reason w h y recent 

d iscover ies of plant and insect D N A fragments preserved in fossils are so 



THE FORGOTTEN DINOSAURS OF AFRICA 

25 
exci t ing. T h e y have the potent ia l to m e l d mo lecu lar evo lu t ion and pa l eon to l ogy 

in a way neve r be fo re possible . It is science w i th the exc i t emen t , and there fore 

the appeal, of f ict ion, seeming ly a m o v e t o w a r d real- l i fe Jurassic Park. 

Evolut ion is the basic fact of life for all species. L iv ing things change 

through the mi l lennia, but because of the cont inuity necessary for life to bege t 

l i fe, l iv ing things in their mos t basic mechanisms remain similar. T h e m o r e 

things change, the m o r e things stay the same. 

AT THE TIME Dav id L iv ingstone f i rst reached the shores o f Lake Ma l aw i in 

1859, Charles D a r w i n was present ing the w o r l d w i th a mechanism for 

evo lut ion . That was w e l l o v e r one hundred years ago . We have learned much 

since then that D a r w i n did not k n o w — f o r instance that the genet ic code o f 

a cel l , passed on each t ime the cel l d iv ides , is carr ied by D N A . Never the l ess 

Da rw in made lasting and surprisingly resi l ient contr ibut ions to the study of 

evo lut ion . His genius was r ecogn i zed by his c oun t r ymen ; ten years after 

L iv ingstone d ied , D a r w i n , t o o , was bur ied in W e s t m i n s t e r A b b e y . 

Da rw in ' s mechanism for evo lu t i on is natural se lect ion, a wonder fu l l y 

elegant concept . M o r e r eproduc t i v e cel ls , sperm and egg , are p roduced in any 

species than w i l l e v e r successfully p roduce p rogeny . A d d to that the fact that 

each individual of a species is di f ferent. D a r w i n k n e w that, and he k n e w f r o m 

domest icated animals that certain traits b r e ed t rue . N o t k n o w i n g about D N A , 

or the genet ic c ode , D a r w i n ' s theory had a weakness that is o v e r c o m e to s ome 

deg ree b y m o d e r n genet ics . W e k n o w much m o r e n o w about the nature o f 

genet ic variat ion, h o w it is maintained, and h o w it is passed f r om generat ion 

to generat ion. I f i t is important to k n o w about evo lu t i on , it is necessary to 

k n o w about genet ics . 

T h e nex t premise of natural se lect ion is that resources for each species are 

l imi ted. F o o d , or suitable habitat, o r m a t e s — t h e r e w i l l neve r be enough o f 

something to go around. So some individuals and s o m e sex cells are be t t e r 

able to cope w i th the env i r onmen t by v ir tue o f the nature o f their variat ion. 

Those that can r eproduce m o r e than others w i l l be naturally se lected for by 

the env i ronment . In that sense r eproduc t i ve success, leaving m o r e of your 

o w n genes , is a measure of evo lut ionary success. 

T h e log ic of natural se lect ion is s imple and easy to understand. It does 

have a significant ro l e in evo lu t i on . But c learly there has to be much m o r e 

that we do not yet understand about the feedback f r om the env i r onmen t to 

the genet ic code and about the cont ro l o f embryo log i ca l d e v e l o p m e n t , for 
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instance. A n d above all, about the genet i c c o d e itself. That is w h e r e the 

study of l i fe 's mo lecu les and their r o l e in evo lu t ion is leading today. T h e 

process o f e vo lu t i on , w h e n i t i s m o r e fully unders tood , w i l l encompass 

general i t ies of far-ranging significance to h o w life wo rks because i t w i l l be a 

synthesis o f results f r om genet ics , mo lecu lar b i o l o gy , e m b r y o l o g y , e co l ogy , 

and all o ther branches of the l i fe sciences. That is truly e legant . 

For any l iv ing species, as we have seen, we can already learn much of its 

evo lut ionary history wr i t t en at the mo lecu lar leve l in its D N A and prote ins . 

But that is only part of the p icture of l i fe 's d e v e l o p m e n t on Earth. These 

things can neve r tel l us the w h o l e story about the wonder fu l variety of l i fe , 

c omp l e t e l y vanished, lost to our eyes through ex t inc t ion . O n l y fossils can tell 

us about the t r emendous numbers of once- l i v ing b io log ica l success stories, 

n o w g o n e . O n l y fossils can tel l us the pathways that evo lut ion did take, in 

addit ion to w h e r e they ended up. A n d i t is on ly through the fossil r e co rd that 

we can obse rve , empir ica l ly , the results o f the admix ture o f Earth and life 

processes. I f we are w ise enough to read the r e co rd , it can help us, as a 

species, pred ic t the g lobal o u t c o m e o f our env i ronmenta l actions, for be t ter 

or w o r s e , through an understanding o f h o w fossil organisms responded to 

env i ronmenta l changes imposed upon them by the Earth in t imes long past. 

UNDERSTANDING EVOLUT IONARY history requires understanding g e o 

log ic t ime because evo lu t ion is, by def ini t ion, change through t ime . So we 

have t o have a way t o measure g e o l o g i c t ime . H o w do we do it? H o w do we 

k n o w h o w o ld a fossil is? H o w can we tell? 

O l d bones , o r shells, o r petr i f ied w o o d — a n y foss i l s—are usually found in 

sedimentary rocks f o r m e d f r om deposits o f m u d , sand, or l ime at the b o t t o m 

of lakes and r ivers , beaches and seas. An ima l or plant remains ge t caught up 

in the deposit ional process , m o r e or less as geo log ica l particles themselves . 

S o m e rocks, such as chalk, or coa l , are made up almost c omp l e t e l y of fossils. 

As a part of a sedimentary system, the fossils we f ind tell us about the 

geo log i ca l condit ions of the past. But they are also componen ts of a once -

l iv ing c ommun i t y and as such they tel l us of the env i r onment and eco l ogy in 

wh i ch they w e r e a part be f o re they en te red the geo log i ca l r ea lm. These 

e x t r e m e s — c o n d i t i o n s o f l i fe , condit ions o f f oss i l i za t ion—grade one into the 

o ther , and each tells us someth ing about the o ther . T h e age of a bed of rock, 

f o r m e d f r om the hardening of the sed iments , represents the t ime the fossils 
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w e r e en t ombed and, in a geo log ica l sense, is taken in most instances as the 

t ime when the fossil ized organism l i ved . 

A n y bed of sed iment must be younger than the surface on wh ich i t is 

depos i ted . T h e r e f o r e , it is obv ious that in a sequence of sedimentary rocks , 

the oldest bed is on the b o t t o m , the youngest at the t op , and the age decreases 

progress ive ly f r om the f o rme r to the latter. This concept o f superposit ion 

(F igure 6) is the s imple basis for be ing able to de t e rmine the re lat ive age of 

fossils. Those at the b o t t o m are o lde r than those at the t op . That is also the 

fundamental pr inciple under ly ing the empir ica l statement that life changes 

through t ime . Di f ferent fossils occur in l o w e r and higher beds ; in o ther 

w o r d s , o lde r and younger rocks. That i s the concept o f f a u n a l — o r f l o r a l — 

succession. Di f ferent species of organisms succeed each other in stacked layers 

o f rock , and through t ime . 

But i t is not enough to k n o w the re lat ive age o f a fossil. We real ly want 

to k n o w h o w o l d , in numbers o f years, a particular fossil is. T h e key to te l l ing 

that kind of g eo l o g i c t ime is through the natural radioact iv i ty in rocks . A f t e r 

rocks such as basalt crystall ize f r om mo l t en lava, radioact ive potassium or 

other e lements w i l l decay, through radioact iv i ty , into another kind o f mat ter . 

By know ing h o w rapidly a particular kind of radioact ive e l emen t decays, the 

age of the coo l ed rock can be calculated. T h e idea is s imple . But i t on ly wo rks 

on the right kinds of rocks , and then on ly i f they do not ge t adversely affected 

by other Earth processes. Unfor tunate ly the appropr iate rocks for dating are 

not general ly the ones that contain fossils. T h e technique of radiocarbon 

dating can actually date fossils, but not ve ry o ld ones , and it is useless for 

things as o ld as dinosaurs. 

It is easy to imagine a vo lcano such as M o u n t Saint He lens spewing ash, 

or lava ooz ing d o w n a hillside to the sea, as happens in Hawa i i . Particles of 

ash or f lows of lava b e c o m e incorporated in the sequence of sedimentary rock 

being f o rmed . Radioact ive e l ements in the vo lcanic rocks can be assayed, 

prov id ing a m i n i m u m age for all the rock layers, and their conta ined fossils, 

b e l o w the dated rock and a m a x i m u m age for all the rocks and fossils above 

the dated rock. In a sequence w i th a lot of fossils throughout , and many lavas 

or volcanic ashes interspersed w i th the sedimentary layers, the dating can 

b e c o m e very accurate, geo log ica l l y speaking. 

T h e r e is another way to f igure out the ages of rocks . I t is based on the 

behavior o f the Earth's magnet ic f ie ld . Pa leomagnet i sm depends f i rs t on 

know ing relat ive ages de t e rm ined f r o m a sequence of fossils and their super-



LOUIS JACOBS, P H . D . 

28 

pos i t ion, and on rad iomet r i c age calculations. It is nevertheless very useful 

because it a l l ows e x t r e m e , long-distance prec is ion in identi fying rocks that are 

of identical age but that cannot themselves be radiometr ica l ly dated. 

H e r e is h o w it w o r k s . T h e Earth has a magnet ic f ie ld, as we all k n o w 

because a compass need le aligns itself w i th magnet ic north. Because compass 

needles always po int nor th , we are able to tel l d i rect ions, even in the dark, 

and there fo re we do not ge t lost. That is w e l l and g o o d for the present, but 

it just so happens that at various t imes in the past the compass need le did not 

po int to the nor th . I t po in ted south, 180 degrees oppos i te f r om what i t 

should. W h a t is m o r e , these per iods of reversal appear to have taken place 

at r andom intervals, at unpredictable t imes in the past. Somet imes the 

compass po in ted south for a f e w hundred thousand years, somet imes for 

mi l l ions . T h e lengths o f t ime var ied. We k n o w this because many rocks 

contain minerals that acted as tiny compass needles wh i l e the rocks w e r e 

f o rm ing . T h e Earth's magnet ic f ie ld is r e co rded in the sequence of rocks at 

the Earth's surface. 

Thus , i f you w e r e to l o ok at the history o f the Earth's magnet ic f ie ld and 

the d i rec t ion in wh ich the north end of the compass need le w o u l d po int , as 

i f r e c o rded on a cont inuous tape, you w o u l d see a series of normal and 

reversed polar i ty intervals, none o f them be ing exact ly the same length, 

because none o f them lasted the same length o f t ime (see Figure 6 ) . Because 

of the variation in lengths of intervals of normals , then reversals, then 

normals , the tape w o u l d present a kind of c o d e , rather like a digital record ing . 

Just as the pattern of s imple on-o f f digits can r e co rd a symphony on a laser 

disk, if a stratigraphic sect ion is l ong enough to encompass a number of 

po lar i ty reversals, and i f the rocks preserve the normal - reversed " d i g i t a l " 

signal of the Earth's magnet ic f ie ld layer by layer, the magnet ic pattern 

prese rved in the rocks w i l l be unique to the t ime interval in wh ich the rocks 

w e r e f o r m e d , the way a f ingerprint pattern is unique to a person. T h e pattern 

can be as characteristic of that t ime interval as a symphony is of a compose r . 

A n d just as a r e co rded symphony can be l istened to and appreciated most 

anywhe r e , anywhere rocks exhibi t a characteristic pattern of polar i ty changes, 

you can be sure they are o f the age def ined by that magnet ic pattern. Of 

course , there are any number of things that make the real w o r l d m o r e 

compl i ca ted than theory , but in genera l , that is h o w pa leomagnet ism works 

for te l l ing geo log ica l t ime . I f a specific polar i ty pattern can be matched up 

f r om place to p lace , the rocks record ing the patterns are of the same age. So 

are the fossils they might contain. 
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FIGURE 6: How to date fossils. On the left is a sequence of layered rocks as shown 

by the patterns of lava, ash, shale, sandstone, and limestone. The rock layers are 

oldest at the bottom and progressively younger toward the top. Fossils that occur 

lower in a sequence of layered rock are older than those that occur higher in the 

sequence. Volcanic rocks like basalt and ash can be dated using radioactive decay 

of their constituent minerals. They set older and younger limits on the absolute 

age, in numbers of years, of a fossil that occurs above, below, or between dated 

rocks. The Earth's magnetic signal preserved in a sequence of rock is used to 

compile a reversal pattern that can be matched with other rocks of the same age 

anywhere in the world that the pattern might be recognized. 
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So , we can tell t ime w i th fossils and w i th pa leomagnet i sm. But neither 

technique prov ides an age in numbers of years. Never the l ess , i f any absolute 

date happens to b e c o m e available to a succession of strata through the 

rad iomet r i c dating of a vo lcanic rock , that date b e c o m e s applicable w h e r e v e r 

the precise magnet i c interval , or corre la ted fossil interval , can be identi f ied, 

anywhere in the w o r l d . On the b o t t o m o f the ocean, or the t op o f a mountain. 

A numer ica l date is d e t e rm ined in only one p lace , but through fossils and 

pa l eomagne t i sm, it can be appl ied all o v e r the p lace . This is an ex t r eme l y 

powe r fu l union of me thods , far b e y o n d s imple floral and faunal succession, 

in the reso lut ion o f g eo l o g i c t ime . 

Th rough these techniques we can compare what is occurr ing at a g iven 

t ime all o v e r the Earth, f r om reg ion to r eg ion . We can l ook in excruciat ing 

detail at rates of evo lut ionarv change as they are preserved in the rock r ecord 

because the changes can be calibrated w i th absolute dates. This ref ined v i e w 

of g e o l o g i c t ime is not s imply re levant to evo lu t i on . I t is re levant to under

standing all o f the Earth's processes that benef it f r om the d imension of t ime . 

That includes the fo rmat ion o f many e c o n o m i c o r e deposits , and, because 

fossils re f lect env i r onment , to mechanisms of c l imate change, such as the 

greenhouse ef fect. Thus the w o r k of pa l eonto logy has broad impl icat ions. Just 

as evo lut ionary theory has cont inuity w i th the practical aspects of b io logy and 

med i c ine , so , t o o , does pa l eon to l ogy m e r g e w i th e c o n o m i c and env i ronmen

tal g e o l o g y and w i th c l imato logy . 

In the simplest t e rms , the b iosphere of life and l i thosphere of rocks are not 

independent . T h e y are one . T h e y are c omponen t s o f a perpetual tapestry o f 

incomprehens ib le grandeur , the we f t o f stone and warp o f l i fe , w o v e n 

cont inuously on the l o o m o f t i m e . 

O N E DOES NOT need to go to Afr ica to study evo lut ion or g eo l og i c t ime . 

That can be done anywhe re . But to apply the concepts of evo lut ion and 

g e o l o g i c t ime on a g lobal scale, Afr ica does have to be brought into the 

p ic ture . In addi t ion, there is another aspect of change through the mil lennia 

that must be cons idered : continental dri f t , the dance of the great Earth. 

It is w e l l accepted among geo log is ts nowadays that the Earth's surface, the 

ent i re oute r shell o f the g l o b e , is d iv ided into r ig id plates that m o v e relat ive 

to each o ther . That is the concept o f plate tectonics (F igure 7 ) . T h e continents 

float on the plates, because they are made of l ighter rocks, and are carried 

along passively as the plates m o v e , dri f t ing as it w e r e across the planet. 
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FIGURE 7: Plate tectonics and continental drift. Nowhere can this he better 

visualized than with South America, Africa, and the ocean in between. Continents 

under tension may form rift valleys and eventually tear apart. If that happens, an 

ocean will be born where the landmasses separate. That is what happened 100 

million years ago as Africa and South America split. Oceans grow larger as molten 

rock rises from inside the Earth to form new ocean floor at spreading centers such 

as the Mid-Atlantic Ridge (bottom). Thus, what begins as a rift valley may end up 

an ocean basin, with the continents drifting away from each other as the ocean 

grows wider. That is why the outlines of the continents on either side of the ocean 

often ft together like pieces of a puzzle. On the western margin of South America 

(left) one plate dips deeply under another and is consumed in a subduction zone. 

Volcanic mountains such as the Andes are formed along the edge of the continent 

as a result of the subduction process and the heat it generates. 
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T h e m o t i o n of plates can go in di f ferent d i rect ions. Plates may d i ve rge at 

spreading centers , such as the M id -A t l an t i c R idge deep under the ocean. 

Cont inents m o v e away f r om each other as plates d i v e rge . Plates may con

v e r g e , or m o v e t o w a r d each o ther , one d ipping beneath another in a subduc

t ion zone . Th is causes the floating cont inents to m o v e t owa rd each other , 

e ven co l l i de , f o rming mountains such as the Himalayas. Plates also slide past 

one another , as is happening n o w w i th the San Andreas Fault, a very obv ious 

boundary b e t w e e n t w o plates right in our o w n b a c k y a r d — o r front yard, as 

the case may b e . That is one reason w h y Cali fornia has so many earthquakes. 

Someday , mi l l ions o f years hence , Los Ange l es may lie wes t o f San Francisco. 

If, through continental dri f t , the conf igurat ion of the Earth's continents is 

continual ly changing, then the conf igurat ion of oceans, wh ich separate the 

cont inents , must be changing t o o . In fact, for an Earth that is 4.5 bi l l ion years 

o l d , it is absolutely startling that the o ldest rocks in the ocean f loor today are 

a m e r e 208 mi l l ion years o ld . A n d only a f e w are that o l d . M o s t are younger . 

S o m e are much younger . Some are f o rming right n o w . 

W h y are oceans so young w h e n the Earth is so old? Because at the 

mid-ocean r idges mo l t en lava rises f r om deep in the earth and cools to f o rm 

hard rock . N e w ocean f loor is continual ly be ing f o r m e d . As n e w sea f loor is 

f o r m e d , i t pushes the continents farther away f r om the spreading center . At 

conve rgen t boundaries subducting slabs of the Earth's crust pull the plates 

w i th their floating landmasses d o w n along behind them. It is as i f the conti

nents are on c o n v e y o r bel ts . 

It so happens that the m o v e m e n t of continents can be traced back in t ime 

using the magnet ic signal p reserved in the rocks of the ocean f loor . As n e w 

rock is added to the Earth's crust at mid-ocean r idges , magnet ic minerals align 

themselves w i th the d i rect ion o f the Earth's magnet ic f i e ld . As we have 

already seen, changes in the Earth's magnet ic Held can be used for deciphering 

g eo l o g i c t ime . In the sea f loor magnet ic history is ref lect ing the magnet ic f ield 

as n e w rock is f o r m e d and ex t ruded out to b e c o m e part of the sea f loor itself 

(F igure 8 ) . T h e farther f r om the r idge in either d i rec t ion , the o lder the rock. 

I f n e w rock is continual ly added to the sea f loor at mid-ocean r idges, the 

sea surrounding the M id -A t l an t i c R idge must have been smaller at any g iven 

t ime in the past. Afr ica and South A m e r i c a must have been closer toge ther . 

It f o l l ows that the past posi t ion of the continents at a g iven point in geo l og i c 

t ime can be easily reconstructed , theoret ical ly anyway, by identi fying specific-

por t ions in the f ingerpr int pattern of the pa leomagnet ic r e co rd of the ocean 

floor. It is l ike running a tape in r eve rse . 
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FIGURE 8: Magnetic stripes aligned symmetrically along spreading centers such as 

the Mid-Atlantic Ridge demonstrate that new ocean fioor is formed at spreading 

centers. Compare the magnetic reversal pattern seen here aligned horizontally with 

the vertical pattern in Figure 6. The patterns are the same because the rocks, 

formed at the same time, acquired the signature of the Earth's magnetic field at 

the time of their formation. If rocks are of the same age, and if they clearly 

preserve the record of the Earth's magnetic field at the time of their formation, 

they will exhibit virtually identical magnetic patterns wherever they are formed, 

whether it be in the sea floor or on the continents. 

Because the magnet ic f ield affects the w h o l e w o r l d , the same signal at any 

g iven point in t ime , past or present , w i l l be r e c o rded in sedimentary rocks 

pil ing up on cont inents, or in sea-f loor rocks coo l ing a long a mid-ocean r idge . 

So i f the same magnet ic f ingerprint can be identi f ied simultaneously on land 

and sea, we should be able to de t e rm ine w h e r e a cont inent was at the precise 

t ime that a particular suite of fossils was l iv ing on land. That is truly amazing. 

I f all the oceans are young , geo log ica l l y speaking, and i f we can trace the 

m o v e m e n t o f continents backward in t ime , we w i l l d iscover that a t one t ime 

all the landmasses w e r e assembled, puzz le l ike , into a super-supercont inent , 

Pangaea. It had itself been assembled f r om c o m p o n e n t continental parts in 

much earl ier t imes . In its ult imate breakup to f o rm the continents as we k n o w 

them n o w (F igure 9 ) , Pangaea f i rst began to split into a major but compl ica ted 

supercontinent in the nor th , Laurasia, and into a second supercont inent , 

called Gondwana , in the south. These great landmasses w e r e separated in the 

east by an ocean, a remnant of wh ich is familiar to us as the Medi terranean 

Sea. As t ime progressed, the At lant ic began to f o r m , at f i rst d iv id ing eastern 

N o r t h Amer i ca f r om nor thwes te rn Afr ica . At this stage there was no southern 

Atlantic because Afr ica and South A m e r i c a w e r e still j o ined in Gondwana . 

Afr ica became progress ive ly isolated f r om the rest o f Gondwana , f i rs t on 

its eastern marg in , then d o w n to the south, then up the wes t side. It was as 

i f a gigantic z ipper around Afr ica became unfastened. T h e South At lant ic 

Ocean f o rmed as South A m e r i c a separated f r o m Afr ica 's wes t coast. 
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FIGURE 9: Approximate geographic arrangements of the continents from 200 

million years ago to the present (Africa is stippled). All of the continents were 

joined into the super-supercontinent of Pangaea 200 million years ago. Pangaea 

split into Gondwana, comprising the modern southern continents plus India, and 

another large landmass called Laurasia. By 100 million years ago Africa was 

beginning to split from South America, and since then the continents and oceans 

have achieved their modern distributions. The geographic arrangement of continents 

and oceans through time is a fundamental element of the evolution of the Earth 

and the life on it. It explains why we should expect similarities between African 

and South American dinosaurs (and other animals) prior to 100 million years ago. 

T h e last detachment o f Afr ica f r om remnants o f Gondwana occurred 1 0 0 

mi l l i on years ago . At that t ime what is n o w Brazil in South Amer i ca slid away 

f r om W e s t Afr ica. Imag ine , i f you can, standing on the beach in the Gul f o f 

Guinea on the Afr ican coast, watching South A m e r i c a sailing across the ocean, 

the captain of its o w n tectonic p late , speeding away f r om you at the same rate 

a t wh ich your f ingerna i l s g r o w ! At that t i m e , one hundred mi l l ion years ago , 

in what may seem a s l ow , inexorab le process , the At lant ic Ocean was 

c o m p l e t e d f r om south to north. Afr ica and its animals became isolated f r om 

all o ther cont inents . 

W h a t happens w h e n continents b e c o m e isolated f r om each other? A l l 

continents have their o w n characteristic plants and animals. W h e n we think 

o f Australia, we think o f kangaroos, and we think o f the duck-bi l led platypus, 

its scientific name , Ornithorhynchus anatinus, made into a chi ldren 's song by 

M r . Roge r s . For South Amer i c a , we might think o f opossums, and sloths, and 

armadi l los. Afr ica has vast herds of ante lope and zebra on the plains, and l ions, 

and aardvarks. W h y should there be characteristic animals on dif ferent conti

nents? 
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W h e n a cont inent b e c o m e s isolated geographica l ly , its inhabitants lose the 

opportuni ty to interact in any way w i th the m e m b e r s o f their o w n species on 

other continents f r om which they have been separated, unless m ix ing occurs 

later for some reason or another . F r o m that po int o n w a r d in t ime evo lu t i on 

per fo rms in a separate theater , distinct f r om what may happen on other 

cont inents, ye t dependent for its raw talent on the legacy of prev ious distribu

tions o f species across the g l obe . T h e current geographical distr ibution o f 

antelopes has l itt le to do w i th continental posit ions in the A g e o f Rept i les 

because ante lopes, as clearly recognizab le ante lopes, are evo lut ionar i ly much 

younger than the p late- tectonic events o f the M e s o z o i c . W h e r e ante lopes l ive 

today is a re f lect ion of m o r e recent influences. T h e platypus, h o w e v e r , is a 

dif ferent story. Its roo ts , and its geography , may ve ry w e l l ex t end into the 

A g e o f Rept i l es . Its forebears w e r e around in Australia when the c o m m o n 

ancestor of ante lopes and humans was l itt le m o r e than a furry g rubber of 

w o r m s and bugs. 

By 100 mi l l i on years ago , w h e n Afr ica became isolated, f l ower ing plants 

w e r e beg inning to d e v e l op into the myr iad species that n o w abound. Because 

of that i t was a t ime of transit ion, f r o m the earth tones of prev ious epochs 

to a fragrant w o r l d splashed w i th c o l o r — c o l o r p r o v i d ed by f l owers . 

F l owers have a purpose . T h e y attract insects that inadvertent ly pol l inate 

the f lowers and thereby facilitate sexual r eproduc t i on . H o w c l eve r ! A n d the 

insects ge t a mea l . T h e beauty of f l owers is part of a major shift in strategy 

for plant evo lu t i on , but i t cou ld no t have w o r k e d unless insects could see 

co lors . T h e y cou ld , and they speciated, increasing their diversi ty and their 

numbers , along w i th the f l owers . 

T h e n e w diversi ty and abundance of f l ower ing plants and insects p r o v i d ed an 

expanded larder for plant-eating herb ivores , insect eaters, and predators that 

ate them both. A m o n g these w e r e animals that w o u l d ult imately b e c o m e 

familiar to us in the m o d e r n w o r l d . T h e r e w e r e frogs and lizards and mammals . 

Each of these major groups o f ver tebrates had been around much longer , but 

n o w they w e r e making evo lut ionary leaps that w o u l d suit them in the m o d e r n 

w o r l d . T h e y still r ema ined somewhat m ino r characters in the c ommun i t y o f 

species, v i ew ing the f l owers f r om the shadows of the dinosaurs. But impor tant 

changes w e r e under way . T h e r e was a b lossoming o f life beg inning one hundred 

mi l l ion years ago , taking place on f ragment ing cont inents and leading to the 

richness of the natural w o r l d that we see today. Afr ica , l ike all the o ther 

cont inents, had its o w n special ro l e in this great play of l i fe. 
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A  FRICA HAS BEEN shaped and m o l d e d for eons by the g lobal processes 

of plate tectonics and continental dr i f t . O n e result is that it has a string of 

great lakes running across the eastern side of the cont inent . Lake Ma law i is 

tin' southernmost oi the string (F igure 10) . It is the third largest and second 

deepes t . In Afr ica , only V ic tor ia and Tanganyika surpass Lake Ma law i in area. 

O n l y Tanganyika is deepe r . Ranked among the o ther lakes o f the w o r l d , i t 

is the thir teenth largest, but it is the third deepest . Lake Ma law i , m o r e than 

any o ther single feature, is the essence of the country . It is pervas ive . It is 

o v e r p o w e r i n g . T h r o u g h it, the processes of the Earth and the l ives o f the 

p e o p l e b e c o m e in te r tw ined in a single focus, a c o m m o n percep t i on . 

Lake M a l a w i is b lue , l ined w i th boulders and sand beaches. Vert ica l 

mountains w i th near-perpendicular rock wal ls p l u m m e t into the lake, alter

nating w i th stretches o f l o w , some t imes marshy shore . T o w a r d the north end , 

the highlands f o r m the eastern bank. T h e r e they are the splendid L iv ingstone 

Mounta ins o f Tanzania, d ropp ing prec ip i tously f r om their height o f nearly 

1 0 , 0 0 0 feet headlong into the depths. T h e n the heights are lost to the eastern 

shore , and highlands are on the wes t . 

T h e feet of the mountains are submerged in the depths. I t is there , w h e r e 

ramparts beg in to rise f r o m the d e ep , that the lake hides its deepest holes. 
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FIGURE 10: Location map of Malawi. Our camp is at Ngara in the north, on the 

shore of the lake. The Dinosaur Beds are near Aiwakasyunguti. 
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Seeming ly sheer cliffs may c l imb m o r e than a mi l e f r om the lake bed , w i th 

nearly half o f their height hidden b e l o w the surface. Gradual ly , away f r om the 

steep banks, the lake be comes m o r e shal low, progress ing f r om the depths 

t owa rd the oppos i t e , l ow - l y ing shore. 

Palm trees do t the lake marg in . T h e vision is that of a Pacific i s l and—blue 

wa te r , g r een mountains, sand, palms. But i t is, o f course , ve ry di f ferent. For 

one thing, Lake Ma law i is fresh. For another, this lake is an island of water 

in a sea of land. T h e oceans have never in the history of the Afr ican cont inent 

transgressed far enough inland to inundate Ma law i . That can be said of f ew 

countr ies . 

No body of wa te r the size of Lake Ma law i is mono l i th i c . I t changes; i t is 

dynamic . Seasonal changes c o m e w i th the rains, not w i th the ex t r emes o f 

t empera ture that characterize the seasons o f N o r t h Amer i ca and Europe . 

W h e n skies are c loudy , the lake is gray and somber . W h e n the sun shines, 

the wa t e r is l ight, happy. W i t h the clouds and the changing l ight, the depths 

take on varying hues of b lue , purp le , and g r e en , w i th glints and sparkles, as 

i f the lake w e r e a giant g ems tone . W a v e s rol l on the shore. Somet imes they 

are s l ow , pe r i od i c , mesmer i z ing . Somet imes they are thunder. T h e wate r is 

pleasant for bathing. T h e w ind feels crisp of f the lake. Drop l e t s of clean, fresh 

wa t e r evaporat ing in the b reeze induce prickles o f ephemera l exc i t ement . 

T h e r e is no greater vision than the lake seen f r om the height of the 

mountains. F r o m this vantage the distant shores of Tanzania or M o z a m b i q u e 

f rame the vibrant-blue wate r in the pastel-purple tints of the far away. B e l o w , 

the hills stretch g reen and verdant t o w a r d the depths. In the right phase of 

the m o o n , c louds, l ike s m o k e , rise f r om the surface o f the lake (F igure 11 ) . 

L iv ingstone called this kungu. H o w e v e r , these clouds are not the vapors of 

wa t e r ; rather, they are the hatching of mi l l ions of lakeflies, all taking to w ing 

in unison. T h e y are a part of the scene. It adds to the v is ion. 

A ship is occasionally seen p ly ing the lake nor thward f r om M o n k e y Bay on 

its way to Chi lumba and back through other por ts . T h e legacy of ships on Lake 

Ma l aw i is a pleasant distraction. Ships have a history in Ma law i that goes back 

to L iv ings tone ' s day. L iv ings tone ' s f irst European boat was a steam launch, 

the Ma-Roben, the mo the r of R o b e r t , named in Afr ican fashion for M r s . 

L iv ings tone . He used i t on the Zambez i and Shire r ivers . 

T h e f irst steamship on the lake was the llala, named for the place w h e r e 

L iv ingstone d ied . I t was brought to Afr ica by the Liv ingstonia Mission. Built 

in L ondon and dismant led, the pieces w e r e numbered and shipped to the Dark 
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FIGURE 11: Kungu mist, a horde of lakeflies rising from the lake after hatching. 

For scale notice the size of the canoes. Moistened winnowing baskets are used to 

collect the tiny fiesfor the kitchen if the swarm drifts over a lakeside village. 

Cont inent , w h e r e it was reassembled and launched on the lake in 1875. In 

1882 the Afr ican Lakes C o m p a n y t ook it o v e r . Subsequently i t was sold and 

transferred out of the lake. In 1922 the original llala, after nearly f i fty years ' 

serv ice , was w o r k i n g at the mou th of the Zambez i . I t sank soon a f terward . 

T h e llala 11 p l o w s the lake today. It is d i e s e l - powe r ed . 

T h e r e w e r e many other ships on the lake b e t w e e n the t w o Ilalas. I have 

already spoken of the il lustrious serv ice to the British war e f fort , and later to 

pa leonto logy , of the gunship Guendolen. T h e Dove was a s ide-paddle steamer 

that patro l led the upper Shire R i v e r in 1893, later making runs on the lake. 

Its nickname was Chikapa, a Y a o w o r d re ferr ing to the circular m o t i o n of 

dancing buttocks. H o w appropr ia te . 
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T h e r e was also the Chauncy Maples, b rought by the Universi t ies Mission to 

Central Afr ica and launched on the lake in 1901 . It was named for a martyr 

to the lake, Bishop Chauncy Map les . Maples w e n t to L ondon in 1895 to be 

consecrated bishop of L ikoma , an island in the lake near the coast of M o z a m 

b ique . T h e n e w bishop was anxious to return to his bishopric. A f t e r his 

consecrat ion he rushed back to his see , board ing the Sheniff near sunset for 

the f inal sail across the lake to L ikoma , in spite of the lateness of the hour and 

the c r e w ' s warnings of an impend ing ga le . T h e boat capsized in the ensuing 

s to rm. T h e bishop clung for a wh i l e to a f loating b o x , l ike a cat on flotsam. 

He was to ld that land was nearby; he could s w i m to safety. But he refused 

to r e m o v e his heavy black cassock. 

" S a v e y o u r s e l v e s , " he i s said to have cr i ed . " Y o u must not die for m e . 

I am a miserable sinner. My hour to d ie is c o m e . " 

I t certainly had. T h e lake kept his body for t w o weeks until i t was washed 

up on to the shore, recognizab le only by the black cassock. 

T H E FISH OF Lake Ma l aw i are remarkable for their co l o r and abundance. 

T h e y abound in t r emendous var iety . Many , perhaps mos t , have not even been 

named . O n e est imate suggests that there are b e t w e e n f ive hundred and one 

thousand distinct species in the lake. A l m o s t all of these are endemic , k n o w n 

f r om n o w h e r e e lse, not e v en f r om the streams f l ow ing into the lake. Mos t , 

but not all, of this spectacular var iety of f inny diversity is accounted for by 

cichl ids, tropical f ish mos t characteristic of Afr ica but also c o m m o n in South 

Amer i ca . T h e Afr ican great lakes are each h o m e to separate evolut ionary 

radiations of cichlids w i th di f ferent species evo l v ing to f i l l similar eco log ica l 

niches, sharing similar ways of l i fe , but in di f ferent bodies of wate r . This 

separate evo lu t ion in areas isolated f r om each o ther is on a smaller scale but 

conceptual ly identical to the evo lut ionary isolation on dif ferent continents 

caused by continental dri f t . 

Some o f the l itt le f i sh o f Lake Ma l aw i are the tiny s w i m m i n g j ewe l s called 

mbuna that are pr i zed by freshwater-tropical- f ish enthusiasts. In days not long 

past, many mbuna o f many di f ferent species w e r e e x p o r t e d to the aquaria of 

A m e r i c a each year. N o w they are raised on special cichlid farms in Florida. 

Mbuna are e x t r e m e l y var ied , s ome quite co lor fu l , g o l d or b lue , some str iped. 

O thers are drab, and no t o f much interest to hobbyists. P eop l e have been 

k n o w n to poison the waters around a rocky island lacking the color ful mbuna 
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locally in o rde r to create a vacancy for m o r e desirable species that cou ld then 

be transplanted to the waters in place of less-colorful natural residents. 

T h e r e is only one place in Ma law i w h e r e tourists are abundant. That is at 

Cape Maclear , at the southern end of the lake, w h e r e the original L iv ingstonia 

Mission was established, and w h e r e Lake Ma l aw i Nat ional Park is n o w 

located. It is beautiful. Its major attractions are the grandeur of the country

side, the crystal-clear wa te r , and the snorkel ing around the rocks and boul

ders. It is l ike v i ew ing the f ish of a coral r e e f in fresh wa t e r . A l though tourists 

frequent the national park, mbuna inhabit most of the lake, especially in rocky 

areas. T h e r e are many places o ther than the park that are equally suited for 

snorkel ing. 

N o t surprisingly, f ish compr ise a significant c o m p o n e n t o f the Malawian 

diet . Much of the pro te in consumed in Ma law i is in the f o rm of f ish. O v e r 

forty thousand tons of i t c omes f r o m the lake eve ry year . Apparent l y the most 

desired fish for the table is chambo, a cichlid panfish, similar to a b ream. But 

there are many other kinds (F igure 12 ) . T h e r e are lake trout that are not t rout 

at all but, l ike t rout , are sw i f t - sw imming predators . T h e r e is a species that, 

l ike a salmon, sw ims up streams to lay eggs . A n d there are kampango, the 

giants of the lake, we igh ing up to around one hundred pounds. These are 

catfish, but of a di f ferent family f r om those we have in N o r t h Amer i ca . 

Much of the fish that is caught in Ma law i is dr i ed in the sun on r o w after 

r o w o f hand-fashioned straw or r e ed mats supported of f the g round by spindly 

sticks. O t h e r f ish are preserved by smoking . That is the best way to enjoy 

kampango. Fishing is done through a var iety of techniques, but the use of small 

hand nets accounts for most noncommerc i a l , subsistence f ish ing. Some o f my 

most pleasant images of Ma law i are of f ishermen in their canoes. F ishermen 

on a calm lake is a g o o d image . 

T h e s imple canoes o f Lake Ma law i impress me as they have many be fo re 

my t ime . T h e y are dugouts , t w e n t y feet l ong or so, but not o f the usual 

dugout design. W h o knows h o w long they have been in use, but E . D. Y o u n g 

prov ided the f o l l ow ing descr ipt ion of them in 1877: 

I have never seen e lsewhere, nor do I know that any previous travellers 

have noticed the singular build of these craft. They are of course, as in all 

these cases, made by felling trees and ho l lowing them out by axe and fire. 

But the Nyassa canoes have this peculiarity about them, that the gunwales 

are inverted, so that the paddlers have only a narrow slit d o w n the centre 
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FIGURE 12: Cichlids and a catfish (bottom) in Lake Malawi. Fish—-fresh, smoked, 

or dried—are a major source of protein in Malawi. Colorful Lake Malawi cichlids 

are a favorite with many tropical-fish hobbyists. 

of the canoe in which to sit. If a piece of bark is stripped off a tree f rom 

its who l e c ircumference, and dried as in the sun, it wi l l probably assume 

the shape of which I speak; the t w o edges wi l l curl in along the centre. 

Built in this way they are exceedingly buoyant and tolerably seaworthy, 

a very marked except ion to the ordinary run of r iver canoes, which are 

brought to a standstill if there is only a good ripple on the surface; for they 

have no m o r e life in them in a sea-way than a garden rol ler , and go down 

like stones as soon as they ship any water . The paddler uses a paddle about 

six feet long, and either stands or sits. 
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D o w n the way f r om my camp at Ngara , f i shermen returning in the even ing 

f rom the day 's w o r k wres t l e their dugouts on t o the beach. T h e hulls are laden 

wi th the catch, bushels of t iny, s lender , s i lvery f ish, not m o r e than an inch 

long, strained f r om the waters o f the lake through f ine mesh nets. W o m e n 

of the v i l lage, and chi ldren sent by their mo the rs , c r o w d around the boats, 

each clutching a po t to be f i l led w i th the f ish. These bullets o f pro te in w i l l 

be bo i l ed into the even ing ' s meal or d r i ed , then sold in upland markets . 

O n e evening w e w e r e o n our way back f r om Karonga t o L i l o n g w e . W e 

stopped at Nkhata Bay to camp , pull ing into the campsite w e l l after dark. T h e 

deepest po int in Lake Ma law i lies a couple of hundred feet of fshore f r om the 

beach w h e r e we unro l led our s leeping bags. T h e mountains rose a couple o f 

thousand feet above us. T h e r e was absolutely no m o o n . T h e wa t e r and the 

season w e r e juxtaposed by inexorab le probabi l i ty , l ike the a l ignment o f the 

sun, the earth, and the m o o n in an ec l ipse , into the per fec t night for f ishing. 

We could hear the exc lamat ions o f the f i shermen through the darkness. 

They w e r e a small c ommerc i a l concern w i th a long net and a lot of p eop l e 

to pull i t in. Hissing pressure lamps w e r e pos i t ioned to attract f ish by false 

moon l i gh t . T h e net was loaded into canoes and ferr ied out to the deepest part 

o f the lake, w h e r e i t was d r o p p e d . T h e n the men on shore pul led ropes 

attached to either end of the net , hauling i t through the wa t e r and capturing 

the weal th of f ish that had e m e r g e d f r om the depths to f eed . 

T h e r e was only one p r o b l e m : T h e ropes b r oke . T h e y w e r e ro t ten and 

could not bear the strain. T h e net began to s i n k — i n this case, to the deepest 

part of the third deepest lake in the w o r l d . S o m e o n e had to go after it . A small 

fleet o f canoes shipped the m e n into the night. O v e r the side they w e n t , 

sw imming bl indly through the chil ly black wa t e r , d o w n as far as they could 

g o , for as long as they could contain their bursting lungs, searching for the 

s lowly dri ft ing net , hoping to sw im into it. T h e y found it. But i t t o ok t ime . 

T h e catch was lost. 

N e v e r mind . Things happen. T h e f i she rmen w e r e fatalistic. T h e inexorab le 

f l ow o f t ime and probabi l i ty w o u l d br ing o ther nights for f i sh ing . 

W I T H ALL ITS diversity of f ish species, there is one kind of f ish, lungfish 

(F igure 1 3 ) , that is conspicuous by its absence f r om this Afr ican lake. That 

in itself is a significant statement about Lake Ma l aw i . Lungfish inhabit mos t 

of sub-Saharan Afr ica, f r om Senegal in the wes t to Mombasa in the east, then 
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south o v e r the C o n g o Basin, b e y o n d the Z a m b e z i , to the great g ray-green , 

greasy L i m p o p o R i v e r . T h e y are Pa leozo i c re l icts , tracing their genea logy as 

lungfish back in t ime for hundreds of mi l l ions of years (wh i ch is w h y Spinosau

rus can be eating a lungfish in Figure 2 ) . A l l o f them are n o w gone f r om the 

nor thern cont inents , but they persist in South A m e r i c a , Australia, and of 

course Afr ica , all three o f wh ich w e r e at one t ime part o f Gondwana , the 

southern supercont inent . 

Lungfish inhabit a var iety of wa te ry env i ronments , but they seem most to 

favor swamps or t empora ry marshes f l ooded by seasonal rains. These p lump , 

ee l l ike denizens are ob l i ged to surface per iod ica l ly , thrusting their f ishy snouts 

out o f the wa t e r to gulp oxygen- r i ch air. A l though they are most certainly 

f ish, i f they are held under wa te r , they w i l l d r o w n . The i r gil ls cannot extract 

enough o x y g e n f r om the wa t e r they l ive in. I f their habitat dries up, they 

s imply b u r r o w into the m u d , secrete a cop ious supply o f mucus, and f o rm 

a c o c o o n in wh ich to s leep away the dry season. 

FIGURE 13: A contemporary African lungfish. These animals have changed little in 

hundreds of millions of years. SPINOSAURUS is eating one in Figure 2. Lake Malawi 

is the only major East African Rift Valley lake where they no longer exist, even 

though they are found as fossils in sediments deposited in the lake as recently as a 

few million years ago. 
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T h e y also inhabit lakes, all the great lakes of Afr ica excep t o n e — L a k e 

Ma law i . T h e r e are no published repor ts of lungfish be ing caught in the lake. 

N o r do they surface among the piles o f fresh, smoked , or dr ied f ish in any 

of the markets I have visited in Ma law i . In o ther places lungfish are eaten. 

Even the native markets of Na i r ob i , n o w h e r e near a great lake, are stocked 

wi th lungfish f r om Lake V ic tor ia . 

But it has not always been the case that lungfish w e r e absent f r om Lake 

Ma law i . In rocks f o r m e d f r om the mud depos i ted only a f e w mi l l i on years ago 

by waters of the lake soon after i t was f o r m e d , my team found fossil lungfish. 

Clear ly , as shown by the demise of the lungfish, the lake has changed. It is 

a mono l i th neither on the scale of geo log ica l t ime nor on the scale of a human 

l i fe t ime. Lungfish in o ther lakes are k n o w n to venture away f r om shore, but 

general ly they seem to pre fer papyrus swamps along lake margins to the 

offshore depths. W a s Lake Ma law i bounded by m o r e swamps in the past? Is 

the b o t t o m n o w t o o f i rm, t o o free o f organic debris? A r e the present waters 

t o o clean and deep for lungfish? Maybe they are. O n e thing is sure. T h e lake 

has not remained static since it was f o r m e d . It has probably go t t en deepe r , 

and that is due to an evo l v ing geo log i ca l setting. N o t only that, but as we are 

about to see, the geo log ica l setting has facilitated the format ion of fossils. 

Many o f A f r ica 's most famous l akes—Turkana , Naivasha, V ic tor ia , Tan

ganyika, M a l a w i — o w e their ex istence to the g eo l o g i c structure o f East 

Afr ica. L ike a scar stretching f r om the R e d Sea in the north to M o z a m b i q u e 

in the south is the Great Ri f t Va l l ey . This gash across Afr ica is tangible 

ev idence of plate tectonics and continental dri f t : i t is the rupture of the Earth 

as the cont inent is r ipped apart (F igure 1 4 ) . To the north i t has opened to the 

sea. Indeed , i t is the ve ry reason w h y the R e d Sea exists. T h e w o u n d , w i th 

t ime , may we l l f lood progress ive ly to the south. O n e day sea wa t e r might f i l l 

a gul f that is n o w the Rift Va l l ey . 

In East Afr ica , along the Ri f t , the processes that tear the continents apart 

and send them on their way across the g l obe are ev ident . T h e highlands that 

flank the Ri f t , the great R u w e n z o r i M o u n t a i n s — t h e Mountains o f the M o o n 

of the early e x p l o r e r s — K i l i m a n j a r o , M o u n t Kenya , and the Aberdares are 

volcanic masses ref lect ing the upwe l l ing of heat and lava. T h e Ri f t Val ley 

f o rmed along w i th big vo lcanoes as the Earth's surface was stretched, creating 

spectacular rel ief . 

T h e c l imate at the b o t t o m of the Ri f t Val ley is hot and dry. T h e f lanks are 

coo l e r and m o r e pleasant. T h e heights surrounding the Rift Va l ley are much 
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FIGURE 14: Formation of the Great Rift Valley. Tensional forces pull on the 

continent causing blocks to drop down along faults (top). The Great Rift Valley 

has many such faults (bottom). Volcanoes are often formed in areas of active 

rifting. Hillsides and mountains formed from rifting and volcanic activity are 

weathered and eroded. The sediments derived from them are carried downslope and 

downstream where they are deposited. Animals and plants entombed in the 

sediments become fossils. 

coo l e r still. M o u n t Kenya , m o r e p rope r l y k n o w n as Kir inyaga, reaching to an 

alt itude of 17,058 feet , is capped w i th snow , ye t i t is on the equator . Each 

e n v i r o n m e n t — m o u n t a i n , va l ley , plain, desert , and every th ing in b e t w e e n — 

is character ized by its o w n c l imat ic r e g i m e , its o w n geo log i ca l features, and 

its o w n suite of plants and animals. Sand and soil particles and rock fragments 

and dust are carr ied downh i l l f r om the flanks and highlands by grav i ty , w inds , 

and wa te r . Finally they c o m e to rest, depos i ted in the beds of the streams, 

r ivers , and lakes of the Ri f t Va l l ey . 

D ia toms , s ingle-ce l led plants w i th bodies of ornate silica, flourish in 

uncounted numbers in Ri f t Va l ley lakes, w h e r e they share their watery 

env i r onmen t w i th species upon species o f f i sh. As the d iatoms d ie , their 

beautiful silica bodices b e c o m e sed iment , f o rm ing almost pure r o c k — d i a t o -

m i t e , used for making t o o t h p a s t e — i n the clean waters near the center of a 

46 
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lake. C loser to the shore, a long streams and deltas, d ia toms m i x w i th detritus 

carried d o w n f r om the highlands. Po l l en f r om f l ower ing plants and spores 

f rom fungi sprinkle the surface of the wa t e r and jo in in the b o t t o m sediments 

as they build up layer by layer. 

Sediments such as t h e s e — r i v e r silt and lake m u d — b l a n k e t bones and 

bodies o f dead f ish, h ippos, c rocod i l es , perhaps turt les, wha teve r animals die 

in the wate r . W a t e r lilies and shore grasses are bur ied . So are snails and c lams, 

arthropods and crustaceans. Animals that do no t l ive in wa te r , but die near 

a lake or stream, may be washed in by rains. Occasional f loods cause wa t e r 

levels to rise, blanketing sediments o v e r the soil o f the f loodplain, cove r ing 

whatever carcasses and scraps may remain on the surface after the vultures and 

hyaenas have had at them. T h e ash of a distant vo l cano may rain d o w n to c o v e r 

and preserve a p icture of the land's surface. 

A f t e r an animal d ies , i f it is to b e c o m e a fossil, it must be bur ied be fo re 

the e lements destroy the carcass c omp l e t e l y . Flesh may ro t and putrefy . 

Sinews may dry and shrink, twist ing the neck o v e r the back in a death pose . 

I t may be scavenged and eaten, or the flesh may be bur ied along w i th the 

bones to d e c o m p o s e later. Burial is done by sed iments ; there fo re , fossils are 

f o rmed in areas w h e r e r ivers or lakes or oceans d r o p their sed iment loads, 

just as was discussed above . A f t e r burial , minerals carr ied by perco lat ing 

g roundwate r are depos i ted in vugs wi thin the bone structure, or they may 

actually replace bone salts, l iterally turning the bone to stone. Mi l lennia later, 

w i th m o v e m e n t s of the Earth and changes in c l imate that transform depos i -

tional settings to those of e ros ion, the fossil is e x h u m e d — r e s u r r e c t e d . Every 

thing about the fossil, its preservat ion, anatomy, the en tomb ing sed iments , 

what is buried w i th i t — e v e r y t h i n g reveals someth ing about the ancient 

w o r l d . 

These processes are s ome of the ways fossils f o r m . Each con tex t leaves its 

indel ible mark. Past env i ronments and e co l ogy are re f lected in sediments 

turned to stone w i th t ime , in fossil organisms that show through their 

anatomy their habits in l i fe , and f r om the behavioral re l ics, l ike the marks of 

scavenging carnivores, that remain on fossil bone . T h e constituent chemicals 

of bones and shells and soil may ref lect the ancient c l imate of a r eg i on , or the 

diet of an animal, or the photosynthet ic pathway of a plant. We can read the 

past f r om the r ecord o f the rocks. T h e signals change f r om rock layer to rock 

layer through t ime , reveal ing w i th sensitivity the history of life and the history 

of l i fe 's env i ronment . That is pa l eoeco l ogy . 
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T h e fossil ization process is occurr ing today in the Ri f t Va l l ey . It occurred 

in the past. We can see the results of processes operat ing in the past in the 

famous fossil f ie lds of K o o b i Fora, east of Lake Turkana, Kenya , rich in the 

fossil remains of the human ancestors Australopithecus and Homo, and many, 

many other kinds of fossils. We can see a similar situation along the north

wes t e rn shores o f Lake M a l a w i , w h e r e an australopithecine has recent ly been 

found. T h e r e are also fossil snails, p igs, elephants, monkeys , c rocod i l es , 

turt les , h ippos, rhinos, and f ish—lots o f f ish—in rocks ranging back to about 

f ive mi l l i on years ago . A l l these fossils w e r e f o r m e d in the early stages o f Lake 

Ma l aw i . A l l are much, much younge r than dinosaurs. So Lake Ma law i is much 

younge r than dinosaurs t o o . 

T h e Dinosaur Beds l ie cheek -by - j ow l w i th the ancient deposits o f Lake 

M a l a w i , but that is no t because ancestral Lake Ma law i ex isted w i th the 

dinosaurs. T h e Dinosaur Beds are much o lde r , by about 100 mi l l ion years. 

T h e y w e r e depos i ted by c lean, swi f t - f l owing streams and r ivers that bounced 

sand and fresh rock e r o d e d f r om adjacent hills along their channels. T h e r e 

w e r e small ponds occasional ly, but no ev idence of a great lake. Soils on the 

r i ve r f loodplains w e r e thin, or str ipped away by rampaging torrents . G lobs 

o f cal iche, l imestone left f r o m wa t e r evaporat ing out o f the g round , are found 

in the remnants of ancient soils, show ing that the c l imate was hot . Dur ing the 

days o f the dinosaurs the wea ther was seasonal, but m o r e arid than n o w . T h e 

rocks of the Dinosaur Beds represent a ve ry lost w o r l d compared wi th the 

m o d e r n w o r l d current ly exist ing alongside the lake. 

In Ma l aw i the structure and g e o m e t r y of the Ri f t is cont ro l l ed by o lder 

features o f the g e o l o g y on wh ich the n e w e r Ri f t i s super imposed . Some o f the 

o lde r features go back a bi l l ion years to w h e n Afr ica was f irst assembled and 

ul t imate ly con jo ined w i th the rest o f the w o r l d ' s landmasses into the super-

supercont inent o f Pangaea. As the cont inents as we k n o w them n o w began 

to take shape, the seams of the original constructions became zones of 

weakness . These w e r e exp l o i t ed by the restless Earth as Afr ica unz ipped f r om 

the rest o f the cont inents beg inning o v e r 100 mi l l i on years ago . 

That isolation of Afr ica f r om other landmasses also began as a rift val ley, 

just as we see happening today. T h e initial separation on the east side of Afr ica 

started about 150 mi l l i on years ago . A bit later, but p r i o r to 100 mi l l ion years 

ago , Madagascar was ri ft ing away f r om the east coast. T h e ri ft ing process that 

separated Madagascar led to the fo rmat ion of faul t -bounded basins along the 

o lde r cont inental seams, just in the area w h e r e the m o d e r n Ri f t Val ley is n o w . 
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It is these o ld basins, associated w i th the split of Madagascar f r om East A fr ica , 

that w e r e f i l led w i th the r i ve r sediments en tomb ing the dinosaurs that l i ved 

in northern Ma l aw i so long ago . Tha t is w h y the Dinosaur Beds w i t h their 

suite of fossils are found in the current Ri f t Va l l ey . It is also w h y they are 

found next to the much younger deposits o f Lake M a l a w i , wh ich prese rve the 

nearly m o d e r n fossil ized remains of lungfish, h ippos, e lephants, and pigs. 

On the o ther side o f Afr ica during this same ancient t i m e , the South 

Atlantic opened . Faulted basins f o r m e d in what is n o w C a m e r o o n , N i g e r , and 

N iger ia . T h e same happened in Brazi l , and at the same t i m e , because the t w o 

areas w e r e one . R ivers and lakes f i l led the basins w i th sediments , and in so 

do ing preserved fossils. T h e w h o l e broad r eg i on was arid, but w i th a c o m p l e x 

of lakes fed by r ivers draining internal ly to the big basins. Finally, at 100 

mi l l ion years ago , Brazil cruised away, by continental dr i f t , into the sunset. 

T h e At lant ic Ocean became c o m p l e t e f r o m south to north. A n y r i ve r drain

ages that may have l inked the t w o areas p r i o r to the separation w e r e f o r eve r 

severed . T h e Dinosaur Beds in Ma l aw i are a re f lect ion of life and e co l ogy in 

the very heart o f Afr ica at one hundred mi l l i on years ago , the ve ry t ime Afr ica 

was b e com ing isolated f r om the rest o f the w o r l d . 

H o w certain am I about the age of the fossils in the Dinosaur Beds of nor thern 

Malawi? N o t certain a t all. C lear ly they be l ong to the M e s o z o i c , the A g e o f 

Rept i l es . T h e dinosaurs te l l us that. But the conf idence I have in est imating their 

precise age is no t great . A l l I can say to support my content ions f r o m wi th in 

Ma law i is based on fossils. T h e r e are no t yet any re levant dates or pa leomagnet i c 

determinat ions f r om wi th in the country . T h e characteristic fossils f r om the 

classic dinosaur excavat ions at Tendaguru are lacking, suggesting a di f ferent, 

probably younger age for Ma law i . S o m e o f the fossils k n o w n f r om M a l a w i , but 

not k n o w n f rom Tendaguru , r esemble those f r om C a m e r o o n and N i g e r in 

W e s t Afr ica, and f r om Brazil in South Amer i ca . It is reasonable to speculate that 

these fossils are of similar, i f not exact ly the same, age . 

M o r e o v e r , the fossil r e co rd of ocean l i fe , wh ich is much be t te r than that 

o f land-dwel l ing animals, plus the pa leomagnet i c r e co rd f r o m the At lant ic 

Ocean f loor , demonstra te that the nor thern and southern arms of the At lant ic 

Ocean did not conjo in until about 100 mi l l i on years ago . I f the bones of Brazi l , 

N i g e r , C a m e r o o n , and Ma law i w e r e bur ied wh i l e the t w o cont inents w e r e 

still connec ted , h o w e v e r f eeb ly , the c omp l e t i on o f the At lant ic w o u l d seem 

to put a l imit on h o w young the bones can b e — 1 0 0 mi l l i on years. For the 

sake of discussion, that is the number I w i l l use. T h e Dinosaur Beds of Ma l aw i 
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are no t l ikely to be y o u n g e r — u n l e s s there are m o r e surprises in store . O n e 

hundred mi l l i on years ago is smack in the m idd l e of the last pe r i od of the A g e 

of Rept i l es . Technica l ly it is late in the Early Cre taceous . 

E V E N T O D A Y T H E g e o l o g y o f the Ri f t Va l ley and the c l imate o f East Afr ica 

are not un i fo rm f r o m north to south, and that in itself affects the fossilization 

process and the d iscovery o f fossils. T h e big di f ferences b e t w e e n searching for 

fossils in Ma l aw i and at Leakey ' s K o o b i Fora farther north are t w o . First, 

Ma l aw i rece ives m o r e rainfall than northern Kenya , so m o r e plants g r o w , so 

it is harder to see the g round . Consequent ly it is harder to see fossils that 

might surv ive the r igors of soil f o rmat ion in such an env i r onment . Second, 

and probably m o r e impor tant ly in this particular compar ison , the g e o m e t r y 

o f the Ri f t Va l l ey is di f ferent in the t w o areas. At K o o b i Fora, to the north, 

i t is b road and open ; in M a l a w i , to the south, i t is n a r r o w , w i th steep walls 

alternating f r om east to wes t on e i ther side o f the lake. T h e r e may be lakes 

in both areas, but the g e o l o g y is not exact ly the same, and that makes a 

d i f ference. T h e geo log ica l sett ing of a r eg ion is impor tant for f inding, as we l l 

as f o rm ing and preserv ing fossils. 

Thus , to f ind fossils, the rocks in wh ich they are preserved must be visible. 

M a n y areas of the Earth are , happi ly, c o v e r e d w i th deep soil and plants that, 

unfortunately , obscure the under ly ing parent rock and destroy fossils. It is 

o f ten difficult to tell f r om a map just what the exposures of rock w i l l be like 

half a w o r l d away. My heart nose -d ived the f i rst t ime I d r o v e to the Dinosaur 

Beds in Ma l aw i . I passed through a banana g r o v e so extens ive and so dense, 

I a lmost gave up hope that there w o u l d be any rocks at all open to search. 

Thank goodness that b eyond the r i ve r bend the bananas ended and the rocks 

began. 

Scientific exped i t ions to f ind fossils, or anything e lse, are not s imply 

co l l ec t ing tr ips. T h e y must be pursued in the contex t o f the questions 

addressed, the p rob l ems to be so l ved , the hypotheses tested, and the mode l s 

f o rmula ted . Pa leonto log ica l research is no di f ferent f r om research in any other 

scientific discipl ine in this regard . That , in fact, is what makes pa leonto logy 

a sc ience. T h e Ma l aw i Pro j ec t is f ramed in t e rms of the eme rg ence of the 

m o d e r n w o r l d — g e o g r a p h i c a l l y by the rearrangement o f continents and b io 

logical ly by the evo lu t ion o f n e w groups o f ver tebrates that w e r e later to 

e m e r g e f r om the shadows o f the dinosaurs to dominate the landscape. 
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Fossil co l lec t ing and fieldwork, especial ly fo re ign fieldwork, is fun if all 

goes w e l l . But i t i s compl i ca ted . Logist ics must be cons idered . H o w do you 

get to w h e r e you want to go? H o w do you supply a camp once you are there? 

T h e feasibility o f the plan must be de t e rm ined . In Ma l aw i I was for tunate . My 

counterparts at the Depa r tmen t of Ant iqui t ies are ve ry familiar w i th the 

logistics of f ieldwork in their country . T h e y had already set a p r eceden t for 

i t through their o w n f ie ld studies. Of course , in f ie ldwork as in any o ther 

aspect o f sc ience, everyth ing hinges on get t ing adequate funding. That step 

is never easy, but once accompl ished, the w o r k can ge t under way . 

T h e r e are t w o essential ingredients to a successful pa leonto log ica l e xped i 

t ion: fossils and peop l e . T h e fossils are cont ro l l ed by the rocks . T h e p e o p l e 

have to f ind the fossils. To do their best , they must want to be in the f ie ld . 

Even under tough condi t ions, a g o o d f ie ld c r e w f inds someth ing pleasant to 

make the hardships bearable. Still, not e v e r yone w h o wants to be is ade

quately suited for f ie ldwork. I t takes a certain kind of t empe ramen t . T h e w o r k 

is dirty . It is hot . T h e r e are bugs. 

Obv ious ly a p r ime concern is that reasonable precautions be taken fo r 

health and safety. Food must not be sk imped on , diversi ty should be p r o v i d e d , 

and individual pre ferences should be a c commoda t ed so far as possible. C o o k 

the f ood w e l l and keep the dishes clean. An adequate supply of b ee r is 

w e l c o m e . P eop l e do not travel halfway around the w o r l d just to suffer; they 

w o r k bet ter when they do not . 

Attacks f r om w i ld animals are not a great source of w o r r y in Afr ica these 

days, although the threat is not c omp l e t e l y g o n e : Crocod i l e s c laim a f e w l ives 

every year. H o w e v e r , there are o ther , m o r e l ikely natural hazards that must 

be respected in f ie ldwork—such as snakes. W h e n consider ing those sorts of 

dangers, i t is best to f o l l ow the advice o f John M o i r , one o f the founders o f 

the Afr ican Lakes C o m p a n y : " F e a r dysentry [sic] and dissensions e v en m o r e . " 

M o i r was speaking of the threat of slave raiders, but his are sage w o r d s for 

keeping the hazards of f ie ldwork in perspect i ve as w e l l . T h e c r e w must g e t 

along and they must stay healthy. Malaria is a real p r o b l e m . T i ck -bo rne 

diseases are w o r r i s o m e . 

Unfortunate ly , staying healthy is no t comp l e t e l y wi th in our con t ro l . O n e 

morn ing in camp Lou T a y l o r , a fr iend since graduate school and a great 

person to be in the f i e ld w i th , came to my tent . I t was 6 :00 A.M. He spoke 

in a calm vo i ce . " B o s s , I think I ' v e g o t append i c i t i s . " That is not h o w I l ike 

to wake up. 
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L o u had been sitting by the lake since 4 : 30 , chew ing ten aspirin to kill the 

pain. T h e r e was nothing that cou ld be done until the day started, so he did 

no t wake anyone . 

O f f we w e n t d o w n the M - l h ighway on the twen t y -m i l e trip t o the 

reg ional hospital at Karonga . Lou was hurting and we w e r e all concerned at 

the prospec t o f his having to undergo surgery. T h e dr ive he ightened our 

anxie ty . On the way the road was obstructed by an ove r l oaded pickup that 

lay upside d o w n , like a f l ipped turt le , on its load. We skirted around it. T h e r e 

was nothing we could do there . 

W h e n we arr ived at the hospital Lou was g i ven a Panadol and taken to a 

r o o m w h e r e he lay on the examinat ion table. A spider that s eemed to have 

a spread of about e ight inches e m e r g e d f r om a c rev i ce near his head and 

c l imbed up the wa l l . Mosqu i toes buzzed in the corners of the r o o m . A used 

scalpel b lade crusted w i th b l o od lay abandoned on the desk. At this stage no 

one was encouraged . T h e hospital at Karonga is not bad by ambient standards, 

but at the t ime of this event the preva lence of A I D S in Afr ica and the 

uncertainties inherent in the b l o od supply w e r e added risks that wou ld be 

avo ided i f Lou could just hang on until he g o t back to the States. 

T w o technicians came in. T h e y t ook Lou ' s history and made a pre l iminary 

examinat ion . Both w e r e ve ry professional . T h e y k n e w what they w e r e do ing . 

I t was n o w 7 :00 . D o w n the hall they w e n t to call the doc t o r , w h o was still 

at his h o m e . I overheard them saying that they w e r e rul ing out appendicit is, 

wh ich gave me immed ia t e rel ief, but then I w o n d e r e d what the p r o b l e m really 

was . 

T h e d o c t o r arr ived at 7 :30 . He was Dutch . He t ook a close l ook at the 

pat ient , o rd e r ed a f e w tests, and diagnosed k idney stones. It was not appendi

citis or anything life threatening that w o u l d require an immed ia t e operat ion . 

T h e co l o r diffused back into Lou ' s face. T h e doc t o r r e c o m m e n d e d that he 

return to the U .S . as soon as possible , a suggestion that made all kinds of 

sense. O n e does not do one ' s best d igg ing fossils wh i l e suffering excruciat ing 

pain and pissing b l o o d . He caught a plane the nex t day, his f ield season cut 

short, but on ly by a coup le of days. He was okay, which was the only thing 

that really mat te red , and he had done a fine job tor the project. 
It is not always easy to judge be forehand w h o is suited for fore ign field-

w o r k and w h o is no t . Supertough hombres are no t necessarily r ight for the 

f ie ld. M a y b e i t has someth ing to do w i th the inflexibi l i ty of be ing macho . I t 

depends on the indiv idual , not on gende r , w h o w i l l be c o m p e t e n t , to lerant , 

and less p rone to culture shock, wh ich are the requi red attributes. 
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Of course , one does not have to do f i e ldwork to be a g o o d pa leonto log is t , 

and some very g o o d bone peop l e ge t of f to a s l ow start in the f ie ld . M i g e o d 

w r o t e o f the young Cambr idge student, R e x Parr ington, w h o accompanied 

him f rom Tendaguru to Nyasaland in 1930: " I am afraid that M r . Parr ington 

is not g i f ted w i th all the qualif ications necessary for an Afr ican exped i t i on 

requir ing constant personal exe r t i on . T h e r e has been f r om the beg inning o f 

the season a f ine f ie ld for research wh ich many m e n w o u l d have w e l c o m e d . " 

Apparent ly M i g e o d thought s o m e o n e else might have been be t te r suited for 

the j ob . 

I confess I have felt the same as M i g e o d on an occasion or t w o . I once t ook 

someone to Afr ica w h o , unbeknownst to m e , had eccentr ic dietary pre fe rences . 

T h e r e was little available in r e m o t e Afr ica that he was incl ined to eat. I learned 

f r om h im, a fully adult individual, but t o o late, that his staple f ood was 

Pop-Tar t s , an i t em universally absent f r om Ma law i menus. He had no al lergies, 

but he had never in his life eaten a hard-boi led egg . That is all r ight ; I p resumed 

he just did not l ike the smel l o f them or someth ing . W h e n i t came d o w n to l itt le 

else to eat, he dec ided to try o n e , but he had to be taught h o w the pee l ing and 

eating are done . A l l r ight, there is nothing really shameful in that. A n d once he 

had tr ied o n e , they became his favor i te f o od . He o rde r ed them at a f ine 

restaurant in Paris on the way h o m e . Of course , that is all r ight t o o . 

T h e k n o w l e d g e of h o w to eat a hard-bo i led egg is no t a r equ i r ement for 

success in pa l eonto logy , but it is te l l ing w i th respect to suitability for the field, 

especially i f the f ield is in a r e m o t e fore ign country . T r o u b l e does happen. 

These trips are not quite vacations. I t could be personal ly dangerous to go into 

the bush i f one is not mental ly equ ipped for it . That can make it dangerous, 

or at least uncomfor tab l e , for your companions . Each person must have 

conf idence in the abilities of o ther m e m b e r s of the t eam. I t can be ve ry 

difficult t o judge be forehand h o w s o m e o n e w i l l w o r k out . 

So far as R e x Parr ington, M i g e o d ' s p r o b l e m in the f ield, is conce rned , in 

later years he led successful exped i t i ons to Afr ica. He became a distinguished 

paleonto log is t , one of the top scholars in his f ie ld, and a F e l l o w of the Roya l 

Society. Y o u just neve r k n o w . 

P R O S P E C T I N G , the search for fossils, must take place in areas of act ive 

eros ion, such as gull ies and badlands, or even man-made exposures of rock , 

such as road cuts or mines . O n c e exposed on the surface by e ros ion , a fossil 

is often quickly des t royed . This seems strange. A f t e r ly ing pro tec t i ve l y man-
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t i ed w i th in the earth for mi l l ions of years, a fossil e xposed on the surface can 

be pit i fully fragile and easily lost. Fossils c o m e and go on the surface of the 

g round through the processes of eros ion and weather ing . In tropical Afr ica i t 

does no t take long for fossils to be des t royed . To m e , w o r r y i n g about fossils 

lost to nature is sort of l ike the sound of a t r ee falling in the wi lderness : I f 

there are no eyes present to f ind a b o n e , i t m igh t as w e l l no t exist . 

T h e resi l iency of a fossil depends to s ome ex ten t on what it is, as we l l as 

on the erosional condit ions that exposed it. Usual ly, but w i th many excep 

t ions, on ly the hard parts of animals foss i l i ze—she l l s , for e x a m p l e , or in 

ver tebrates , bones and tee th . T o o t h enamel is the hardest part of a skeleton, 

so teeth are m o r e readi ly p rese rved and less p rone to destruct ion even than 

b o n e . Both bones and teeth are p rese rved in Ma l aw i . 

T h e r e is no substitute for shoe leather in searching the great outdoors for 

fossils. W a l k i n g and look ing . A n d pat ience . That is h o w it is done . It is quite 

pleasant most of the t i m e , e x c ep t that fossils seeming ly have the nasty habit 

o f c o m i n g into v i e w only w h e n the wea the r is miserable . Fossil bone retains 

a t ex ture and a luster distinctly unrock l ike , but def inite ly bone l ike . Those , 

and shape, are what catch the p rospec to r ' s e y e . A f ragment of fossil b one , but 

not m o d e r n b o n e , w i l l stick to the t ongue . I t is a test o f ten appl ied when the 

f irst scrap is found. Somet imes , i f you are lucky, the fossil w i l l be we l l enough 

prese rved that i t can s imply be p icked up after carefully not ing the details of 

its occur rence . O t h e r t imes i t i s much m o r e w o r k . 

No d igg ing is e v e r done w i thout a reason. Bone must be seen on the 

surface of the g round to justify a greater e f fort . Bits and pieces of fossils, l ike 

stones and balls, ro l l downh i l l . As they wea the r out o f the r ock , gravi ty moves 

them d o w n s l o p e . W h e n a p iece of bone is found, the nex t step is to trace its 

path up the s lope . Is there m o r e in the ground? Hope fu l l y , as in Ma law i , the 

answer is yes . T h e n the excavat ion starts. 

Tak ing fossil bones out of the g round is real ly rather s imple in pr inciple 

(F igure 15 ) . First, using awls and f ine need les , the bone is uncovered bit by 

bit until its out l ine is d e t e rm ined . This is o f ten enough of a clue to de t e rmine 

its ident i ty . G lue is appl ied all o v e r to harden the spec imen. I use po lyv iny l 

acetate (suppl ied by my b ro the r - in - l aw ) dissolved in acetone or nail polish 

r e m o v e r and thin enough to penetrate the bone . A f t e r it dr ies , a trench is cut 

around the fossil, slightly undercutt ing the b o n e , so that it stands on a 

pedestal . O n c e a bone is on its pedestal , it is c o v e r e d w i th paleonto log ica l 

tissue. This invaluable supply is readi ly accessible in lavatories, in two -p l y 
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FIGURE 15: How to collect a fossil. A fossil bone is painstakingly cleared of its 

enclosing earth (top), then impregnated with hardener. After the hardener dries, 

the bone, resting on a pillar of rock, is covered in paper—"paleontological tissue" 

ifyou prefer—which cushions the fossil and prevents plaster from sticking to it. 

The bone is then covered with plaster-soaked bandages. After the plaster sets, the 

fossil is flipped over, capped with plaster bandages, labeled, and then removed from 

the field. 
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rol ls of four- inch squares that tear easily a long per forat ions. It is also called 

to i l e t paper . C o l o r or floral pattern does not mat ter , nor does i t matter i f the 

brand is scented or unscented. O n c e the paper is appl ied, the fossil is ready 

for jacket ing. 

Because fossils are usually cracked and b roken , you treat them like what 

they a r e — b r o k e n bones . Jacketing is the process by which a fossil is encased 

in plaster bandages to p ro t ec t it, just as i f your arm w e r e broken and the 

doc t o r put it in a cast. In fact, for hand-sized fossils I use medica l bandages 

o f gauze and quick-sett ing plaster o f Paris, generous ly supplied to the Ma law i 

Pro j ec t by Johnson & Johnson Or thopaed ics . If a spec imen is t o o large for 

medica l bandages, strips o f burlap cut f r om gunnysacks or loose ly w o v e n cloth 

are used. These strips are f irst impregnated w i th plaster, then appl ied to the 

fossil. T h e jacket prevents the b roken edges o f bones f r om rubbing against 

each o ther so that they can be g lued t ightly toge ther along clean breaks. T h e 

tissue cushions the fossil and prevents the plaster f r om sticking to it. 

P laster - impregnated bandages are appl ied o v e r the tissue in mult ip le lay

ers to g i v e the jacket strength. T h e undercutt ing o f the pedestal prov ides 

purchase for the jacket so that it does not pull off. A f t e r the plaster has set, 

the b lock is fully undercut and f l ipped o v e r on t o its t op , expos ing the 

unders ide. T h e paper ing and plastering is then repeated on the b o t t o m . 

Braces o f w o o d or t ree branches are incorporated into the jacketing i f the 

spec imen is large or a w k w a r d . T h e f inal p roduc t is a fully p ro tec ted fossil, 

swadd led in g l eaming -wh i t e plaster. This bone and bandage " b i s c u i t " is 

ready for transport to the lab. 

Substitutes for plaster can be found in dire necessity. At Tendaguru the 

Germans of ten had to use m u d and straw. In 1987 the Ma law i Pro ject 

resor ted to using c loth soaked in thick, wh i t e w o o d g lue to jacket dinosaur 

bones and a ve ry large , but geo log ica l l y much younger , rh inoceros skull. 

If on ly a single bone is found, the jacket ing process is straightforward 

enough. I f there are a number of bones , you have a quarry on your hands. 

T h e n the fun really starts. A quarry is a big ho le in the g round , big enough 

to a l l ow for the r emova l o f all the bones you f ind . T h e m o r e bones there are, 

the larger i t is, and very o f ten the harder i t is to w o r k . T h e stratum containing 

the bones is d i scovered on the surface, but the bones found subsequently are 

e n t o m b e d in sediments p ro t e c t ed by over l y ing rock . T h e steri le rock above 

the quarry is the ove rburden . I t has to be r e m o v e d w i th picks, shovels, p o w e r 

t oo l s , o r some t imes even backhoes, in o rde r to c o m e d o w n on top o f the 
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fossils and to excavate them prope r l y . T h e ef fort to r e m o v e ove rburden can 

be considerable , especial ly i f the payload dives in to the side of a hil l . That is 

what happened in Ma l aw i . I f the hill is s teep, the difficulties can be prohib i 

t i ve . That has not happened in Ma l aw i ye t . K n o c k on w o o d . . . 

A f t e r the ove rburden is r e m o v e d , excavat ion begins on each individual 

bone just as if it w e r e an isolated find. If the bones are small enough, several 

might be taken out in a single manageable jacket . Excavat ion is a compl i ca ted 

task i f the bones are abundant and jack-strawed one on top of the o ther . That 

is o f ten h o w it is in Ma law i . Bones are m a p p e d as they b e c o m e exposed to 

p rov ide in format ion as to the spatial relationships of each to the others and 

to sedimentary features. This is v e ry impor tant because bones are m o r e o f ten 

jumbled toge ther than laid out as w h o l e skeletons articulated as in l i fe. That 

does happen, but the usual situation is that m i x e d - u p bones must be sorted 

out . Maps help do that because they highlight associations of particular bones 

that are not obv ious in the f ie ld. T h e jumbl ing that m ixes bones occurs for 

a reason. Mapp ing also helps the invest igator to puzz le out what the cause 

might be . 

Quarry w o r k is fun, but it can ge t o l d , d igg ing day after day in the same 

ho l e , somet imes on the same b o n e , w i th awls and needles and wh i skbrooms 

and brushes. Sitting for hours on the damp , musty earth causes an irritating 

itchy butt. T h e w o r k is ted ious. T e d i u m leads to b o r e d o m . Distract ion creeps 

in. Flies are stalked w i th need le points. Unwar ran t ed attent ion is paid to 

individual sand grains, not enough to o ther impor tant details. By then it is 

t ime for a day off. Bet ter that than damage fossils or let t empers flare. 

M o s t try ing in the quarry are aggress ive , b i t ing insects adapted to dr inking 

f r om the corners of a pa leonto log is t ' s eyes and f r o m sweat- l ined creases of 

skin, such as behind the knees or in the armpits . T h e y l ike to c rawl into ears 

and buzz. Every t ime the black flies g e t bad in M a l a w i , I think back to 1979, 

hurriedly and not ve ry enthusiastically, to w h e n I led my f i rst Nat ional 

Geographic dig in the Painted Deser t o f A r i zona . We w e r e d igg ing in rocks 

f o rmed at the t ime when all the continents w e r e coalesced into Pangaea and 

when some o f the ear l i es t -known dinosaurs r o a m e d the Earth. T h e fossils 

w e r e g o o d , but get t ing them out had its aggravations. Gnat l ike bit ing flies 

w e r e persistent and painful. Insect repe l l ent was their ambrosia. T h e w h o l e 

c r e w had we l t s and al lergic react ions. Rubber bands w e r e used to c lose 

sleeves and pantlegs. Co l lar buttons w e r e fastened despite the swe l t e r ing 

heat. Still the flies z e r o ed in on the t ight lines w h e r e c lothes m e t skin. We 
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w e r e dr iven to the edge . E x t r e m e actions w e r e in o rde r . Finally we resorted 

to fashioning makeshift smudge pots . T h e idea to use them was my w i f e 

Bonn ie ' s , brought f r om her w o r k in M e x i c o . O u r smudge pots w e r e piles o f 

d ry , smo lder ing c o w dung, co l l ec ted early in the morn ing be fo re the flies 

came out and placed in each co rne r o f e ve ry three-meter -square of the 

excavat ion. T h e smoke p rov i d ed some re l i e f f r om the insec ts—but i t sub

j e c t ed us to dung- lung! 

A kind of good -na tured , f r iendly , degenerate camarader ie deve lops in a 

quarry, catalyzed by familiarity and c lose quarters. T h e r e is an o therwise 

unusual candidness character ized by bad songs, bad j okes , bad farts, and a 

genera l discussion of bod i l y functions and dysfunctions, especial ly as concerns 

the d igest ive system. I do not k n o w w h y that is, but i t always seems to 

happen. A f t e r a f ield season in the quarry, fr iends invariably go away w i th a 

pleasant fee l ing o f c loseness, a sort o f secret society o f c o m m o n expe r i ence . 

It a lways happens that way . 

At the end of a dig the jackets are transported back to the lab. This is no 

easy j o b i f the f ie ld season has been successful. We have to hire a special lorry 

in Ma law i to take the bones f r om the f ie ld to the facilities we established at 

the D e p a r t m e n t of Ant iqui t ies at the o ther end of the country . O n c e in the 

laboratory , the plaster is r e m o v e d and the fossil painstakingly resurrected. 

Each bone is hardened. C l ing ing matr ix is r e m o v e d . Broken edges are sepa

rated, c leaned, and f ixed t ightly toge ther . N icks and cracks are f i l led w i th 

plaster. Missing parts may be fabricated. Supports may be appl ied, and the 

fossil, i f necessary, is cradled in a form- f i t ted bed to p revent it f r om collapsing 

under its o w n we i gh t . O n l y then is the spec imen ready for study, having 

unde rgone a process that may have taken years since its first d iscovery . If the 

spec imen is for display, e ven m o r e w o r k is necessary. I t w i l l be some t ime 

be fo re the bulk o f the Ma l aw i spec imens are ready for study, and even longer 

be f o r e they are available for publ ic v i ew ing . A n d the w h o l e process, f r om 

beg inning to end , costs m o n e y . 

Searching for t iny foss i ls—such as isolated rat teeth or early m a m m a l s — i s 

a l i t t le di f ferent. T h e prospect ing is about the same. W a l k , wa lk , wa lk , 

scanning the g round for bone weather ing out . W h e n a l ikely spot is found, 

i t is scrutinized for t iny flecks o f b o n e , somet imes fragments o f once- larger 

bones , but all the bet ter i f they be parts of ve ry small bones of ve ry small 

animals. It is not necessary to see much small b o n e , just enough to k n o w it 

is there . T h e n gunnysack after gunnysack is f i l led w i th the fossiliferous matr ix . 
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This bulk sample is thoroughly d r i ed , soaked in ke rosene , and finally s ieved 

in wa te r through boxes w i th sides and bo t t oms o f f ine-mesh screen. W h e n 

the kerosene-soaked sed iment in the boxes is first p laced in wa t e r , the 

kerosene rushes out of it , o i l be ing l ighter than wa te r , and wa t e r rushes in. 

This causes the sed iment to d isaggregate . T h e residue of this screen-washing 

process leaves particles in the size range of sand and grave l , just the size of 

small mamma l tee th , captured by the screens. T h e silt and clay of the original 

sedimentary rock are washed away. T h e residue of f the sieves is taken to the 

lab and the bone further concentrated by passing it through high-density 

l iquids. These float of f l ight sand grains wh i l e the heavier bones and teeth sink. 

T h e resulting ultraconcentrate is washed and dr i ed , then sorted under a 

m ic roscope . G o o d specimens o f tee th and bones are g lued to the heads o f pins 

stuck in corks so that they can be handled easily. T h e corks slip into small glass 

vials for storage. 

T h e technique of screen-washing, be l i e ve i t or not , is remarkably e f fect ive . 

In the not -so -o lden days many fossil co l lect ions w e r e biased t owa rd larger 

animals. Of course virtually e v e r y natural c ommun i t y o f ver tebrates has small 

species, as w e l l as med ium-s i z ed and large ones . W h e r e w e r e the small ones 

in the fossil co l lect ions that had only larger species represented? In many 

cases, until the advent o f screen-washing, they w e r e s imply o v e r l o o k e d . 

W h e t h e r a fossil is f r om screening or f r o m a quarry or just an isolated find, 

it is imperat i ve that the local ity w h e r e it was found and its pos i t ion in the rock 

sequence be accurately de t e rm ined and prec ise ly r e co rded . These t w o p ieces 

of data are basic to eve ry fossil, m o r e impor tant even than its identi f icat ion. 

T h e identity o f a fossil can be repeated ly de t e rm ined by w h o m e v e r wishes to 

do so, but once a fossil is out of the g r ound , it is virtual ly imposs ib le , e xcep t 

in rare circumstances, for anyone to p inpo int the exact place w h e r e i t was 

found. T h e on ly usual excep t i on is the or ig inal co l l e c to r , and then only so 

we l l as notor iously unrel iable m e m o r y serves. 

W i t h o u t know ing a fossil 's local i ty accurately, its place in the rock se

quence cannot be prec ise ly de t e rm ined and neither can its age by any m e t h o d 

independent o f guessing f r om the fossil itself. T h e t ime e l e m e n t — t h e 

strength of p a l e o n t o l o g y — i s d iminished. A fossil w i thout t ime is l ike yester

day's d o u g h n u t s — y o u might surv ive on them for a wh i l e , but w h o wants to? 

Field records are impor tant . 
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A N D W H A T OF p rope r f i e ld attire? In the w o r d s o f Sir Harry Johnston 

speaking in 1897, " G e n e r a l l y , I may say this about c lothing, that a man should 

always strive to dress neatly and becoming l y in Centra l Afr ica , or he w i l l 

quickly lapse into a s lovenly state of e x i s t e n c e . " 

I find stout shoes are impor tant . 



J O U R N A L S 

F R O M T H E 

G R O U N D 

7 July 1 990, Saturday. The beginning of the field season. 

I am on my way f r om the Un i t ed States to Afr ica. 

It is 5:48 in the a f ternoon. I am aboard De l ta Flight 26 en route to Frankfurt. 

F r om there it is south, a br ie f transit stop in Johannesburg, then ult imate ly on 

to Ma law i . I have t w o back-to-back overn ight flights, one seven hours, the o ther 

fourteen. On this one the seats are f i l l ed on e i ther side o f m e . 

T h e r e is not much to do on an airplane, especial ly on an intercont inental 

flight, especially overn ight , especial ly one that is c r o w d e d . Y o u can try to 

sleep or try to think, but you can do nei ther v e ry w e l l . In a f e w minutes a 

travel coma wi l l take o v e r . For at least a full twen ty - f our hours I w i l l be no t 

quite awake , but unable to s leep. So I w i l l w r i t e , at least for a wh i l e . 

As o f this wr i t ing I have made four trips to M a l a w i — t h r e e o f them actually 

out in the f ie ld co l lec t ing fossils; o n e , the f irst o n e , to set i t all up. T h e pro jec t 

has been g o o d . T h e r e have been enough discover ies each t ime to justify 

another f i e ld season. We have found dinosaur bones f r o m f i ve di f ferent 

species, three kinds of c rocod i l es , including half a do z en skeletons of the 

strangest kind of c roc I have e v e r seen. We have even found f rogs . I am 

satisfied w i th what we have found so far. N o w I am on the f i f th t r ip . W i l l 
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D o w n s , w h o w i l l be c o m i n g nex t w e e k , has been wi th me on each f i e ld 

exped i t i on to the Dinosaur Beds. For Da le W i n k l e r and Ken t N e w m a n , 

trave l ing w i th m e , this is the third t ime . T h e last m e m b e r o f the Amer i can 

cont ingent is Alisa W i n k l e r , w h o w i l l be c om ing o v e r to jo in us in a f ew 

w e e k s . This is her second tr ip to Ma law i . A l l are professionals, all are 

seasoned in the f ield, all have Afr ican expe r i ence . 

That is the way I wan ted it this year. T h e strategy is to take t rustworthy 

professionals t o Ma l aw i f r om here , w o r k w i th Depa r tmen t o f Ant iquit ies 

p eop l e there , and recruit a g o o d Malawian student for f ie ldwork and graduate 

training. T h e n , the nex t t i m e , and the nex t , maybe the pro jec t w i l l be in a 

posi t ion to include o ther students and n e w faces. N o w we must obtain enough 

high-quality results to make sure that there is a nex t t ime . 

W e k n o w exact ly w h e r e w e are go ing . W e k n o w there are fossils. W e 

have the localit ies p inpo in ted . W e k n o w what w e are go ing after. W e are 

go ing to quarry bones , and that means mainly dinosaurs. We k n o w the rocks 

they are packed in, and we k n o w h o w high the hills are. We k n o w what i t 

takes to m o v e the supplies in and the f in ished jackets out . We have the 

vehicles arranged. We k n o w w h e r e t o camp and h o w t o prov is ion the larder. 

I t should be just a mat te r o f do ing the w o r k . N o w , since we are no longer 

rook ies in M a l a w i , I want to d e t e rm ine , through this season's f ieldwork, in 

wh ich d i rec t ion I can lead this pro jec t . 

T h e goals are s imple . We w i l l increase the sample o f dinosaur bones . We 

w i l l g e t m o r e o f t h em. That i s what we are after. Dinosaur bones to study 

and display. O f course we w i l l not i gnore nondinosaurs. Maybe a mammal 

w i l l turn up . We w i l l quarry careful ly, and we might sieve i f the sediment 

looks g o o d enough. But we have done that b e f o r e . This year we must p r o v e 

the ex ten t of the bone layers in the g round and the comple teness of the 

dinosaur skeletons. If they are profuse and w e l l p rese rved , their value as a 

w i n d o w into the crypt ic Afr ican past w i l l be greater . We want lots o f bones , 

maps of their posi t ions, samples o f the enclosing sediments , and measure

ments of their host rocks. That should take up the t ime . 

T h e f ie ld techniques w i l l be as in prev ious exped i t i ons . A l l the close 

excavat ion wi l l be done w i th small hand too ls , awls , and brushes. In the 

ear l ier f ie ld seasons picks and shovels w e r e used to r e m o v e the ove rburden 

o f steri le soil and rock . We have dug through the easy part . This year we wi l l 

m o v e the Earth. In the cargo hold of the p lane, checked w i th our duffel bags, 

are t w o rotary and demo l i t i on h a m m e r s — w e call them r o t o - h a m m e r s — t o 
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blast away the rock. T h e y w i l l be p o w e r e d by a por tab le genera tor wai t ing 

for us at the Depa r tmen t of Ant iqui t ies in L i l o n g w e . 

I w i l l only have a mon th in the field this year. That does not seem like 

much, but it is all 1 can muster . T h e late twen t i e th century goes at a fast pace , 

w i th t ime being a c o m m o d i t y at a p r e m i u m . T o o bad. 

Much can be accompl ished in a mon th . T h e c r e w , including those wai t 

ing for us in Ma law i , is large , e xpe r i enced , and eff icient. We can do in a 

month what w o u l d have taken many t imes l onger in the earl ier days of 

pa leonto log ica l exp lo ra t i on . A n d we can co l l ec t m o r e in a month than can 

be prepared in a y e a r — s e v e r a l years. It is not l ike Tendaguru . Besides, 

Tendaguru is not be ing dug anymore . Ma law i is. It shows us things about 

the past that Tendaguru cannot because the t w o are di f ferent w i n d o w s w i th 

dif ferent v i ews . N e w fossils are c o m i n g out o f Ma law i . I t is the only d ino

saur excavat ion of its kind current ly under way in Afr ica. Everyth ing has 

been done , everyth ing we could think of, to make things go smooth ly wh i l e 

w e w o r k it. 

T o w a r d the end of the season, after I l eave , W i l l , Da l e , and Alisa w i l l 

r econno i te r the south end of the country . Maps and o ld repor ts reveal a 

possibility of f inding dinosaurs and other fossils d o w n there in the tsetse-fly-

infested wood lands o f L e n g w e and M w a b v i . Even i f they do not f ind d ino

saurs, there is an even bet ter possibil ity that there are lavas that can be dated 

to g i v e a max imum-age est imate for the Dinosaur Beds. That is very impo r 

tant. My efforts to date the rocks w i th pa leomagnet ism have been unsuccess

ful. T h e fossils g i v e an imprec ise age , and anyway I need a date independent 

of the bones whose antiquity I want to k n o w . I want W i l l , and Da l e , and Alisa 

to find the lavas and br ing back a sample . T h e n , w i th a g o o d date , a firm 

handle on their age , we can really f i t Ma l aw i ' s Dinosaur Beds into the global 

picture o f the A g e o f Rept i l es . T h e bones w i l l make be t te r sense i f their age 

is m o r e precisely k n o w n . 

I have butterf l ies in my gut . W i l l the genera tor w o r k w i th the r o t o -

hammers? W i l l the vehicles ho ld up? W i l l we have plaster to jacket the 

specimens? I f we have it, w i l l i t actually set to p ro tec t the bones? 

A n d wors t o f all, w i l l the fossils play out? W i l l there be enough to justify 

the effort? W i l l they inspire enough to catalyze further research? W i l l they be 

g o o d enough for display? 

W e wi l l not k n o w until w e d o the f i e l d w o r k . 

My eyes want to c lose , but my m ind i s act ive . My thoughts keep returning 
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to the evo lu t ion this pro ject has unde rgone . It has been a long t ime deve l op 

i n g — s i x years already. Has i t real ly been that long? 

My f irst tr ip to Ma law i was in January 1984. I no l onger l ived in Na i rob i , 

having taken a j ob in Texas . I was in Kenya do ing fieldwork on the pro ject 

in the T u g e n Hi l ls , but I could see signs that the plans for Ma law i I had made 

w i th Z e f e t w o years prev iously w e r e steadily dri f t ing of f course. I t was taking 

t o o long to ge t them i m p l e m e n t e d . I quickly f l ew d o w n to Ma law i to mee t 

w i th h im. He had f inal ly f in ished his d e g r e e and just re turned f r om Cali fornia. 

I also me t his bosses at the Depa r tmen t of Ant iqui t ies , both of w h o m also held 

P h . D . ' s f r om Berke ley . T h e y w e r e strongly behind the pro jec t . I t was dec ided 

that I should submit a proposal for funding of a fossil-hunting exped i t i on to 

the Nat ional Geograph ic Society immed ia t e l y . Nat ional Geograph ic came 

through, and I re turned w i th t w o o ther bone seekers for my f i rs t exped i t i on 

in June of the same year . T h e pro j ec t was f inal ly get t ing of f the g round . 

I was a bit concerned my f irst tr ip d o w n . T h e r e seemed to be a f ew 

ho ldove r regulat ions on the books des igned to p revent an invasion of late-

surviv ing hippies. No long hair. No b e l l - bo t t omed trousers for the m e n . No 

pants or shorts for the w o m e n . W h i l e none o f these rules posed any particular 

p r o b l e m , I was a l itt le apprehensive . Perhaps there w e r e o ther rules that I 

might not be aware of. As i t turned out , no one was into bel l bo t t oms ; 

culottes so lved another p r o b l e m ; and whe the r close or no t , we have never 

had a confrontat ion o v e r hairdos. Or anything else. Knock on w o o d . 

On that f irst tr ip to the Dinosaur Beds I became so enthusiastic about the 

potent ia l for fossils that I w r o t e to A lan Char ig , chief pa leonto log is t in charge 

of the Afr ican dinosaurs in the British M u s e u m (Natura l H i s t o r y ) . I asked him 

if, on my way back to the States, I might arrange a visit to L ondon to l ook 

at M i g e o d ' s co l l ec t ion o f Ma lawian bones . Charig rep l ied that he wou ld be 

expec t ing me on July ninth. 

In closing he of fhandedly w r o t e , " S h o u l d you accidentally bump into the 

Pres ident o f Ma l aw i , D r . Hastings K . Banda, kindly g i v e h im my regards. ( H e 

used to be our family doc t o r in the G o l d Coast , thirty years ago , and a very 

g o o d doc t o r h e was t o o . ) " 

Unfor tunate ly I have neve r had the oppor tun i ty . 

W H A T AN I N T E R E S T I N G place the w o r l d i s for t rave lers . Everything i s so 

n e w on the f i rst visit. T h e r e are so many things to d iscover , to learn, and to 
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exp l o r e . It must be that way for all t rave lers . In a Na i rob i books to re in 1983 

I d iscovered a b o o k cal led Sir Apolo Kagwa Discovers Britain. W h a t is interest ing 

about this b o o k is its unique and personal perspec t i ve on Afr ican exp lo ra t i on . 

It is an ed i ted vers ion of Uganda's Katikiro in England, first publ ished in 1904. 

It is a true story, wr i t t en by H a m Mukasa, secretary to the p r i m e minister 

o f Buganda, A p o l o K a g w a . In 1902 Sir A p o l o was an inv i ted witness to the 

coronat ion o f K ing Edward V I I in L o n d o n . He and his secretary, through 

acceptance of this invitat ion, became exp lo re rs in Britain, strangely m imick 

ing the history o f their o w n cont inent . T h e y w e r e caricatures o f V ic tor ian 

exp lo re rs ; the Europeans had go t t en to Afr ica f i rst . H a m Mukasa p rov ided an 

account of the adventure , just as L iv ingstone , and Stanley, and Burton, and 

Y o u n g , and countless others , n o w including m e , have done for their o w n 

travels in Afr ica. But Mukasa's d iscover ies w e r e o f turn-o f - the-century Grea t 

Britain. 

Mukasa's account of Great Britain is particularly auspicious in the present 

contex t because the initial European co lonizat ion of Ma l aw i was by Scots. 

O n e of the chapters in his b o o k is ent i t led , " G l a s g o w C i ty Counc i l lors are 

D r u n k a r d s . " This may or may not appear ludicrous to the current inhabitants 

of that land; h o w e v e r , in the con t ex t of a d iscoverer of Afr ica , I am certain 

that many o f my observat ions must appear ludicrous to Afr icans. 

It is l ike a latter-day H a m Mukasa that I d i scovered Afr ica. It is a beautiful, 

diverse cont inent . T h e c l imate o v e r much of i t is t rop ica l ; the peop l e are 

w a r m . My impressions o f Afr ica de r i v e f r om Kenya in the east, C a m e r o o n in 

the French-speaking wes t , and Ma law i in the southeast. A l l three are differ

ent , and each is internally var ied. Kenya was my introduct ion to Afr ica. 

Ma lawi is n o w the focus o f my Afr ican w o r k . C a m e r o o n has its o w n place in 

this story, as w i l l be seen later. 

Kenya , much of it , abounds w i th w i ld l i f e . In the south the vast herds of 

the Serenget i make their pe r i od i c appearance w i th the year ly migrat ions 

across the grasslands. Cosmopo l i t an Na i r ob i , the central ly located capital, is 

set high near the coo l f oo t o f the N g o n g Hi l ls . T h e nor thern half o f Kenya 

is desert . It is sparsely inhabited by nomadic or seminomadic tr ibes. T h e tribes 

are var ied: Cushitic Rend i l l e and Boran, N i l o t i c Turkana, wes t o f the lake to 

which they g i ve their name , and Samburu. To the south o f these tr ibes, the 

Rift Val ley is inhabited by P o k o t , f ish-eating N j e m p s at Lake Bar ingo, and 

Masai. A large p ropor t i on of tribal p eop l e l ive tradit ional ly, herd ing goats , 

c o w s , camels , and drinking their animals ' b l o o d m i x e d w i th mi lk . Many dress 
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in skins, plait their hair w i th fat and ochre , fashion mud packs on the backs 

of their skulls, and arm themselves w i th spears and knobkerr ies . W e s t e r n 

ways are s l ow to make incursions into the m o r e r e m o t e , inhospitable areas. 

Ma law i has a di f ferent fee l ing f r om Kenya . N o t be t ter or w o r s e , just 

di f ferent. It is the Inter ior , as L iv ingstone cal led it. It bills itself as the W a r m 

Hear t of A f r ica , and that is exact ly the fee l ing it imparts . 

Ma l aw i has g a m e , but lacks the vast herds of w i ldebees t and zebra and the 

great pr ides o f l ion so c o m m o n in southern Kenya. Ma law i may never have 

seen such huge herds as those that characterize the Serenget i . T h e r e are no 

giraffe. It is a di f ferent kind of land. In M a l a w i , g a m e , excep t for small 

ante lope and duiker , is most ly conf ined to wi ld l i f e parks and reserves. L i on , 

e lephant, h ippo , buffalo, roan, and most of the o ther large animals can still 

be seen. But animals in the bush in Ma law i are s imply be t ter hidden and 

harder to see than those on the plains of Kenya . 

A l though a small country , Ma law i is amazingly d iverse . It has damp 

forested hills and verdant mountains. D r y , flat wood lands rest on the shal low 

soil o f crystall ine rocks, l e ve l ed through mil lennia o f ceaseless eros ion. Bald, 

s tra ight-wal led, granite inselbergs and bare - rock kopjes pro ject skyward. P re 

cipitous cliffs w i th waterfal ls and convo lvu lus vines tumble steeply d o w n , all 

headed t owa rd the lake. T h e coo l moo r l and and heather o f the Ny ika Plateau 

in the nor th , w i th m o r e than 120 species of orchids, contrasts w i th the hot , 

dusty lakeshore plain, do t t ed w i th naked, e lephantine baobabs, the cream-of-

tartar t r e e , the trees built upside d o w n , their leafless jagged boughs r oo t ed 

in the sky (F igure 16 ) . R ivers that run f r om the plateaus to the lake f low 

swi f t ly . A swaying r ope and b a m b o o br idge p rov i d ed the crossing of the 

N o r t h Rukuru at Nchenachena until last year. N o w a concre t e br idge is be ing 

bui l t . 

T h e peop l e o f Ma law i are w a r m and f r iendly , curious and talkative, and 

above all po l i t e . T h e populat ion is a bit m o r e than eight mi l l i on , which is not 

a large number excep t w h e n cons idered in re lat ion to the size of the country. 

I t has the a tmosphere of a small t o w n . Eve r yone k n o w s e ve r yone else. T h e 

peop l e really are f r iendly. T h e r e appears to be l itt le corrupt ion by Afr ican 

standards. T h e po l i ce are strict, matter-o f - fact , but they do not openly ex to r t 

as a habit. T h e r e are f e w checkpoints on the roads, and I have neve r seen the 

guards that man them drunk. T h e r e is a placid, if superficial, aura of safety 

and security. 

T h e r e is a m ix tu r e of cultures in Ma law i . Many Indians, most ly descend-
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FIGURE 16: A baobab tree. According to an East African legend, the baobab was a 

vain and prideful tree whose vanity so disturbed the god N'gai that he uprooted 

the baobab and made it stand on its head for all eternity. Note the person for 

scale. 



L O U I S J A C O B S , P H . D . 

68 

ants of laborers brought to Afr ica by the British in colonial t imes, are 

shopkeepers and merchants in major t owns . T h e r e are Mus l ims. They have 

been there e ve r since A rab traders f r om the coast sent caravans to the 

Inter ior . T h e original tribal re l ig ions w e r e animalistic and naturalistic, w i th 

a strong r e ve r ence for ancestors. M o s t nontradit ional re l ig ion nowadays 

f o l l ows the British missionary path. Jehovah's Wi tnesses have been banned 

since 1972 for their cont inued separation f r o m the nat ion 's only polit ical 

party. 

T h e r e is tribal diversi ty in M a l a w i , as in o ther Afr ican countr ies . But one 

neve r sees Malawians in tradit ional tribal dress. A b o u t the closest approach 

to it is in the b ro the rhood of the Gule Wamkulu (F igure 17 ) . These are 

fearsome masked and cos tumed m e n portray ing g ro tesque humanoids and 

terr i fy ing beasts. T h e y dance at Independence Day ce lebrat ions and the l ike, 

but they are m e m b e r s of a secret soc iety , the N y a u , whose function is to 

maintain social o rde r by warn ing and punishing miscreants. The i r influence 

has been reduced in recent years a l legedly . T h e y are w ide l y feared, and they 

maintain their secret ways . It is not u n c o m m o n to see a Gule Wamkulu along 

the road in central Ma law i w h e r e the N y a u is preva lent , but they are to be 

avo ided . 

T h e name o f Ma law i p r i o r to gaining independence was Nyasaland. In 

1891 , through the leadership of Sir Harry Johnston, it was proc la imed a 

British P ro t ec to ra t e ; in 1953 it was in the Federat ion of Rhodesia and 

Nyasaland. T h e sixties was the decade o f independence for Afr ica . Nyasaland 

became Ma law i in 1964. T h e name Ma law i is de r i v ed f r om the Chichewa 

t ongue , the national language; i t means " f l a m e s . " I t refers to images shim

mer ing in heat. T h e c i rcumf lex o v e r the w is the p re f e r red transliteration to 

English, accord ing to the Nat iona l Ch ichewa Board. Its presence indicates that 

the sound of the w is aspirant, but it is subtle to the W e s t e r n e a r — m i n e 

anyway. To tel l you the truth, I cannot real ly hear much di f ference b e t w e e n 

the sound of a regular w and an aspirant o n e . But the aspirant w and a 

c i rcumf lex in the spel l ing are co r rec t . 

A f r ica 's independence decade , the 1960s, was awash w i th metaphors . O n e 

of the c o m m o n themes was a n e w day, a fresh beg inning. In Ch ichewa the 

w o r d meaning " d a w n " is kwacha. That is also the name of the fundamental 

unit of currency . T h e exchange rate is a bit less than three kwacha to the 

dol lar . O n e hundred tambala, wh ich means " r o o s t e r , " make one kwacha. O n e 

hundred roosters to the d a w n , a constant allusion to the p romise of the future. 
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FIGURE 17: A GULE WAMKULU of the Nyau society. GULE WAMKULU are often seen 

in central Malawi, where their secret society is most prevalent. 

T h e polit ical leader of the country is His Exce l l ency the Li fe Pres ident 

N g w a z i D r . Hastings Kamuzu Banda. Ma law i has a one-par ty , parl iamentary 

system of g o v e r n m e n t , and Banda is the only leader the country has had since 

independence . He was educated in the Un i t ed States and Scotland. He became 

a medical doc t o r , practicing for s ome t ime in London and, for a wh i l e in the 

1950s, in W e s t Afr ica, be f o re returning h o m e to br ing his country to inde-
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pendence . At the t ime of this wr i t ing , Banda is nearing ninety and still go ing 

strong. 

Ma law i has a large populat ion for its size. It lacks significant mineral 

wea l th , excep t for a bit o f coal . In the recent past many young men jo ined 

migrat ions f r om their homes by choice in o rde r to w o r k the mines o f Zambia , 

Z i m b a b w e , and especial ly South Afr ica. In centuries past many w e r e forced 

to leave their home land by A rab slavers. Banda recogn i zed his peop l e as a 

resource . Early on he emphasized agricultural d e v e l o p m e n t . Ma law i g r o w s 

r i ce , t obacco , co t t on , co rn (ca l led maize in A f r i c a ) , and sugar. Foodstuffs are 

e x p o r t e d to ne ighbor ing countr ies . 

Ma l aw i has maintained a po l icy of f r iendly relat ions w i th South Afr ica. It 

has open trade, which accounts for the abundance of consumer goods available 

on store shelves, including some rather g o o d South Afr ican w i n e and other 

f r ivo lous products that the populat ion at large cannot afford. Ma law i is one 

o f the f e w places in Afr ica w h e r e South Afr ican tourists can go on hol iday or 

businessmen can go on c o m m e r c e . As a practical mat ter , the quality of life 

for Malawians probably is be t t e r w i th the open- t rade po l i cy than i t w o u l d be 

o the rw i se . That is not to say Malawians approve of South Afr ican po l i cy . In 

the w o r d s o f O l i v e r M w e n i f u m b o , a Ma lawian businessman, " Y o u can trade 

w i th the dev i l , but you d o n ' t have to l ike his p o l i t i c s . " I f o ther black Afr ican 

countr ies trade w i th South Afr ica , they do so surreptit iously. 

But there is another c o m p o n e n t to Banda's po l icy t owa rd South Afr ica that 

was especial ly impor tant in the earl ier years o f the country . W i t h open 

borders Malawians k n o w that wh i t e South Afr icans, and e v e r yone else, 

c o m i n g to Ma l aw i can judge for themselves the ef fectiveness o f black rule , and 

they can see the effect o f the major i ty vo i ce on the wh i t e minor i ty . M o r e o v e r , 

in the struggle against apartheid, Ma l aw i ' s black d ip lomats in Pretor ia had to 

be e x t e n d e d the same courtesies as whi tes for d ip lomat ic reasons, thus 

creat ing at least a slight chink in racist a rmor . 

T H A T F IRST M A L A W I exped i t i on o f m ine in 1984 visited the same area 

w h e r e the British had g o n e be f o r e . In 1930, when M i g e o d made his side trip for 

the British M u s e u m to the nor thwes t side of Lake Nyasa, he stayed wi th a planter 

named M a x w e l l a t the v i l lage o f N y u n g w e . In 1930 N y u n g w e was in the m idd l e 

o f n o w h e r e . N o w the main road is paved , but N y u n g w e is still in the midd le o f 

n o w h e r e . It is located at the turnof f f r om the main road on to the dirt track 
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leading to the Dinosaur Beds. Its b iggest attraction is a dip tank to g i v e catt le 

some measure o f p ro t ec t i on f r om hordes o f infesting ticks. I doubt whe the r 

another wh i t e has l i ved in N y u n g w e since M a x w e l l left. But he left a legacy. 

In 1989, on my third Ma l aw i exped i t i on , I dec ided to camp at nearby 

Ngara , w h e r e M i g e o d had landed w h e n he crossed the lake on the Guendolen 

ove r half a century earl ier. It is a beautiful spot , r ight on the shore of the lake, 

six mi les north of N y u n g w e . It is a t iny but interest ing f ishing v i l lage. S o m e 

of the inhabitants are l ighter skinned, w i th un-Afr ican gray eyes t inged w i th 

g r een . I sought the permission of the v i l lage headman to set up camp. He was 

quite agreeable , vacating his favor i te shade t ree in a magnanimous gesture of 

g o o d w i l l . As w i th many other w e l l - t o - d o Afr ican m e n o f the area, he had 

several w i v e s , each w i th a small house scattered a long the shore, about f i f ty 

yards back f r om the edge of the lake. 

T h e vi l lage headman's name? M a x w e l l . Cou ld it be that there is an all but 

forgot ten branch of the M a x w e l l clan? T h e answer is yes . I learned the story 

f r om the vi l lage headman and his n e p h e w . 

W i l l i a m A l exande r M a x w e l l , a young Scot , left h o m e to escape his o v e r 

bearing father. He obta ined a posi t ion w i th the British C o t t o n G r o w e r s 

Associat ion and fled to Ma law i in 1902. He acquired land at N y u n g w e , w h e r e 

he made his h o m e , on the Ny ika Plateau, w h e r e he planted pines, and at 

Ngara , whe r e he built a co t ton g innery . He re turned to Scotland on ly once , 

in 1923, brief ly. 

W i l l i a m M a x w e l l t o ok six native w i v e s . He g o t one o f them on a trip to 

the Ny ika . A young gir l o f about e l even caught his e y e . He asked her father 

h o w many c o w s he wanted for her . T h e answer was six. M a x w e l l t ook the 

horri f ied child right then on cred i t , marched back to N y u n g w e , and sent the 

cows back to her father. T h e girl and her husband neve r talked in all the years 

o f their l ong marr iage . She c o v e r e d her eyes w h e n he had sex w i th her . His 

pink body l ooked to her l ike a huge mass of r a w meat . 

Each o f M a x w e l l ' s w i v e s bo re h im one chi ld. T h r e e w e r e sons. M a x w e l l 

wou ld gather them at his feet in the evenings and tel l t hem stories. He showed 

them fossils he had found. O n e of his sons is n o w the v i l lage headman at 

N y u n g w e . A n o t h e r — t h e y o u n g e s t — i s Dav id James M a x w e l l , also k n o w n as 

Vi l lage Headman Makonganya , the big man o f Ngara . T h e patriarch o f the 

M a x w e l l clan d ied in Ma l aw i in 1963. 
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T H E D I N O S A U R DIGS are about eight mi les inland f r om the lake near a 

v i l lage cal led Mwakasyungut i . We made friends w i th the locals r ight away on 

our f i rs t t r ip . O n e especial ly br ight resident o f the Mwakasyungut i area began 

to quest ion W i l l D o w n s , a ve teran w h o has hopped the g l obe co l lect ing 

fossils, about what exact ly we w e r e do ing there . W i l l exp la ined our lofty 

goals o f understanding life on Earth. T h e conversat ion turned to human 

or ig ins. W i l l pat iently exp la ined human evo lut ion based on the sequence o f 

fossil remains found in Kenya . He gave the age of Kenyapithecus, one of Louis 

Leakey ' s early f inds, as f i fteen mi l l i on years. 

" F o u r t e e n m i l l i o n , " he was co r r ec t ed . T h e Mwakasyungut i native k n e w 

the story! 

T h e man to w h o m W i l l was speaking was L i gh twe l l Mkwa l a , a t the t ime 

a student and n o w a secondary-school teacher. I hired L i gh twe l l to dig bones , 

and he has excavated alongside us for t w o seasons. L o n g hours in a quarry 

scratching bones g ives p lenty o f t ime to ge t t o k n o w s o m e o n e . L i gh twe l l gave 

some interest ing insight into c on t empora ry life in rural Ma law i . He also 

taught us history. 

" W h a t do Malawians think about Dav id L iv ingstone , L i g h t w e l l ? " I asked 

this quest ion of L i gh twe l l because I k n e w the standard vers ion of the dedi 

cated missionary w h o wanted to open up Central Afr ica to trade in o rde r to 

stop the f l ow of slaves eastward for the insatiable appetites of the Arabs. 1 

wan ted to k n o w i f the Malawian perspect i ve was di f ferent. 

" D r . Dav id L iv ingstone . T h e y like h im. He s topped slavery in this part o f 

Afr ica , and he brought e d u c a t i o n . " 

T h e standard vers ion ; no revisionist historical scandal for L iv ingstone f r om 

L i gh twe l l . 

" D o they think o f h im as an e x p l o r e r ? " 

" O f course no t . Afr icans k n e w they w e r e h e r e . " 

Sir A p o l o L iv ingstone discovers Afr ica . 

T h e n L i gh twe l l w e n t on to explain the life o f L iv ingstone and the history 

of Ma l aw i in ve ry great detai l . L iv ingstone was a man of act ion. Desp i te be ing 

an evangel ist , he was sel f-conscious and uncomfor tab le at publ ic speaking, 

especial ly in England. His v o i c e was indistinct, perhaps unpleasant, because 

he had an ove r l y long uvula. At one po int he had surgery to cor rec t the 

p r o b l e m , but the a t tempt was apparently not total ly successful. 

At the t ime L iv ingstone f i rs t saw Lake M a l a w i , the mora l issues invo l ved 

w i th slavery w e r e under intense and cont inued scrutiny. P r i o r to L iv ingstone , 
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all trade north of Por tuguese t e r r i to ry , what is n o w M o z a m b i q u e , and south 

o f British East Afr ica was cont ro l l ed by Arabs . T h e major c ommod i t i e s w e r e 

i vory , both wh i t e and b l a c k — t h e teeth o f elephants and the l ives o f p e o p l e . 

T h e mot i va t ion for L iv ings tone ' s exp lo ra t i on o f the Inter ior was to br ing 

trade and c o m m e r c e and to open the area for wh i tes . This was his strategy 

for ending the East Afr ican slave trade. In the A rab markets of Z a n z i b a r — t h e 

cesspool o f w ickedness , as i t was c a l l e d — w h e r e c loves w e r e cult ivated w i th 

the b l o od o f slaves, or in the markets o f O m a n , Muscat , Iraq, or any number 

of places a long the R e d Sea and Persian Gulf , there was no abol it ionist 

m o v e m e n t . T h e demand for slaves r ema ined . In the W e s t , slavery was no 

longer acceptable. To stop i t in the East, the supply of slaves had to be cut. 

That is what L iv ingstone set out to d o . C lear ly , f o r h im , i t was a mission 

sanctioned by G o d . 

T h e tradit ion of slavery in East Afr ica goes back to the ninth century , much 

longer than the W e s t Afr ican slave trade that fed the cannibalistic plantations 

o f the N e w W o r l d . T h e East Afr ican slave t rade , for much o f its ex is tence , 

was a m i n o r c o m p o n e n t of coastal Swahil i c o m m e r c e w i th Arabia and points 

east. A l o n g w i th slaves, the city-states of the East Afr ican coast e x p o r t e d i vory 

f r om the Inter ior , g o l d f r om the Z i m b a b w e cul ture , and i ron . T h e number 

o f slaves e x p o r t e d was not large , but, o f course , they w e r e still slaves. In the 

latter half o f the ninth century those w h o had been shipped to the sodden land 

of southern Iraq r e vo l t ed . So , t o o , in later years, d id those in the small black 

enclaves o f wes te rn India. 

This early phase of the East Afr ican slave trade d id no t dec imate the tr ibes. 

H o w e v e r , s ome centuries later the demand for slaves escalated a long w i th the 

rise of labor- intensive spice and sugar plantations. Increased demand for slaves 

co inc ided w i th vic ious i f unrelated tribal hosti l i t ies, and the result was truly 

devastating. 

So i t was w h e n L iv ingstone f irst w e n t to Afr ica in 1840. In the early years 

his w i f e , Mary , and his chi ldren w e r e w i th h im. T h e v shared his Afr ican 

hardships. I t became t o o much . T h e chi ldren re turned permanent ly to En

gland, but L iv ingstone r ema ined , set in his r eso l ve . A n d reso l ved he was . His 

daughter saw him only once in her l i fe , on one o f his t w o visits back to 

England, and that w h e n she was f ive years o ld . 

By 1861 L iv ingstone had v i e w e d the ro t t ing corpses and human bones 

l i t ter ing the charnel house that was the lakeshore. N ine teenth-century Afr ica 

was a heca tomb of slaughter. I t needed he lp . M r s . L i v ings tone , wishing to be 
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wi th her husband in Afr ica , to share in his mission, re turned once m o r e to 

the Inter ior to jo in the g o o d doc to r . She was c la imed by f ever along the 

Zambez i be f o re she could catch up w i th h im. That was in 1862. 

A l so in 1862, halfway around the w o r l d , the W e l s h m a n Henry M o r t o n 

Stanley, l ong be fo re he found L iv ingstone in Afr ica , found himsel f by a 

c ircuitous route in the Amer i can Civ i l W a r . He was captured at the Battle o f 

Shiloh wh i l e f ight ing for the Con federacy w i th C o m p a n y E, D i x i e Grays, 

Sixth Arkansas R e g i m e n t . To escape pr ison, he j o ined the Un ion A r m y . He 

was lucky in that wa r : He surv ived . Dav id L iv ingstone 's eldest son, Robe r t , 

w h o was also in the A m e r i c a n Civ i l W a r , was no t so lucky. He died a Un ion 

soldier in a Con federa te p r i soner -o f -war camp not long after his mo the r died 

in Afr ica . 

Nea r l y a decade later came the w o r d s , " D o c t o r L iv ingstone , I p r e s u m e . " 

Stanley, the newspaper r epo r t e r , d i scovered a destitute D r . L iv ingstone at 

Ujiji on the shores of Lake Tanganyika. Stanley 's search for L iv ingstone was 

one of the great media stunts of all t ime . He had been sent by the New York 

Herald for the story. It t o o k h im w e l l o v e r a year to ge t it, and then it was 

g r e e t ed w i th skepticism in England. 

L iv ingstone was particularly famous in Europe , and there was considerable 

interest in his we l l -be ing . Consequent l y initial repor ts of his death generated 

qui te a stir. As i t turned out , they w e r e great ly exaggera ted . His por ters , i t 

seems, had had enough of L i v ings tone ' s severe l i fe , so they deser ted , presum

ably to return to their homes in the C o m o r o Islands b e t w e e n Madagascar and 

the Afr ican coast. W h e n they reached Zanzibar after t rekking out f r om the 

Inter ior , they w e r e f o rced to explain their return w i thout L iv ingstone . T h e y 

did not want to ge t into t roub le . W h a t cou ld they say? 

T h e y said L iv ingstone was dead, ki l led in an attack on the caravan. But they 

w e r e w i d e l y d isbe l i eved . Stanley 's was the fourth o f e ight re l ie f parties sent 

after the great man, but be ing only after a story, it was the one having the 

least connec t ion w i th L iv ings tone ' s w o r k . 

Dav id L iv ingstone refused to return to civi l izat ion w i th Stanley. He died 

in May 1873, south o f Lake Bangweulu in what is n o w Zambia , wes t o f 

Ma l aw i . His heart was bur ied in Afr ica . His body was re turned to London , 

w h e r e i t was e n t o m b e d in Wes tm ins t e r A b b e y , the central edifice o f the 

Church o f England. 

T h e thought of L iv ings tone ' s heart be ing bur ied in his b e l o v ed Afr ica is 

touching. H o w e v e r , i t does not appear that it was done so much at his request 
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as through necessity. Chuma and Susi, his mos t faithful native assistants, had 

to prepare the corpse for transport back to Zanzibar to p r o v e his death at the 

British Consulate. T h e y r e m o v e d all the internal organs, including the heart , 

and buried them. T h e n they dr ied the ev iscerated carcass for t w o w e e k s in 

the tropical sun so that it cou ld be to lerated wh i l e be ing carr ied to the coast. 

At Zanzibar the body was posi t ive ly identi f ied as L i v ings tone ' s . It had a poo r l y 

mended broken arm. Years earl ier L iv ingstone had been attacked and mauled 

by a l ion. His arm was shattered by the beast and did no t set p rope r l y . This 

bad arm p rov ided a signature for his w o r l d l y remains. 

A f t e r L iv ingstone 's exp lorat ions o f the Inter ior m o r e Europeans came , 

disciples of L iv ingstone , also Scots for the mos t part , and most ly planters and 

traders. T h e y w e r e supplied by and sold their g oods to the Afr ican Lakes 

Company , a Scottish f irm established to carry on c o m m e r c e in the area 

opened by L iv ingstone . Its Afr ican headquarters w e r e near Blantyre , the f i rst 

major t o w n of the' r eg ion , founded by the Established Church of Scotland in 

the Shire highlands of the south. It is still the major city of Ma l aw i . Blantyre 

was named by the f i rs t generat ion o f Dav id L iv ings tone ' s f o l l owers for the 

small vi l lage east o f G l a s gow , along the R i v e r C l y d e , w h e r e L iv ingstone was 

born . T h e mission of the settlers r ema ined the same as L iv ings tone ' s at f irst, 

but the decadence of some of the Europeans in subsequent decades , the abuse 

o f the p e o p l e , the cheating, the bedd ing o f native w o m e n , w e r e unl ikely to 

attract the L o r d ' s sanction, and certainly not L iv ings tone ' s . 

O T H E R SUBJECTS I had learned about f r om L i gh twe l l pop into my mind 

as the airplane's turbines d rone in my ears. 

" L i g h t w e l l , was slavery bad here in nor thern M a l a w i ? " I asked once . 

" O o o h , y e s . " 

" H o w s o ? " 

" W e l l , there was an Arab in this p lace . His name was M l o z i . His stockade 

was near K a r o n g a . " Karonga is a major city in far nor thern Ma law i . We go 

there for supplies. 

For the nex t half hour I re f lected on what L i gh twe l l had to ld of the atrocit ies 

of slavery and the horrors infl icted by the barbarous half-caste M l o z i dur ing the 

last t w o decades o f the nineteenth century. Some slaves w e r e obtained through 

purchase f r om treacherous tribal leaders. M o s t w e r e captured in ear l y -morn ing 

raids by M l o z i ' s ruga-ruga, mercenar ies . Many of the m e n of a hapless vi l lage 
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w o u l d be ki l led as they e m e r g e d , s leep still in their eyes , f r om their huts. Those 

p o o r f e w w h o w e r e not k i l led and could not escape to the b u s h — w o m e n , 

chi ldren, boys , the remaining m e n — w e r e herded toge ther and their numbers 

further diminished until on ly those w h o might survive the march to the coast 

w e r e left . T h e y w e r e str ipped. T h e goree, or slave stick, a forked branch, was 

y o k e d around the neck o f each. T h e l ong , po le l ike ends o f t w o slave sticks w e r e 

t ied toge ther so that each slave was affixed to another. At night the long end of 

the slave stick was t ied vert ical ly to a t r e e , the forked end pinning the miserable 

capt ive to the g round by the neck. 

Vi l lagers raided f r om the north end o f the lake w e r e kept in M l o z i ' s 

stockade until their numbers w e r e high enough to assemble a caravan of death 

dest ined for the coast f ive hundred mi les away (F igure 18 ) . Each slave, near 

starved, was fo rced to carry a load, perhaps of i vo ry , and to step to the wh ip . 

A n y o n e in the coffle w h o became sick or inf irm on the trip s imply d ied . I t 

is said that the c o n d e m n e d w e r e o f ten decapitated, as that was an efficient 

m e t h o d for releasing the goree. Starvation cont inued throughout the long 

march , wh ich could last three to four months . 

T h e ruga-ruga w e r e paid their daily rat ions, the oppor tuni ty to l oo t , a 

m i n o r share of the slave caravan prof i ts, and the sexual use of pr isoners. In 

1905 a f o r m e r ruga-ruga f r om East Afr ica descr ibed the rewards : " P l e n t y 

f o o d , p lenty w o m e n ; ve ry l o v e l y . " T h e y had no compassion o r concern for 

the c o m m o d i t y they w e r e transport ing for prof i t . T h e r e was, they thought, 

an endless supply. 

O n c e at the coast many of the slaves w e r e sold to w o r k the local planta

t ions or the large sugar estates on the French islands n o w cal led Maurit ius and 

Reun ion . Females w e r e evaluated for their potent ia l in Turkish harems. Mos t 

o f the remain ing males w e r e castrated because eunuchs w e r e o f higher market 

value in the courts o f the O r i en t . Many did not survive the operat ion . 

W h e n the southwest monsoons began in Apr i l , A rab dhows came to ferry 

the slaves f r o m the stockades of the Afr ican coast to Zanzibar . T h e passage 

was an incredib le ho r ro r . Each d h o w was engo r g ed w i th an anguish of slaves. 

T h e y w e r e led aboard and made t o lie on the deck. No r o o m — a t a l l — w a s 

a l l o w e d the dehumanized v ic t ims. On top of this layer was built a t emporary 

deck. On this another stratum of slaves was depos i ted . This cont inued until 

the d h o w was fully laden. T h e r e was absolutely no r o o m for m o v e m e n t , and 

none was a l l owed until the cargo was o f f - loaded at Zanzibar . 

At best the voyage w o u l d take a full day and night. It could go three days 
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FIGURE 18: A coffle of slaves. Nothing more graphically portrays the anguish of 

nineteenth-century Africa than yoked and shackled people driven from the Interior 

to the voracious slave dhows at the coast. 

or m o r e . I f the winds ca lmed , the cargo starved. I f approached by a British 

en fo rcement vessel, the cargo might be t h r o w n ove rboa rd . T h e sick w e r e 

dispatched, rather than pay custom on them at Zanzibar . T h e stench was 

unbearable, the misery was horr i f ic , the inhumanity was unfathomable . 

In Zanzibar the survivors w e r e fattened in pens l ike catt le , then put on the 

market . T h e lucky stayed in Zanzibar to w o r k the c l ove plantations o f the 

sultan. O thers had to make e v en l onger and m o r e horr id voyages than the one 

they had c o m p l e t e d , to T u r k e y or China or s ome even to Brazil. 

H o w many peop l e d ied f r om all this? W h o can say? H o w many peop l e out 

of all those af fected, beg inning w i th the ruga-ruga raids, l ived? W h o can say? 

O n l y a small and sad percentage , that is certain. 
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' ' L I G H T W E L L , W H A T happened to M l o z i , the big slaver in northern 

Malawi? H o w was he s t o p p e d ? " 

" W e l l , he batt led for some t ime , for a l ong t ime , w i th the peop l e o f the 

Afr ican Lakes C o m p a n y , for e xamp l e L . Mon t e i th Fother ingham. They had 

a trading station in Karonga. T h e n he was h a n g e d . " 

" W h e n was tha t ? " 

" E i g h t e e n , le t 's see, e ighteen ninety- f ive , I t h i n k . " 

E N O U G H T H O U G H T OF the slave trade for a wh i l e . But L i gh twe l l ' s conver 

sation did not leave my m ind . 

" E x c u s e m e , " said L i gh twe l l , " d o you k n o w about Shaka the Z u l u ? " 

" N o , " I said, " t e l l m e about h i m . " 

" W e l l , he was a Zu lu . In fact, he was the Zu lu leader. He was ve ry 

fierce." 

" V e r y f i e r c e ? " 

" O o o h , yes. V e r y f i e r c e . " 

Shaka was f ierce. He brought wa r to southern Afr ica as i t had never been. 

S o m e say he was responsible for t w o mi l l i on deaths, a staggering number 

under any circumstances, all the m o r e appall ing consider ing the l o w popula

t ion density of the t ime . Shaka c o m m a n d e d a we l l -d isc ip l ined and merci less 

a rmy. O n e o f his strategies was t e r ro r , wanton brutal i ty, which he inflicted 

on his o w n peop l e and which his army infl icted upon those he conquered . 

In 1819 the N g o n i faction of the Zulus was vanquished by Shaka and dr iven 

out o f their home land o f Nata l in what is n o w South Afr ica. T h e y retained 

their Zu lu ways , murder ing , pi l laging, and p lunder ing as they w o r k e d their 

way no r thward , then south again to the reg ion o f Ma law i . L ike the vict ims 

of Shaka, a piti fully small percentage surv ived the slaughter of the N g o n i . 

T r i bes whose homelands lay be fo re the invaders w e r e spl intered. Those w h o 

cou ld , fled in advance o f the onslaught. Y o u n g m e n o f conquered tribes w e r e 

conscr ipted into the N g o n i wa r r i o r a rmy. Desirable young w o m e n w e r e taken 

as w i v e s . M e n not conscr ipted w e r e bra ined, b ludgeoned , o r speared. Unde 

sirable w o m e n had their breasts l opped off, then w e r e left to d ie . 

Sixteen years after Shaka d r o v e them f r om Nata l , f ive years be fo re L iv ing

stone came to A fr ica , the N g o n i reached the Zambez i on their way north. I t 

was the day of a solar ec l ipse, 2 :00 P.M., 19 N o v e m b e r 1835. T w o events 

o f interest f o l l o w e d . L egend has i t that the chief o f the N g o n i , Zwangendaba , 
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struck the waters of the Zambez i w i th his spear, and like Moses at the R e d 

Sea, the waters parted. T h e N g o n i w e r e able to cross. 

T h e second event was the premature birth o f a son to one o f Z w a n g e n -

daba's w i v e s , o v e r c o m e w i th the exc i t emen t o f the day. T h e son's name was 

M ' M b e l w a . He was dest ined t o b e c o m e the leader o f the N g o n i . 

T h e N g o n i , w h o w e r e basically pastoralists, eventual ly sett led in the 

less-fertile highlands o f what was to b e c o m e Ma l aw i . T h e y began to face f o od 

shortages and indeed even famine. Constant ly they raided the Tumbuka and 

especially the Tonga , w h o l i ved on the fert i le grounds near the lake, taking 

food and slaves. I t was not until years later that the N g o n i , under M ' M b e l w a , 

rel inquished their be l l igerent ways . In the mean t ime their ways , plus the 

actions of the slavers, created the circumstances found by L iv ingstone . 

" S o what tr ibe l ives here at Mwakasyungut i n o w ? " I asked. 

" W e are T u m b u k a , " L i gh twe l l rep l i ed . 

" A n d h o w did the Tumbuka c o m e t o b e h e r e ? " 

" W e came f r om the north. W e fled be fo re the N g o n i i n v a s i o n . " L i gh twe l l 

l ooked around at the picturesque L u w o n y a Hi l ls . " T h e Tumbuka , Henga , 

Nkamanga, and other tribes escaped to the desolate r e g i o n s . " 

I asked h o w the Tumbuka dif fered f r om the N g o n i . 

" W e are s o di f ferent. W e have our l a n g u a g e . " 

" W e l l , d o n ' t the N g o n i have a l anguage? " 

" O h , no . T h e y adopted the languages o f the tr ibes they conquered . T h e 

Tumbuka kept their t ongue ; we speak T u m b u k a . " 

" I s that the on ly d i f f e r ence? " 

" N o , there are so many. But we used t o be m o r e d i f f e r e n t . " 

" H o w s o ? " 

" W e l l , N g o n i are patri l ineal, by which I mean i f a man gets marr i ed , his 

w i f e w i l l c o m e to l ive in his h o u s e . " 

" I s n ' t that the way you do i t ? " 

" N o w i t is, but in the past we w e r e matr i l ineal . In the past the son-in- law 

was taken into the h o m e of the daughter. O u r culture has changed. It has 

changed in so many ways w i th the m o d e r n t i m e s . " 

A little later we began a n e w subject. 

" L i g h t w e l l , w h y do you say L iv ingstone brought educa t i on? " 

" H e founded the missions, and the missions always t e a c h . " 

L i ghtwe l l was certainly right about that. Educating the natives was always 

a major part of L iv ingstone 's plan, and it was put into pract ice by his f o l l owe r s 
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FIGURE 19: The original Livingstonia Mission and the ILALA (based on a sketch by 

Captain Elton in 1877). Many of those who followed David Livingstone into the 

Interior shared his antislavery passion. 
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as w e l l . T o d a y Ma law i has a decent educat ion p r o g r a m , reaching e v e r yone in 

the country . This legacy produces p eop l e like L i gh twe l l , w h o are affected by 

the broad tradit ion of educat ion started so long ago in this far-off part of the 

w o r l d . Publ ic educat ion in Ma l aw i requires a nominal fee even though the 

p e o p l e are ve ry p o o r . Parents, by remi t t ing fees, are thought to take a greater 

interest in their ch i ldren 's progress ; they want to be sure they are get t ing their 

m o n e y ' s w o r t h . 

T h e established educational system in Ma l aw i traces its roots through a 

remarkable ped i g r e e , e ven after L iv ings tone . In 1875, t w o years after Dav id 

L iv ingstone d ied , Liv ingstonia Miss ion, founded by R o b e r t Laws o f the Free 

Church of Scot land, was begun at the south end of the lake (F igure 19 ) . I t 

was a beautiful spot, but unhealthy. A f t e r the death of f ive missionaries within 

three years, Laws m o v e d the mission to a healthier spot, Bandawe, on the 

wes t side o f the lake. 

Bandawe was near Ngon i l and , and i t was the N g o n i under M ' M b e l w a 

(F igure 20 ) w h o f i r s t came into contact w i th Laws o f Livingstonia Mission. 

Laws f o l l o w e d the long-standing missionary po l i cy of not taking part in tribal 

mat ters , e ven to the ex ten t o f remain ing neutral w i th respect to N g o n i raiding 

act iv i t ies. T h e missionaries w e r e not ra ided , probably because they w e r e 
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armed . Eventual ly Laws w o n the respect o f all the local tr ibes and the 

conf idence of M ' M b e l w a . A long fr iendly relationship was begun. Laws is 

quoted as saying of the chief, " G o d seems to have cal led h im and used h im 

for the special purpose o f admit t ing the Gospe l to his p e o p l e . " 

T h e relationship was not always smoo th , h o w e v e r . T h e r e is the tale o f 

M ' M b e l w a ' s young son visiting Laws at his camp. Ma t r on l y M r s . Laws patted 

him on the head and spoke kindly to h im. T h e gesture was in terpre ted by 

some of the tr ibe as a hex , " s o high and no h i g h e r , " because soon a f terward 

M ' M b e l w a ' s son d ied . Passions ran high among the p e o p l e , but M ' M b e l w a 

refused to turn on Laws . He ca lmed the b loodthirs ty war r i o rs . U n d e r 

M ' M b e l w a ' s leadership, s ixteen years after his f i rst acquaintance w i th Laws , 

the N g o n i had g iven up the perpet ra t ion of g enoc ide on their tribal ne ighbors . 

They w e r e a changed p eop l e . 

Laws spent f ive decades in Ma l aw i running the Liv ingstonia Miss ion. In 

1894 he m o v e d i t f r om Bandawe to its current h o m e in the nor thwes t 

highlands o ve r l ook ing the lake. T h e r e it has faced danger as w e l l . Dur ing the 

f r e edom m o v e m e n t in 1959, a pol i t ical State of Emergency was dec lared 

because o f w idespread unrest w h e n Banda, later to b e c o m e pres ident , was 

FIGURE 20: The Ngoni leader M'Mbelwa. Through his vision and leadership peace 

finally reigned over the lake and its surroundings. 
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arrested and led away to gao l . T h e same British authorities w h o arrested 

Banda w e r e concerned o v e r the safety o f whi tes at Liv ingstonia. T h e head o f 

the mission was asked by a i r -dropped message i f he w ished to be evacuated. 

T h e rep ly was spel led out in wh i t ewashed stones in a f ie ld nex t to Laws 's o ld 

stone house: "Ephes ians 2 : 1 4 . " N o t h i n g m o r e , s imply re ference to that 

passage f r o m Paul 's Le t t e r . I t reads, " F o r he is our peace , w h o has made us 

both o n e , and has b roken d o w n the d iv id ing wal l o f hos t i l i t y . " T h e mission

aries wan t ed no rel ief ; they came to no harm. 

Liv ingstonia Miss ion, through its secondary school , still turns out artisans, 

and teachers, and businessmen, and preachers , and leaders. In fact President 

Hastings Kamuzu Banda is named for one of its f o rme r missionaries. T h e 

m o t t o of the school is, I w i l l try. 

T h e story of Liv ingstonia student Legson Kayira is particularly inspiring. 

He was a Tumbuka f r om near Karonga . T h e name Legson was made up 

because i t was thought to sound British. Hav ing c o m p l e t e d Livingstonia in 

1958, Legson dec ided to go to c o l l e g e — i n the Un i t ed States. Fired by the 

Liv ingstonia school m o t t o , Legson wa lked 2 ,500 mi les across Afr ica, w i th no 

m o n e y , f e w be long ings , and no shoes. In Uganda he w r o t e to Skagit Val ley 

C o l l e g e in Wash ing ton . He came across the name at the U .S . In format ion 

Serv ice l ibrary. T h e y responded w i th a p romise o f he lp . Legson wa lked on . 

At Khar toum an Amer i can consular of f icer be f r i ended h im and w r o t e to the 

school on his behalf. T h e school raised m o n e y for his studies, p r o v i d ed for his 

airfare, and found a family for h im to l ive w i t h — a wh i t e family that already 

had seven chi ldren, but w e l c o m e d this Afr ican young man. Embassy person

nel gave h im a suit and some shoes. In D e c e m b e r 1960 Legson arr ived in 

A m e r i c a . He go t his educat ion, f irst at Skagit, then at the Univers i ty of 

Wash ing t on . He w r o t e a b o o k about his travels ent i t led / Will Try. His story 

of perseverance is repeated in a high school history t ex t , World History, Patterns 

and Civilization, current ly in use in Texas . 

To reach Liv ingstonia Miss ion, one must make an ef fort , e ven today, but i t 

is certainly w o r t h a visit. T h e r e is a magnif icent stained-glass w i n d o w , anoma

lous in the heart of Afr ica. It is a romant ic portrayal of L iv ingstone . Behind h im 

stand Susi and Chuma, his assistants, best k n o w n for transport ing his body to 

Zanzibar . His hand is outstretched to a g r o u p of natives, t w o m e n and a w o m a n . 

T h e w o m a n has a baby on her back, snugly nest led in a c loth t ied o v e r her 

shoulder in typical Afr ican fashion. Lake Ma l aw i is in the distance. 
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' ' L E T ' S SEE IF I have this straight, L i gh twe l l . T h e N g o n i invaded and w e r e 

raiding o ther tribes at the same t ime M l o z i was taking slaves a bit farther to 

the north around K a r o n g a ? " 

" I t was ve ry b a d . " 

" T h e n Laws and the Liv ingstonia Miss ion w o r k e d w i th the N g o n i leader 

M ' M b e l w a to pacify and educate the t r i b es? " 

" T h a t i s r i g h t . " 

" A n d the Afr ican Lakes C o m p a n y peop l e started f i gh t ing w i th M l o z i and 

f inal ly hanged h im at about the same t i m e ? " 

" Y e s . A n d that is also about the t ime w h e n Nyasaland was proc la imed a 

pro tec tora te by the Br i t i sh . " 

" A n d Livingstonia Mission is still up there on the hill to the south of u s ? " 

" Y e s . " 

" T h a n k s , L i gh twe l l . Y o u have taught me a lo t about your c o u n t r y . " 

" Y o u are w e l c o m e . " 

T H A T IS THE last I r e m e m b e r thinking about on the airplane be fo re I fell into 

an apprehensive s leep. 

9 July, Monday. 

O v e r the L i m p o p o , o v e r the Z a m b e z i , t o Kamuzu International A i r p o r t on 

the ro l l ing L i l o n g w e Plain, e tched in red dust. We have arr ived in Ma law i . 

It is hazy w i th the dry season. A l l our baggage arr i ved , checked straight 

through f r om Dallas w i th three transfers. No p r o b l e m w i th customs. Yusuf, 

that is, D r . Yusuf Juwayey i , Pr incipal Conserva to r of Ant iqui t i es , and Fidelis 

M o r o c c o , Depa r tmen t o f Ant iqui t ies technician, m e t us at the a irport . On the 

twenty -minute dr i ve to t o w n I was brought up- to-date . Everyth ing for the 

f i e ld season was organized . " L i k e cheese on b r e a d , " K e n t w o u l d say. Yusuf 

had secured one thousand pounds of dental plaster for us f r o m G o v e r n m e n t 

Med ica l Stores. O f course our research clearance had no t c o m e through ye t , 

but it was at the appropr iate gove rnmenta l o f f ice, in g o o d o rde r , await ing a 

signature. T h e formal i t ies are p roceed ing smooth ly and eff iciently. T h e r e w i l l 

be no unnecessary delay. We w i l l soon head out to the f i e ld . But f i r s t there 

are a f e w things to do in t o w n . We can l ook around the city wh i l e g iv ing our 

b io log ica l c locks a chance to reset and r e c o v e r from je t lag. 

L i l o n g w e , w i th its specially built capital area, is a city w i th the vacuous 
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ambience o f a n e w house not quite ready for occupancy. T h e n e w e r sectors, 

w i th d ip lomat ic missions, g o v e r n m e n t bui ldings, and the central shopping 

mal l , have w i d e streets l ined w i th v iv id red poinsettias g r o w n to bush size in 

the tropical c l imate . T h e r e are r o w s o f y e l l o w - g r e e n cassia trees. Lawns are 

manicured . Traf f ic is l ight, l ike a Sunday no mat ter what day it is. Streets bear 

such names as Afr ican Un i t y A v e n u e , Kamuzu Process ion D r i v e , and Presi

dential W a y . T h e f l ow of vehicles is cont ro l l ed at intersections by traffic 

c irc les, e x c ep t at one T - junc t i on , w h e r e the Japanese recent ly e rec ted a traffic 

signal f o l l ow ing the death of one of their nationals in a car accident at that 

spot . 

E v e r y w h e r e r ed , g r e en , and black banners proc la im the twenty-s ix th 

anniversary of independence , LONG LIVE KAMUZU, they shout. Portals w i th 

the national co lors and e m b l e m s , ove rseen by styl ized render ings of painted 

buffalo, ante lope , and l ion, grace the roads. T h e tambala and kwacha, the 

roos ter at d a w n , decora te the sides of bui ldings. 

T h e o ld t o w n is bustl ing, full of shops, and noise and the central market . 

T h e air is suffused w i th diesel fumes and black smoke be lched f r om lurching 

buses and stalled lorr ies . In the marke t , d iv ided into sections depending on 

the merchandise , the din of the sheet metal w o r k e r s banging and tapping out 

bucket after bucket , wa te r ing can after water ing can, reverberates merc i 

lessly. Pi les and piles o f b r o w n smoked f i sh lie nex t to r o w s and r o w s o f 

s i lvery dr i ed f ish. T h e r e are heaps of g l istening mois t fresh f ish t o o . This part 

of the market has a dist inct ive o d o r , but it is not bad. Co lor fu l c loth, and 

basketry, hardware , used nuts and bo l ts , axes , salvaged gears and bearings, 

fruits and v e g e t a b l e s — o r a n g e s , cabbages, on ions , bananas, a f ew pawpaws 

and c a r r o t s — a n d the offal p i le in the co rner , all have terr i tor ies staked out 

in the bazaar. Snack peddlers hawk bo i l ed eggs , peanuts, chicken feet , and 

o ther such t idbits. 

Yusuf d r o p p e d me at Count ry Car H i r e (START WITH us AND SEE THE 

COUNTRY) . I always rent vehicles there . T h e p ropr i e t o r is an Asian. His family 

came to Ma l aw i f r o m India in the 1890s and has p rospered e ve r since. He 

appears to be exceed ing l y shifty, but he has a strange likability if you can stand 

to be around him long enough to let i t show through. He neve r has a posit ive 

w o r d to say about anything. T h e w o r l d is persistently on the v e rge o f col lapse. 

That is, e xcep t for one thing. Ask h im h o w business is and he w i l l invariably 

rep ly that it is g o o d . Hav ing paid his prices to rent his vehic les, I am sure it 

is. He supplied me a Land R o v e r , assuring me i t was in g o o d wo rk ing order . 
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We shall see. Last year we t r ied three be fo re we swi tched to an Isuzu that 

could get us out o f t o w n . 

At the Depar tment o f Ant iqui t ies Da le and K e n t inventor i ed the pro j ec t 

f i e ld supplies left o v e r f r om last year. Everyth ing was there . No p i l ferage. 

Tents and mattresses w e r e be ing supplied to the pro jec t by the depar tment . 

Mos t w e r e there , but for others we had to send to Blantyre. Fidel is, a long 

wi th James, the dr i ver , i s to go north to set up camp t o m o r r o w . T h e 

departmental Land R o v e r has an angle- i ron luggage rack that extends f r om the 

back o f the cab, f o rward o v e r the h o o d , to the front bumpers , f r om which 

i t is supported by t w o long arms. I t p rov ides for the over load ing of the vehic le 

so that i t is excessively top-heavy . We wi l l m e e t Fidelis and James at camp , 

after they have set i t up. O u r third m e m b e r f r om the depar tment , Elizabeth 

Goman i , w i l l go north on the bus. 

Today a t noon we m e t w i th a representat ive o f Ca l tex O i l w h o presented 

the pro ject w i th a check for ten thousand kwacha (about three g rand ) to offset 

our vehic le expenses . He a lerted the press. T h e y r epo r t ed i t in the newspaper 

and on Rad io Ma law i , thus in forming the vi l lagers o f r e m o t e Mwakasyungut i 

o f our arrival in the country long be fo re we w i l l g e t to the f i e ld . T h e y w i l l 

be expec t ing us. 

We seem to be happily r e m e m b e r e d by the staff a t the L i l o n g w e H o t e l . 

Smily, the gr inning l itt le po r t e r , is still there and still smil ing. Last year K e n t 

w r o t e a let ter for h im, granting permiss ion to rummage through our tattered 

discards. T h e p o o r guy had been r epr imanded by his boss for r e m o v i n g some 

tossed-out goods f r om the trash. He thought Smily had p i l f ered th em , but he 

had not . 

I t i s nice to be back in the W a r m Hear t o f Afr ica. T o m o r r o w i t w i l l be 

nice to head to the f ie ld. 

13 July, Friday. 

Ngara camp. Lucky Friday the thirteenth. 

T h e dr ive up f r om L i l o n g w e was pleasant. T h e wea ther was per f ec t , the 

skies w e r e b lue. W e b roke the tr ip into t w o legs. W e d r o v e t o Kasungu 

Nat ional Park on the f irst day and spent the night at the l odge , taking 

advantage of its locat ion for rest. It gave us a chance to watch e lephant, 

ante lope , and h ippo , and to see s ome countrys ide . T h e rest o f our stay in 

Ma law i w i l l be f i l l ed w i th d igg ing bones , not sightseeing. We w e n t for an 
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af ternoon g a m e dr ive and g o t m i r ed in sticky mud just as the sun was go ing 

d o w n . I t t o ok t w o hours in the greasy black o o z e to extr icate ourselves. 

Lucki ly we had flashlights and some too ls w i th us. We also had an armed game 

ranger . H e , at least, felt secure f r om buffalo and other w i l d beasts w i th his 

ancient ri f le. I am not sure that the rest of us w e r e so c om fo r t ed . 

T h e road f r om Kasungu to M z u z u , which we take to ge t up to the northern 

end of the country , passes through the plains and on to the spectacular forests 

of the V iphya Plateau. Peasant farmers sold swee t potatoes a long the road. 

Boys and gir ls held out sticks of Ma law i sausages, dr ied m i c e , for sale as lunch 

to trave lers . T h e m ice are caught in the f ie lds by the chi ldren. Then they are 

bo i l ed w i thout much further ado . No skinning, no r e m o v i n g the heads. A f te r 

bo i l ing , their nice but nubbly l itt le bodies are dr ied and salted. Hal f a dozen 

or so of the stiff sun-dried carcasses are placed in a p iece of split b a m b o o for 

easy handling. T h e n they are ready for sale (F igure 2 1 ) . A n d for ea t ing—ha i r , 

bones , tee th , toenai ls , and ta i l s—eve ry th ing . 

FIGURE 21: Malawi sausages—boiled, salted, and dried mice—-Jor sale. Even if 

this is not your idea of lunch, the child's smile is a disarming introduction to the 

culture. 
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I have had some dealings w i th these sausages. I am always on the l ookout 

for comparat ive skeletal material o f m o d e r n species o f animals to use in my 

studies of fossils. W h a t a go lden oppor tun i ty these Ma l aw i sausages presented 

for making a co l l ec t ion of Afr ican mouse skeletons that could be used in 

connect ion w i th my fossil-rat interests. Last year I bought eve ry stick of 

Ma lawi sausages that I could ge t my hands on . T h e chi ldren must have thought 

I was ravenous. I t ook all my spec imens, for they had n o w b e c o m e scientif ic, 

back to the Depar tment of Ant iqui t ies in L i l o n g w e . I left them in the off ice 

to be shipped to me in Dallas a long w i th some of the season's impor tant 

fossils. T h e y had not been in L i l o n g w e twen ty - f our hours be fo re the staff, 

thinking I had brought them a treat , ate my ent i re sample of Afr ican rodents ! 

T h e r e are several dishes besides Ma l aw i sausages that do not seem to be 

particularly w e l l suited for the W e s t e r n palate. For instance, The Malawi 

Cookbook has an ent ire chapter on insects. F r o m it you learn that bee larvae 

should be fr ied w i th a l ittle salt and served as a relish or appet izer . Large g r een 

crickets that swarm at streetl ights should have their w ings and the horned 

parts o f their legs r e m o v e d . T h e n they should be bo i l ed for f ive minutes , 

dr ied , and panfr ied, just l ike grasshoppers and red locusts. Rec ipes are 

included for t e rmi tes , black flying ants, sand cr ickets, cicadas, the regular 

shield bug, and the large g r een shield bug. G r e e n caterpil lars are be t ter w i th 

the stomach and intestine r e m o v e d . T h e n they should be bo i l ed and fr ied. For 

variation add one chopped t o m a t o , a chopped on ion , and some peanut f lour. 

A f t e r dry ing, caterpil lars can be stored for three months . 

I am perhaps most amused by the tiny lakefly, Chaobora edulis, L iv ingstone 's 

kungu, as an ingredient of the Ma law i kitchen. Every mon th at the n e w m o o n 

these gnat-sized flies arise in c louds, bi l l ions of t h em , f r om the lake. The i r 

mists can be seen f r om far in the distance, e ven f r om the tops of the high 

scarps ove r l ook ing the lake (see Figure 11 in Chapter 2 ) . W h e n they dri ft 

ashore at a v i l lage , mo is tened w i n n o w i n g baskets, usually used for separating 

chaff f rom grain, are w a v e d through the swa rm. T h e tiny midges stick to the 

w e t basket. Then they are scraped off and m o l d e d into cakes by pressing them 

into a mass. T h e cakes are left to dry in the sun. 

To prepare , break the lakefly cake into pieces and boi l in salted wa t e r until 

soft. A d d a chopped t o m a t o , on ion , crushed peanuts, and a l itt le o i l . C o o k 

gent ly and serve w i th r ice . L iv ingstone said i t " t as t ed not unlike caviare, or 

salted l o cus t s . " Sound delicious? 

N o , I have neve r eaten Ma law i sausage or tasted any of the rec ipes just 

re lated. 
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T h e dr i ve f r o m Kasungu Park to Ngara camp , past the chi ldren sell ing 

Ma l aw i sausages, was uneventful excep t for the radiator boi l ing dry. We 

arr ived at Ngara camp t w o days ago to f ind no one . Fidelis and James had 

begun to set up camp , but had left i t unfinished. W h e r e w e r e they? I finally 

tracked Fidelis d o w n at noon yesterday in Karonga . T h e y w e r e having vehic le 

t roub le and had g one to t o w n for repairs. T h e n they could not ge t back to 

camp . Stuck in t o w n , Fidelis was asleep at the Enikani Rest House w h e r e I 

found h im. I t o ok h im back to camp w i th m e , leaving James to look after the 

departmenta l Land R o v e r . Veh ic l e p r ob l ems are to be expec t ed . 

N o w , a day later, the camp has taken shape. It is at the vi l lage of Ngara , 

w h e r e the M - l h ighway runs close to the lake. T h e vi l lage itself is probably 

larger , but o therw ise not much changed since earl ier days w h e n M i g e o d and 

Parr ington visited the Scotsman M a x w e l l in 1930. A sandy dirt track f r om the 

tarmac, paral le l ing the lakeshore, leads d o w n to Afr ican M r . M a x w e l l ' s 

co t ton g innery . M r . M a x w e l l is the official v i l lage headman, a ve ry important 

posi t ion in the social and pol it ical infrastructure. Because his e lder brother is 

also a vi l lage headman, at N y u n g w e , this M a x w e l l has taken on the official t it le 

o f V i l lage Headman Makonganya . I t means " b i g m a n , " and there could not 

be a m o r e accurate descr ipt ion o f h im. On the wes t side o f the dirt track, 

b e t w e e n i t and the tarmac, are M a x w e l l ' s f ive br ick houses, stuccoed wi th 

concre te and c r o w n e d w i th corrugated i ron roo fs . He parks his o ld b r o w n 

M e r c e d e s of f the track nex t to the f i rst one . His houses are surrounded by 

chicken coops , chi ldren, and his w i v e s ' open cook ing f ires. T h e area is l iterally 

swarming w i th M a x w e l l offspring of all ages. At last count he had th i r t y - two 

chi ldren f r om six w i v e s , but that was a f e w years ago . Some of M a x w e l l ' s sons 

have w o r k e d for m e . He w i l l not a l l ow them to learn skills; e ven the art o f 

truck dr iv ing is proh ib i t ed . He does no t wish them to be educated. He is ve ry 

p ro t ec t i v e of his daughters, w h o , w i th their gray eyes , are striking in the 

e x t r e m e . 

I have just l o oked o v e r the camp . It is g o o d . It ex tends a long 165 feet of 

p r i m e beachfront p rope r t y , across the track f r om M r . M a x w e l l ' s houses. T h e 

beach is sand w i th a strand of cobbles . T h e y gr ind in the surf, adding their 

percussion to the rhythm of the waves , p rov id ing an audible background to 

all we do at this place. A n d because this is our h o m e in Ma law i , we w i l l do 

a lo t at this p lace . This is w h e r e we w i l l return after the day 's w o r k , whe r e 

we w i l l eat, and w h e r e we w i l l rest. I want i t to be pleasant and comfor tab le . 

T h e camp sits on a flat, dusty terrace of sandy black soil f i fteen feet above 
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the lake. A rank of spindly young blue gums , as Eucalyptus trees are ca l led, 

variable in height but none m o r e than a f e w feet high, lines the terrace edge 

along the central part of camp. T h e north end is bounded by a c lump of 

l o w - g r o w i n g palms w i th fan-shaped, pa lmet to l ike f ronds. T h e r e is also an 

Acacia t r e e . N o r t h of that a f e w hundred yards is an abandoned, c rumbl ing 

church bui lding and the co t ton g innery built by the b ig man 's father. Dur ing 

the 1959 civi l disturbances the M a x w e l l h o m e at N y u n g w e was razed and the 

g innery came under attack. T h e M a x w e l l boys w e r e a rmed and sent to the 

roof . T h e y w e r e to ld to shoot to kill i f they heard t w o shots f r om their father 's 

pistol . O n e shot was f i r ed o v e r the heads in the c r o w d . No m o r e w e r e 

necessary. T h e g innery was saved, and it is still operat ing today. 

Ken t ' s b lue -domed ny lon tent sits under t w o large , most ly leafless euphor

bia trees. T h e Afr ican name for them is mkomwa. T h e y have thin, l ight-

co l o r ed , pee l ing bark and large , hairy seeds scattered beneath their branches. 

South of Ken t ' s tent and the t w o mkomwa trees is my abode , a large g r een-

canvas safari tent , shaded by an Acacia. Landward , and nex t to m e , is Da l e ' s 

and W i l l ' s safari tent . A small Gmelina t r e e , a m e m b e r of the teak family 

introduced to Afr ica f r om tropical Asia, sits to the left o f their f ront f lap. O u r 

tents, at right angles, open into a c o m m o n area crisscrossed w i th a sp ide rweb 

of guy ropes and clothesl ines. O u r t o w e l s and the day 's laundry are hung out 

to dry. Behind their tent is a large Gmelina and a c lump of fan pa lms, into 

which is set a grass-wal led shower enc losure . 

T h e focal point of camp is a large tamarind t r e e , its shade, w i th typical 

Afr ican hospital ity, y i e lded to us by the local bee r dr inkers. Dr ink ing is 

popular in Ma law i . T h e in temperate natives o f Ngara seem to pre fe r their 

o w n h o m e b r e w , o r else they cannot afford the c ommerc i a l p roduct . T h e y 

imbibe glass-bott led bee r only infrequent ly . T h e on ly commerc i a l brand 

available is Car lsberg. It c omes in four labels: g r e en , which is a lager, 

progressing to b r o w n , wh ich is an ale , then g o l d , wh ich is expens ive " spec ia l 

b r e w " for the Malawian yuppie c r o w d . T h e fourth label is for black stout. 

T h e rallying cry o f Ma law i ' s Car lsberg drinkers is " G i v e a guy a g r e e n . " T h e 

b r ew ing company has a tree-plant ing p rog ram to further the green ing of the 

country. I t is activated by the appropr iate number of g r e en bo t t l e tops . 

M a x w e l l and the boo z y men o f the vi l lage seeming ly spend eve ry spare 

m o m e n t imbibing an acrid, cheesy h o m e b r e w . I t is prepared f r om mi l l e t by 

the w i v es . Every three or four days a n e w batch is ready for dr inking. T h e 

thick, sediment- laden e l ix ir is drunk through a c o m m o n straw, submerged in 
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a calabash to a depth that prov ides for m a x i m u m alcohol and m i n i m u m 

sludge. 

A c ommerc i a l vers ion, chibuku, sold in half-gal lon-sized mi lk-container-

t ype cartons, takes the place of h o m e b r e w during necessity. Chibuku, l ike 

h o m e b r e w but unlike bo t t l ed bee r , is a dense mi l l e t concoc t i on . I t continues 

f e rment ing after its de l i very f r om the factory. T h e sides of the carton begin 

to bulge w i th the pressure of generat ing gas. W h e n this happens, the chibuku 

i s said to be tough. T h e mi l l e t residue settles to the b o t t o m . At dr inking t ime 

the t op of the carton is grasped and the package v igorous ly agitated, g iv ing 

the m i x e d l iquid the co r rec t t ex ture and chewyness . T h e top o f the carton 

is cut of f and the package is passed around the c irc le of fr iends. H u g e , r ickety 

art iculated lorr ies distribute the b r e w , touted as " T h e International B e e r , " 

across the length and breadth of the country , their g rumbl ing sides gayly 

painted w i th the company m o t t o , Shake, shake Chibuku] 

Drink ing parties can beg in at any t ime of day. T h e y are o f ten loud, 

accompanied by blaring music w h e n the genera tor is wo rk ing or i f there are 

batteries for the rad io . We are neve r bo thered by the inebriates, h o w e v e r , 

and they do not jo in us in our camp. I think that is v e ry gracious of them 

cons ider ing that their p re f e r red venue is the shade of the tamarind. 

U n d e r its thick, spreading branches our three tables are pos i t ioned end to 

end . T h e r e we sit, talk, and take our meals . Be tween the tables and the 

scraggly l ine of blue gums at the terrace edge is Fidel is 's and James's safari 

tent , wh ich doubles for f ie ld and vehic le supply storage. Outs ide their tent, 

under the fly, hundred-pound sacks of plaster of Paris, ten of them, are 

stacked. H e r e , t o o , the g l eaming r o w s o f wh i t e plaster jackets, each contain

ing its treasure of fossil bones , w i l l be l ined in a display for constant inspection 

and inspiration as the season progresses. 

Behind the tamarind is the ki tchen. It is a roofless t w o - r O o m grass enc lo

sure. T h e f irst has a makeshift work tab l e constructed of reeds , four or f ive 

buckets of lake wa t e r for washing, a trash pit , and t w o cook ing fires. A stack 

of f irewood is replenished daily f r om the head of a young w o m a n wi th a baby 

of a f e w months o ld swaddled on her back. She genuflects, in accordance wi th 

local cus tom, w h e n she accepts payment for the w o o d . 

T h e o ther enclosure is the pantry and sleeping quarters for Rona ld , the 

c ook . It has a long reed table to keep f ood supplies of f the g round. Plastic 

buckets w i th tight-f itt ing lids p rov i de mora l support but f e w tangible results 

in the cont inuing struggle to keep our f ood supplies away f r om the jaws of 



J O U R N A L S F R O M T H E G R O U N D 

marauding ants. We w o u l d enjoy the right to dine w i thout them, but they are 

as much a part of the camp as the tamarind t r ee . T h e r e is also a space for the 

storage of small fossils, and for crates of bee r ( g reens and b r o w n s ) and soda 

bott les. Finally there is a p i t , wh ich is actually a show of bush re f r igerat ion 

techno logy . I t is f i l led w i th drinks and c o v e r e d w i th w e t burlap and sand. T h e 

refreshments are kept marginal ly , but pleasantly, c oo l e r than the ambient 

t emperature . 

N e x t to the pantry enclosure is the 150-gal lon wa t e r b o w s e r , a tank on 

a trai ler, for stor ing drinking wa t e r . N e x t to i t is the car park for our t w o 

Land Rove r s . Beyond , at the edge of the terrace , is El izabeth's b lue -domed 

ny lon tent. T h e south edge of camp is marked by a thicket of pr ickly pear , 

whe r e local dr inkers p e e ; a baobab; a p ink - f l owered desert rose ; and a f e w 

cashew trees. T h e n starts the f ishing suburb of m u d and thatch huts, smoking 

sheds, and dugout canoes. Beyond the f ishing huts are the marshes w i th 

mosqui toes , m u d , and bilharzia. D iscreet ly tucked away across the road f r o m 

our camp in a thicket of fan pa lm is the grass-wal led enclosure for our long 

d rop . 

A l l is in o rde r at c amp , and we are ready to beg in w i th the bones 

t o m o r r o w . It is a lmost as i f we neve r left Ma law i after the f ield season c losed 

last year. A l m o s t , but not qu i te . Th ings are not exact ly the same this year. 

T h e recept ionist at the Depa r tmen t in L i l o n g w e d i ed , and Vi l lage Headman 

M a x w e l l lost one of his six w i v e s to cerebral malaria. 

14 July, Saturday. 

O u r f irst day in the f ield. It is g o o d to see this again, to let my eyes take it 

in. T h e fossil localit ies of Mwakasyungut i sit high in the Luwonya Hil ls on the 

east side of the val ley of the S i twe R i v e r . T h e y are perched in the whi te and 

pastel-red sands of the Dinosaur Beds. Surrounding the sites and d o w n the 

valley the scrubby trees are g r een and y e l l o w , some w i th leaves daubed red . 

It is the dry season, and the rains w e r e p o o r this year. M o s t of the trees are 

merci ful ly w i thout thorns. 

T h e val ley on its eastern edge is t opped w i th straight-wal led wh i t e cliffs 

capped wi th hard, red grave l . T h e terrain is rough and broken f r om the f oo t 

o f the cliffs d o w n to the val ley f loor . Patches o f dinosaur-bearing sandstone, 

whi te and pink and rust in co l o r , peek through the scrub. Parched, tawny 

grass patches the g round , g r o w i n g in tiny hil locks and mounds . It g r o w s as 
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tall as a person in some of the l o w places. Short fronds of pa le-green palm 

are scattered about in c lumps. A l o n g the r i ve r the trees are a brill iant dark 

g r e en . Coarse reeds g r o w thick and rank along the stream banks. T h e r e is one 

small stand of b a m b o o w i th spidery leaves and g o l d e n , j o in ted trunks. Fields 

c leared for agriculture are do t t ed wh i t e w i th co t ton or infested w i th spindly 

cassava. Monst rous gray baobabs lumber out of parched earth, grasping the 

sky w i th leafless, to r tured branches. T h e air smells c lean, especially in the 

coo l morn ing . 

Across the val ley the vegetat ion is color less on the dry , crystall ine slopes 

of the oppos i te hi l lside. Beyond , to the wes t , through the Afr ican haze, is the 

Ny ika Plateau. Beyond that lies Zambia and its Luangwa Va l ley , w h e r e fossil 

bones have also been found. T h e clouds build up daily o v e r the Ny ika , but 

i t w i l l not r a i n — a t least i t is not l ikely to at this t ime of year. T h e breeze picks 

up and dies. As the day heats up , the sweat bees e m e r g e , somet imes in droves . 

To reach the sites, we must f i rs t dr i ve south a long the tarmac M - l lake 

road f r om Ngara camp. A f t e r ten minutes we reach N y u n g w e and turn right 

o n t o the dirt road that skirts the r idge of crystall ine rocks f o rming the east 

side o f the val ley . A f t e r another ten minutes we turn north on t o the rough 

track that leads up the val ley to the r eg i on cal led Mwakasyungut i . T h e jo l t ing 

track requires f our -whee l d r i v e . I t steeply fords the S i twe R i v e r — t w i c e . 

We w a v e at po tbe l l i ed chi ldren, naked or in rags, and men languid in the 

shade. W o m e n , pounding maize w i th heavy four - foo t - l ong pest les, carry 

babies t ied to their backs. T h e y g roup toge ther around the mud and thatch 

huts. A f t e r half an hour or so we reach the n e w Land R o v e r path constructed 

in our absence by Mjuda, one of our local Tumbuka labor f o rce . This is all 

f our -whee l d r i ve . We can only go another f i v e minutes be fo re we hit the end. 

M o r e r o a d w o r k is needed . We park and wa lk the last f i f teen minutes on a 

footpath snaking through the div ides and drainages to the quarries. 

T h e total distance f r om Ngara camp is e l even mi les . T h e w h o l e trip takes 

just o v e r an hour . We w o u l d save a lot o f t ime i f we camped here a t 

Mwakasyungut i , but we w o u l d g i v e up some impor tant creature comfor ts . 

T h e camp w o u l d be much m o r e difficult t o supply. T h e m o n o t o n y wou ld play 

on our minds. T h e r e w o u l d no t be enough clean wa t e r for bathing. Resort ing 

to the r i ve r w o u l d invi te bilharzia. I t is w o r t h the extra dr i ve to stay at Ngara . 

T h e a f ternoon dip in the lake is g o o d for the soul. It picks up the spirits and 

re laxes the body . I t is g o o d for mora l e . Bet ter to camp there . 

O n c e we have turned on to the dirt track into the val ley, we never see any 

vehic les besides our o w n Land Rove r s . We are to ld the track is also used by 
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the W a t e r Depa r tmen t for pe r i od i c checks on a bo r eho l e and by a medica l 

team that cares for lepers in r e m o t e places. 

T h e r e are no stores or shops in the val ley . T h e r e is a school and there is 

a clearing used for a soccer field. Virtual ly all the f o od that is eaten in the 

val ley is raised here . A l l a long the r i ve r b o t t o m , interspersed w i th co t ton , the 

cash c r op , are f ie lds of cassava, ma i ze , g round nuts, a f e w beans and cowpeas , 

t omatoes and squash, and a bit of sugarcane. A r o u n d the huts and vil lages are 

dark-green mango t rees , n o w in f l owe r , and the o d d p a w p a w t r ee . Luxuriant 

banana g roves thr ive in l o w , w e l l - w a t e r e d earth a long the r i ver . 

T h e r e are catt le , a f e w b lack-and-whi te -spot ted hogs , and chickens around 

every hut. Some dwe l l ings sport round p i g eon roosts o f reeds w o v e n into a 

four- foo t - long cy l inder , r oo f ed w i th thatch. T h e roosts sit on stilts and are 

c losed of f at night to p ro t ec t the furry - foo ted p igeons f r o m inter lopers such 

as genets and c ive t cats. Storage granaries are also perched on stilts to keep 

ve rmin out of the grain as much as possible . 

Life appears idyl l ic in the va l ley , but it is no t . It is a difficult ex is tence , 

fraught w i th disease and hardship. Y e t the p eop l e have quick, br ight smiles, 

abundant laughter, and a radiant, endear ing w a r m t h . 

This is the dry season and w in t e r b e l o w the equator . For the p eop l e of the 

S i twe Va l ley i t is the s l ow t ime of year . T h e r e is l i tt le to do in the f ie lds, save 

a bit of co t ton harvesting. Much of their t ime is taken up w i th dancing. 

W o m e n dance the ndola, and m e n the malipenga. D i f ferent drums and rhythms 

characterize each. We w i l l hear them pract ic ing most eve ry day, a t most any 

t ime o f day. T h e sound o f the d r u m , the quintessential sound o f Afr ica , w i l l 

sublimate our minds wh i l e we quarry, and we w i l l n eve r f o rge t it. 

T h e malipenga dances are big events . Each vi l lage has a t eam of dancers and 

musicians that c ompe t es w i th ne ighbor ing vi l lages. T h e on ly instruments used 

besides the drums are kazoos made o f calabashes w i th mats o f sp ide rweb , or 

occasionally bits of plastic bag, for r everbera t i on . 

T h e malipenga conjures visions of the Chinese martial art tai chi, danced 

in synchrony to an Afr ican beat. T h e men arrange themselves in a l ine, 

dancing in unison whi l e playing their kazoos . D r u m s and a pr imary kazoo 

ensemble are just of f to the side. Legs are k icked, arms snaked, heel to 

g round , then toe po in ted , and spin, all in s l ow m o t i o n , or at mos t half speed. 

It is said that the malipenga is de r i v ed in part f r om W o r l d W a r I pr isoner-of-

wa r camps and f r om the South Afr ican min ing camps of transient wo rke r s in 

the 1920s. 

T h e w o m e n ' s ndola dance is m o r e animate. For t h em , m o v e m e n t is in 
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counter -c i rc les , w i th feet m o v i n g and shuffling, round buttocks gyrat ing, and 

chests heaving to the shrill soprano vo i ce characteristic of Afr ican w o m e n in 

song. 

T H E OBJECTIVES F O R our first day o f w o r k at the fossil localit ies are 

s imple . T h e state of the last year ' s quarries must be evaluated, a pre l iminary 

strategy for excavat ion must be dev ised , the size o f the needed labor force 

must be es t imated, and the local c r e w must be assembled. O u r first day w e n t 

w e l l w i th regard to all o f these. In our absence o v e r the past year, Mjuda, our 

f o r m e r e m p l o y e e , has shown great ly appreciated init iat ive. He not only 

w o r k e d on the road, laying out a path all the way to the quarry, but he 

bushwhacked the r ight -o f -way for a large part of i t s ingle-handedly. He also 

maintained a watchful , p ro tec t i v e vigi l o v e r the sites, making certain that 

drainage channels t renched around important areas d iver ted rain and runoff, 

shielding unexcavated fossils f r om eros ion and weather . No cattle hooves 

w e r e a l l o w e d access to the bones still in the g round . 

T h e r e are three g o o d quarry sites strung out along seventy yards o f 

west- fac ing hill s lope . C D - 9 was w o r k e d last year and a bit the prev ious field 

season. It w i l l be our main quarry. C D - 1 0 was found by Alisa in 1987. It has 

a ve ry impor tant stegosaur pe lv is , fragile but large and heavy. We have 

p ro t e c t ed i t for three years because of the diff iculty in r emov ing it. This year, 

events permi t t ing , we w i l l ge t i t out . T h e third quarry site, C D - I 1, is at a 

slightly higher leve l in the Dinosaur Beds than the o ther t w o . It has some 

interest ing bones sticking out and it looks to have a chance of some small 

animals as w e l l as dinosaurs. 

We assembled a c r e w and set them to clearing of f the ove rburden at C D - 9 . 

We k n o w h o w much to r e m o v e because we can already see the fossils o f the 

p roduc t i ve bone l a y e r — t h e swee t z one . 

18 July, Wednesday. 

T h e excavat ion of bones has begun. Fossils are c om ing fast and furious. It is 

fun to w o r k l ike this, w i th exc i t emen t running at a pa leonto log ica l fever 

pitch. T h e w h o l e excavat ion c r e w is assembled, both fore ign and domest ic 

c omponen t s . A l l three quarries have been opened . T h e generator wo rks , but 

i t can handle only one o f the t w o r o t o -hammers we brought at a t ime . 

H o w e v e r , that one cuts through the ove rburden as i f i t w e r e cheese. Th ick 
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chunks slump off. T h e r o t o -hammer cuts rapidly through the soft sandstone, 

m o r e s low ly but still e f fect ive ly through the stony, heavi ly c emen t ed , con

crete l ike sand. T h e c r e w likes to use i t ; i t is l ike a t oy , noisy and powe r fu l . 

T h e pro tec t i ve soil and enough ove rburden has been str ipped f r om each 

quarry to a l l ow the excavat ion to start. A large b a m b o o and grass shade has 

been erec ted o v e r C D - 9 , the main quarry. A smaller one covers C D - 1 1 . 

Later, when we can expend m o r e ef fort there , I w i l l have one built o v e r 

C D - 1 0 . 

T h e bone , when i t is freshly exposed by excavat ion and not wea thered on 

the surface of the g round , is in g o o d shape. It is not petr i f ied fully to stone. 

A l though it is fragi le, it is w e l l p rese rved and not particularly d is tor ted, e ven 

after 100 mi l l ion years under the g round . Fresh bone is pa le , c reamy wh i t e 

w i th an i ron-red stain on the surface. W i t h the abundance of fossils we can 

see n o w , there i s no sign that they w i l l g i ve out , but h o w do we k n o w what 

wi l l happen a f e w feet farther under the ground? 

Last year we left a number o f g o o d specimens in place. At C D - 9 the 

sauropod tail we have been excavat ing for t w o seasons is cont inuing into the 

hil lside. T h e r e are also three or four ribs and a f e w ver tebrae . At C D - 1 0 

Kent ' s f irst assignment is to out l ine the stegosaur pe lv is . W h a t a beauty it is! 

T h e small sliver of bone nex t to i t led into most of a sauropod f emur , a 

thighbone. C D - I 1 has some l imb bones , arms or legs , but it also appears rich 

in small bone fragments. Da le has begun mapping the f irst bones to ge t 

uncovered . Ken t has plastered a f e w . Fidelis and Elizabeth are clearing n e w 

specimens they just found. This is real ly g o o d . T h e r e are as many bones as 

we can h a n d l e — m o r e e ven . We hit the g round running this year and i t feels 

great. 

I have a f ine c r e w . For n o w there are four Amer icans including m e . W i l l 

D o w n s is the mnyako mwembe, the bearded f r iend. He is animated, unconven

tional, and fou lmouthed . His face is h idden behind a full, bushy beard , starting 

to gray. His p ierc ing eyes are quick behind m e t a l - r i m m e d spectacles. His dark 

pelage is thin on top w i th a f ew unkempt strands remaining. T h e back and 

sides of his head are f r inged w i th a d isheveled shock of not especial ly long, 

but w i l d and unruly swept-back hair. He had i t t r i m m e d be fo re he came here 

w i th me in 1984. I do not think it has g r o w n longer since. Energet ic and quick 

to laugh, he is a unique individual in the g o o d sense. We m e t when I m o v e d 

to the Museum o f N o r t h e r n Ar i zona after I g o t my P h . D . in 1977. He was 

already e m p l o y e d there . We have w o r k e d toge ther consistently e v e r since. 

W i l l has a deg r e e in humanit ies, but he is loathe to f o l l ow standard 
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patterns of social systems. He inher i ted a t r emendous respect for the truth 

and an admirable disrespect for authority f r om his dad. His father was a big 

newsman in the days o f Edward R. M u r r o w . He is except ional ly we l l read, 

prof ic ient in Mandar in Chinese , and hates te lev is ion ( there is none yet in 

M a l a w i ) . His mind is creat ive and perpetual ly act ive , springing f r om subject 

to subject. He f ires of f questions and ideas like a Gat l ing gun. Li fe is never 

dull around h im. 

He k n o w s f ie ldwork. His eye is keen for f inding fossils. O n c e they are 

found, he can ge t them out of the g round . His excavat ion tools are custom 

machined, the pa leonto log ica l equivalent o f pearl-handled six-guns. He is 

pat ient . He is g o o d w i th his steady hands. His k n o w l e d g e o f f ie ld g e o l o g y is 

f irst-rate and all self-taught. His expe r i ence is broad : the Un i t ed States, 

China, A f r ica , Green land , the Punjab, and Baluchistan. N o w he wo rks as a 

free lance w i th m e , Harvard , the Univers i ty o f A r i zona , the Amer i can M u 

seum of Natural H is tory , and I do not k n o w w h o e lse, but he is based at 

N o r t h e r n Ar i zona Univers i ty in Flagstaff. Besides f ie ldwork, he prepares 

fossils in the laboratory and translates Chinese technical repor ts into English. 

Da le W i n k l e r is as methodica l as W i l l is impetuous . He is clean-cut w i th 

curly b lond hair and sideburns. His pe lage is as fair as W i l l ' s is dark. T h e only 

similarity is a thinning on t op . Q u i e t , de l iberate , and prec ise , Da le is responsi

b le for all the mapping and measuring. Da l e has been w i th me for f ive years 

n o w . H e ' s or ig inal ly f r om Mich igan. I h ired h im after I saw his presentation 

at a scientific mee t ing on fossils f r om the Texas Panhandle. His quality was 

immed ia te l y obv ious . He brings exper t i se in understanding the eco log ica l 

impl icat ions of rocks and sediments and the patterns in which bones are 

scattered. He is an absolutely essential m e m b e r of the t eam. 

K e n t N e w m a n , a tall, b ig T e x a n w i th b lond hair, came to w o r k for me 

nearly four years ago on what was to be a s ix -month stint prepar ing fossils 

in the laboratory . He has been w i th me eve r since, but after this f ie ld season 

he w i l l beg in teaching in publ ic schools. He is p roud and has a g o o d sense of 

humor . His m e m o r y holds a wea l th of the right facts, stored for use at just 

the right m o m e n t . I w i l l be sorry to lose h im, but the j ob I can offer simply 

wi l l not p r ov i de for a secure future. My loss is the Piano Independent School 

Distr ic t ' s gain. He w i l l be the kind of teacher a school system always needs, 

a g o o d one . I hope he , or s o m e o n e very l ike h im , teaches my kids. At the 

ve ry least he w i l l have g o o d stories of Afr ica and dinosaurs to enl iven his 

c lassroom. K e n t and I w i l l be the f irst to leave the f ie ld this year. 
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T h e f ina l m e m b e r o f the A m e r i c a n suite i s Alisa W i n k l e r . She was my f i rs t 

P h . D . student. Because she is so deep l y interested in science and so w i thout 

pretense, she is truly a pleasure to w o r k w i th . N o w she has a pos tdoc and 

teaches anatomy at the medica l school . She w i l l no t arr ive until Ken t and I 

have depar ted . T h e n she wi l l j o in Da le and W i l l on the reconnaissance o f the 

south. She is p iggybacking a tr ip to Kenya on this one . She w i l l examine the 

dinosaur specimens in the Nat ional Museum in Na i rob i . T h e y on ly have a f e w , 

but they might be important . She w i l l also cont inue her studies of small-

mammal fossils f r om the Rift Va l l ey , e ighty (and m o r e ) mi l l i on years younger 

than the Dinosaur Beds here in Ma l aw i . She may want to stock up on Ma law i 

sausages for their bones . Alisa and Da le are marr i ed to each other . 

O U R A F R I C A N C O L L E A G U E S have a ve ry di f ferent approach to life f r om 

that of the Amer i can cont ingent . It is character ized by the pervasive fatalism 

so c o m m o n in the impover i shed w o r l d . T h e r e is a quiet resignation t o , i f not 

an acceptance of, events and conflagrations that are , or appear to be , b eyond 

immed ia te cont ro l . Th ings like high infant mor ta l i t y , or failed rainy seasons, 

or no spare parts, or the bus showing up three hours late or not at all, o r , 

i f you have the f e w tambala in co in , your o rde r of a co ld C o k e be ing f i l led 

w i th a w a r m Fanta, an orange drink. T h e lack of rel iabi l i ty, the unpredictabi l 

i ty, and the fatalism suffuse the a tmosphere , blanket ing everyth ing , e ve ry 

act ion, w i th the facade of calmness. It is a peaceful v enee r o v e r a pitiless 

resignation. Enter ing this system f r o m the W e s t can be frustrating, ne r v e -

wracking. But it is their country and their l ives. Th ings are done their way 

in Afr ica. Of course peop l e o f the D e v e l o p i n g W o r l d have the same basic 

desires, the same feel ings, the same emo t i ons , the same anxiet ies that are 

c o m m o n to all p e op l e . T h e y are just m o r e res igned. 

T h e obverse of the fatalism is a kind of ingenuity that accompanies material 

inadequacies. T h e symbo l of this ingenuity is, for m e , a spirit lamp Dale 

bought in the Karonga market (F igure 2 2 ) . It is made f r om a light bulb and 

a tin can. Many r e m o t e areas of Ma law i are not ye t supplied w i th e lectr ic i ty . 

But a light bulb still has its use. W i t h the metal base r e m o v e d , leaving only 

the g l obe , and turned upside d o w n , it makes a per fect ly functional reservo i r 

for spirit. A string hanging d o w n into the g l obe is the w i ck . T h e tin can is 

cut and bent to f o rm a stand and ho lde r , c o m p l e t e w i th handles on e i ther side. 

H o w very c lever . W h a t a g o o d examp l e o f making d o . 
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FIGURE 22: An ingenious spirit lamp. People make their own light where electricity 

does not reach. A light bulb is inverted and used as a reservoir into which a wick 

dangles. A tin can is cut and fashioned into a base—complete with handles—for 

the lamp. 

My Malawian col leagues are indispensable to the pro jec t . T h e y are as much 

a part o f i t as any of the Amer i cans . We all have our responsibi l i t ies. T h e y , 

l ike all Malawians I have m e t , are k ind, f r iendly , sof t -spoken, and exceed ing ly 

po l i t e . Fidelis M o r o c c o has w o r k e d w i th me since the f i rst exped i t i on . A 

l ong t ime e m p l o y e e o f the Depa r tmen t o f Ant iqui t ies , he sports a university 

T-sh i r t purchased during his th ree -month training pe r i od in my Dallas labs last 

year . He learned to prepare fossils and has since set up a preparat ion lab in 

Ma l aw i . James K h o m u is the departmenta l Land R o v e r dr i ve r . His hands are 

full t ry ing to coax yet another k i l ome t e r out o f the t i red gray machine. 

Occas ional ly he does , but it is so o ld that eve ry e f fort , e ven i f the battle is 

w o n , is a futile gesture t o w a r d a lost wa r . T w i c e already the vehic le has been 

in for repairs and we on ly just g o t he re . I anticipate a long convalescence for 
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it. We w i l l be lucky to have i t as a backup to the rental vehic le i f (when? ) 

we really need it. 

Elizabeth Goman i is recent ly graduated f r om the Univers i ty o f Ma l aw i 

w i th a strong background in Earth sciences, chemistry , and compute rs . H e r 

vo ice is so soft, it can barely be heard. Last year she j o ined us as a student. 

This year she was hired by the Depa r tmen t of Ant iqui t ies to take on this 

pro ject . I f all goes w e l l , as ant ic ipated, she w i l l undertake graduate studies 

w i th me in the Un i ted States, then return to her permanent professional 

posit ion at the depar tment . 

It is hard to handicap the odds of success for El izabeth. T h e r e is no poo l 

o f aspiring paleontologists to sort through to f ind the best person for fore ign 

training. O n l y one person can be se lec ted , in this case El izabeth. A l l the eggs 

are in one basket. That is the genera l case in the D e v e l o p i n g W o r l d . O n l y a 

f e w have the oppor tuni ty for advanced study abroad, and by the t ime they are 

se lected, their futures are l o c k e d — a n d so is that of the sponsoring agency. 

Certa inly Elizabeth has the abil ity. A n d she has had enough exper i ence 

w i th me and my c r e w in the f ie ld that she should k n o w by n o w i f she can 

stomach it. She says she enjoys the w o r k and w i l l dedicate her professional 

life to the study o f fossils. Okay . Le t ' s go w i th it. 

At the site we have f ive permanent assistants during the f ie ld season. Four 

or f ive others are hired as day laborers for r o a d w o r k or w h e n there is an 

extra-heavy load o f p ick-and-shovel w o r k . T h e Dinosaur Pro jec t is the only 

source o f e m p l o y m e n t in the val ley . Because we w o r k through a g o v e r n m e n t 

agency, the Depa r tmen t o f Ant iqui t ies , I pay g o v e r n m e n t wages , about t w o 

kwacha per day, less than one dol lar . That is bee fed up w i th a f e w perks and 

a bonus at the end , but still f ield labor remains one of the smaller expenses 

o f the exped i t i on . 

A l l but one o f the f i ve pe rmanent staff have w o r k e d for me be f o r e . Mjuda 

is the man w h o watched o v e r the sites in our absence and w h o laid out the 

n e w road f r om the track to the quarry. He wo rks for us d igg ing bones during 

the day. At night he sleeps in the canvas storage tent at C D - 9 to keep an eye 

on the supplies. He is thin and spare, missing a f e w teeth. His high vo i ce is 

characteristic, but his quick, W o o d y W o o d p e c k e r g igg le is his t rademark. 

Some of the locals say he is a w i t ch doc t o r and can turn peop l e invisible, but 

no examples can be c i ted. He has a c o m m a n d of medic inal plants, taught h im 

by his father and which he is passing on to his son. L ike Mjuda, W e l l i n g t o n , 

Joseph, and Yasaki are g o o d guys. They l ike to j oke around. 

W e l l i n g t o n smiled and asked Ken t , " W h a t i s the capital o f N e w Z e a l a n d ? " 
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" W e l l i n g t o n , I t h i n k , " Ken t r ep l i ed , and W e l l i n g t o n beamed w i th pr ide . 

Joseph is the most quiet of the lo t . Yasaki is the least industrious and just 

a bit surly. Finishing of f the c r e w is Dyson Mkwa l a , the bro ther of L i gh twe l l , 

the f o rme r e m p l o y e e , n o w school teacher , w h o taught me Ma law i history a t 

the site dur ing the f i rst f ie ld season. Dyson spent mos t of the a f ternoon today 

singing "Frere Jacques" in English. A l l of the others have run through most of 

their English vocabularies. 

" O n e , t w o , three , four , f i v e , six, seven, e i g h t . " T h e n the count ing stops. 

" T h i s is my nose , this is my e y e , this is my e a r " — a l l phrases f r om their 

ch i ldhood school ing. 

T h e y ge t into their w o r k . The i r eyes are keen to mafupa, b one , and some 

of them are b e com ing skil led excavators . T h e y appear to be at ease, laughing 

and jok ing , e ven though they w o r k hard. That is h o w I pre fer i t to be . I t makes 

the days fun. 

23 July, Monday. 

C a m p life has b e c o m e a steady rout ine , ably managed by M r . Rona ld M w a -

gomba . Rona ld is the c ook , and a very g o o d o n e , especial ly w i th chambo f ish 

and curry . N o w in his mid-s ixt ies , he spent years w o r k i n g in g o v e r n m e n t rest 

houses, wh i ch are a kind of official hote l . He started in 1946, serving a couple 

of t w o - y e a r stints in South Afr ica. M a l a w i , itself be ing chiefly agricultural, has 

tradit ionally been a source of industrial and support labor for the southern 

part o f the cont inent , main ly , in M r . M w a g o m b a ' s early days, for the mines 

of the Rhodesias and South Afr ica . He is n o w re t i red and reasonably we l l off, 

re lat ive ly speaking, although not so w e l l of f as he might have been . Up to a 

couple o f years ago he had forty catt le. A l l but t w o have d ied o f hoof-and-

mouth disease. He supplements his pension by w o r k i n g for us. This is his 

second year . 

M r . M w a g o m b a is a dapper f e l l ow and he runs a tight ki tchen. His stove 

burners are beds o f coals f r om t w o open f i res . He has three helpers. O n e o f 

t h em , Gresham, clean and smartly dressed at d inner t ime , has been taught by 

M r . M w a g o m b a to serve meals w i th British deco rum in strict adherence to 

the p r o t o co l o f e t iquet te : Serve f r om the r ight , r e m o v e f r om the left ; 

El izabeth, the lady, must be served f irst , then me as exped i t i on leader. 

T h e day starts ear ly, be fo re dawn . Ronald and his assistants are up be fo re 

f ive. T h e rest of us get up later, awakening in our tents to the nearby sound 
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of the lake w i th its s leepy morn ing waves lapping the shore. I am usually the 

last one out of the bag. At this early hour the sun is an incandescent 

orange-red sphere rising f r om the lake. Pans o f w a r m wa te r are brought to 

the tent for the morn ing ' s wash. A r o u n d six the c r e w begins to gather at the 

breakfast table. M a x w e l l ' s w i v e s and daughters are already f i l l ing wa t e r 

buckets at the lake and trudging back to their cook ing f ires w i th the full vessels 

balanced on their heads. 

Breakfast, usually served by six-f i f teen, is toast, cerea l , fresh fruit, t inned 

ju ice , cof fee or tea, and bo i l ed eggs i f we have them. Accompany ing breakfast 

is malaria prophylax is : one Paludrine tablet e ve ry day and t w o ch loroquine 

tablets on Mondays . T h e Amer i can Embassy r em inded us to take bo th ; they 

lost one o f their peop l e last year. By seven we are on the road to the quarry, 

each and all tumbled into one of our t w o Land Rove r s . I t is usually the rented 

one because i t seems to be the m o r e re l iable . We take turns dr iv ing , rotat ing 

to a dif ferent dr i ver each day. W h e n we arr ive at our parking spot , plaster 

or whateve r other supplies are needed at the quarries are carr ied up by the 

local c r e w and we set to w o r k . 

Dur ing the day, wh i l e we are out , M r . M w a g o m b a oversees the cleaning 

of tents and washing of laundry. He irons all the c lothes, including under

wea r , w i th a heavy metal i ron f i l led w i th coals f r om the f ire. He sets the 

p rog ram for running the camp, in his fashion, w i th l ittle d i rec t ion f r om m e . 

As long as he is do ing such a g o o d j o b , the best thing I can do to help him 

is to stay out of the way . 

Some supplies for the kitchen can be obta ined at Ngara . Fresh fish, 

chickens, ducks, and a bit of mi lk are available around camp , regular ly 

brought in by our ne ighbors . T h e w o r d has spread that we are in the market 

for such things. Every four or f ive days a Land R o v e r must dr i ve the fo r ty -mi l e 

round-tr ip to Karonga for dry g oods and o ther supplies. Dr ink ing wate r , held 

in the 150-gal lon b o w s e r , must be replenished at the Karonga Teacher ' s 

C o l l e g e , but i t does not o f ten requ i re ref i l l ing. 

O n c e we took a busman's hol iday to g i ve Rona ld and the camp c r e w a day 

off. It also gave us a change of scenery and p rov i d ed the oppor tun i ty for me 

to visit 250 mi l l i on-year -o ld K a r r o o rocks at a spectacular local ity o v e r l ook ing 

the lake near the vi l lage of Ch iwe ta . K a r r o o rocks are most abundant in South 

Afr ica and are important in pa l eonto logy because they contain in massive 

abundance an extensive fossil r e co rd of mammal ian relat ives as they ex isted 

be fo re they can really be d e e m e d mammals in the m o d e r n sense. T h e y are 
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m o r e pr im i t i v e than all the animals we c o m m o n l y and easily recogn i ze as 

mammals today. T h e y used to be cal led mammal l ike rept i les . I had long 

wan ted to see this site, also visited by the Britisher M i g e o d in his 1930 trek 

to Nyasaland. T h e local i ty is incredib ly r ich in bone preserved in tough 

concre t ions . We found three skulls and lots o f o ther fossils. T h e sky was b lue , 

the b r ee z e was coo l , the foam was wh i t e on the crests o f the waves dancing 

on the l a k e — a n d the fossils s tampeded f r om the g round . It was just the kind 

of day of f I l ike. 

In prev ious years we used to take our day-of f dinners in the f irst-c lass 

dining cabin of the llala w h e n it docked at Chi lumba. This year it is be ing 

refurbished. We t ook our meal at a small but pleasant at tempt at a tourist 

camp on the lake. 

WE ARE M A K I N G g o o d progress a t the quarries. O u r daily ritual i s an 

obsession to ge t the fossil bones out o f the g round in g o o d shape, ready to 

transport , and wi th all the necessary data accompany ing them to max imi ze 

their significance. Da le continues the mapp ing , quarrying when he is not 

measuring. T h e rest of us are e i ther scratching away at a spec imen, awl ing 

through sed iment to f ind n e w ones , sacking up matr ix , plastering a bone , or 

r e m o v i n g ove rburden . T h e musty smel l o f damp earth is always in our 

nostr i ls , the rat-a-tat sound of the r o t o - h a m m e r constantly rings in our ears. 

Gray c louds of f the Ny ika have been threatening the past couple of days. 

T h e sky has spit rain, but not enough to cause any damage . It keeps the 

wea ther c oo l . I doubt i t has reached much o v e r n inety , i f that, since we have 

been he re . O v e r b u r d e n is b e c o m i n g a p r o b l e m , but we each have a l ittle spot, 

a cho ice area, in which to w o r k . I want it to stay that way . T h e r o t o -hammer 

is running full-tilt and ful l - t ime to cut through the steadily increasing thick

ness of rock cove r ing the pay layer as we quarry farther into the hil lside. 

Bones, most l y sauropod, are c o m i n g as fast as we can handle them. T h e y are 

so jack-strawed that we cannot ge t one out w i thout running into another. 

W h i c h should be r e m o v e d f i r s t ? N e w spec imens are found e ve r y day. W i t h 

eve ry n e w b o n e , s omeone on the c r e w , the d iscoverer , has the intoxicat ing 

honor o f be ing the f i rst person e ve r to lay eyes on that bit o f the Earth's 

treasures. 

W i l l found what looks to be part of a sauropod skull. That is quite a f ind 

because skull bones are especial ly interest ing and impor tant . W h o wants to 
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see a dinosaur w i thout a head? But W i l l ' s spec imen is so small, no larger than 

a size-ten shoe. It is almost cute , i f such things can b e . So n o w we have skull 

bones , c laws, tail ve r t ebrae , and some o f the bones in b e t w e e n . W h a t m o r e 

could we want? T h e exc i t emen t o f d iscovery persists through the morn ings , 

prov ides the subject for luncht ime conversat ions, and prope ls us through the 

sunny afternoons. 

Lunch at the site is arranged individual ly f r om stocks of pilchards and 

sardines, fresh and dr ied fruits, macadamias and peanuts, co rned beef , and 

assorted biscuits. T h e vi l lagers c ook nsima for our local laborers. El izabeth, 

Fidelis, and James jo in them. Nsima is the staple dish of Ma law i . It is g round 

maize mea l , sort o f l ike gr i ts. S o m e f o rm of i t is eaten all o v e r Afr ica. T h e 

pro ject prov ides nsima to the local c r e w just as it does pilchards to the rest. 

At three we beg in to clean up the quarry and put away our too ls . T h e 

bones and jackets r e m o v e d during the day are transported back to the Land 

R o v e r on the heads o f the c r e w . We ge t back t o camp b e t w e e n four-thirty 

and f ive. Then the lake. 

H o w refreshing i t i s — t h e lake. C o o l wa t e r washes away the sweat and 

g r ime and dust, the sore backs and aching muscles of the day, leaving the 

euphoria o f our pleasant surroundings and our g o o d for tune . T h e r e is p lenty 

o f t ime for unwind ing , sundowners , and sodas w i th fresh roasted peanuts. 

Ke rosene lanterns are l ighted at dusk. We pre f e r them to pressure lamps 

because they cast a softer light and they have no sound to pe rmea te the 

evening. 

Sunset is a ve ry special t ime in Afr ica . T h e tropical sun drops rapidly , 

cataclysmically, f r o m the sky, leaving almost no t ime for tw i l i ght . T h e fading 

light through the Afr ican haze, in wh i cheve r hue has been chosen for the 

night, has a thick, palpable quality, l ike a pleasant taste that is just on the v e r g e 

o f be ing t o o swee t . I t f l ows viscously and bathes and consumes. T h e jagged 

branches of the trees take on a v iv id blacker-than-black co l o r against the sky. 

Concea led by the roar ing si lence is the sound of the lake, and the birds taking 

roost . 

T h e even ing meal is served around six-thirty. I t begins w i th soup. T h e n 

comes amp le , maybe t o o amp l e , quantities o f r ice or nsima, a main course of 

chicken, duck, or f ish, somet imes beef , w i th cabbage and t o m a t o salad, and 

t inned vegetables . Rona ld makes a mean stuffing to go w i th duck. Dessert is 

usually t inned or fresh fruit w i th c r eam, also t inned. 

A f t e r d inner there is brandy and light conversat ion , or perhaps deep 
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phi losophy, a discussion o f chaos theory , or w h o knows what else. T h e day's 

results and t o m o r r o w ' s plans are mul l ed o v e r . P rob l ems are anticipated and 

solutions discussed. 

T h e skies o f moonless nights are i l luminated by incredible numbers of 

incredib ly br ight shining stars. T h e Southern Cross hangs o v e r the f ishing 

v i l lage. T h e plane o f the ecl ipt ic crosses diagonal ly o v e r camp , spraying the 

skies w i th misty drops of l ight. Fireflies dance along the line of breaking 

wave s , a segue f r om the Earth to the heavens. 

On most nights, e v e r yone is ready to re t i re to the tents by e ight, read a 

f e w pages by flashlight under the mosqu i to net , and drift of f to s leep, lulled 

once m o r e by the waves . T h e sounds of the lake, its seiche and cycles in 

waking and s leeping, p rov ide a s ymmet ry to the day. 

25 July, Wednesday. 

Yesterday we had a f e w equ ipment p rob l ems . First the genera tor failed. We 

could be handicapped in the e x t r e m e w i thout the r o t o -hammer to knock off 

o v e rburden . We also had a bit o f a vehic le p r o b l e m . We had c o m e to the site 

in the departmenta l Land R o v e r w i th James dr iv ing . Usually we park at the 

t op of the big hill at the fault cutt ing through the Dinosaur Beds. Because the 

genera tor is heavy and we needed to load i t into the Land R o v e r to take i t 

for repairs, an a t tempt was made to m o t o r a long Mjuda ' s road to ge t closer 

to the quarry. That way the genera to r w o u l d not have to be hauled so far by 

hand. T h e plan w o r k e d we l l e x c ep t for one thing: T h e Land R o v e r go t stuck 

in a steep h o l l o w b e t w e e n t w o hills. T h e dr i ve shaft b r oke , knocking out 

p o w e r to the rear whee l s . W i t h no p o w e r a t the back, the front whee ls could 

not pull the Land R o v e r up the incl ine and out o f the bush. At the m o m e n t 

of this wr i t ing it is sitting a long the gul ly w h e r e it s topped , at the converg ing 

b o t t o m o f t w o steep hills, in the m idd l e o f the badlands, unable to go 

anywhe re . 

T h e r e we w e r e , stuck at the site, w i th no easy way o f get t ing back to 

camp. W i l l , a cross-country cyc l ing enthusiast, scrounged a tee te ry bicycle 

f r om w h o knows w h e r e w i th the help of Mjuda. I t had nearly flat t ires, a bent 

sprocket , a chain w i th the annoying habit of popp ing off, and no brakes. But 

it was a b i cyc l e . 

D o w n the dirt track w e n t W i l l , bouncing and wagg l ing , bound for camp 

to fetch the o ther Land R o v e r . T h e rest o f us wa lked d o w n to a big tamarind 
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tree in the val ley. It was a leisurely wa lk , and at that t ime of day, quitt ing 

t ime , we w e r e able to appreciate a po r t i on o f the vast and co lor ful array o f 

birdl i fe in Afr ica: ir idescent sunbirds, g r een bee eaters, red f ire f inches, blue 

cordon bleus, black drongos . Casque-headed hornbi l ls chattered in the tops 

o f trees (F igure 2 3 ) . 

Unde r d ie tamarind w e r e the malipenga dances. We watched , mesmer i z ed 

by the drum beat, as the synchronous r o w s of dancers p e r f o r m e d w i th 

precision under the eyes of their e lder ly coach. T i n y chi ldren, stationed at the 

edge o f the adult sphere , m im i cked their dancing ro le mode l s . T h e v i l lage 

headman, drunk on local b r e w , as vi l lage headmen somet imes are , came to 

ex tend his gree t ings , have his photograph taken, and jo in in the dance the way 

that drunks of ten d o . 

In the meant ime W i l l had made it safely back to camp, although the chain 

on the b icyc le had begun to fail e ve ry hundred yards. He d r o v e the Land 

R o v e r back and picked up the rest o f us w h e r e we wa i t ed under the tamarind. 

T O D A Y WAS THE day to beg in repair ing the damage . I had to make a trip 

to Karonga. At seven, as usual, we left camp in the functioning Count ry Car 

H i r e Land R o v e r . At the site I p icked up the defunct genera to r and, leaving 

the c r e w at Mwakasyungut i , headed back for camp w i th Fidel is. I t was w indy 

and the lake was rough, like the Gu l f o f M e x i c o . In camp we p icked up James 

and the expec t ed gagg le o f ne ighbors need ing a lift to t o w n . T h e n we headed 

for Karonga. Since I had to go to t o w n to ge t the genera tor repaired anyway , 

this was a g o o d oppor tun i ty to restock our supplies. T h e dr i ve to Karonga is 

long enough, loud enough, and shaky enough to induce a trance. 

T h e M - l h ighway is always l i t tered wi th pedestrians on both shoulders, 

north and south, c om ing and go ing , for the ent i re twen t y mi les to Karonga. 

That is usual. Mos t peop l e in Ma l aw i do not have cars, so most p eop l e wa lk . 

Mos t peop l e in this part of Ma law i l ive near the lake, wh ich is w h e r e the road 

lies. T h e y walk along the road. 

In contrast, there w e r e f e w vehic les on the road to Karonga . T h e r e w e r e 

some oxcarts and bicyc les . A n d there w e r e a f ew odd cars, a handful of 

over loaded lorr ies , belching chibuku transports, a tractor , and one or t w o 

b r o k e n - d o w n trucks. Mos t l y there w e r e p eop l e . 

A l m o s t all the w o m e n along the road had a load of some sort , i f only a 

baby slung on behind. Afr ican w o m e n have a certain grace and po ise . As thev 
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FIGURE 23: Birds of the African bush: a casque-headed hornbill (left), a bee eater 

(upper right), and a sunbird. Birds have an illustrious evolutionary history 

inextricably linked with that of dinosaurs. 

walk , they carry their inanimate burdens on their heads. T h e y carry almost 

anything you can imag ine : amorphous bundles w rapped in c loth, f i rewood, 

a full pail of wa t e r , shocks of l ong grass, baskets of ma ize , calabashes of h o m e 

b r e w , and w h o knows what e lse. O n e lady, bare foo ted , balanced a single shoe 

on her head and held the o ther in her hand. This is not so u n c o m m o n as you 

106 
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w o u l d probably think. T h e shoes are for show on dressy occasions. I f they are 

uncomfor tab le on broad feet used to be ing unfe t te red , w h y not carry them 

to the ult imate dest ination, then put them on? 

W i t h their loads balanced on bo ld l y e rec t heads, the w o m e n g l ide along 

the road on thin-calved legs. The i r posture is accentuated by their striking 

kitenges, a l ong sheet of c loth w r a p p e d around l ike a skirt. T h e kitenges c o m e 

in many designs. S o m e are vibrant geomet r i ca l patterns or bri l l iant floral 

prints. O n e popular m o t i f is pol i t ical . A l l o v e r A fr ica , heads o f state are 

immor ta l i z ed , their pictures w o v e n into kitenges, then strategically p laced 

o v e r the round bo t t oms o f w o m e n . Even the pope has his ho ly likeness 

gracing one . Mos t , h o w e v e r , are no t pol i t ica l , but rather they depict visions 

of everyday life and nature, things like ante lope , or perhaps a v i l lage scene. 

Those that have made their way d o w n f r om Tanzania have a quaint mora l or 

cl iche wr i t t en in Swahili underneath the p ic ture . O n c e in Kenya I saw a kitenge 

with the picture of a large insect be ing sprayed symmetr ica l ly by four cans of 

insecticide arranged about it. H e r e in Ma law i , the t w o - h u m p e d bactrian 

camel is particularly popular . Camels do no t inhabit this part of Afr ica. Those 

in the desert north are one -humped dromedar i es . Kitenges are fun clothes that 

p rov ide a splash o f v e r v e to hard l ives. Dinosaurs w o u l d l ook g o o d on them 

(Figure 2 4 ) . 

IT IS T O O loud to talk inside the Land R o v e r , so i t is a g o o d t ime for 

ref lect ion. W h a t a dif ferent perspect i ve of the w o r l d one has f r om inside a 

screaming vehic le c ompared to the vantage o f wa lk ing a long the road. Inside 

is a cacophony of noise and pe t ro l fumes. Outs ide , anonymous p e o p l e — t h e y 

might as w e l l be t r e e s — z i p by the w i n d o w s , unnot iced , taken for granted. 

It is a distorted relat ivity of t ime and space. Everyth ing g l impsed is g one in 

an instant, but nothing changes, because m o r e of the same replaces that wh ich 

has been passed by . Inside the Land R o v e r life is l oud and fast. 

Outs ide the Land R o v e r , on this road w i th f e w vehic les , the wa lk is most l y 

quiet , punctuated w i th the o d d D o p p l e r roar and a c loud of dust. T h e n it is 

g o n e , and it is as if it neve r happened. Per iod ica l ly the process repeats , but 

it has no re levance to the side of the road. L ike the passengers in the Land 

R o v e r , the pedestrians get w h e r e they are go ing . I t just takes l onger . T h e r ide 

has speed, but the quiet of the walk has someth ing to of fer that the r ide cannot 

g i v e . Some peop l e cannot afford the ef fort to wa lk , others do not have the 

resources to do o therw ise . T h e perspect ives o f the r iders and the walkers are 



L O U I S J A C O B S , P H . D . 

FIGURE 24: A woman walking along the road. She is wearing a KITENGE, a sort of 

wraparound skirt decorated with colorful patterns or pictures. The design shown 

here is not one I have seen, but it looks good, doesn't it? 

di f ferent, but they are interchangeable . A f t e r all, pedestrians may one day 

r i de , and riders might one day walk again. 

AT T H E E N D of the r ide is Karonga . I t is a g rubby commerc ia l center in 

nor thern M a l a w i , but not w i thout its o w n brand of rustic Afr ican charm. I t 

lies alongside the lake, south o f the Tanzanian bo rde r . To the outsider there 

appears to be a chronic shortage of sugar and varying acute shortages depend-
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ing on the demands of the bustling smugg ler trade w i th the nor th . T h e r e is 

l itt le m o t o r traffic, but lots o f pedestrians. A n d lots o f dust. 

I m o t o r e d past the turnof f to the a i rport , served by A i r Ma law i on 

Mondays and Fridays, past the transplanted W o r l d W a r I graves , past the n e w 

post off ice and the traditional cour t . A l l o v e r A fr ica , vi l lages g o v e r n them

selves democrat ica l ly w i th barazas. These are open to all w h o wish to attend. 

T h e peop l e mee t w i th the vi l lage headman in the shade of a t ree to w o r k out 

acceptable solutions to p rob l ems . Both accuser and accused, transgressor and 

v i c t im, are present . A l l the facts are laid bare . Op t i ons are discussed. Every 

one has a say. Everyth ing is in the open . A consensus is reached. Usually 

conflicts are reso l ved . Miscreants are dealt w i th . Last year Mjuda ' s bro ther , 

Brighton, was brought be fo re a baraza for beat ing one of his w i v e s . He 

suffered the ostracism of his ne ighbors and rema ined an outcast for s ome t ime . 

That is a strong punishment in rural A f r ica , w h e r e ex t ended families are the 

center of social l i fe. T h e traditional cour t in Karonga is a formal extens ion of 

the baraza system on those occasions w h e n difficulties cannot be sorted out 

at the vi l lage leve l and w h e n they take on greater legal significance. H o w e v e r , 

the process is not much di f ferent, e v en in the tradit ional cour t , f r om a vi l lage 

baraza. 

Each year at the digs we ho ld a baraza w i th the area schoolteachers, 

pol i t ical-party representat ives , and vi l lage headmen o f Mwakasyungut i p re 

sent. O u r purposes in be ing there , strange fore igners that we are , d igg ing in 

the g round , are expla ined so that they do no t misunderstand our intentions. 

Eve ryone makes a speech. Mutual friendship is expressed . Blessings are 

heaped upon us. O n c e , after we had presented the school w i th a soccer ball, 

the headmaster thanked us profusely because, he said, w i th the ball " m o r e 

children w i l l be d rawn to s c h o o l . " I was g i ven a chicken. 

THE ROAD TO d o w n t o w n Karonga leads up to the T - junct ion across f r o m 

the N e w Apos to l i c Church ( In M a l a w i ) . Straight ahead, the N o r t h e r n Cor r i 

dor , an ambit ious road-bui ld ing pro j ec t to a l l ow Ma l aw i ' s goods to be 

transported across Tanzania to the po r t of Dar es Salaam, is under construc

t ion by Germans . Just a f e w mi les due north of here G e r m a n y and Britain 

fought a battle during W o r l d W a r I . I t has no t g o t t en much attent ion, as 

battles g o . Ge rman forces marched south in t w o co lumns f r om the bo rde r 

w i th Ge rman East Afr ica into Nyasaland. At the same t ime a British force was 
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headed nor th , t owa rd Ge rman te r r i to ry . As i t happened, the British marched 

b e t w e e n the t w o Ge rman co lumns undetec ted . Ne i the r the British nor the 

G e r m a n forces w e r e aware o f the o ther ' s p rox im i t y . T h e y w e r e like ships 

passing in the night. 

T h e Ge rman force cont inued its march and attacked the British garrison 

at Karonga . T h e y w e r e r epe l l ed . As they re t rea ted , they ran squarely into the 

British c o lumn . G e r m a n casualties w e r e high, British losses w e r e less. Mos t 

o f the dead w e r e blacks. W h i t e Germans and British w h o d i e d — t h e r e w e r e 

not m a n y — w e r e bur ied in Karonga . T h e i r graves have been m o v e d so as not 

to be des t royed by a rising lake, but they are still p reserved to this day. They 

are maintained by the Depa r tmen t o f Ant iqui t ies . 

T h e loss of Afr ican lives in this skirmish, the l ives of black men conscripted 

against their w i l l , was one of the factors that p layed on John C h i l e m b w e , an 

Afr ican missionary trained at Lynchburg , V irg in ia . He led his f o l l owers in a 

rebe l l i on in 1915, prec ip i tated by the Battle of Karonga , that cost him his life 

at the hands of the British. This was the first major colonial uprising in what 

was t o b e c o m e Ma law i . 

I NEEDED TO ge t my errands done . I turned right past the H o m e of Sofas 

Furniture s tore , the Chipiku Genera l S tore , and the T ikhalenao Groce r y and 

Bott le S tore , its painted walls showing Coca -Co l a and screaming CAFENOL 

STOPS PAIN FAST! I d r o v e past the squalid chibuku bars w i th rancid early-

morn ing c l iente le lounging in the lurid shade, dr inking or s lumped o v e r in 

septic corners . 

I left Fidelis and James at the P V H O ( the ac ronym for Plant and Vehic le 

H i r e Organ iza t ion , I found out later; i t is the g o v e r n m e n t mechanical w o r k 

shop ) to arrange for the extr icat ion o f the stuck Land R o v e r and to see to 

genera to r repairs. T h e n I w e n t to my first stop, the Nat ional Bank of Ma law i , 

to change dollars to kwacha. T h e bank is a small b lock bui lding w i th manicured 

lawns nex t to the Nat ional L ibrary Serv ice , Karonga Branch. Bank transac

tions are no t s imple in Afr ica . I s topped in at the l ibrary wh i l e some required 

signatures w e r e be ing obta ined at the bank. It is a small reading r o o m . I was 

surprised, although I do no t k n o w w h y , to find i t full o f young peop l e 

perusing books , newspapers , and magazines. It is, after all, a l ibrary. 

T h e l ibrary is nex t to Southern Bott lers L im i t ed , the soft-drink and beer 

distr ibutor. I exchanged empt i es for three crates of sodas, three crates of 

g r e en , and a crate of b r o w n . Up the street is the po l i ce station, whi tewashed 
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a g leaming wh i t e and t r i m m e d in b lue. T h e Ma law i Po l i ce insignia, a wh i t e -

headed f ish eag le , ve ry much l ike the Amer i can bald eag le , flies high on the 

wal l . R o w s o f wh i t ewashed stones spell out : 

WELCOME 

TOKARONGAPOLICE 

SUBDIVISION 

D o w n the street is the Marina C lub on the lake, the hub of upper-crust 

social life in Karonga. It has a o n e - r o o m bar, a dart board , a f e w cable spools 

for tables scattered outs ide, and some hote l r o o m s under construct ion. Past 

that is the G o v e r n m e n t Rest House , w h e r e my g roup stayed in 1987. 

T h e center of t o w n is the market and bus station. I parked nex t to a t ree 

across f r om the Co rne r Ta r v en (sic) Chibuku W e l c o m e bar. On the Gmelina 

t ree in front was tacked a not ice for a trave l ing m o v i e theater. It was showing 

an o ld Tarzan fi lm. 

T h e market in Karonga is lean; it lacks the excess ive co l o r and v ibrance, 

not to ment i on the foodstuffs, o f one bet ter s tocked. I cont inue to be 

surprised at the lack of vegetable diversi ty and abundance in this tropical 

market . Bright t omatoes , pa le -green cabbages, and shiny dr ied beans p rov ide 

some co l o r in the marketp lace , breaking the mono t onous earth tones o f 

peanuts, r i ce , t iny on ions , shr ive led swee t pota toes , and somet imes eggs. 

Cabbage is a a wonder fu l field vegetab le because it keeps . It can last a couple 

o f weeks w i thout go ing bad or losing its f lavor. F i s h — d r i e d , smoked , or 

f r esh—is the main pro te in source . Mea t is available early in the morn ings , but 

i t is usually sold out be f o re we arr ive . T h e butchery stalls are great charnel 

houses thronged w i th customers . T h e butchers smash the bee f carcasses 

merci lessly w i th axes, m o r e like w o o d s m e n than the spattered butchers they 

are. 

Each vendor in the market has goods al igned in small piles on the g round 

or on tables, each pi le w o r t h a f ew tambala. T h e camp requires so much m o r e 

than the average household that merchants ought to enjoy my coming . I go 

by, scooping up pi le after pi le into my plastic market bag to what I w o u l d 

suppose might be their del ight. S o m e are happy and fun to j o k e around w i th . 

Others are resigned and fatalistic, expressing l itt le satisfaction o v e r a big sale. 

To them, either I w i l l buy or I w i l l no t , and it seems to have l itt le consequence 

to them either way . 

Outs ide the market are the fruit vendors . Bananas, of course , are cheap 
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and abundant. Pawpaws are less c o m m o n and m o r e expens ive . T h e r e are 

p lenty o f oranges , tangerines, and occasionally avocados brought d o w n f rom 

Tanzania. 

My nex t errand was to check the progress on the genera tor repair. I t was 

n o w in w o r k i n g o rde r . For the Land R o v e r , James and Fidelis had arranged 

through the district commiss ioner for a P V H O road-serv ice vehic le to f ix our 

ailing s t e e d — s o m e t i m e . N o w it was approaching lunch. I still needed to call 

Yusuf in L i l o n g w e to check in w i th headquarters. That could be done later. 

T h e wa t e r b o w s e r needed f i l l ing . T h e pe t ro l needed topp ing of f as w e l l . A n d 

then I had to purchase canned g oods . I dec ided on lunch. 

T h e culinary del icacy of Karonga is susa, which is small cubes of bee f and 

fat skewe r ed on a b icyc le spoke , rubbed in salt and crushed red pepper , then 

gr i l l ed o v e r a charcoal bucket . It is de l ic ious. Its only accompaniment is 

roasted g r e en unripe banana, wh ich is not swee t , but serves as a starchy 

" b r e a d . " Fidel is , James, and I sauntered across the street to a g r imy susa man 

w h o s e stand was under a shade made of l ong grass. On either side, under the 

trees and out o f the tropical midday sun, w e r e greasy b icyc le repairmen 

w o r k i n g in the dust at the edge of the road. L i gh twe l l Mkwa l a , in t o w n f rom 

his school , p opped up and j o ined us. He l ooked sharp in his b r o w n t ie , a 

respectable teacher. We arranged a visit to the camp for him after the school 

t e r m ends on Friday. Lunch was t opped of f w i th some co ld buttermi lk . 

T h e wa t e r b o w s e r was f i l l ed a t the Karonga Teacher ' s C o l l e g e , w h e r e we 

w e r e also able to phone headquarters. A f t e r buying pilchards and t inned fruit 

a t the P T C (wh i ch stands for P eop l e ' s T rad ing C e n t e r ) , we crossed o v e r t o 

the pe t ro l station to f i l l up . I had t w o j e r ry cans to carry fuel for the generator . 

T h e y also needed f i l l ing. Both had holes , so I left t h e m — e m p t y — a t the 

P V H O to be w e l d e d . T h e a f ternoon w o r e on . Finally all was done that could 

be done . T h e genera to r was repa i red . We d r o v e out o f t o w n , past the Enikani 

Rest House , the Safari L o d g e , and the Kampunga Enterta inment Cente r . For 

the t w e n t y mi les back to Ngara I d r o v e past the unbroken l ine of pedestrians. 

A f t e r unloading at camp I jost led hurr iedly back to Mwakasyungut i to get 

the gang. T h e y had had a g o o d day. Four bones w e r e plastered, and they 

found some n e w ones. Best o f all, no days w i l l be lost due to the departmental 

Land R o v e r o r the b roken genera tor . T h e w o r k w i l l go on uninterrupted. 

Back again to Ngara and into the even ing rout ine . At sundown a g roup of 

f ishermen pul led their b ig net near our camp. Rona ld ' s youngest son and his 

grandson, both the same age , early teenagers I suppose, are w o r k i n g w i th 
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them. Fresh f ish wi l l be on the table. T h e lake is except iona l ly ca lm tonight . 

T h e soft, lapping waves are g o o d music for s leeping. 

28 July, Saturday. 

We are making g o o d progress at the quarries. Bones are still c o m i n g thick and 

fast. Each day brings n e w discover ies . T h e r e is no sign o f i t let t ing up. We 

have only been w o r k i n g C D - 9 . That one quarry i s m o r e than we can handle 

for the t ime being. I t does no t l ook like i t w i l l play out be f o r e we leave . 

Elizabeth found a l o w e r j aw of the sauropod yesterday. It is so t iny, smaller 

than the one W i l l found last Saturday. I f that one was cute , this one is dainty. 

Strange, but all the sauropod bones seem small. T h e stegosaur pelv is does not 

strike me as be ing particularly d iminut i ve , but the sauropod bones are unusual 

in their uncharacteristically small size. Sauropods, after all, include the largest 

of all dinosaurs, the largest of all l and-dwe l l ing animals eve r . Is this a small 

species, or are they just youngsters? 

T h e r e are carnivorous dinosaur teeth, t o o , but no l imb bones or ver tebrae 

that we have r ecogn i z ed , o ther than the sharp, h o o k e d c law K e n t found last 

year. Certa inly there are no skulls of a meat-eater ye t . W h e r e are they hiding? 

Clouds have been gray and heavy for the past f e w days, but thus far on ly 

bluster, no rain. T h e P V H O road-serv ice vehic le came out yesterday t o repair 

the dr ive train of the departmenta l Land R o v e r , wh ich had been await ing the 

arrival of f irst aid, nest led in the h o l l o w w h e r e it was stranded. I had p rov i d ed 

i t w i th its o w n watchman for company so that i t w o u l d no t g e t t o o l one ly . 

T h e P V H O mechanics f ina l l y g o t i t funct ioning by cannibalizing their o w n 

vehic le , then w i thout f our -whee l dr i ve themse lves , they g o t stuck for t w o 

hours wh i l e crossing the r i ver . T h e y c h e w e d up the r i v e rbed , spinning their 

whee ls , trying to get out , wh ich made the condit ions d icey for us to pass 

through when our turn came . But all is we l l that ends w e l l . James was able 

to l imp the departmental Land R o v e r into Karonga for a thorough go ing o v e r . 

Fidelis w e n t w i th h im. T h e P V H O does not w o r k on Saturdays ( t oday ) o r 

Sundays, so I e xpec t James and Fidelis back no earl ier than M o n d a y night, i f 

then. We could sure use them at the site. T h e r e are a lot o f bones to g e t out , 

and t ime is ge t t ing short. O h , w e l l , so long as the r en ted Land R o v e r is in 

wo rk ing o rde r , knock on w o o d , we can manage . 

A m o r e immed ia te p r o b l e m is the genera tor . T h e m o t o r runs f ine n o w , 

this minute , but there is a loose connec t ion in the w i r ing system prevent ing 
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the juice f r om get t ing out . I t must be r epa i r ed—aga in . We do not have the 

too ls to w o r k on i t , so I have instructed Fidelis to try to find an electrician 

in Karonga . T h e thickness of the rock ove r l y ing the payload is n o w a real 

dif f iculty. T h e local labor is attacking it w i th hammers and chisels, but that 

is ineff icient, and they cannot clear enough to g i v e each of the excavators 

r o o m t o quarry. We have opened C D - 1 0 i n earnest t o sidestep the overbur

den p r o b l e m . It, t o o , is packed w i th b o n e , and no t just the stegosaur pelvis 

and sauropod f emur we found ear l ier . Parts o f t w o articulated tails have 

turned up, s ome stegosaur plates, and some unidenti f ieds. 

T H E R E WAS A labor p r o b l e m w h e n I was in t o w n last Wednesday . O n e of 

my e m p l o y e e s , Yasaki, the surly o n e , apparently did not wish to shovel w i th 

the others . He was rude in expla ining to Elizabeth that he was not go ing to 

do it. This certainly is not the a tmosphere I want . I sacked Yasaki. Fidelis 

gathered all the Tumbuka c r e w around in a mini-baraza under the t ree near 

the supply shed. He exp la ined in excruciat ing detail w h y the sacking was 

taking p lace . He re i terated to them the g o v e r n m e n t ' s sanction o f this pro ject 

and its interest in it. He expostulated on the fame it was br inging to their 

r eg i on . T h e m e n o f the local c r e w , their faces stern, r eminded Yasaki that 

they themse lves , his ne ighbors and re lat ives, had sco lded h im for his behavior . 

T h e y to ld h im he should no t have been arguing about the w o r k . He should 

not have been rude to El izabeth. Fidelis said Yasaki s eemed humbled by the 

expe r i ence , wh ich is what barazas are supposed to do i f s omeone misbehaves. 

It is the mechanism for maintaining social harmony . Yasaki was paid for his 

t i m e . He absently sauntered of f to jo in the malipenga dance. I h ired Joseph's 

bro ther , A l f r ed , to fill the gap. A l f r ed is a nice f e l l ow , bl ind in one eye . He 

w o r k e d for m e i n 1 9 8 7 . 

Fidelis used the baraza for someth ing else since he had e v e r yone ' s atten

t ion. He made the po int , in a nice way , that o v e r l y helpful chi ldren l iving in 

these parts, or adults l ook ing for a quick prof i t that they w i l l not make f rom 

m e , should not pick up bones and br ing them to us. This has increasingly 

b e c o m e a p r o b l e m , but i t i s not unexpec t ed . We k n o w there are bones all 

o v e r this va l ley , but it is unwise to pick them up until their geo log ica l contex t 

and their exact locat ion can be p rope r l y evaluated. I f ch i ldren, or anyone else, 

no mat te r h o w we l l -mean ing , picks up the f ragments , the original contex t is 

lost, plus clues are r e m o v e d that might have he lped us to find m o r e bone . But 
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m o r e immed ia te l y impor tant , the g o v e r n m e n t o f M a l a w i , through the D e 

partment of Ant iqui t i es , has strict rules pro tec t ing fossils and other such 

objects. T h e y are not to be disturbed w i thout authorizat ion. T h e depar tment 

is quite serious about enforc ing its po l ic ies . It is equal ly serious about educat

ing the local p eop l e so that they understand what they ought and what they 

ought not d o . Many W e s t e r n countr ies cou ld stand to be so en l ightened. 

Fossils in Ma law i are r ecogn i zed to be for the publ ic g o o d — l o n g t e rm . 

L IGHTWELL SHOWED UP at breakfast this morn ing . He has j o ined us at 

Mwakasyungut i , his h o m e area, but on ly for the day. At the site, Mjuda, his 

legs b o w e d r ickets l ike, had our too ls laid out as usual. He maintains a wr i t t en 

inventory , not on my instruct ion, but by his o w n vo l i t ion and desire to do 

a g o o d , responsible j ob . We have not lost so much as an aw l . His mo the r and 

father w e r e there . Y o u could see the p r i de , theirs and his, as he showed them 

around the digs w i th a flourish. 

I not iced a r ing of ashes around the supply tent w h e r e Mjuda sleeps. T h e y 

w e r e for siafu. Siafu are the safari ants of legendary feroc i ty . T h e y travel in 

rov ing co lumns, devour ing hapless v ict ims o f any animal persuasion. W h e n 

they enter a hut, snakes and lizards leave their safe havens in the wal ls . I used 

to pull the c l inging bodies and c lamped jaws of these fearless insects f r o m 

b e t w e e n the toes o f my dogs in Kenya . Human babies have succumbed to 

their vicious attacks. T h e r e is a story that Mary Leakey once set the legs of 

one of her son's cribs in dishes of kerosene to p reven t siafu f r om get t ing at 

the sleeping chi ld. Mjuda saw some on the march near the site yesterday. K e n t 

came across a r eg iment on the trail this morn ing . Mjuda says they w i l l not 

cross ashes. I have heard that b e f o r e , and I be l i eve it. Siafu are t o o painful not 

t o f i nd some pro tec t i on f r o m them. 

2 August, Thursday. 

Today was the last day o f quarry w o r k for Ken t and m e . I t was hard to 

concentrate on excavat ing even w h e n I had the chance. A f t e r leaving camp 

t o m o r r o w I w i l l be spending a f e w days in L i l o n g w e ty ing up loose ends. W i l l 

and Dale wi l l spend another w e e k or so here , then seal the quarries and head 

south, way d o w n the country . Alisa w i l l j o in them for a reconnaissance of the 

southern equivalent o f the Dinosaur Beds. 
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T h e bones have no t p layed out in the quarries at Mwakasyungut i . They 

show no signs of do ing so. I f our exper i ence is any indicat ion, and I think it 

is, there are bones to dig here for many seasons to c o m e . T h e r e are clearly 

enough specimens to do a thorough scientific study. But the fossils are bet ter 

than that. T h e r e are enough to make a display available to all the peop l e of 

Ma l aw i . That w o u l d be exc i t ing for e v e r y o n e , not just scientists. Hooray ! 

T h e genera tor has not been w o r k i n g w e l l , just barely or not at all, for the 

past coup le o f days. I t has not been much help during that t ime . N e v e r mind . 

We are b e y o n d the critical po int . T w o days ago the departmenta l Land R o v e r 

re turned f r o m the shop. Yesterday i t w e n t back for starter repairs. T o d a y i t 

is w i th us again. 

Still the w o r k goes on . N o w we have the enviable p r o b l e m o f setting 

pr ior i t ies for wh ich o f the bones can realistically be r e m o v e d and which w i l l 

have to be p ro t e c t ed , bur ied , and left for seed until the nex t f ie ld season. I t 

is a lmost l ike t o o much of a g o o d thing. C D - 1 0 is e ve ry bit as g o o d as C D - 9 . 

I f we had t ime to f ind out , I be t C D - I 1 w o u l d be as w e l l . 

A f t e r a fast-paced excavat ing season, the c r e w has g r o w n toge ther . They 

m o v e l ike c l o c k w o r k . Senses are acute, attuned to the subtle nuances of each 

e x h u m e d bone . Skills are honed sharp. T h e camp is full, l i t tered w i th heavy, 

treasure- laden plaster jackets carr ied f r o m the quarries on the heads and 

shoulders of straining laborers , wres t l ed into the vehic les, and chauffeured to 

the lake. A camarader ie has built up. It is hard to leave . 

A coup le of days ago a f e l l ow w i th a h o m e m a d e guitar showed up at the 

site. He makes guitars himself , but he appears deaf and d u m b , an autistic 

savant. He struck a g o o d chord . Spontaneously, as the guitar s t rummed, 

hammers tapped chisels and awls d r u m m e d shovels in a paleonto log ica l 

symphony , culminat ing in a crescendo of exuberant laughter. It is a g o o d 

c r e w . 

We had visitors in camp a t six-f i fteen this morn ing . We do not get many 

visitors anyway , but these w o u l d have been n o t e w o r t h y at any t ime . I t was 

a g r oup of v i l lagers, maybe a dozen p e o p l e , all singing and dancing. T h e 

rhythm came f r o m an a luminum cook ing suffria f i l led w i th a bit of uncooked 

r ice and shaken to the beat. O n e particularly animated and o v e r w e i g h t w o m a n 

danced w i th a t w o - p o u n d plastic bag of salt balanced on her head, her j igg l ing 

contours out l ined by her soi led dress. Everyth ing toge ther was a strange sight 

to see so early in the morn ing , w h e n our eyes w e r e still dusted w i th sleep. 

I w o n d e r i f it w o u l d have s eemed less strange later in the day. This was the 
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African equivalent of an Irish wake . S o m e o n e in the ne ighbor ing vi l lage had 

died during the night. N o w this g r oup o f dancers was go ing around sol icit ing 

money for the funeral expenses and food to feed the be reaved , w h o w o u l d 

be arriving shortly f r om all o v e r M a l a w i , f r om w h e r e v e r the ex t ended family 

had dispersed. I donated. 

TH IS BEING THE last day for Ken t and m e , it was the t ime for a pho to 

session at the quarry. A l l o f the local c r e w w e r e dressed in their best. Mjuda 

had on a mil i tary hat w i th a Maria Theresa meda l l ion p inned to it. He had a 

big leather be l t around his waist and across his shoulder. He w o r e boots and 

high knee socks, but he was disappointed that he did not have short pants l ike 

an official guard and watchman. T h e guys brought up all their w i v e s and 

chi ldren. They w e r e pret ty w o m e n and p lump babies, done up in their best. 

O n e o f W e l l i n g t o n ' s w i v e s could not negot iate the rocky path to the site in 

her thick-soled, h igh-heeled shoes, so naturally she carr ied them on her head 

and walked bare foot up and d o w n the hills. We all t o ok turns in various 

permutat ions of picture taking and posing. W i l l , the bearded fr iend, was in 

big demand. A l f r ed , sel f-conscious of his bad e y e , w o r e dark glasses for his 

photographs. Eve ryone felt c lose . I t was real ly a ve ry touching event . W h e n 

it was o v e r , the ladies left and the m e n changed into their workaday rags, w i th 

the except ion o f W e l l i n g t o n , w h o cont inued to wea r a n e w makeshift hat o f 

bright y e l l o w cloth w i th embro i d e r y saying, " I r e m e m b e r . " 

T h e n the press arr ived. Yusuf came up f r om L i l o n g w e , br ing ing w i th h im 

half a dozen newspaper and magazine repor te rs and photographers . I particu

larly wanted Yusuf, a Berke ley- tra ined P h . D . archaeologist , to see our digs. 

I had been urging him to c o m e up and pay a visit for s ome t ime . He is the 

man in authority at the Depa r tmen t of Ant iqui t ies and he w o u l d be able to 

evaluate, and hopeful ly apprec iate , our ef forts. A f e w minutes of his v i ew ing 

the sites w o u l d do m o r e for the pro jec t than all the f inal repor ts I cou ld w r i t e . 

N o t that there was any p r o b l e m ; Yusuf has always been m o r e a m e m b e r of 

the team than a gove rnmenta l administrator. I wan ted h im to see because he 

wou ld like it. 

And he d id . So did the press. T h e y photographed and quest ioned and 

w r o t e and taped. H o w i t w i l l turn out I do no t k n o w , but they seemed 

impressed. As usual, they w e r e f irst of all impressed at seeing the resurrect ion 

of these bones f r om the Earth. 
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" H o w did they ge t t h e r e ? " they w o n d e r e d . 

N e x t they w o n d e r e d at h o w I e v e r came to this exact spot to f ind these 

bones , halfway around the w o r l d f r om w h e r e I l i ve . 

" H o w did you k n o w w h e r e t o d i g ? " 

Finally they w e r e o v e r w h e l m e d w i th the pr ide that these dinosaurs are a 

part o f l i tt le Ma l aw i . 

" W i l l you put them on d i sp lay? " 



THE 

R O A M I N G T I T A N 

L I Z A R D S 

wITH SO MANY bones c om ing out of the g round in M a l a w i , there was 

little question that they w o u l d have an interest ing and impor tant story to tell 

about life in the A g e o f Rept i l es . T h e mos t c o m m o n , but by no means all, 

of the fossils that have been excavated so far are the bones of sauropod 

dinosaurs. We assigned around 150 field numbers to jackets and wrapped 

specimens o f sauropods already taken out o f the g round . N o t all w e r e s ingle, 

isolated bones. S o m e w e r e articulated sets found as they w e r e arranged in l i fe , 

most notably a sect ion of tail w i th t w e n t y - t w o ver tebrae in a r o w and a set 

of breastbones placed just as i f the dinosaur had lain d o w n on its be l ly . T h e r e 

w e r e also t w o l o w e r j aws , parts o f skulls, assorted ver tebrae f r o m various 

posit ions along the b o d y , arm bones , toes , a c l aw , a th ighbone and other parts 

of the hind leg , and a spaghetti b o w l of ribs. T h e nex t step, n o w that these 

specimens had been r e m o v e d f r o m the g round , was to make sense o f t h em. 

We already k n e w m o r e than w h e n we started out s imply f r om seeing the 

bones as we excavated th em , but that is not enough. Some of the fossils, at 

least the m o r e important ones , obv ious ly needed to be prepared f r om their 

jackets be fo re we could g e t any re l iable , i f pre l iminary , understanding o f the 

animals they represent . In format ion f r om the prepared spec imens could be 

supplemented w i th photographs and measurements o f o ther bones r e c o rded 
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in the quarries wh i l e they w e r e be ing excavated , and the pieces of the puzzle 

w o u l d beg in to fall into p lace . Da l e and I , a long w i th W i l l and Elizabeth, 

jo int ly under took to study the sauropods. 

Sauropod dinosaurs are familiar to most e v e r y o n e . I t is the g roup c o m 

m o n l y cal led brontosaurs, and w i th such creatures as Brachiosaurus (see Figure 

4 in Chapter 1 ) , it includes the largest animals that have e ve r l i ved on land. 

L ike mos t all real ly huge animals inhabiting the landscape at a g iven t ime , the 

sauropods w e r e herb ivorous . T h e y ate plants and only plants. T h e y w e r e b ig , 

and they w e r e not necessarily f r iendly , but they w e r e not necessarily fero

cious e i ther. 

Larger size o f ten conveys certain advantages. It stacks the deck in favor of 

b i gger individuals in the compe t i t i on w i th other m e m b e r s of the same species. 

Larger individuals can obtain the best space, resources, mates , and they may 

be bet ter able to de fend themselves . Thus increasing size through a biological 

l ineage is a c o m m o n t rend in evo lut ionary history. This t rend to e vo l v e larger 

descendant species f r om smal ler ancestors is k n o w n as C o p e ' s rule . 

T h e bes t -known sauropods are o f gigantic p ropor t i ons . T h e largest o f the 

sauropods might have w e i g h e d as much as f i f ty, s ixty, maybe even eighty tons. 

M o s t w e r e probably in the twenty - to - th i r t y - ton range, still highly respect

able. Early in sauropod evo lu t ion there had to be even smaller ones, presum

ably, i f the evo lut ion o f larger species f o l l o w e d C o p e ' s rule . T h e dinosaurian 

ancestors o f the k n o w n sauropods, the hypothet ical f i rs t true sauropod, i f we 

had a c o m p l e t e fossil r e c o r d , w o u l d have been much smaller than the giants. 

S o m e or all o f the evo lut ionary l ineages leading to dif ferent species o f 

sauropod giants became larger w i th g eo l o g i c t ime until they w e n t ext inct . 

T h e on ly animals that have e ve r surpassed the sauropod size r eco rd are the 

blue whales . T h e y , of course , have an advantage because they l ive in seawater, 

wh ich is a dense fluid that buoys up their massive bodies . If stranded on land, 

wha les , e ven the smal ler ones , w i l l suffocate f r om being crushed under their 

o w n we i gh t . T h e structure o f their bodies cannot keep their we i gh t off o f 

their lungs. 

T h e p r ob l ems o f support ing we i gh t for any animal are much greater on 

land than those encounte red in an aqueous m e d i u m , such as whales inhabit, 

but the p rob l ems are particularly difficult for those land-dwe l l ing animals of 

except iona l ly large size. Being such large animals as most of the sauropods 

are , shear bulk places a t r emendous strain on them. O n e reason contr ibut ing 

to w h y sauropod dinosaurs w e r e able to e v o l v e into such large and heavy 
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forms is that at s ome t ime in their early history they began to wa lk on four 

legs rather than t w o . Strange as it seems, dinosaurs started out wa lk ing , 

running, and standing on t w o legs. Bipedal l o c o m o t i o n is pr imi t i ve for the 

g roup as a w h o l e (and for many of the m o r e familiar dinosaurs, such as 

Tyrannosaurus rex). In sauropods, dinosaurs special ized in obtaining large size, 

four legs p rov i de a m o r e stable foundat ion for b ody mass and doub le the 

number of pillars support ing the animal. 

T h e r e are big ancillary p r ob l ems associated w i th C o p e ' s ru le . T h e mass o f 

an animal 's body increases at a greater rate than the s imple increase in a l inear 

d imens ion. That means that an animal tw i c e as long as another of the same 

shape and physical appearance w i l l w e i g h m o r e than tw i c e the second animal 's 

we igh t . Larger animals w e i g h propor t i ona te l y , as w e l l as absolutely, m o r e 

than smaller animals. T h e r e f o r e , i f a sauropod l ineage is to b e c o m e gigantic, 

it must be able to support a spiraling increase in we i gh t w i th each mode ra t e 

increment in size. T h e strength o f the bones must be great enough to ho ld 

up all that bulk, but i f the bones are made b igger to be s t ronger , they w i l l 

reach a po int w h e r e they increase in we i gh t faster than they increase in 

strength. T h e r e is the d i l emma. 

T h e solution is to e v o l v e structural modi f icat ions in the shape and con

struction of bones so that they are both light and strong. Birds do i t by having 

th in-wal led, h o l l o w bones . Pterodacty ls do i t the same way . F r o m a pa leonto 

logical point o f v i e w , such bones are fragi le. That is w h y both these groups 

of flying rept i les are u n c o m m o n l y preserved as fossils, and w h e n they are , 

they are usually crushed. 

Of course , sauropods do not fly, but their bulk necessitates modi f icat ion 

of their support ing bones . N o t surprisingly, they do i t in a rather di f ferent sort 

o f way f r om birds and p t e r o s a u r s — o n e that r em inded the great Amer i can 

vertebrate pa leonto log is t and dinosaur expe r t Edw in H. Co lbe r t of a ship. A 

ship, i f laden wi th m o r e than it can safely ho ld , w i l l f ounder . In nineteenth-

century Britain a law was enacted against the over load ing of seagoing vessels. 

It was dec ided to place a l ine on the outside of British merchant ships to 

indicate the lawful leve l o f submergence o f the hull. T h e ship cou ld be loaded 

until i t r ode in the wa t e r at the l eve l o f the l ine and no m o r e . T h e mark was 

called a P l imsol l l ine, after Samuel P l imso l l , the statesman w h o championed 

the legislation. Sauropods no m o r e ply through the wa t e r than they fly 

through the air, but that is not what the analogy w i th the P l imso l l l ine is based 

on . It is based on the fact that the l imbs of sauropods are heavy and rather 
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dense, wh i l e the ver tebrae and skull are light w i th many weight-saving 

modi f icat ions. I f you w e r e to d raw a l ine a long the base of the backbone in 

a sauropod skeleton f r om the shoulder g i rd le to the hips, the bones b e l o w the 

l i n e — t h e pa leonto log ica l P l imsol l l i n e — w o u l d be heavier in construct ion, 

and the bones above w o u l d be l ighter (F igure 2 5 ) . Such a distribution of 

we i gh t prov ides for a l o w center o f grav i ty and there fore greater stability. 

This has some interest ing evo lut ionary impl icat ions. A b o v e the Pl imsol l 

l ine the evo lut ionary modi f icat ions for making the skeleton in sauropods 

l ighter are p ro found . T h e outer , superficial layer o f each bone is e x t r eme l y 

thin, not all that much thicker than that in a b i rd . Inside the bone the osseus 

tissue takes on an appearance rather l ike soap bubbles, the curved surfaces of 

fragi le bone prov id ing internal strength to the w h o l e . T h e ver tebrae o f the 

back and neck, and the head, do not have the dense internal structure of the 

bones b e l o w the P l imso l l l ine, but they are not h o l l o w ei ther. T h e bubbly 

internal bony structure is a g o o d and apparently ve ry ef fect ive c omprom i s e . 

H o w e v e r , i t creates practical p rob l ems for the pa leonto log is t . Such thin-

wa l l ed bone w i th w i spy internal structure is easily damaged or dest royed 

FIGURE 25: The paleontological Plimsoll line. The bones of the limbs that support 

the body of a sauropod are heavily constructed and dense relative to the vertebrae, 

which are light and have evolved a number of weight-reducing features. In a 

ship the heavy ballast, which gives stability, is placed well below the Plimsoll line, 

the level above which a ship cannot safely float. Neither ships nor sauropod 

dinosaurs are top-heavy. 
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unless the condit ions of fossil ization are just r ight. T h e bones in Ma l aw i have 

not been comp l e t e l y petr i f ied into s tone , so excavat ing them and even 

preparing them in the laboratory is a tedious j o b if the del icate surface is no t 

to be damaged . I f the lightness o f sauropod bones above the P l imso l l l ine 

presents practical f ie ld and laboratory p r ob l ems to the pa leonto log is t , o ther 

structural adaptations for making bone l ighter wh i l e still support ing we i gh t 

p rov ide a weal th of features for analyzing the family relationships among 

sauropod species. O n e obv ious modi f icat ion for bear ing we i gh t is the altera

t ion o f vertebral structure. Ve r t ebrae o f any land-dwe l l ing animal are comp l i 

cated, but especially those o f sauropods. T h e ver tebrae must be strongly 

enough l inked toge ther to p rov i de for their support funct ion, yet they must 

retain the capability to bend at the jo ints so that the backbone can retain 

f lexibi l i ty. On top o f that, they must be l ight. T h e way this is achieved in 

dif ferent sauropods is a clue to their relat ionships. 

A l l sauropods have long necks. In some species the neck ver tebrae and the 

adjacent ver tebrae at the f ront end of the back are mod i f i ed in a special way . 

I f you tilt your chin d o w n t o w a r d your chest and feel the back o f your neck, 

you w i l l not ice the t ight nuchal l i gament that attaches f r om your head to your 

back ver tebrae . T h e hard, bony pro jec t ions in your back at the base of your 

neck and d o w n are cal led the neural spines o f your ve r t ebrae . These are qui te 

long in animals that must ho ld up a large head and neck. Th ink of the hump 

on a buffalo's back. T h e hump , beneath the h ide , gets its shape f r om long 

spines of the ver tebrae and the muscles and l igaments that run t o w a r d the 

head. T h e spines must also be long in sauropods, no t so much because they 

have b ig heavy heads but because the cranium is so far away f r om the body 

on such a long neck. In s o m e , but no t all, sauropod species the spines appear 

to be fo rked , bi furcated, in the neck and adjacent back, f o rm ing a t rough or 

channel in which the neck muscles lie (F igure 2 6 ) . In genera l , among those 

species that show this feature, the shorter the f ront legs are , re lat ive ly , the 

deeper the t rough. Sauropods such as Diplodocus w i th a t rough apparently 

f o rmed by their ver tebra l spines have their l ong necks cant i levered out in 

front of the body . T h e neck held out in that way prov ides a l ong radius 

through which the head can m o v e wh i l e the animal is feeding. I t could b r o w s e 

a large area whi l e standing in one spot . In sauropods such as Brachiosaurus the 

head is held atop an erec t , giraffel ike neck and there is no t rough at all f o r m e d 

by the spines of the ve r t ebrae . I t was be t t e r suited for feeding of f higher 

fol iage in the tops of t rees . 
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FIGURE 26: Cantilevered-versus-erect posture in the necks of sauropod dinosaurs. 

One suggestion of the weaning of differing vertebral shape in sauropod necks is 

that vertebrae with divided spines support cantilevered necks (top) while vertebrae 

with undivided spines support necks held in a more erect posture (bottom). 

T h e r e are a great many ver tebrae in a spinal c o lumn , so it makes sense that 

i f someth ing could be done to make each of them l ighter, i t w o u l d have a 

re lat ive ly b ig effect w h e n tota led up a long the ent i re backbone . T h e main 

body of a ver tebra , to wh ich the spine and other bony processes attach, is 

cal led a cen t rum. T h e cent rum is the biggest single c o m p o n e n t of a vertebra. 

Centra are basically cyl indrical in shape, and in the backbone they line up one 

after the o ther l engthwise . ( In humans a s l ipped disk is a carti lage plate 

b e t w e e n t w o vertebral centra that has shi f ted. ) Some sauropods have light

ened the centra in ingenious ways . Large pockets , cal led p l eurocoe l s , are 

excavated in the sides of the centra, rearranging the pr imi t i ve cylindrical 

shape into a f o rm that is l ighter yet still p rov ides adequate strength and retains 

appropr iate length. N o t all sauropods have p l eurocoe l s , and not all those that 

do have them d e v e l o p e d on the same ver tebrae or in the same way . I t seems 

that once the evo lut ionary potent ia l for produc ing p leurocoe ls was achieved, 
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natural se lect ion and chance could m o l d the specific shape of the p l eurocoe ls 

in a number of d irect ions depend ing on the species. A n d since the l ightening 

o f ver tebrae through the d e v e l o p m e n t o f p l eurocoe ls is obv ious ly re lated to 

the attainment o f gigantic size, p l eurocoe ls may have e v o l v e d m o r e than once 

in separate sauropod lineages as grand size was approached. 

It seems pret ty clear that huge animals must have a large intake of f o od 

to keep themselves al ive. Even a l o w est imate o f f ood requ i rements w o u l d 

have to be large in real t e rms for such animals as sauropods. T h e r e f o r e , it is 

all the m o r e astounding to take a l o ok at a sauropod head. No species of 

sauropod has a large head; all are small consider ing the total size of the body . 

Y e t all the f ood that is eve r eaten must enter the tiny pinhead and pass d o w n 

the gul let . 

Sauropod heads have a particularly nasty habit so far as field paleontolog ists 

are concerned . T h e y are not o f ten found. In life they must have been weak ly 

attached to the end of the neck, because in death the head is quickly separated 

f rom the body . I cannot shake the image of a sauropod head ro l l ing of f l ike 

a soccer ball, but of course it was no t l ike that. T h e l ight, thin bones of the 

head are as l ightly built and as th in-wal led as the ver tebrae are. T h e y are 

insecurely fastened to each other . As a dead sauropod ro t t ed or was d i smem

bered , the head separated f r om the neck, and the del icate bones became 

scattered and des t royed . T h e p r o b l e m this makes for paleonto log ists is that 

many species o f sauropods are k n o w n on ly f r om bones that c o m e f r om the 

neck or farther back in the ske le ton, and we have no idea what the head was 

actually l ike. Heads are k n o w n in on ly a fraction of the named sauropod 

species. In fact Apatosaurus, the real name of brontosaurus, suffered for 

decades w i th the w r o n g head until the mistake was caught and co r rec t ed . 

Sauropod skulls that are k n o w n show quite a bit of diversity in their shapes 

(F igure 2 7 ) . In all, the bony holes through which the nasal passages go appear 

excessively large. In life these a c c o m m o d a t e d , in addit ion to the air passages, 

tissue and b l ood vessels that have been cons idered speculat ively at one t ime 

or another to contro l the t emperature o f b l o o d f l ow ing to the brain, to 

resonate the sounds ut tered by the beast, or to facilitate a f lexible probosc is . 

T h e issue is still open . 

Some sauropods have long heads, others have heads that are a lmost incred

ibly blunt. Elongat ion of sauropod skulls seems to have e v o l v e d in at least t w o 

dif ferent ways . Brachiosaurus was descr ibed in Chapter 1 as having an absurd, 

toothy duck's bi l l . T h e front of the head is l ong because the bones that ho ld 
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FIGURE 27: The head shape, tooth shape, and family relationships of sauropod 

dinosaurs. This cladogram suggests the pattern of evolutionary branching within 

the sauropods. Two of the less well known families, the vulcanodontids and 

cetiosaurids, are not included, but they may ft to the left of titanosaurids. This is 

only one of many possible evolutionary trees. It is an hypothesis that seeks to 

explain where titanosaurid relationships lie among the sauropods and provides a 

focus for discussion. 

the tee th , cal led maxi l la and premaxi l la , are exaggerated into the shape of a 

duck 's bi l l . T h e nasal bones , which support the nostri ls, are l o oped high up 

and back, d o m i n g the skull. O t h e r sauropods, such as Camarasaurus, have high 

heads, but the jaws are not d rawn nearly so far f o rward as in Brachiosaurus and 

the nostrils are not so far back and up. Sauropods such as the familiar 

Apatosaurus and Diplodocus are di f ferent. The i r nostrils are back and on the t op 

of their heads, but the nasal bones are not l o o p e d and the bony opening in 

the skull for the nasal passage is much smaller. T h e skulls in Diplodocus and 

Apatosaurus are ob long-shaped, somewhat like lozenges . T h e jaws are long, 

but taper f r om the back of the skull to the snout gradual ly, rather than being 

d rawn out into a duck 's bi l l . A n d the teeth are restr icted to the front part of 

the upper and l o w e r jaws instead of cont inuing back a long the sides of the 
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mouth. In addit ion, the front of the jaws is squared of f and blunt, rather than 

curving m o r e gent ly to m e e t at the mid l ine . 

Jaws and teeth are particularly impor tant when consider ing h o w the 

sauropod giants managed to obtain sufficient nour ishment . Besides the varia

t ion in j aw shape discussed above , there is also variation among sauropod 

species in the shape of the teeth (see Figure 2 7 ) . Some sauropods, such as 

Brachiosaurus and Camarasaurus, have teeth w i th spoon-shaped c r owns . O thers , 

such as Diplodocus, have teeth that are shaped l ike penci ls . T h e y are l itt le 

round cyl inders. Both o f these shapes o f sauropod teeth, w h e n mult ip l ied by 

a mouthful of them, are adequate for plucking and nipping sprigs, tw igs , 

fronds, and leaves, but they are not g o o d for chew ing them up. In addit ion, 

they are not held very strongly in their sockets, and they w e r e rep laced in life 

at frequent intervals by rep lacement teeth g r o w i n g in f r om the roots . A f t e r 

a sauropod dies, the teeth ve ry quickly fall out . Since nei ther too th shape is 

adequate for a g o o d , thorough chew ing o f the f o od , the teeth w e r e used 

primari ly to obtain f ood . T h e processing o f i t was done by g izzard stones, 

called gastroliths, that g round foodstuffs into a mash, after wh ich it was most 

l ikely f e rmented by the action o f m ic robes . T h e gastroliths are rocks that w e r e 

select ively swa l l owed for the purpose . Birds and crocod i les do that n o w . I t 

is not all that unusual in the w o r l d of animal d igest ion. 

T h e r e can be variation in the shape of tee th wi thin certain species of 

sauropods. In Brachiosaurus, for instance, the teeth in the front of the mouth 

are m o r e broadly spoon-shaped than those farther back. Still, e ven in the back 

of the mouth they are di f ferent f r om the penci l-shaped teeth found in Di

plodocus, a shape that is much m o r e s imple and less variable because it is 

basically an uncompl icated cy l inder . By compar ison w i th o ther , m o r e pr imi 

t ive dinosaurs, it seems most l ikely that the spoon-shaped teeth are less 

e vo l v ed and m o r e akin to the shape of teeth in hypothet ical ancestral sauro

pods. Penci l-shaped teeth e v o l v e d f r om the m o r e p r im i t i v e spoon-shaped 

f o rm , but since one s imple cyl indrical shape looks pre t ty much like any o ther 

simple cylindrical shape, the possession of penci l l ike teeth a lone , when con

sidered among all the species of sauropods, does not necessarily ref lect a 

c o m m o n ancestry. In o ther w o r d s , s imple teeth may have e v o l v e d f r om m o r e 

c o m p l e x teeth m o r e than once . That idea plays an impor tant ro l e in under

standing the evo lut ionary history o f the sauropod bones f r om Ma law i . 

T h e heavier bones o f the l imbs, those that lie b e l o w the sauropod P l imsol l 

l ine, are designed for transmitt ing the total we i gh t of the animal to the 
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g round . N o w , for a dog or a horse or a l izard, walk ing on four legs is the 

pr imi t i ve way of do ing things. But, as I said be f o r e , for dinosaurs, the style 

of l o c o m o t i o n that characterizes the g roup as a w h o l e is bipedal p r o g r e s s i o n — 

walk ing on t w o hind legs. T h e c o m m o n ancestor o f all dinosaurs, the hypo

thetical f irst true dinosaur, was bipedal . Sauropods and some other plant-

eaters, such as stegosaurs and ceratopsians, have secondari ly resorted to 

walk ing on all fours. Ev idence of their t w o - l e g g e d heri tage is re f lected in the 

length o f the back legs c ompared w i th those o f the f ront . T h e y are general ly 

qui te a bit l onger and m o r e massive than the front legs, showing that the 

distr ibution of the we i gh t in a sauropod body is shifted t owa rd the back end. 

In bison or horses or camels , g o o d sel f-respecting quadrupeds w h o never had 

a bipedal ancestry, the f ront l imb bones are m o r e massive than the hind, 

ref lect ing a di f ferent distr ibution of the we i gh t , a dif ferent bui ld , i f you wi l l 

(F igure 2 8 ) . 

Such evo lut ionary modif icat ions as occur in sauropod l imbs are in large 

part g rav ipor ta l—adapta t ions for carrying great we i gh t , as in elephants. T h e 

FIGURE 28: Weight distribution in a horse and in a sauropod dinosaur. Horses and 

their ancestors have always been quadrupedal, with the front end of their bodies 

more massive than the rear. Quadrupedal dinosaurs evolved from bipedal ancestors. 

As a consequence of their evolving four-legged locomotion from ancestors 

anatomically suited to moving about on hind limbs only, their weight is distributed 

more toward the rear of their bodies. 
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legs of graviportal animals are always heavi ly bui l t , l ike the co lumns of a 

G r e e k t emp l e . Large grav iporta l animals cannot lift all four feet of f the g round 

at the same t ime . Sauropods, l ike elephants, w e r e not jumpers . Never the l ess 

graviportal animals such as elephants can rear up on their hind l imbs, and they 

do so occasional ly, rather than habitually, in their natural state. At Ambose l i 

Park in southern Kenya , w h e r e the herd is large , I have wi tnessed t w o 

elephants in the w i l d rear up facing each other and engage in a bit of a 

wrest l ing match. 

If it is true that some quadrupedal mammals have a we i gh t distr ibution 

dif ferent f r o m sauropods, and w i th m o r e massive fore l imbs than hind, then 

an interesting analogy, w i th regard to their r epe r to i r e o f m o v e m e n t s anyway , 

might be the rearing up of sauropods on their hind legs, c ompared w i th the 

ti lt ing o f horses or buffalo on t o their fore legs . Horses , o f course , can do just 

that whenev e r they choose to kick the hell out of s o m e o n e . Bulls can as w e l l ; 

just go to a r o d e o i f you want to see them do it . Even elephants, which are 

much m o r e sauropodl ike than horses in their genera l body shape, because 

both elephants and sauropods are grav iporta l , can do it. I saw them do it last 

year when I t ook my chi ldren to the circus. Elephants can tilt up on their f ront 

legs into a pachyderm handstand. I do no t be l i eve they do it in the w i l d , 

except perhaps in the strangest of c ircumstances, but they certainly could do 

it i f the m o o d so struck them. T h e r e is obv ious ly nothing in their anatomy 

that physically prevents them f r om do ing handstands. 

As quadrupedal animals that r e ve r t ed to quadrupedal ism in their evo lu 

tionary history, it is no t unthinkable that even the largest of the sauropod 

species maintained the anatomical capacity to rear up on their hind l imbs. In 

fact, i t has b e c o m e quite popular to reconstruct them that way even to the 

point of go ing ove rboard . In the tails of all sauropods there are bones , called 

chevrons, that articulate w i th the ver tebra l centra and hang d o w n . A b l o od 

vessel f lows along the underside of the ve r tebrae , and the chevrons branch 

around and pro tec t it, then e i ther they progress d o w n w a r d and backward , 

prov id ing areas for muscle attachment, or they fork into a sled shape po int ing 

f o rward up the tail to the hip and backward t o w a r d the tip of the tail. 

Diplodocus and its re lat ives, perhaps uniquely among sauropods, possess the 

sled-shaped chevrons. T h e strange shape o f the chevrons , wh ich occur on ly 

on ver tebrae in the m idd l e of the tail, not the base, has suggested to s ome 

that they f o r m e d a p ro tec t i ve shield on the underside of the tail, a l l ow ing the 

dinosaur to use it as a brace w h e n rearing up on its hind legs. T h e chevrons 
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pro t e c t ed the b l o od vessel in the underside of the tail f r om be ing damaged, 

and w i th the tail acting as a third leg , the animal could stand and graze f r om 

the tops of trees for as long as it des ired. Further ev idence for the suggestion 

c omes f r om the height of the spines in the d ip l odoc id rear end and the massive 

size o f the pe lv ic bones . N o n e o f the ev idence has been quantitatively 

analyzed, but nevertheless, that is the way the story goes . 

I do not buy it. I t seems a bi t t o o H o l l y w o o d for m e . T h e conclusion that 

huge grav iporta l animals had such an habitual behavior should f o l l ow detai led 

analysis of functional reality based on a thorough r e v i e w of the ev idence f r om 

the bones . I w i l l c oncede , anecdotal ly , that sauropods could rear up , and i f 

they cou ld , I see no reason w h y they should not grab a f e w snacks every n o w 

and then that way . But the thought of tr ipodal dinosaurs, especially d ip l odo -

cids, the sauropods w i th the shortest fore l imbs re lat ive to the hind l imbs, and 

w i th the longest tails, disrupts my sense o f s ymmet ry . 

W h e n sauropods did rear up , i t ve ry l ikely w o u l d not have been to walk 

about in any ex t ended way . Rather , i t might have been only for a second or 

t w o , or a l ittle l onger , perhaps to nip a leaf, or to int imidate another sauropod 

of its o w n species, maybe to wres t l e l ike the elephants I saw at Ambose l i . It 

seems rather unlikely that a huge animal l ike a sauropod w o u l d habitually rear 

up on its hind legs to feed of f the tops of trees or as a defensive posture against 

threatening carnivores , as they are somet imes shown. Rear ing up w o u l d do 

l itt le m o r e than expose the vital be l ly to the scimitar c laws and rapier teeth 

of predators . An imals , whe the r elephants or sauropods, are capable o f a 

g rea ter range of l o c o m o t i o n and m o v e m e n t than they uti l ize as a regular part 

o f their natural behav ior . T h e fact that they are able to rise on to t w o legs, 

whe the r the f ront or the rear, does not mean they do so at every feeding, 

e v e r y attack by a predator , or e ve ry social encounter . 

Sauropods show l itt le in the way of defensive structures excep t large size. 

S o m e sauropods, l ike Diplodocus and Apatosaurus, have long , thin tails, d rawn 

out at the t ip to resemble a whiplash. Even m o r e strangely, t w o Chinese 

sauropods, Shunosaurus and Omeisaurus, are r epo r t ed to sport bony clubs on 

the ends of their tails. De fense has been suggested as the function of both the 

clubs and the whiplash. But a wh ip is a w e a p o n of finesse, a trait not general ly 

associated w i th graviporta l animals, and a club or a whiplash swung at the end 

of a tail several yards long could cause a lot of unnecessary injury to the tail 's 

o w n e r w h e n i t made contact . Sauropods may have used their tails to c o m m u 

nicate w i th their o w n kind, much the way that w o l v e s communica te , by 
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changing postures and ho ld ing the tail in di f ferent posit ions. Tails may w e l l 

have been used for signaling, for touching and caressing, rather than as wh ips 

or b ludgeons. T h e variation in the shape of the ends of tails may ref lect this 

kind of use among di f ferent sauropod species. 

So h o w did sauropods pro tec t themselves f r om f ierce predators i f not by 

rearing up to squash their attackers or swatt ing them w i th their tails? Adu l t 

sauropods, because o f their size, w e r e fully able to wa lk o v e r any animals 

at tempt ing to subdue them. Certa in ly young w o u l d be vulnerable , and even 

large individuals might succumb to a coord inated attack by a pack of thero -

pods , but basically I imagine sauropods just t r ied to g e t away. In escaping, 

they might go in any d i rec t ion , away f r o m the predator or d irect ly o v e r it. 

The i r behavior wh i l e under attack may have had no m o r e mot i va t ion than the 

urge to f lee. O n e o f the se lect ive factors leading to the operat ion o f C o p e ' s 

rule in sauropods may have been the f ine defense that g igantism in and of itself 

prov ides . In fact, it is possible that the reason sauropods g o t so large was 

behavioral ly no m o r e compl i ca ted than the evo lu t ion of a passive defense 

mechanism. 

IF ALL THIS talk of di f ferent features in the tails, t ee th , l imbs, skulls, and 

ver tebrae o f di f ferent species o f sauropods is confusing to y ou , you are no t 

a lone. It has o f ten been lamented by top paleonto log ists that sauropods are 

evolut ionar i ly very c o m p l e x . The i r relationships are difficult to unravel w i th 

the very g o o d but l imi ted sample o f their fossils that is k n o w n . T h e sample 

is l imited because it is spotty . S o m e species are be t t e r k n o w n , s ome cont i 

nents are m o r e thoroughly searched, and some t imes , geo log i ca l l y speaking, 

are much bet ter represented in co l l ec t ions . A n d that is w h y the sauropods 

f r om Malawi are so impor tant . It is a n e w batch of fossils, a w h o l e n e w set 

of data, to t h r o w into the argument . I t g ives be t t e r material on a poo r l y 

k n o w n species, f r om a cont inent that has not been thoroughly sampled and 

a t ime that is poo r l y r epresented . 

S o m e w h e r e around 1 SO species of sauropods have been named ; h o w e v e r , 

not nearly that many are real ly val id. Some names have been appl ied to 

fragments o f bone so incomp le t e that their true owne r s are comp l e t e l y 

unknowable . T h e y do no t tell us much about anything. T h e g o o d , recogn iz 

able species are g r ouped into six famil ies, s ome of wh ich are m o r e familiar 

than others. T h e d ip lodoc ids contain such genera as Diplodocus, obv ious ly , 
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Apatosaurus, and some others like Dicraeosaurus f r om Afr ica and Barosaurus f rom 

both Afr ica and N o r t h Amer i ca . ( A l l the names o f families end here in " - i d , " 

the vernacular for the scientific ending o f family names " - i d a e . " ) D ip lodoc ids 

have long , whiplash tails, penci l l ike teeth l imi ted to the f ront o f the mouth , 

long heads, and a t rough f o r m e d by their ver tebrae to house the muscles and 

l igaments that contro l m o v e m e n t s of the neck and head. 

Brachiosaurids are the g iraf fe-necked sauropods w i th long front legs. The i r 

tails are short c ompared w i th d ip lodoc ids , and they do not end in a long, thin 

whiplash. Camarasaurids are similar to brachiosaurids in having spoon-shaped 

teeth, but the spines on the neck ver tebrae are d i v ided into the beginnings of 

a t rough, l ike d ip lodoc ids . T h e vulcanodont ids are the mos t pr imi t i ve of the 

sauropods. T h e y have an extra b u m p on the th ighbone near w h e r e i t slips into 

the hip socket . T h e b u m p is for muscle at tachment, and it is present in most 

o ther dinosaurs, but not the o ther famil ies o f sauropods—that is one g o o d 

reason w h y vulcanodont ids are cons idered so pr imi t i ve . O n e family, the 

g roup cal led cetiosaurids, is basically a wastebasket full of names, some of 

which represent apparently pr imi t i ve species and some that represent other 

species that are obv ious ly not p r imi t i ve . N o n e o f them has been adequately 

studied. T h e f inal family , the titanosaurids, is the one that w i l l concern us 

most . T h e bones f r om Ma law i enable us to graft its branch on to the evo lut ion

ary t ree o f sauropods (see F igure 2 7 ) . 

Sauropods have been k n o w n f rom Ma law i for a long t ime , since the 1920s 

in fact. T h e specimens in the British Museum co l l ec ted by M i g e o d in 1930 

have neve r , e ven n o w , been studied in detai l , but t w o years be fo re M i g e o d , 

the South Afr ican Britisher S. H. Haughton named Gigantosaurus dixeyi f r om 

the Dinosaur Beds. He named i t for Frank D i x e y , the British head of the 

Geo log i ca l Survey in Nyasaland, to w h o m a planter named H o l t had f i rst 

r epo r t ed fossils. D i x e y invest igated, co l l ec ted some bones , which he sent to 

Haughton , and later gu ided M i g e o d around the fossil beds, showing him all 

the localit ies he k n e w . A m o n g the fossils D i x e y sent to Haughton w e r e a 

ver tebra f r om the front part of the tail, part of a h ipbone , a breastbone, and 

part of a shoulder b lade. I t was those specimens to wh ich Haughton appl ied 

the name Gigantosaurus dixeyi. No f i rsthand study of sauropods f r om Ma law i 

was undertaken after Haughton ' s in 1928 until my pro jec t started in 1984. 

I t has taken six years to d e v e l op the sauropod bones found by my g roup to 

the po int w h e r e they make sense and can say someth ing of real value in 

understanding the dinosaurs. 
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Never the less it was k n o w n early on , since 1911 in fact, that the name 

Gigantosaurus was not valid for Afr ican sauropods; it had been used be fo re for 

another fossil in V ic tor ian England, so it cou ld not be used again for a di f ferent 

species in which a relationship to the original was not demonstrab le . T h e 

naming legalities of Gigantosaurus dixeyi are even m o r e c o m p l e x than what I 

have wr i t t en , but you ge t the p ic ture , I am sure. I t boi ls d o w n to this: T h e 

species dixeyi is a g o o d species, but it does no t be l ong to Gigantosaurus. 

Haughton named only one species o f sauropod f r o m the Dinosaur Beds. 

My pro jec t has shown that there are t w o at least. T h e ev idence p rov ing the 

existence o f t w o species came mos t conclusive ly f r om the t w o l o w e r jaws we 

co l l ec ted f r om C D - 9 . T h e y are clearly no t the same. Both o f them are small , 

as sauropod jaws g o , the larger be ing on ly about a f oo t l ong , although the 

spec imen is no t c o m p l e t e in the back. T h e second spec imen is only a l ittle 

m o r e than half the size o f the f i rs t . T h e r e f o r e we needed to rule out the 

possibility that the di f ferences we could see in shape and f o rm b e t w e e n the 

t w o w e r e a result o f the age o f the individuals, baby versus adult. Ne i th e r o f 

the jaws has functional teeth pro t rud ing f r om their sockets, but the tips of a 

number o f r ep lacement teeth are still there . F r o m what can be seen o f the 

rep lacement teeth, the t oo th shape is di f ferent in the t w o jaws . T h e tooth 

sockets ex tend in a r o w back to near the end of the j aw in the larger spec imen, 

but in the smaller o f the t w o the too th sockets stop much farther f o rward . 

M o r e o v e r , the f ront end o f the smal ler j a w seems to curve m o r e sharply 

t owa rd the " c h i n . " 

Even be fo re we found the j aws , there was ev idence f r om teeth that t w o 

kinds o f sauropods are present . In quarry ing, t w o di f ferent kinds o f sauropod 

teeth w e r e found isolated and scattered about through the sed iment . O n e 

group had a rounder cross-sect ion, the o ther was f lattened, but na r r ow , and 

also a bit larger in length and breadth than the first. T h e larger-sized teeth 

matched wi th the rep lacement teeth o f the larger j aw , and the rounder teeth 

matched wi th the smaller j aw . I t then became clear. T h e smaller j aw , regard

less of be ing a very young animal, has penci l l ike teeth l imi ted to the front of 

the j aw , wh ich curves m o r e or less sharply t o w a r d the chin. T h e r e f o r e i t is 

a d ip lodoc id . H o w e v e r , there was one addit ional feature o f the small l o w e r 

jaw that seemed strange and puzz l ing. T h e f ront end flares in a way not seen 

in other d ip lodoc ids . Based on that, it is ve ry l ikely that the l itt le d ip lodoc id 

jaw f r om Ma law i represents a b rand-new species. 

But what of the larger jaw? If the smal ler is a d ip l odoc id , and the larger 
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is di f ferent f r om it, to which family should the larger be assigned? Frankly it 

is easier to say what it is not than to say what it is. So we p roceeded to f ind 

out what the rest o f the sauropod bones could tel l us. O n e interesting pattern 

is that of all the o ther bones diagnostic enough to be assigned to a family, none 

s eemed to be d ip l odoc id , e ven though we k n e w f r om the tiny l o w e r j aw that 

that family was there . M o r e o v e r , of all the specimens that have been pre 

pared , none is small enough to go w i th the smaller l o w e r j aw . F r om measure

ments taken wh i l e excavat ion was under way there seemed to be one vertebra 

that might go w i th it, but since it has not been prepared and because our 

photographs a t h o m e are inconclus ive , we have no way o f k n o w i n g for sure. 

A l l the rest o f the sauropod bones seem to be l ong to one nond ip lodoc id 

fami ly . T h e y are t itanosaurid. 

T h e titanosaurid family has a long , compl i ca ted history. Its f irst m e m b e r 

was named in 1877 when Richard Lydekker cal led some tail ver tebrae and a 

f e w o ther bones f r om the Cre taceous of India Titanosaurus indicus. T h e name 

Titanosaurus, the " t i t an l i z a r d , " was just t o o c l ever and t o o g o o d to pass up 

for n ineteenth-century paleonto log ists in a frenzy to name giant repti les never 

be f o r e seen. T h e legendary feuding paleonto log is ts O . C . Marsh o f Yale 

Univers i ty and E. D. C o p e o f Philadelphia had one o f their many episodes 

w h e n Marsh, quite independent ly f r om Lydekke r , named an Amer i can d ino

saur Titanosaurus. To his g l e e , C o p e was able to repr imand Marsh by point ing 

out the preoccupat ion o f the name . 

Since the t ime that Lydekker named the f i rst o n e , titanosaurids have been 

found all o v e r the place. T h e y are in Europe , Afr ica , Madagascar, South 

A m e r i c a , and even N o r t h A m e r i c a . The i r occurrences outside o f Afr ica are 

restr icted to the Cre taceous Pe r i od , and most ly the Late Cretaceous at that, 

w e l l after the re ign of the d ip lodoc ids and brachiosaurids that occurred forty 

mi l l i on y e a r s — a n d m o r e — p r i o r to the heyday o f the titanosaurids. T h e roots 

of the family can be traced back to their f i rst general ly accepted record at 

Tendaguru in the same area w i th Brachiosaurus and d ip lodoc ids . Making the 

connect ion b e t w e e n the later titanosaurids, spread all o v e r the w o r l d , and the 

rather poo r l y k n o w n and confused titanosaurid f r om Tendaguru was a difficult 

task for pa leonto log is ts . In fact, it could not be done satisfactorily until the 

Ma law i specimens came out o f the g round . 

Titanosaurids have one feature that was k n o w n to Lydekker , which set 

them apart f r om all o ther sauropods. T h e ver tebrae of the tail have an 

e x t r e m e l y pecul iar shape (F igure 2 9 ) . T h e cent rum has a deep cup at the front 
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FIGURE 29: Ball-and-socket tail vertebrae of the titanosaurid sauropod 

Malawi-saurus. The rounded surface toward the bottom left (the back side of the 

vertebra) is characteristic of titanosaurids and allows them to be recognized 

wherever they may be found. 

end, into which a large ball at the back of the preced ing cent rum fits. 

Ver tebrae of this shape are cal led p rocoe l ous . It is a bal l -and-socket jo int 

unlike that seen in any o ther g r oup of sauropods. Because that feature is so 

characteristic and so obv ious , and because tail ver tebrae are m o r e massive and 

there fore m o r e readi ly p reserved as fossils than other ve r tebrae , the t i tano-

saurs can be recogn i zed and identi f ied w i th only a small amount of ve ry lousy 

material . Even though they are k n o w n f r om many places, the bones f r om 

most o f them do not tell us much m o r e than that titanosaurids w e r e there . 

That state of affairs led to titanosaurids be ing l o oked upon as the bad boys of 

the sauropod clan, not te l l ing all they could and not seeming to f i t in 

anywhere . 

As it turns out , there are a number of diagnostic features that help to make 

sense of titanosaurids. First of all, the bal l -and-socket tail ver tebrae really are 

a unique feature that the family shares w i th no o ther sauropods. Haughton 

k n e w that when he descr ibed and named Gigantosaurus dixeyi in 1928. That is 
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w h y he cal led his n e w species Gigantosaurus to beg in w i th , because that is what 

the titanosaurid f r om Tendaguru had f i rs t been cal led. ( T h e name o f the 

Tendaguru titanosaurid has since been changed to Janenschia after passing 

through another i terat ion on the way f r o m Gigantosaurus. W i l l the confusion 

neve r cease?) 

W h e n I w e n t into M a l a w i , I k n e w that titanosaurid bones had been found 

there , and n o w my pro jec t had ver i f ied it . O n e thing about it, though: Ne i the r 

D i x e y nor Haughton nor my pro j ec t e v e r found any truly gigantic bones at 

all. N o t o n e . T h e name Gigantosaurus certainly does not f i t , i f for nothing but 

esthetic reasons. It is hard to accept that all of the co l lec t ions made o v e r the 

years by H o l t , D i x e y , M i g e o d , and my g roup represent only juveni le sauro

pods . Rather , I think we have a p icture of near-average-s ized individuals. I 

think the Ma l aw i titanosaurid is just small for a sauropod, pr imi t i ve in size 

re lat ive to the giants, probably about thirty feet l ong , and perhaps ten tons 

in we i gh t . N o t bad for a pip-squeak. 

In addit ion to the bal l -and-socket tail v e r t ebrae , there are o ther features 

unique to titanosaurids. For instance, one o f the bones o f the hip, the ischium, 

the bone in humans on wh ich you sit, is great ly expanded and uncommon l y 

w i d e in most titanosaurids. N o n e o f those had e ve r been found in Ma law i 

be f o re us, but we g o t one . We also found a set o f breastbones laid out as in 

l i fe. The i r shape, and the way they w e r e arranged was exact ly l ike that of the 

titanosaurid Alamosaurus as it was laid out in the hills of Utah. Haughton had 

r epo r t ed a breastbone f r om M a l a w i , but the one he had was in bad shape. It 

had to be p i eced back toge ther and patched w i th plaster. T h e reconstruct ion 

was a tad iffy. W h a t it looks l ike most is a breastbone, yes , but it appears that 

Haughton ' s spec imen needs to be ro ta ted ninety degrees c l ockwise f rom the 

way he put i t in his original p icture to ge t the p r ope r or ientat ion for jo ining 

w i th its compan ion bone . 

Titanosaurids have another feature that is the most odd of the lot . They 

have bony a rmor in their skin. That is not unheard of among vertebrate 

animals. A f t e r all, c rocod i l es and all igators have bones in their skins. (That 

is w h y the fashion industry util izes only the be l ly leather of c rocod i l es for belts 

and purses and shoes. ) A rmad i l l o s have a bony shell made up of many dermal 

plates. Some other dinosaurs, notably the ankylosaurs, are w e l l a rmored . 

W h y no t sauropods? T h e r e is no reason w h y not , but there is also only one 

family of sauropods k n o w n to be a r m o r e d , and that is the titanosaurids. 

Surprisingly enough, the suggestion o f a rmored sauropods was made long 
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ago . T h e French pa leonto log is t Charles D e p e r e t , wh i l e studying dinosaurs 

f r om Madagascar, found characteristic pieces o f de rma l a rmor that he sug

gested be l onged to titanosaurids. That was in 1896. D e p e r e t ' s c laim was 

considered interesting but it d id not make a real splash because titanosaurids 

have been for so long back-burner sauropods, and at the t ime the concept of 

a rmored dinosaurs was just t o o fo re ign . T h e conf i rmat ion o f D e p e r e t ' s 

assertion came not f r om m o r e w o r k in Madagascar or Afr ica. I t came f r om 

South Amer i ca . In 1980 t w o Argent in ian paleonto log is ts , Jose Bonaparte and 

Jaime P o w e l l , w o r k i n g w i th the exce l l en t titanosaurid material they had been 

e x cava t i ng—exce l l en t excep t for missing the heads—pub l i shed a paper illus

trating scutes of dermal bone and p rov ing unambiguously that at least s ome 

titanosaurids w e r e a rmor ed . T h e r e are a number o f di f ferent shapes o f a rmor 

plates, but basically they have a round base w i th a r idge or crest rising up f r om 

its surface. T h e exact arrangement of the di f ferent variations of this f o rm on 

the body is current ly unknown , and the purpose , whe the r for decorat ion or 

defense or s ome o ther reason, is also unknown . But the titanosaurids are 

a rmored . 

I f titanosaurids are a r m o r e d , and i f we w e r e d igg ing up titanosaurids in the 

Luwonya Hil ls o f M a l a w i , then w h y w e r e we not d igg ing up dermal ossicles 

along wi th the o ther bones? We neve r have , e ven t o this day. H o w e v e r , we 

w e r e f inding a number o f strangely shaped objects c o m p o s e d ent i re ly o f 

crystals o f the mineral calc i te . T h e same minera l also g r e w in the m a r r o w 

cavities of some of the fossil bones in Ma l aw i . Look ing at those calcite objects 

carefully, we conc luded that they had to represent s ome shape o f b io log ica l 

or ig in . It is not all that rare in g e o l o g y for a structure to be dissolved away 

and its shape to be f i l led w i th a di f ferent minera l . T h e result ing fo rms are 

called pseudomorphs . Inorganic substances such as salt crystals, the mineral 

halite, can be dissolved away f r om rock , but their original cubic f o rm left 

behind. It can also happen w i th b io log ica l structures in the same way . T h e 

calcite pseudomorphs f r om Ma law i r esemb le nothing so much as dermal 

a rmor . They are not shaped exact ly the same as the a rmor f r om South 

Amer i ca or Madagascar, but they are similar. T h e r e is no bone left , so i f they 

are pseudomorphs of dermal ossicles, all the bone was dissolved away and 

calcite g r e w in its place. T h e pseudomorphs have a circular base w i th a dozen 

or so pro ject ions sticking out f r om the edge . T h e r e is a tall spine that slants 

b a c k w a r d — a t least to what we consider to be the backward d i rec t ion . So in 

Ma lawi we have bal l -and-socket tail v e r t ebrae , a hip w i th a w i d e ischium, 
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articulated breastbones, and very possibly the remnants of dermal a rmor . A 

g o o d case for titanosaurids indeed . 

Y o u may have not i ced that I have not men t i oned the larger o f the t w o 

l o w e r j aws f r om Ma law i by name , or the f lattened teeth. That is because they 

do not necessarily fit the m o l d of what titanosaurid jaws and teeth are 

supposed to l ook l ike. But they are a lmost certainly titanosaurid. We came 

to that conclusion through a circuitous invest igat ion. 

In 1929 Friedr ich Baron v on Huene named the sauropod Antarctosaurus 

wichmannianus f r o m the Cretaceous o f Argent ina . T h e spec imen consists o f 

skull parts, the f ront end of a l o w e r j a w , s ome teeth, part of an ischium, and 

a f e w o ther odds and ends, but no tail v e r t ebrae . At that t ime there was no 

way to r ecogn i ze titanosaurids o ther than by the presence o f bal l-and-socket 

caudal ve r t ebrae . So w h y did v on Huene call Antarctosaurus a titanosaurid if 

he d id no t have even one bal l -and-socket tail ver tebra among the material that 

he d id have of it? 

T h e r e was probably no place be t t e r for h im to assign i t than to the 

titanosaurid family , judg ing f r om the perspect i ve of hindsight. It was not a bad 

hypothesis (and there is still the chance that it may turn out to be substantially 

co r r ec t , in wh ich case the evo lut ionary history of titanosaurids wi l l be even 

m o r e compl i ca ted than i t seems to be n o w ) . P lenty o f g o o d titanosaurid 

ver tebrae w e r e k n o w n f r o m the Cretaceous of South Amer i c a , i t is just that 

none be l onged to Antarctosaurus. A n d besides, i t was not l ike he knew that 

Antarctosaurus had tail ver tebrae di f ferent f r om titanosaurids. T h e r e w e r e no 

tail ve r tebrae of Antarctosaurus k n o w n at all f r om South Amer i ca . That is still 

the case today. O n e o ther thing: No o ther families o f sauropods, none but the 

titanosaurids, w e r e k n o w n f r om the Cretaceous o f South Amer i ca in von 

H u e n e ' s day. 

N o n e o f this w o u l d make any di f ference to the story in Ma law i w e r e i t not 

for the j aw and the teeth of Antarctosaurus that von Huene descr ibed. T h e teeth 

are penc i l l ike , and they are l imi ted to the f ront of the j aw , which itself curves 

sharply t o w a r d the chin. It is on the basis of that j aw and those teeth that every 

reconstruct ion of titanosaurid skulls until n o w has been m o d e l e d after Di-

plodocus—long, w i th nostrils at the t op and teeth l imi ted to the front. 

T h e features of Antarctosaurus are the same ones we used to identify the 

smal ler of the t w o jaws f r om Ma law i as a d ip lodoc id . Those are the same 

characters that we use n o w to suggest that, g i ven the lack o f posi t ive ev idence 

to the contrary , Antarctosaurus is not a titanosaurid at all, but rather a South 
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Amer i can Cretaceous d ip lodoc id . For o v e r sixty years titanosaurids have been 

taking a bum rap o v e r what their heads l ook l ike. 

T h e reconstruct ion may have also caused some p rob l ems for von Huene 

in his later studies. In 1933 he published a monog raph on Indian dinosaurs 

w i th Charles A l f r ed Mat l ey . In it they r ecogn i z ed a n e w species of Antarc-

tosaurus, which they cal led Antarctosaurus septentrionalis. T h e Indian spec imen 

included the back o f the skull, thought by v on Huene and Mat l e y to be similar 

to that f r om South Amer i ca . T h e y w e r e led to the conclusion, based on that 

similarity, that the animals f r o m which those bones f r o m the back of the skull 

w e r e de r i ved be l onged to the same close-knit g r oup o f sauropod species. Thus 

the genus came to be k n o w n f r om both Argent ina and India. T h e Indian 

spec imen also included a bal l -and-socket tail ver tebra , which was there fore 

obviously titanosaurid (but of course , as we have seen, the first place f r o m 

which titanosaurids w e r e k n o w n was India, so i t is not surprising that m o r e 

of them should be f ound ) . Unfor tunate ly the back ends of skulls are o f ten ve ry 

conservat ive in evo lu t ion . In this case, wh i l e the Indian "Antarctosaurus" 

material is def initely titanosaurid ( w e k n o w that f r o m the tail v e r t eb ra ) , the 

South Amer i can Antarctosaurus, the true Antarctosaurus, may not b e . It is m o r e 

l ikely to be d ip lodoc id . T h e resemblance b e t w e e n the South Amer i can and 

Indian bones f r om the back of the skull may ult imate ly p r o v e to indicate 

nothing m o r e than that both be l ong to sauropods. 

V o n Huene and Mat l e y also descr ibed a sauropod upper j aw b o n e , or 

maxi l la, in their monograph . N o w , this is an interest ing spec imen. It was 

described by them as c om ing f r om a beast w i th a short and ve ry high snout, 

so they conc luded that it could not have c o m e f r om Antarctosaurus, which they 

thought to be a t itanosaurid, but which we n o w k n o w may invo l v e sauropods 

o f t w o dif ferent families anyway. V o n Huene had reconstructed Antarctosaurus 

as having a long Diplodocus-like snout based on the Antarctosaurus j aw f r om 

South Amer i ca that he had descr ibed four years earl ier . As we shall see, the 

upper j aw f r om India f its w i th nothing so w e l l as a t itanosaurid, short snout 

and all, based on what has been found in Ma l aw i . 

T h e r e was one other compl i ca t ion . S o m e m o r e or less penci l l ike teeth, no t 

spoon-shaped, had been found w i th g o o d titanosaurid bones . As I have said 

be fo re , i t is not unl ikely that s imple teeth may have e v o l v e d f r om spoon-

shaped teeth m o r e than once in di f ferent sauropod evo lut ionary l ineages. T h e 

larger sauropod teeth f r om Ma law i demonstra te that possibi l i ty because they 

are not o f e i ther shape. T h e y are in te rmed ia te , m o r e de r i v ed than spoon-
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shaped teeth and m o r e pr imi t i ve than penci l l ike tee th . In most features no 

t w o famil ies of sauropods are m o r e unlike each other than titanosaurids and 

d ip lodoc ids . That s ome titanosaurid species may have penci l l ike teeth super

f ic ia l ly resembl ing d ip lodoc ids me r e l y shows that cyl indrical teeth e vo l v ed 

separately m o r e than once in sauropods. 

S imply stated, there is no reason to accept that titanosaurids had heads like 

d ip lodoc ids . Since that is the case, there is no particular reason to lump the 

small d ip l odoc id j aw f r om Ma law i w i th the bal l -and-socket tail ver tebrae and 

the o ther bones that are def initely t itanosaurid. T h e o ther j aw , the larger one , 

w i th its l ong too th r o w and flattened tee th , f i ts be t t e r w i th the titanosaurid 

bones because it is the right size. F r o m that reasoning, we can say that we 

k n o w what the l o w e r j aw o f the Ma l aw i titanosaurid looks l ike. M o r e o v e r , 

the tee th , which are f lattened, no t penc i l l ike , and have the edge f o rmed like 

that in brachiosaurids and camarasaurids, show clearly that the c o m m o n 

ancestor of d ip lodoc ids and titanosaurids did not have penci l l ike teeth. 

O n c e i t was dec ided that the larger o f the t w o l o w e r jaws f r om Ma law i 

was titanosaurid, it became re lat ive ly easy to identify as titanosaurid a pre -

maxi l lary b o n e , the tooth-bear ing bone right at the front of the skull, found 

in Ma l aw i . Four rep lacement teeth are still in the sockets. T h e y are of the 

f lattened var iety , p rov ing that this premaxi l la be longs to the same species as 

the larger l o w e r j aw . In fact the t w o could have be l onged to the very same 

animal. N o w we could show for the f i r s t t ime w i th reasonable certainty what 

the l o w e r j aw and the snout of a titanosaurid really l o oked l ike. 

T h e premaxi l la is ve ry strange as sauropod premaxi l lar ies g o . It is not so 

long as in d ip lodoc ids or d rawn out into a too thy duck 's bill as in Brachiosaurus. 

T h e ho le for the nasal passage is large . A thin p iece of the premaxi l la stands 

up nearly vert ical ly to f o rm the front edge o f the nose . T h e premaxi l la shows 

conclusive ly by its structure that the snout was b l u n t — v e r y , very blunt. 

W e i r d l y blunt. T h e back end of the premaxi l la ends in a m o r e or less straight 

edge that runs f r om the b o t t o m of the nose open ing in a d o w n w a r d d i rect ion, 

perpendicular to the too th r o w . That edge is w h e r e a maxi l la , the other 

too th-bear ing bone o f the upper j aw , w o u l d f i t . 

T h e premaxi l la f r om Ma law i is the only titanosaurid premaxi l la that has 

e v e r been found anywhere . In addit ion to showing h o w blunt the face was, 

i t shows that the f ront end of the maxi l lary bone ends b e l o w the nasal opening 

w h e r e i t abuts against the premaxi l la . N o n e of i t ex tends in front of the nose 

holes . Tha t , t o o , is strange for sauropods. In fact no sauropods k n o w n , excep t 



THE R O A M I N G T I T A N L IZARDS 

titanosaurids, have this feature. Some other dinosaurs d o , such as prosauro-

pods for instance, and that suggests that the posi t ion of the nose at the ve ry 

front of the head is w h e r e , evo lut ionar i ly , i t started out in sauropods. Those 

sauropods in which the nasal openings are farther back e vo l v ed f r om sauropod 

ancestors that w e r e m o r e l ike titanosaurids in the posi t ion of the nose. As I 

said, there is on ly one titanosaurid premaxi l la k n o w n in all the w o r l d as of 

this m o m e n t — t h a t is, k n o w n to me anyway. T h e r e is also only one maxi l la 

k n o w n , and that is the one descr ibed by von Huene and Mat l ey f r om India 

in 1933, but which they could not identify because of the Antarctosaurus 

confusion. Y o u can tell it is a titanosaurid because its front edge ends 

comp le t e l y b e l o w the nose ho le . I t w o u l d f i t n ice ly against a premaxi l la 

shaped like the one f r om Ma law i . Both o f these bones show impor tant 

features of the titanosaurid skull: It is short but ve ry high, and very na r r ow . 

F r om the side these guys had heads that l o oked l ike the front ends of giant 

w o r m s (F igure 3 0 ) . 

Obv ious ly the next step in the study of the titanosaurid f r om Ma law i was 

to figure out what to call it. Haughton had cal led it Gigantosaurus dixeyi, but 

for the legalities o f nomenc la ture , the name Gigantosaurus was not g o o d . T h e 

way to start the nex t step was to dec ide i f dixeyi was a g o o d species based on 

its biological mer i t , unique in the animal k i n g d o m , or if it was s imply a 

pat ronym for a sauropod that was k n o w n m o r e c o m m o n l y under another 

name. T h e way to beg in f inding that out was to compare i t w i th the titanosau

rid f r om Tendaguru . 

Janenschia robusta was descr ibed in 1908 (under a di f ferent n a m e ) . It is 

k n o w n f rom a tail and some other bones that may or may not real ly be l ong 

to the same species of animal as the tail. I t does not matter for our purposes 

because all we really need in this case is to show that the tail is, or is not , 

the same as that of dixeyi. We can show that it is no t because the spines of 

the ver tebrae , and the bony processes by wh ich they attach to their ne ighbors , 

are dif ferent. Those in Janenschia are m o r e l ike o ther sauropods. But there is 

one big similarity b e t w e e n Janenschia and dixeyi. W h i l e the ver tebrae in the 

front of the tail are p r o c o e l o u s — t h e y have b ig balls on the back end of the 

c e n t r a — t h e ver tebrae t owa rd the m idd l e and in the back of the tail are not . 

The species dixeyi is distinct f r om but similar to Janenschia robusta. Janenschia 

is geo log ica l ly o lde r and anatomical ly m o r e p r im i t i v e . 

A l l the o ther titanosaurids scattered around the w o r l d w i th only a couple 

o f except ions have bal l -and-socket caudal ver tebrae all the way to the end of 



FIGURE 30: A family group of Malawi-saurus in a gallery forest. Swift-flowing 

braided streams and rivers drain nearby hills and mountains. The climate is 

seasonal. The vegetation—with ferns, horsetails, cycads, and conifer trees and 

shrubs—is generally similar to that at Tendaguru except that by 100 million 



years ago, the time of the Dinosaur Beds and 45 million years after Tendaguru, 

flowering plants (angiosperms) were starting to come onto the scene. Vegetation 

grew luxuriantly in the galleries along the watercourses, but away from the streams 

and rivers vegetation was much less dense. 
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the tail. T h e r e f o r e dixeyi cannot be l ong to any of those species groups either. 

We w i l l soon g i v e i t its o w n scientifically valid f i rs t name . For n o w I w i l l 

in formal ly re fer to it as Malawi-saurus. Never the l ess Malawi-saurus is similar 

to the titanosaurids of South A m e r i c a , and even N o r t h Amer i c a , in the shape 

of the neural spines and o ther bony processes on the ver tebrae . It is particu

larly close to Andesaurus f r om South Amer i ca . That means it is intermediate 

in both anatomy and in age to the o lde r titanosaurid of Afr ica and the younger 

titanosaurids o f the W e s t e r n Hemi sphe r e . W i t h that bit o f k n o w l e d g e , we are 

able to dev ise a geograph ic scenario for the evo lu t ion of titanosaurids. 

T h e oldest k n o w n titanosaurid is Janenschia f r om Tendaguru , approx i 

mate ly 145 mi l l i on years o ld . Titanosaurids w e r e def inite ly in Afr ica then, 

nearby o ther sauropods including Brachiosaurus and d ip lodoc ids . T h e y are not 

current ly unambiguously k n o w n f rom that t ime interval in any o ther conti

nents, but that may be mis leading. At that t ime the dinosaurs show a great 

deal of similarity b e t w e e n N o r t h A m e r i c a and Afr ica as a ho ldove r f r om the 

Pangaean geography , w h e n landmasses w e r e broad ly connected and animals 

cou ld r oam w ide l y . Of the six famil ies o f sauropods, all are in existence by 

the t ime interval represented at Tendaguru . A l l six are k n o w n f rom Afr ica, 

and f ive , all but the titanosaurids, are k n o w n f r o m N o r t h Amer i ca way back 

then. Brachiosaurus and Barosaurus, bo th sauropods, are k n o w n , albeit f r om 

di f ferent species, in both N o r t h A m e r i c a and Afr ica. T h e similarities in those 

dinosaur faunas is pre t ty amazing. T h e r e f o r e , it w o u l d not be surprising if a 

N o r t h A m e r i c a n titanosaurid o f the same vintage surfaced. M o r e o v e r , a 

Chinese pa leonto log is t , D o n g Zh im ing , has on ly recent ly named the n e w 

sauropod Bellusaurus, wh ich has tail ve r tebrae suspiciously l ike titanosaurids. 

But Bellusaurus is f r o m China, and so far no one w h o has studied it f irsthand 

has cal led it a t itanosaurid. T h e po int of this is to say that the early fossil 

r e co rd of titanosaurids is so p o o r l y k n o w n at this t ime that it is quite 

impossible to say w i th any d eg r e e o f certainty w h e r e they or ig inated, but w i th 

e v e r y deg r e e o f certainty that they w e r e in Afr ica by Tendaguru t imes. 

T h e n , after Tendaguru , through plate tectonics and continental dri ft , 

South A m e r i c a and Afr ica began to separate as the South At lant ic opened . 

Th is , the Early Cre taceous , is the t ime represented by Malawi-saurus. Dur ing 

the Early Cre taceous , the m o r e familiar sauropods w e r e on the dec l ine . 

W h e r e a s they used to domina te the landscape in earl ier t imes , they n o w 

became rare , in the N o r t h e r n Hemisphe r e at least. T o w a r d the end of the 

Early Cre taceous to the beg inning o f the Late Cre taceous , about ninety 

mi l l i on years ago , sauropods apparent ly became ext inct in N o r t h Amer i ca . 
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Meanwh i l e they persisted in the Southern Hemisphe r e . B e t w e e n T e n 

daguru t imes and Malawi-saurus the characteristic features of the anatomy 

evo l v ed that link Malawi-saurus w i th Andesaurus and the o ther South Amer i can 

titanosaurids. 

A f t e r the South At lant ic o p e n e d , the South A m e r i c a n titanosaurid fauna, 

and most everyth ing else that was there , e v o l v e d in isolat ion. T h e South 

Amer i can cont inent was separated by the sea f r o m Afr ica and N o r t h A m e r i c a , 

and by the r igors of Antarct ica, to wh ich i t was still attached, f r om Austral ia. 

T h e isolation lasted for about the nex t thirty mi l l i on years. I t was not until 

around seventy mi l l ion years ago , near the end o f the A g e o f Rept i l es , that 

N o r t h and South Amer i ca became once m o r e connec ted by dry land, a cyc le 

that was to repeat again at a later t ime during the A g e of M a m m a l s . W i t h the 

connect ion o f the Amer i cas , animals f r om one cont inent , but n e w to the 

o ther , w e r e able to spread. T h e bipedal hadrosaurian dinosaur Kritosaurus 

came south. So d id the horned ceratopsians. So, t o o , d id marsupial mammals , 

the opossums. A n d f r om south to north across the br idge w e n t the titanosau

rids. A f t e r twen t y mi l l i on years or so w i thout sauropods, N o r t h A m e r i c a was 

invaded by titanosaurids. T h e last N o r t h Amer i can sauropod is the titanosau

rid Alamosaurus sanjuanensis, named for the o ld O j o A l a m o trading post , 

Spanish for c o t t o n w o o d spring, n o w g o n e , just l ike the wa t e r , in the San Juan 

Basin of N e w M e x i c o . Alamosaurus is also k n o w n f r om Utah and southern 

W y o m i n g , but not f r om farther nor th , and f r o m the Big Bend o f the R i o 

Grande in Texas . Alamosaurus, possibly the last of all the sauropods, d ied out 

near the end of the A g e o f the Rept i l es , a part o f the Grea t Dy ing that 

dec imated the M e s o z o i c w o r l d and brought i t to a c lose . 

W H A T A HISTORY! 

Titanosaurids traced f r om 145 mi l l i on years ago until their ext inct ion at 

66 mi l l ion years a g o — 7 9 mi l l i on years o f family genea logy leading f r om the 

shorelands of ancient Tendaguru , through the heart of Afr ica , across South 

Amer i ca , then o v e r the land br idge l inking South w i th N o r t h A m e r i c a . T h e r e 

was one reason, and one reason on ly , w h y this history cou ld be c o m p l e t e d : 

the titanosaurian missing l ink, Malawi-saurus, had been r ecogn i z ed . 

W H O SAYS STUDYING dinosaurs in Afr ica does no t tel l you about things 

closer to home? 



AFRICAN 

DINOSAURS, 

BEFORE AND AFTER 

THE S A U R O P O D Malawi-saurus is apparently the most abundant animal 

in the Dinosaur Beds, but it is by no means the on ly one . T h e r e is its sauropod 

cousin, the n e w , unnamed species o f d ip l odoc id . T h e r e are at least three m o r e 

kinds of dinosaurs besides the titanosaurid and d ip lodoc id sauropods. Besides 

dinosaurs there are crustaceans, snails, f ish, f rogs , and crocod i l es . But d ino

saurs make up the bulk of the co l l ec t i on , in mass and in numbers of speci

mens . 

Dinosaurs, by def init ion, are nothing m o r e nor less than a particular g roup 

o f genet ica l ly re lated rept i les . T h e y are m o r e c losely re lated to each other 

than they are to any o ther rept i les because they all share a c o m m o n ancestor. 

That c o m m o n ancestor had specific characteristics and features that can be 

r ecogn i z ed in its descendants, but not in o ther rept i les , and that is w h y they 

deserve to be lumped toge ther under the dinosaur rubric . Q u i t e fortunately 

many of the diagnostic features of rept i les are in the bones ; there fore they can 

be seen in fossils and we can interpret repti l ian genea logy f r om bones dug out 

o f the g r ound . 

S o m e of the diagnostic features of rept i les are in the skull. T h e arrange

m e n t of bony arches in the cheek r eg i on , and the gaps and spaces that separate 

t h em , show similarities among such seeming ly disparate groups as lizards, 146 
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snakes, c rocod i l es , dinosaurs, and even birds, each of these groups exhibi t ing 

the same fundamental pattern of repti l ian anatomy. Dinosaurs have an addi

tional structure in f ront of the eye that separates them f r o m snakes and l izards, 

and marks them as m e m b e r s of the Rul ing Rept i l es , the Archosauria. 

Y o u might think that it is overk i l l to use such features as the structure of 

the face and snout to sort out relationships b e t w e e n , say, snakes and d ino

saurs, but there are a great many kinds of rept i les , and the characteristic used 

to make genealogical sense out o f them must ref lect fundamental re lat ion

ships, not adaptations to specific kinds o f l i fe-styles and eco log ica l niches. To 

make a l ight analogy w i th our o w n species, we w o u l d not e xpec t m e m b e r s 

o f the same trade union to be re lated by b l o o d necessari ly, e ven though in the 

same commun i t y many o f them might be . M o r e fundamental relationships 

w o u l d be obv ious f r om observ ing family reunions w h e n cousins and uncles 

and the rest, all o f w h o m have been out in the w o r l d to make their l ivings 

in their o w n ways , c o m e toge ther . T h e family portra i t shows the family 

resemblance , regardless o f the di f ferences in w o r k c lothes. Many o f the mos t 

obvious skeletal di f ferences among animals ref lect adaptations to their ways 

of l i fe , and converse ly , animals w i th similar ways of life may exhibi t similar 

adaptations and skeletal features. O n e must l ook deepe r for characteristics o f 

genealogical significance. 

Dinosaurs are not the on ly m e m b e r s o f the Archosauria, and there are , o f 

course, several branches to the dinosaur t r e e . A l l o f the dinosaurs, h o w e v e r , 

are united by the possession of certain characteristic features of the skull, 

pe lv is , and l imbs. Dinosaurs, w i th all their d ivers i ty , have tradit ionally been 

d iv ided into only t w o fundamental g roups . 

T h e bones f r om Ma law i represent both o f the classical divisions o f d ino

saurs, the " l i z a r d - h i p p e d " saurischians and the " b i r d - h i p p e d " ornithischians. 

T h e sauropods are examples of l i zard-hipped dinosaurs, and so are the bipedal 

carnivores, o f wh ich we have found a f e w bones and teeth (F igure 3 1 ) . T h e 

stegosaur that Ken t was w o r k i n g on at C D - 1 0 is an examp l e of a b i rd-h ipped 

dinosaur (F igure 3 2 ) . T h e recogn i t ion that the shape of the pelv is is impor tant 

in de termin ing the evo lut ionary relationships of dinosaurs goes back to near 

the beginnings of their study. Harry G o v i e r See ley , a Brit isher, dev ised this 

classification in 1887, at the t ime the slaver M l o z i was be ing batt led by the 

British in nor thern Ma law i . T h e di f ferences in anatomy b e t w e e n b i rd-h ipped 

and l izard-hipped dinosaurs are real , but m o r e recent d iscover ies , no t in 

Ma lawi but e l s ewhere , have suggested to s ome investigators that the t w o f o l d 
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divis ion may be t o o s imple to account for all the diversi ty seen in dinosaurs. 

Neve r the l e ss , in discussing Afr ican dinosaurs, the t w o f o l d division is conve 

nient and adequate. 

T h e r e is a g o o d reason w h y the pelv is should be so impor tant in the study 

of dinosaurs. Because dinosaurs are pr imi t i ve ly b ipedal , walk ing about on 

their t w o hind legs , there had to be structural changes in the skeleton to carry 

the we i gh t in a way di f ferent f r om their quadrupedal ancestors. Wa lk ing on 

the back legs invo lves t i l t ing the body backward , w i th the consequent trans

mission of all the we i gh t d o w n the hind legs to the g round . I t makes sense 

that the jo int connect ing the legs to the hip w o u l d be mod i f i ed , as w e l l as the 

muscles contro l l ing the legs and back. T h e r e are t w o major ways in which that 

has been done in dinosaurs. T h e result ing skeletal changes are obv ious in the 

FIGURE 31: Relationships of lizard-hipped dinosaurs. This cladogram is one possible 

evolutionary tree of these dinosaurs. It provides a logical arrangement that 

facilitates discussion and investigation. The bones of the lizard-hipped pelvis are 

shown in the lower right. Compare this saurischian pelvis with the bird-hipped 

pelvis shown in Figure 32. 
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three bones that make up the pe lv is . Those features are what have b e c o m e 

t e rmed l izard-hipped or b i rd-h ipped . Both groups contain some species that 

are bipedal and others that are quadrupedal . G i v en that bipedal ism is pr imi t i ve 

for dinosaurs in genera l , it seems that in both the l i zard-hipped and b i rd-

hipped categor ies s ome o f the species have , through evo lu t i on , eased their 

forequarters back d o w n to the g round and r e ve r t ed to walk ing on all fours. 

Genera l ly speaking, the dinosaurs can be v i e w e d as be ing e i ther carnivo

rous or herb ivorous wi th regard to their r o l e in the eco log ica l c ommun i t y . 

As we have seen, w i th regard to their l o c o m o t i o n , they are e i ther bipedal or 

quadrupedal . A l l o f the carnivorous dinosaurs be l ong to the l izard-hipped 

g roup (see Figure 31 ) , as do the quadrupedal herb ivorous sauropods and their 

plant-eating re lat ives, the bipedal prosauropods . W h i l e there are many spe

cies of bipedal herb ivorous dinosaurs, both l izard-hipped and b i rd-h ipped, 

there are no quadrupedal carnivorous dinosaurs. A l l o f the carnivorous d ino

saurs toge ther are cal led theropods . This is the g r oup that includes Tyran

nosaurus rex, the giant meat-eater at the end of the A g e of Rept i l es . T. rex was 

eno rmous , w i th a huge head a rmed w i th serrated dagger l ike teeth. T h e hind 

FIGURE 32: Relationships of bird-hipped dinosaurs. This cladogram is one possible 

evolutionary tree of these dinosaurs. It provides a logical arrangement that 

facilitates discussion and investigation. The bones of the ornithischian pelvis are 

shown in the lower right. 
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l imbs w e r e large , but the fo re l imbs , wh i l e s trong, w e r e re lat ive ly minute and 

had on ly t w o f ingers . O t h e r theropods are not quite so much like the 

tyrannosaurid m o l d . AUosaurus, for instance, k n o w n f r om N o r t h Amer i ca and 

Tendaguru in Afr ica , had larger fo re l imbs , w i th three f ingers, rather than 

t w o , on the hand. Spinosaurus aegyptiacus, shown in Figure 2 in Chapter 1, is 

also k n o w n f r om Afr ica, but^from Egypt and f r om rocks much younger than 

those at Tendaguru . It is one of the strangest of the theropods . It had a 

na r r ow , c rocod i l e l ike snout, and on its back was a sail or hump supported by 

ve ry l ong spines f r om the ve r t ebrae . T h e spines and the sail are enigmat ic . 

A l l o f the theropods are interest ing, but one rather confused jumble o f 

the ropods , the coelurosaurs, I f ind particularly interest ing. Evolut ionary rela

tionships wi th in the g roup are ve ry imper fec t l y dec iphered , and it is l ikely 

that a major reorganizat ion of the g roup w i l l occur as its evo lut ionary tree is 

m o r e realistically r eso l ved . For n o w it is conven ient to discuss them as one 

set o f dinosaurs. 

Coelurosaurs are l ightly bui l t , act ive animals. T h e r e is an enormous variety 

of t h em , even some that have lost all their tee th . Elaphrosaurus bambergi f rom 

Tendaguru is an Afr ican coe lurosaur. Its skull is unknown . T h e small but 

v ic ious Deinonychus is another examp l e of a coelurosaur. It has one enlarged 

sicklel ike c law on each hind f oo t . It was shaped rather l ike the can opener on 

a Swiss a rmy knife. T h e c law was held of f the g round as Deinonychus ran. It 

was constantly ready to be brought into use, l ike a swi tchblade, to d isem

b o w e l its prey . W h i l e Deinonychus was not particularly large , i t possibly 

hunted in packs, making i t the dinosaurian equivalent of w o l v e s , and there fore 

the behav ior o f the species enabled i t to br ing d o w n much larger prey species. 

In Ma l aw i teeth o f t w o species o f carnivorous dinosaurs have been found. In 

addit ion there is a c law that appears to be l ong to a coelurosaur. 

T h e r e are many the ropod species k n o w n other than those I have men 

t i oned , mainly f r om the cont inents o f the N o r t h e r n Hemisphe re . T h e y are 

found on e ve r y cont inent , including Antarct ica. T h e y w e r e the t op o f the 

eco log ica l py ramid , the last link in the M e s o z o i c f ood chain. 

T h e l i zard-hipped dinosaurs also include three groups of plant-eating 

dinosaurs. T h e f i rs t o f these are the very large quadrupedal h e r b i v o r e s — t h e 

sau ropods—l i k e Malawi-saurus, Brachiosaurus, Apatosaurus, Diplodocus, and 

Camarasaurus, wh ich w e r e discussed in Chapter 4. T h e r e is a large number of 

l esser -known species to c o m p l e m e n t the range o f the m o r e familiar giants. 

Afr ican sauropods, besides Malawi-saurus, include Brachiosaurus, Barosaurus, 



A F R I C A N D I N O S A U R S , B E F O R E A N D A F T E R 

151 

and Dicraeosaurus, k n o w n f r om Tendaguru , the f i rs t t w o f r om N o r t h A m e r i c a 

as we l l . O t h e r Afr ican sauropods include Vulcanodon f r om Z i m b a b w e , Ceti-

osaurus and Rebbachisaurus f r om N o r t h Afr ica , Algoasaurus f r om South Afr ica , 

and bothriospondylus and Titanosaurus f r om the island of Madagascar (wh i ch was 

not an island for a g o o d part of the t ime sauropods l i ved in A f r i c a ) . N o t only 

w e r e sauropods w ide l y distributed across the cont inent , but they w e r e there , 

apparently, for as long as sauropods existed on Earth, so far as we can te l l . 

A l l the sauropods can be easily r e cogn i z ed as sauropods, regardless of the 

dif ferences b e t w e e n separate species. A l though distinct in shape, all the 

sauropods have ridiculously small heads for their body size. The i r teeth are 

s imple pegs , or somet imes spoon shapes. T h e y are loose ly set in the jaws , and 

seemingly not g o o d for much o f anything, but obv ious ly , i f surprisingly, they 

w e r e functional. T h e teeth of sauropods are as unlikely for their giant owne r s 

as a meat-eat ing dinosaur 's teeth are blatantly l ike steak knives. Both ex is ted , 

so the tiny teeth of sauropods clearly did their j o b as an integral c o m p o n e n t 

o f the sauropod food-process ing system. T h e mos t giant o f the sauropods 

w e r e the height o f the herb i vore gu i ld , l iterally and f igurat ive ly . T h e y de r i ved 

pro tec t ion f r om predators s imply by v ir tue of their size. A herd of sauropods 

must have had quite an effect on the landscape as it passed through, b rows ing 

and trampl ing w i th unw or r i ed ease. 

T h e second g roup o f l i zard-hipped plant-eating herb ivores are the bipedal 

prosauropods (see Figure 3 1 ) . This g r oup occurs earl ier in t ime than the 

sauropods, and it is f r om someth ing like them that the sauropods e v o l v e d . 

They are quite w idespread across the g l obe in the early part o f the A g e o f 

Rept i les . Several species are k n o w n f r om Afr ica. 

T h e f inal g roup of the l i zard-hipped dinosaurs, the segnosaurs, are ve ry 

poor l y k n o w n , their major feature be ing a strange pe lv ic anatomy that mimics 

that o f a b i rd-hipped dinosaur to s ome ex tent . H o w confusing! Never the l ess , 

those w h o have most studied the segnosaurs think they are an o d d bunch of 

l izard-hipped dinosaurs, not be long ing w i th the theropods yet not quite a 

sauropod or prosauropod either. T h e consensus is that they are plant-eaters. 

The i r fore l imbs are robust, and they may have spent about as much, or m o r e , 

t ime in the quadrupedal pos i t ion as they did b ipedal ly . N o n e is k n o w n f r om 

Africa as ye t . 

A l l o f the b i rd-h ipped dinosaurs (see Figure 3 2 ) , whe the r bipedal or 

quadrupedal , are herb ivores . T h e r e are no b i rd-h ipped meat-eaters . The i r 

teeth, excep t in the m o r e pr imi t i ve f o rms , are much m o r e sophisticated than 
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the s imple pegs and spoons of sauropods. P r imi t i ve l y leaf-shaped, the teeth 

b e c o m e mod i f i ed into e laborate chopping and gr ind ing batter ies. Food is held 

in the mou th by f leshy cheeks. W h i l e all ornithischians are plant-eaters, this 

g r oup contains a startling and amazing diversi ty of b ody f o rms , although none 

obtains the truly gigantic size of the biggest sauropods. 

Just as in the l izard-hipped g r o u p , the b i rd-h ipped dinosaurs can be d iv ided 

into those that wa lk on their t w o hind feet and those that r e ve r t ed back to 

four. T h e geo log ica l l y o ldest b i rd-h ipped dinosaurs are small , b ipedal , and 

have s imple leaf-shaped teeth. Small Hjpsilophodon and Dryosaurus are exam

ples o f p r imi t i ve bipedal b i rd-h ipped dinosaurs. T h e y and their relatives 

bounded and gambo l ed goat l ike across the M e s o z o i c landscape. T h e latter is 

k n o w n f r o m Tendaguru and N o r t h Amer i ca . H o w e v e r , bipedal b i rd-hipped 

dinosaurs as a g roup are anatomical ly var ied , especially those that l ived 

t o w a r d the end o f the A g e o f Rept i l es . Many o f them achieved quite a 

respectable size. Iguanodon, the first dinosaur named in the nineteenth cen

tury , was cal led " i guana t o o t h " because its teeth l ook like those of an iguana 

l izard. Its thumb was a stiff spike d i rec ted upward . Its relatives w e r e the 

duck-b i l l ed hadrosaurian dinosaurs, so c o m m o n near the end of the Creta

ceous in N o r t h Amer i ca . Un l ike the iguanodonts , which have a r o w of 

re lat ive ly large plant-eating teeth, the hadrosaurs have many teeth f o rming 

dental batteries that slice and shred vege ta t ion . Each of the teeth in a dental 

battery is small , and there are many of t h em , cont inuously g r o w i n g out f r om 

the roo ts and replacing o lde r teeth that have b e c o m e w o r n d o w n f rom 

chew ing . T h e w o r n teeth are shed and spit out . Cheeks impr ison the food in 

the mou th wh i l e i t is be ing masticated and to r tured . C lose ly re lated to the 

hadrosaurs are the lambeosaurs. T h e y d e v e l o p e d ornate crests on their skulls. 

These w e r e probably for interact ions w i th m e m b e r s o f their o w n species, 

including both display and resonating sound through the great ly lengthened 

nasal passages, wh ich coursed through enlarged cranial crests. The i r t rumpet 

ing was c o m m o n in N o r t h Amer i ca . 

Ouranosaurus ( shown in Figure 3 of Chapter 1) is a bipedal plant-eater f r om 

Afr ica re lated to lambeosaurs, duck-bi l led dinosaurs, and iguanodonts. It is 

unique in having a sail or hump on its back supported by the spines of the 

ver tebrae and superficially ve ry similar to the Afr ican the ropod Spinosaurus, to 

wh ich it is not c lose ly re lated. These sails are intr iguing. I suspect that they 

funct ioned to cont ro l b ody t empera ture , perhaps by engorg ing the large 

surface area they p rov i d ed w i th hot b l o od in o rde r to dissipate heat. 



AFRICAN D I N O S A U R S , BEFORE AND AFTER 

153 

T w o other g roups o f b i rd-h ipped dinosaurs d e v e l o p e d special bony ar

rangements around the skull. These are the bone-headed pachycephalosaurs 

and the horned dinosaurs or ceratopsians (see F igure 3 2 ) . In their e x t r e m e 

de v e l opmen t the pachycephalosaurs have a v e ry thick d o m e of bone enlarging 

the head. T h e head is reminiscent of a bald-headed man w i th a long face. T h e 

thick skull r o o f was behavioral ly functional. T h e pachycephalosaurs appar

ently butted heads, s lamming their bone d o m e s toge ther the way b ighorn 

sheep slam their horns. Pachycephalosaurs are most ly k n o w n f r o m the N o r t h 

ern Hemisphe re , but one spec imen is k n o w n f r om Madagascar. 

T h e horned dinosaurs, or ceratopsians, beasts such as Triceratops, are 

f our - foo ted plant-eaters. The i r tee th , l ike those o f advanced bipedal her

b ivores , also e v o l v e d into an eff icient shredding machine , wh ich they used for 

chew ing up l o w - g r o w i n g plants c lose to the g round . T h e r e is g o o d ev idence 

that at least s ome horned dinosaurs l i ved in herds and migra ted seasonally, just 

as the great herds of w i ldebees t do today on the Serenget i Plains of A fr ica . 

T h e r e are fossil localit ies w i th immense concentrat ions o f ceratopsian bones 

en t ombed in sediments depos i ted by rushing r ivers , apparent ly the v ict ims of 

f looding, again similar to the fate of a po r t i on of the Serenget i herds. 

Some of the early bipedal b i rd-h ipped dinosaurs had small bony plates in 

their skin. These species are apparently close to the ancestry of geo log i ca l l y 

later, and larger , dinosaurs that had bony plates or a rmor and that wa lked 

about on all fours. Inc luded here are the familiar stegosaurs, w i th plates and 

spikes o f bone running d o w n the m idd l e o f the back f r om the neck to the t ip 

of the tail, and on the o ther hand, the nodosaurids and ankylosaurids, wh ich 

w e r e c o v e r ed w i th bony a r m o r and spines (see Figure 3 2 ) . L ike the horned 

ceratopsians, the a rmored and plated dinosaurs fed on l o w - g r o w i n g vegeta

t ion. Un l ike horned dinosaurs, the a r m o r e d and plated dinosaurs did no t have 

an e vo l v ed battery o f teeth to c h e w their f odder ; rather, they had s imple , 

leaf-shaped teeth quite similar to those of the o ldest and mos t pr imi t i ve 

b ird-hipped dinosaurs. T h e heads o f plated dinosaurs w e r e small w i th long 

jaws to hold the teeth . In the a r m o r e d dinosaurs the skull was c o v e r e d o v e r 

w i th secondary g r ow ths o f b o n e , but they w e r e still re lat ive ly small , unlike 

the ceratopsians. 

N o r t h Amer i can Stegosaurus is the best k n o w n of the plated dinosaurs, but 

the g roup is w idespread and also k n o w n f r om Afr ica. T h e bes t -known Afr ican 

f o rm is Kentrosaurus f r om Tendaguru . It is v e ry much l ike Stegosaurus, but a 

bit smaller and w i th spikes instead of plates d o w n the tail end of the back. 
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T h e r e is a stegosaur in the Dinosaur Beds of M a l a w i — t h e one Ken t was 

d igg ing on . We have not ye t found the skull, but i t is clearly a stegosaur 

because o f the shape o f the pe lv is . M o r e o v e r , there are some unique features 

on one o f the bones that we do have that demonstrates that e i ther the Ma law i 

stegosaur is a n e w , unnamed species or it is one of the scrappy Afr ican 

stegosaurs named on material that does not include the pe lv is . M o r e f ie ldwork 

w i l l sort out that p r o b l e m . 

T h e nodosaurids and ankylosaurids are c o v e r e d w i th a mail o f a rmor . They 

are f our - f oo ted minibus-sized ( o r smal ler ) dinosaurs that fed on plants g r o w 

ing c lose to the g round , using teeth that retain the pr imi t i ve leaflike shape. 

T h e y probably r esembled giant armadi l los as much as anything else. In N o r t h 

A m e r i c a the nodosaurids are rather c o m m o n l y , so i t seems, found floated out 

into rocks that w e r e depos i ted in the sea, so they must have en joyed the 

seashore as we l l as any o ther env i ronments they may have inhabited. An 

kylosaurids have a particularly rich r e co rd in Asia. No rel iable records of 

nodosaurids or ankylosaurids are k n o w n f r o m Afr ica. 

T h e thumbnail sketches just p r o v i d ed present a taste of the d izzy ing array 

o f dinosaurian species that inhabited the M e s o z o i c w o r l d . T h e r e are many 

m o r e than w e r e men t i oned by name above . T h e grand panoply seems infinite. 

O rna t e lambeosaurs, sp ike- thumbed iguanodonts , duck-bi l led hadrosaurs, 

giant sauropods, t iny hyps i lophodonts , and all the o ther plain, decorated , 

ho rned , o r a rmored herb ivores fed on ancient g r eenery . T h e carnivores fed 

on them or , depend ing on the species, o ther fare, such as eggs or small 

rept i les or insects. Dinosaur species, all o f t h em , must have had elaborate 

social-structure and behavioral r eper to i res equal to the sophistication seen in 

birds and mammals . H o w could they not? T o g e t h e r among themselves , and 

w i th all the o ther species of plants and animals l iv ing at the t ime , they 

compr i sed v iable , w o r k i n g natural communi t i e s , webs o f life dif ferent f r om 

today but suited to their t imes . 

T h e M e s o z o i c Era, the A g e o f Rept i l es , lasted f r om about 220 mi l l ion to 

66 mi l l i on years ago . I t was an interval of 154 mi l l ion years of dinosaur 

dominance o v e r the ecosys tem. Dur ing that t ime the cont inents rearranged 

f r o m the conf luent landmass cal led Pangaea to end up, in most essentials, as 

they are n o w . T h e r e w e r e p ro found changes in the physical w o r l d , in the 

geography of continents and oceans, and in c l imate . A l l this vast dynamism 

in the physical w o r l d invoked changes in the b io log ica l w o r l d through natural 

se lect ion, which in turn affected the physical w o r l d through the influence that 
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plants and animals have on their env i ronments . T h e M e s o z o i c was a long 

expanse o f t ime , but i t was e ve r changing. 

No dinosaur species l i ved for the ent i re durat ion o f the M e s o z o i c . N o n e 

even came c lose to do ing that. T h e r e was t r emendous faunal succession 

among the dinosaurs. Those species al ive at the end of the era d id not exist 

at the beg inning , and those inhabiting the landscape at the beg inning w e r e 

long ext inct by the end . As the sands o f the A g e o f Rept i l es passed through 

the hourglass, life was not still. T h e r e was a sort of cont inuous turnover , a 

c onveyo r be l t exhibi t ing o lder species to be rep laced by n e w e r mode l s 

through t ime . 

Dur ing the M e s o z o i c Era, as in any extens ive interval of t i m e , the species 

o f life w e r e changing, and the physical w o r l d was changing, and they w e r e 

both influencing each o ther . F r o m this we can make certain pred ic t ions . First, 

we w o u l d expec t the inhabitants o f the land to be m o r e uni form i f all the 

landmasses are j o ined , as in Pangaea, subject, of course , to reg ional differ

ences that may affect the distr ibution of animals. Reg iona l effects, i f there are 

no absolute mounta in barriers or o ther such obstacles, should be at a l o w e r 

leve l o f significance than the opportuni t ies for in terbreed ing p rov i d ed by 

broad and more -or - l ess easy access throughout a conf luent supercont inent . 

We should see a similar pattern of faunal succession all across the landmass 

as t ime progressed . N e x t , we should see increasing di f ferences d e v e l op in 

terrestrial faunas as the cont inents drift apart f r om one another. Grea te r 

per iods of isolation should produce greater di f ferences among the faunas. I f 

land connect ions b e t w e e n cont inents b e c o m e reestablished, even i f for a br i e f 

pe r i od , we should expec t to see the dispersal o f species, and n e w compe t i t i on 

b e t w e e n species, in the connec ted faunas. Afr ica should be an ideal cont inent 

to test these predict ions during the M e s o z o i c because of its early inclusion in 

Pangaea and its subsequent isolation f r om South A m e r i c a during the Early 

Cretaceous. 

Speaking specifically o f dinosaurs, in Afr ica they go back to the t ime when 

the w o r l d ' s landmasses w e r e coalesced into Pangaea (see Figure 9 in Chapter 

1 ) , o ve r 200 mi l l ion years ago . That was at the the ve ry beginnings o f the 

dinosaurs, when they f i rst e v o l v e d . W i t h all the continental areas broadly 

connected at that t ime , it is e xpec t ed that the animal inhabitants w o u l d be 

substantially alike across the land, a certain amount of geographic variation in 

the fauna notwithstanding. That is what is seen in the dinosaurs. T h e earliest 

k n o w n dinosaurs o f o v e r 200 mi l l i on years ago w e r e not -so- large , carnivorous 
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creatures that wa lked upright on their hind legs , f ree ing their hands for 

manipulat ion and other functions. Those features characterize the or ig in of 

dinosaurs. Later , but no t much later, plant-eaters e v o l v e d . At this early stage 

l izard-hipped and b i rd-h ipped dinosaurs l o o k e d very much al ike. H o w e v e r , 

they soon began to d e v e l op their obv ious distinctions o f body f o rm. T h e 

l i zard-hipped and large prosauropods became the conspicuous plant-eaters. 

T h e r e was an interval o f roughly 30 to 40 mi l l i on years b e t w e e n the 

evo lut ionary beginnings of the dinosaurs and the f i rst major breakup of 

Pangaea. In that t ime pe r i od the sedimentary r e co rd shows significant changes 

in the env i r onmen t , and the fossil r e co rd shows considerable changes in the 

ver tebra te l i fe . T h e inter ior o f what i s n o w N o r t h Amer i ca w e n t f r om a m o r e 

mes ic , w e t t e r , c l imatic r e g i m e to one that was m o r e arid and dominated by 

vast sand dunes. R i f t -va l ley lakes began f o rm ing in eastern N o r t h Amer i ca , 

express ing the tensions about to r ip the cont inents apart. T h e n , around 180 

mi l l i on years ago , the N o r t h At lant ic began f o rming , shal low seas cove r ed 

much o f Europe , and nor thwes te rn Afr ica split away f r om southeastern N o r t h 

A m e r i c a . Afr ica and South A m e r i c a w e r e still con jo ined w i th each other and 

the o ther Gondwana cont inents , but the relationship to N o r t h Amer i ca was 

less clear. O n e thing is certain: A r i d condit ions in the heart o f N o r t h Amer i ca 

w e r e rep laced by m o r e pleasant c l imates, seasonal, but w i th a reasonably 

abundant wa t e r supply. A l l this t ime li fe cont inued to e v o l v e . N o w the 

env i r onmen t had a much greater carry ing capacity than the preced ing t ime of 

deserts and sand dunes. That set the stage for the Late Jurassic, 145 mi l l ion 

years ago , the go lden age o f the dinosaurs. 

T h e Late Jurassic is mos t notable for having the greatest diversity of the 

largest creatures that e v e r l i ved on l a n d — t h e sauropods. Surprisingly, even 

though the breakup of Pangaea had begun, big sauropods are found all o v e r 

the p lace . T h e y are in Europe , South Amer i c a , China, Australia, India, Afr ica , 

and N o r t h Amer i ca . Virtual ly e v e r y w h e r e . Part of this is s imply a legacy, a 

ho l dov e r f r om earl ier t imes w h e n Pangaea was toge ther . Broad connect ions 

still r ema ined intact b e t w e e n the Gondwana cont inents. But i t must also mean 

that t empora r y or o therw ise m i n o r connect ions ex is ted b e t w e e n close- ly ing 

landmasses that w e r e no l onger permanent ly connec ted and had embarked on 

their dr i f t ing courses. T r u e , there are regional di f ferences across the g l obe , 

and some fairly strong ones , e ven in the sauropod fauna, especially in China. 

Still, one cannot help but be impressed w i th the amazing, a lmost uncanny 

similarit ies b e t w e e n the dinosaurs o f Tendaguru and C o l o r a d o , Utah, and 
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W y o m i n g . A n d not just the sauropods; the theropods and hypsi lophodonts 

are also similar. A n d no t just in Afr ica and N o r t h Amer i ca . Apatosaurus and 

Brachiosaurus are also r epo r t ed f r om Portugal . 

W i t h the close o f the Jurassic, the heyday o f the sauropods was o v e r . The i r 

numbers dw ind l ed in N o r t h Amer i c a , w h e r e they had been so c o m m o n . T h e 

last pe r i od of the Meso zo i c Era, the Cre taceous , saw the final dismantl ing of 

Gondwana and the d e v e l o p m e n t o f familiar continental posit ions, not quite 

m o d e r n o f course , but nearly so. W i t h the Cretaceous came m o r e changes 

in c l imate , m o r e areas of isolat ion, and m o r e transient connect ions that 

a l l owed dinosaurs to migrate f r om cont inent to cont inent . 

Sauropods, specifically titanosaurids, w e r e re in t roduced to N o r t h Amer i ca 

f r om South Amer i ca near the end of the Cre taceous . Stegosaurs, l ike sauro

pods , have their most abundant fossil r e co rd f r o m the Late Jurassic in the 

midd le por t ion o f the A g e o f Rept i l es , around 145 mi l l i on years ago . T h e y 

are k n o w n f r om Europe , N o r t h Amer i c a , China, and Afr ica in the Jurassic, 

but not f r om South Amer i ca or Australia, then or eve r . T h e y dec l ine after the 

Jurassic. N o r t h Amer i can ankylosaurids and nodosaurids are m o r e abundant 

and diverse after the decl ine o f the stegosaurs than they w e r e be f o r e . At the 

t ime sauropods beg in their dec l ine in N o r t h A m e r i c a , so do stegosaurs. 

E lsewhere , stegosaurs cont inue on into the Cretaceous in China, India, 

Europe , and Afr ica, notably in Ma l aw i . 

T h e diversity o f N o r t h Amer i can ankylosaurids in the Late Cretaceous is 

due to the intermit tent establishment of a connec t ion across the Bering 

Straits. T h e m o r e pr imi t i ve o f the t w o a rmored b i rd-h ipped dinosaur famil ies, 

the nodosaurids, apparently had a broader geographica l distr ibution than their 

scions, the ankylosaurids. Ankylosaurids unde rwen t a great deal of isolated 

evo lut ion in Asia. T h e n , when the straits af forded the oppor tun i ty , they came 

across. T h e y w e r e not a lone either. T h e r e has been a suggestion that the 

n ew l y named sauropod, Dyslocosaurus, may have c o m e f r om Asia. O t h e r 

groups used the straits as w e l l — d u c k - b i l l e d dinosaurs and lambeosaurs and 

big ferocious tyrannosaur ids—and they have a compl i ca ted history of migra

tion b e t w e e n Asia and N o r t h Amer i ca . T h e horned ceratopsians, so character

istic o f N o r t h Amer i can fossil f ields, trace their roots back to Asia. T h e y kept 

mov ing south through the cont inent and, along w i th one o f the duck-bi l led 

species and a f e w others , crossed the Central A m e r i c a n land br idge f r o m 

N o r t h Amer i ca to South Amer i ca as titanosaurids w e r e crossing the o ther 

way . 
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T h e fossil r e co rd in Afr ica covers much of dinosaurian history, but in a 

spotty , i n comp l e t e , and not ve ry adequate way . T h e r e is a g o o d r ecord of the 

early Pangaean fauna. T h e r e are a f e w reports f r om the m idd l e o f the A g e of 

Rept i l es pr io r to the exce l l ent and astounding suite o f fossils f r om Tendaguru. 

Th roughou t the Cre taceous , Early and Late , there are scattered occurrences 

o f dinosaurs in Afr ica. F e w of them have been adequately w o r k e d and studied. 

T w o stand out m o r e than the others: Gadoufaoua in N i g e r , and the Dinosaur 

Beds of Ma law i . Gadoufaoua is important because it has re lat ive ly comp le t e 

skeletons of a number of species. T h e most famous dinosaur f r om there is the 

ornithischian Ouranosaurus, the t w o - f o o t e d , plant-eating, sail-backed creature 

re lated to the crested lambeosaurs. Dat ing of Gadoufaoua is imprec ise , but 

it is Early Cre taceous . 

Ouranosaurus is not found in the Dinosaur Beds of Ma law i . N o r is anything 

l ike it. T h e r e are some similarities b e t w e e n the t w o spots, for instance in the 

c o m m o n occurrence of the small c rocod i l e Araripesuchus, f i rst descr ibed f rom 

South Amer i ca . But no Ouranosaurus. Is that because Gadoufaoua is younger? 

M a y b e dinosaurs like Ouranosaurus had not entered Afr ica f r om the north until 

after the Dinosaur Beds w e r e deposi ted? Or is i t because the eco l ogy of the 

t w o areas was di f ferent, e ven though they w e r e about the same age? Or is i t 

just the chance o f col lect ing? We do not k n o w ye t , although as you wi l l see 

in Chapter 6, there w e r e significant reg ional di f ferences across Afr ica at the 

t ime i t was breaking away f r om South Amer i ca . 

AT THE CLOSE of the Cre taceous , 66 mi l l ion years ago , after an immense 

history of dominat ion and change, or ig inat ion and ext i rpat ion, the same thing 

happened in Afr ica as happened e v e r y w h e r e else: Dinosaurs, in the traditional 

sense, w e n t ext inct . Dur ing their tenure on Earth, dinosaurs had a long and 

distinguished r e co rd . T h e y inhabited e v e r y cont inent , including Antarct ica, 

essentially cove r ing the Earth's ent i re range of lat itude, f r om within the 

A r c t i c C i r c l e , o v e r the t empera t e zones , through the t ropics , to near the 

South Po lar r eg ion . The i r t ime on Earth lasted o v e r 150 mi l l ion years. T h e 

conspicuous giant and not-so-giant denizens o f the A g e o f Rept i les played 

major eco log ica l ro les in the communi t i es o f the M e s o z o i c w o r l d . Those 

beasts—Diplodocus, Allosaurus, and the r e s t — w e r e the obv ious dominant ver

tebrate herb ivores and carnivores o f the M e s o z o i c c ommun i t y . Nowadays 

mammals domina te . T h e r e f o r e a basic rearrangement in the l ineup of players 
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in terrestrial ecosystems has occurred since the end of the A g e of Rept i l es . 

T h e dinosaurs, which ruled the land, are no l onge r here . 

Of course , as we have seen, nothing about the Earth or the life on i t 

remains static for such an immense span of t ime as that represented by the 

A g e of Rept i l es . Dinosaurs unde rwen t a great deal o f evo lut ion during that 

interval . T h e species that l i ved at the beg inning o f their re ign w e r e quite 

dif ferent f r om those at the end , or even in the m idd l e . Thus , besides the 

Great Dy ing a t the end o f the A g e o f Rept i l es , there w e r e numerous ex 

tinctions of lesser impact to the g roup as a w h o l e throughout their t ime on 

Earth. T h e r e w e r e also t imes o f or ig inat ion o f n e w species. Many o f the 

details o f this evo lut ionary puzz le remain to be dec iphered because, con

trary to the c o m m o n popular i ty o f dinosaurs and despite the impression you 

may have rece i ved f r om this summary , dinosaurs are on the w h o l e less 

thoroughly co l l ec t ed , m o r e poo r l y dated, and less intensively studied than 

mammal ian fossils f r om the succeeding era. T h e y are m o r e popular because 

o f the size o f their giant m e m b e r s , wh ich also makes them harder to co l 

lect , and the ambivalent fear instil led in some of us by the m o r e ferocious 

species. 

Regardless of the fact that many dinosaur species or ig inated and w e n t 

ext inct at various t imes during the A g e of Rept i l es , there is an undeniable 

trauma in their history at the end of the Cre taceous . T h e Great Dy ing of the 

dinosaurs is one of the most chal lenging of questions because so many species 

wen t ext inct . That , t o o , instills an ambiva lent fear in us. H o w e v e r , our v i e w 

of i t should be t e m p e r e d to some deg ree by having seen the compl ica ted 

patterns of or ig inat ion and ext inct ion that opera ted throughout their re ign. 

But there are still o v e r p o w e r i n g quest ions. W h y , and h o w , d id dinosaurs go 

extinct? H o w could these vast behemoths , around for so long , yet that no one 

has eve r or e v e r w i l l see in the flesh, the rulers of the land for mi l l ions and 

mil l ions o f years, h o w could they go ext inct? T h e answers we have so far are 

not comp le t e l y satisfying. It is hardly surprising that there are many un

reso lved issues about ext inct ion. T h e end of species is nearly as enigmat ic as 

their or ig in . 

T h e Great Dy ing affected m o r e than just dinosaurs. Monst rous mar ine 

lizards, flying pterosaurs, a number of invertebrates , many of them tiny, and 

some plants w e n t ext inct at the same t ime . O t h e r groups surv ived, most 

notably crocod i l es , birds, and mammals . W h y this selectivity? W h a t e v e r ideas 

may be put f o rward to account for the ex t inc t ion , in o rde r to be realistic, they 
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must also account for the species that did no t go ext inct because, for whateve r 

reason, they w e r e able to resist the cause o f the dy ing . 

Many theor ies have been advanced for the cause of the terminal Cretaceous 

ext inct ion event . Co l l e c t i v e const ipat ion, for instance. Or disease. Changing 

cl imates and env i ronments v e ry o f ten are attr ibuted a ro le in the process. 

Some of these ideas make m o r e sense than others , and the ext inct ion could 

have invo l v ed a train of events and circumstances that opera ted synergisti-

cal ly, t oge ther culminat ing in a result that none of them alone might have 

caused. That seems reasonable , i f not p robab le , but it is also reasonable to 

search for a catalyst, s ome constel lat ion of c ircumstances or events that 

prec ip i tated the mass ex t inc t ion . 

T h e r e is mount ing ev idence and a g r o w i n g consensus that extraterrestr ial 

events , ul t imate ly or immed ia t e l y , may have contr ibuted to the demise o f the 

dinosaurs in the calamity that marks the end of the A g e o f Rept i l es . T h e 

fundamental ev idence for an extraterrestr ia l -ext inct ion hypothesis is the pres

ence of a thin layer of clay at the boundary b e t w e e n the Cretaceous and 

ove r l y ing rocks. This layer has been found in many places all o v e r the w o r l d . 

On the face of i t the m e r e presence of such a w idespread clay layer appears 

to be ref lect ing some g lobal event that occurred right at the end of Cretaceous 

t i m e , and that of course is the t ime of the dinosaur-ext inct ion event . Is there 

a meaningful connec t ion b e t w e e n these t w o observable phenomena? 

Chemica l analyses o f the boundary clay layer have y i e lded some very 

interest ing results. T h e most interest ing is the anomalously high concentra

t ion of i r id ium, a metal l ic e l emen t of the plat inum family. Usually the 

rocks o f the Earth contain v e r y , ve ry small amounts o f it. H o w e v e r , ir id

ium is many t imes m o r e abundant in the boundary clay layer than it ought 

to be . W h e r e on Earth could all that i r id ium have c o m e f rom? T h e r e is no 

g o o d explanat ion. 

It can be assumed that all of the chemical e l ements making up the solid 

Earth w e r e or ig inal ly present w h e n i t was f i rst f o rmed bi l l ions o f years ago 

in the cosmic p ropor t i ons of the solar system. If that is so, then the concentra

t ion of i r id ium in the Earth should be the same, or at least comparab le , to 

that measured in meteor i t es that c o m e into our w o r l d f r om outer space and 

strike the Earth. That is because me teo r i t e s and the Earth all had the same 

cosmic or i g in , a long w i th the rest o f the solar system. On the Earth's surface, 

h o w e v e r , the i r id ium concentrat ion does no t ref lect cosmic abundance. Irid

ium is many t imes less rich than the pr imord ia l concentrat ion measured in 
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meteor i t es , e xcep t in one ins tance—the boundary clay at the terminal Creta

ceous ext inct ion event . This raises t w o fundamental quest ions. W h e r e has all 

the original i r id ium in the Earth g o n e , and w h y are the concentrat ions in the 

boundary clay m o r e like cosmic proport ions? 

Ir id ium is what is cal led a s iderophi le ; it is an e l emen t that loves to 

comb ine chemical ly w i th i ron. In the early fo rmat ion of the Earth, bi l l ions o f 

years ago , be f o re life ex is ted , heavy e l ements l ike i ron concentrated in the 

planet 's c o r e , leaving l ighter e l ements to make up the crust. Siderophi l ic 

i r id ium presumably accompanied i ron as the co r e and surrounding mant le 

w e r e f o r m e d , migrat ing to the center o f the Earth, enriching its center wh i l e 

dep le t ing the crust. T h e result is the observat ion that concentrat ions of 

i r id ium measurable today on the surface of the Earth are much less than that 

in meteor i t es . 

But what about the boundary clay? Either the concentrat ion of e l ements 

was restored to that m o r e nearly resembl ing m e t e o r i c amounts by forces 

br inging rock f r om deep in the b o w e l s o f the Earth up to the surface, or 

ir idium was brought to the Earth f r o m s o m e w h e r e else. T h e r e are no o ther 

realistic opt ions . W h i c h was it? 

T h e only mechanism for br ing ing rock f r om deep d o w n in the Earth to the 

surface of the crust is through vo lcanic processes. T h e r e are in fact large 

volcanic f ie lds of about the right age in India. But there are s ome p rob l ems 

wi th the vo lcano hypothesis that make i t not comp l e t e l y satisfactory. For 

instance, w h y are there no t many m o r e layers high in i r id ium c o m m o n l y 

associated w i th volcanic events throughout Earth t ime? On the o ther hand, a 

volcanic mechanism has not been ru led out comp l e t e l y . 

As for the second op t i on , h o w could i r id ium be brought f r om outside the 

Earth to end up in the boundary clay layer? T h e answer is s imple : Th rough 

the col l ision of the Earth w i th a me t eo r i t e . Me t eo r i t e s have the right compos i 

t ion. Small ones enter the Earth's a tmosphere all the t i m e . T h e r e is ample 

ev idence , such as M e t e o r Crater in Ar i zona or the Steinheim Crater in 

Bavaria, that larger ones can also strike the surface. 

W h e n a me t eo r i t e slams into the Earth, i t p l ows into the g round , vapor iz

ing rock and itself and creating a massive exp los ion . T h e magnitude of the 

exp los ion depends on the size of the me t eo r i t e and the speed of the col l is ion. 

T h e size of the hypothes ized me t eo r i t e that may have caused the Great Dy ing 

was o v e r one-hal f mi l e in d iameter . T h e amount o f ejecta t h r o w n up into the 

atmosphere by its impact w o u l d have been o f eno rmous propor t i ons . As the 
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dust result ing f r om the exp los ion sett led out of the sky, the boundary clay 

layer , enr iched in i r id ium compared w i th the usual compos i t i on of the Earth's 

crust, f o r m e d in deposit ional env i ronments , such as in ocean basins, whe r e 

the layer is most easily found. 

T h e r e is a great deal of support ing ev idence to suggest that the impact 

hypothesis is m o r e probab le than the Earthbound volcanic hypothesis. Chicx-

ulub Cra te r on the nor thwes te rn marg in o f the Yucatan Peninsula o f M e x i c o 

has e v en been suggested as the site of impact . Fur the rmore , a suggestion of 

the t im ing of the impact has been made based on fossil plants found in 

W y o m i n g . D a m a g e , apparent ly caused by f reez ing , can be observed in 

aquatic, wa t e r -dwe l l i ng , species that w e r e subsequently fossil ized. T h e fossil 

depos i t is of the appropr iate g e o l o g i c age and occurs in a stratigraphic section 

that also contains impact debr is . T h e r eproduc t i v e stage of the fossil plants 

w h e n they d ied suggests that the f reeze that ki l led them occurred in J u n e — 

early June no less. Such prec is ion must be ve ry crit ical ly examined . A certain 

amount o f skepticism is healthy. Conco rdance o f data may be m o r e apparent 

than real. Even if there is concordance , there may be a be t ter or an equally 

tenable explanat ion. Nonethe l ess the suggestions are plausible. 

In e i ther hypothesis, h o w e v e r , Earthbound or asteroid, the immedia te 

physical effects of col l is ion or vo lcanic exp los ion must be analyzed in relat ion 

to the se lect ive ext inct ions at the end of the A g e o f Rept i les . In either 

scenario, the immense amounts of dust and vapor t h r o w n up into the a tmo

sphere w o u l d b lock the sun, casting the Earth into an eer i e dayt ime darkness. 

I t w o u l d persist for months . T empera tu res w o u l d p l u m m e t drastically, r e 

maining b e l o w f reez ing, l ike an endless w in t e r night, until the sun could f ight 

its way through the dusty a tmosphere to w a r m the Earth. Plant product iv i ty , 

wh ich depends d irect ly on the sun's rays, w o u l d d rop precipi tously. T h e 

effect on photosynthet ic organisms, plants, w o u l d depend somewhat on the 

season in wh ich the impact occur red , but in any case, on a g lobal scale it 

w o u l d be devastating. That is the basis of est imating the t iming of the 

unseasonable early June " w i n t e r " men t i oned above . 

Those organisms not ki l led by the immed ia t e effects o f the blast w o u l d 

suffer l ong , agoniz ing, tor turous years o f eco log ica l readjustment. Some 

species cou ld not , w o u l d not , surv ive it. He rb i vo r es left w i thout fodder 

w o u l d starve. Predators w o u l d be dep r i v ed o f p rey . O n l y those species that 

cou ld survive the co ld and dark w i th the integr i ty of their populat ions intact 

w o u l d endure through what was to b e c o m e the Cre taceous-Ter t iary bound-
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ary, def ined by the death of so many species. Small , secret ive mamma ls 

surv ived. Crocod i l e s and turtles surv ived . Frogs surv ived . A n d so d id w a r m 

b l ooded birds. But no t , for wha teve r dismal reasons, the dinosaurs. 

DOES THIS SCENARIO of an a tmosphere full of dust, shrouding the Earth 

f rom the l i fe-g iv ing energy rays of the sun, sound uncomfor tab ly familiar? Is 

it an apocalypt ic tale? In fact s o m e of the st imulation for the direct ions taken 

in assessing the less immed ia t e effects on li fe of thermonuc lear wa r , and in 

deve l op ing the concept o f nuclear w in t e r , c omes f r o m just this recogn i t i on 

of the effects of dust in the a tmosphere . I t does no t mat t e r whe the r the dust 

is put there by volcanic erupt ions or m e t e o r i t e impacts or the irresponsibi l i ty 

of humans. T h e calculations are done the same way in each case, and the 

pred ic ted o u t c o m e is the same. T h e demise of the dinosaurs, in a v e ry real 

sense, displays the fragil ity of l i fe . O n c e someth ing l ike an impact happens, 

there is absolutely nothing that can be done to stop uncaring, insensit ive, 

amoral physical processes f r om running their course and taking their to l l . T h e 

lesson of dinosaur ex t inc t ion is apocalypt ic to that ex t en t . 

Even w i th the similarit ies, there are s o m e impor tant di f ferences b e t w e e n 

the Great Dy ing at the end of the A g e of Rept i les and the mos t realistic 

mode l s o f thermonuc lear wa r . T h e effects o f intense radioact iv i ty due to 

a tomic exp los ion and fallout must be added to the equat ion. That w o u l d 

render the destruct ion of life far greater and far m o r e horri f ic than the loss 

caused s imply by darkness and co ld and their associated havoc . T h e second 

fundamental d i f ference, of e ven greater signif icance, is that in thermonuc lear 

war we are not speaking o f the ex t inc t ion o f dinosaurs. We are talking about 

peop l e . P eop l e do not cause me t eo r i t e s ; they do cause wars . 

We do not need t o examine the effects o f nuclear wa r t o der i ve insights 

f r om dinosaur ex t inc t ion . H o w long , for instance, do you think a catastrophic 

ext inct ion like one o f the magni tude o f the Great Dy ing takes to occur? H o w 

long is a geo log ica l instant? T h e answers to both those questions vary, but 

think o f this: We are n o w in the midst o f the greatest ep isode o f ext inct ion 

that the w o r l d has e ve r seen, all brought about by the effects of humans, no t 

through nuclear wa r but through our efforts to build be t t e r l ives for ourse lves , 

by stealing a kiss f r om the Earth w h e n we might be bui lding a lasting 

ecological relat ionship. W i t h our current tools for unravel ing g eo l o g i c t ime , 

the ext inct ion pe r i od in wh ich we n o w l ive w o u l d appear but an instant on 
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the Earth's scale of things i f i t w e r e v i e w e d f r om sixty-six mi l l ion years in the 

future. T h e r e must be a be t ter way . 

A L L THAT SORT of talk is depressing. We are fortunate to be at the end o f 

the C o l d W a r w h e n the threat o f nuclear confrontat ion appears less immi 

nent . A l s o , as a society we are m o r e fully aware of the eco log ica l conse

quences o f our actions i f we choose to care. Careful as we ought to be in the 

future, this is no t the place to dwe l l on the thought. Ideas of nuclear w in t e r 

may de r i v e in s ome way f r o m the study o f dinosaurs, and incongruously we 

may be enthral led m o r e by the ext inct ion of dinosaurs than by the species 

go ing ext inct today, but there is one thing for certain that dinosaurs are not 

supposed to b e — d e p r e s s i n g . Happi ly there are relationships b e t w e e n some 

l iv ing animals and dinosaurs that g i v e a m o r e posi t ive v i e w of l i fe. In fact, 

l ook ing at the issue o f dinosaur ext inct ion f r om the po int o f v i e w o f genea log i 

cal relationships, rather than the fate of the c o m m o n l y dep ic ted dinosaurian 

species, they have not real ly g one ext inct at all. S o m e are still a l ive. In fact, 

they compr ise one o f the mos t c o m m o n , d iverse , and familiar o f all the 

ver tebrate g roups . T h e y are the birds. T h e c o m m o n ancestor o f birds and the 

tradit ional dinosaurs was a dinosaur. T h e r e f o r e birds are t o o . A n d whi l e 

dinosaurs in the c o m m o n sense did not pass through the Great Dy ing at the 

end o f the A g e o f Rept i l es , birds d id . 

To understand the or ig in o f birds f r om their dinosaurian roo ts , and 

there fo re to understand the " n o n e x t i n c t i o n " o f dinosaurs, we must go back 

for another l ook at the t w o f o l d divis ion of the dinosaurs. Recal l that there are 

the l izard-hipped saurischians and the b i rd-h ipped ornithischians as proposed 

by Seeley in the latter part of the nineteenth century. He proposed those 

names for the very s imple reason that the pelv is of some dinosaurs r eminded 

h im of l izards, and the others r em inded h im of birds. This has been a 

surprisingly resil ient way to d iv ide up the dinosaurs, later discover ies not

withstanding. H o w e v e r , the naming o f b i rd-h ipped or ornithischian dinosaurs 

has turned into a strange sort of historical accident. T h e resemblance to birds 

is superficial. T h e r e is a bony process that points backward f r om the fused and 

stiff pe lv is of m o d e r n birds that recal led a backward ly p ro j ec t ed dinosaurian 

pubic bone to See ley . It turns out not to be the same structure at all, so the 

b i rd-h ipped dinosaurs do not resemble birds in the way they w e r e supposed 

t o . M o r e o v e r , to make the story a bit m o r e interest ing, as you w i l l see, the 
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birds e vo l v ed f r om the l izard-hipped saurischians, not the b i rd-h ipped orni -

thischians. 

O n e feature that l iv ing birds have that no o ther g r oup of organisms has 

is feathers. Feathers are a body cove r ing , evo lut ionar i ly de r i ved f r om rept i l 

ian scales, that shape the w ings and body for flight and insulate the b i rd 's 

w a r m - b l o o d e d body , pro tec t ing i t f r o m heat loss. L iv ing birds have other 

features, t o o , and the ones most impor tant for paleonto log ists are those o f 

the skeleton. L iv ing birds general ly have th in-wal led and h o l l o w bones , a 

factor that is thought to contr ibute to their dismal fossil r e co rd . Much m o r e 

o f ten than not , the l ight, fragile bones ge t des t royed be fo re they are p r e 

served. Mos t mode rn birds have a large breastbone and a curvy w ishbone , 

to which the muscles o f flight attach. T h e fore l imbs o f m o d e r n birds are 

unique, and the number of fingers and their c laws are r educed . Several of 

the arm bones have fused toge ther , as have some in the leg . T h e pelv is has 

b e c o m e a sol id, r ig id structure, and the spinal co lumn is short. T h e r e are 

no teeth to we i gh t d o w n the skull, nor do l iv ing species have long , bony 

tails. This descr ipt ion does not sound very much l ike a dinosaur, so w h y are 

birds thought to be a dinosaur scion, an evo lut ionary shoot f r om the most 

famous of all fossils? 

T h e biggest and most impor tant clue c omes f r o m feathers. Y o u w o u l d not 

think that feathers w o u l d preserve in the fossil r e co rd , yet s ome of the most 

wo r thwh i l e fossils k n o w n in the w o r l d are the impressions of feathers sur

rounding the bones of a c row-s i z ed species cal led Archaeopteryx lithographica 

(F igure 33 ) . T h e feather imprints o w e their ex istence to a particular set o f 

geo log ica l circumstances that culminated in their preservat ion. Archaeopteryx 

is about 1 50 mi l l ion years o l d , Late Jurassic. It is found on ly in the Solnhofen 

L imestone of Bavaria. This l imestone was depos i ted in a shal low sea cover ing 

much o f wes tern Europe and was probably re lated to continental m o v e m e n t s 

f o l l ow ing the initial breakup of Pangaea in the N o r t h e r n Hemisphe re . T h e sea 

was broad, shal low, and quiet . It was so quie t , and the wa te r so still, that ve ry 

fine grains o f l ime , calc ium carbonate , w e r e depos i ted undisturbed on the 

seabed. T h e f ine l ime blanketed the bodies o f many kinds o f ver tebrates , 

including Archaeopteryx, small dinosaurs, and pterosaurs, among other species. 

T h e ex t r eme l y small size o f the sedimentary part ic les, s l ow ly f i l ter ing on t o 

the carcasses, encased the bodies w i thout any subsequent disturbance to speak 

of. T h e l ime was left to lithify into l imestone , preserv ing in exquisite detail 

the skeletons of the animals contained within it, somet imes even retaining the 
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FIGURE 33: ARCHAEOPTERYX, the most primitive, and at 150 million years, the 

oldest unquestionable bird. 
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shapes and impressions of tissue that w o u l d normal ly vanish. That is why the 

feathers of Archaeopteryx are p rese rved . 

T h e Solnhofen L imes tone today lies in thin, hard layers that have been 

quarr ied for bui lding and flagstone for hundreds of years. Because it is so 

f ine-grained, in earl ier days it was used to make l i thographic il lustrations. 

Basically the process invo lves d raw ing a p icture on a pol ished surface of the 

stone w i th a wax penci l . T h e b lock is then submerged in an acid that etches 

away the surface w h e r e it is not p ro t ec t ed by the w a x . Then the stone is 

washed and c leaned of the w a x . T h e result is a raised surface w h e r e the wax 

was and a l o w e r e d surface, eaten d o w n by the acid, w h e r e the wax was not . 

T h e stone is then ready for inking, and the image is pressed on to paper. 

A l though it is no l onger practical to use stone l i thography, some of the most 

beautiful illustrations e ve r made o f fossil bones w e r e done w i th this tech

n ique . T h e use o f the Solnhofen L imes tone for l i thographic plates gave 

Archaeopteryx its specific epi thet , lithographica. 
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Archaeopteryx has true feathers, as is clear f r om the impressions in the 

Solnhofen L imes tone , and f r om that we can conc lude that it is a b i rd . W h a t 

other features does it have? It has teeth, wh ich seems unbirdl ike , but it turns 

out that s ome birds f r om the Cretaceous have teeth . T h e presence o f tee th , 

there fore , is on ly a pr imi t i ve characteristic, lost in m o d e r n birds but present 

in some ext inct birds and also in most all dinosaurs, predictably including the 

ancestor of birds. Archaeopteryx resembles the ancestral condi t ion in a number 

o f important ways . N o n e o f the w i n g bones is fused. T h e r e are three f ingers. 

T h e breastbone is poo r l y d e v e l oped . T h e r e is a long tail supported by a string 

of ve r tebrae . T h e bones of the legs have fused in a specific kind of way . T h e r e 

are other characteristics as w e l l , and they all seem to po int in the same 

d i rect ion. Archaeopteryx is a dinosaur. It is a special o n e , but it is one never the 

less. It is also a bird because it has feathers. It is o f ten said that if Archaeopteryx 

had been preserved w i thout the feather impressions, i t w o u l d have been cal led 

a dinosaur and much of the interest and cont roversy surrounding it w o u l d not 

have mater ia l ized or w o u l d at least have been forestal led. But the feathers 

w e r e preserved , and Archaeopteryx is undeniably a pa leonto log ica l missing l ink. 

Thank goodness for those feather impress ions! 

I f Archaeopteryx and all o ther birds are dinosaurs, to which of the traditional 

dinosaurs are they most c losely related? Surely no t the stegosaurs, or ceratop-

sians, or duck-bi l led dinosaurs. Those are ornithischians, and we k n o w that 

the pelvis of Archaeopteryx, strange as it may s eem, is no t " b i r d - h i p p e d " in 

See ley 's sense of the t e r m . It is l i zard-hipped, and the box l i ke pelv is of 

m o d e r n birds is e v o l v e d f r om that. 

But there are many kinds of saurischians. Birds surely are not most c losely 

related to Malawi-saurus or the o ther sauropods. Those giants are quadru

pedal , and e v e r yone can see f r om the sparrows hopp ing about at the w i n d o w 

that birds are not . We must l ook to the bipedal the ropods . Meat -eat ing giants 

like Tyrannosaurus rex, which in many ways are pr imi t i ve the ropods , are t o o 

specialized to have g i ven rise to Archaeopteryx because, among other things, 

T. rex has only t w o fingers in the hand and Archaeopteryx still has three . Some 

other theropods have three f ingers, plus the same kind of leg structure, plus 

a similar kind of w i shbone . This distr ibution of characters among species (and 

some others I have not g one i n t o ) , all taken toge ther , indicates that Archaeop

teryx—and there fore the p r im i t i v e state of all b i rds—has the defining features 

of coelurosaurian dinosaurs. 

Ano the r way of stating the same thing is to say birds are coelurosaurian 

dinosaurs (see Figure 3 1 ) . Y o u could say that all birds are coelurosaurs but 
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not all coelurosaurs are birds. That is the relat ionship. A l l coelurosaurs share 

a c o m m o n ancestry w i th each other that o ther groups of dinosaurs do no t 

share. T. rex and AUosaurus jo in the genealogical t ree farther back. They 

branched of f the main the ropod trunk be fo re the coelurosaurs, including 

birds, f o r m e d their o w n branch. A f t e r that branch was f o r m e d , the birds, 

separate f r om o ther coelurosaurs, split and split in an adaptive radiation 

leading to the huge diversity o f feathered splendor that brightens our w o r l d 

today , w i th co l o r and song, each l iv ing species its o w n t w i g on the t ree o f 

l i fe. 

T h e r e are many species of coelurosaurs that e v o l v e d birdl ike features in 

parallel w i th birds, ye t they are not true birds. T h e ostrich dinosaurs, for 

e x a m p l e , have a build m o r e or less l ike an ostr ich, and they have no teeth, 

as in m o d e r n birds. But the ostrich dinosaurs are their o w n evolut ionary 

l ineage, a separate branch wi th in the coelurosaurs, to be sure, but not part 

o f the bird branch of coelurosaurs. Ostr ich dinosaurs are no t the only ones 

w i th birdl ike characteristics. Interest ingly , the mos t b irdl ike o f the nonbird 

coelurosaurs, the g roup that includes s ick le-c lawed Deinonychus, occur rela

t i ve ly late in t ime , l ong after Archaeopterjx, by tens of mi l l ions of years, and 

e v en after s ome other fossil birds w e r e on the scene. 

I f we l ook at the fossil r e co rd of coelurosaurs and their distribution 

through t i m e , we f ind that one of the o ldes t -known coelurosaurs is Archaeop

terjx lithographica. Famous Archaeopterjx. It has feathers. O n l y birds have 

feathers. Archaeopterjx is already a b i rd . T h e r e are some o lder coelurosaurs 

go ing back t o w a r d the ve ry beg inning o f dinosaurs, but they are poo r l y k n o w n 

and confusingly difficult w i th respect to early dinosaur, much less b i rd , 

evo lu t i on . Coelurosaurs start to b e c o m e bet ter k n o w n at about the t ime o f 

Archaeopterjx. In fact, I men t i oned above a nonbird coelurosaur f r om T e n -

daguru cal led Elaphrosaurus bambergi. 

H o w can it be that the fossil r e co rd of b ird origins is so topsy-turvy? 

W h e r e are the o lde r , nonfeathered coelurosaur ancestors of birds? This is a 

bo ther for those, l ike m e , w h o w o u l d pre fe r the fossil r e co rd to ref lect the 

sequence , species by species, o f the evo lut ion o f major groups o f animals. 

Unfor tunate ly that is an ideal that the fossil r e co rd has been unable to l ive up 

to in many cases. I f i t already did that, there w o u l d be less reason to search 

for fossils. T h e true ancestral species may neve r be found, but so what? We 

cannot even say for sure that the species ancestral to birds was fossil ized. In 

this case, rocks of the appropr iate a g e — t h a t is, immed ia te l y preced ing Archa

eopterjx—and represent ing the necessary deposit ional env i r onment to pre-
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serve bird ancestors are rare . Never the l ess the hypothesis, based on the 

anatomy of b i rds , dinosaurs, and all o ther animals, remains that all b irds, no t 

just Archaeopteryx, are coelurosaurs, and that they e v o l v e d specifically f r om an 

o lder , as yet unknown ancestor. This p rov ides a pred ic t i on , as g o o d hypothe

ses d o , that such an animal may be found. T h e hypothesis does not depend 

on such a d iscovery . It cou ld , in pr inc ip le , be falsified, that is, it could be 

shown to be imposs ib le , strictly f r o m anatomical data de r i ved f r om k n o w n 

species. That w o u l d not be intel lectual ly devastating so long as realistic 

mode l s o f b ird evo lut ion can be reconstructed f r o m what we have in the fossil 

r ecord and in l iv ing species, constrained in t ime to s ome ex tent and tested 

by future d iscover ies . 

I f n e w discover ies can be e xpec t ed to test hypotheses, they can also be 

expec t ed to th row a f e w wrenches into the gears. That is what has happened 

wi th Archaeopteryx and the or ig in of birds. N e w fossils found on ly a f e w years 

ago in W e s t Texas appear ve ry b irdl ike to their d i scovere r , so much so that 

a n e w genus and species name , Protoavis texensis, was g i ven to them. In fact, 

the pheasant-sized Protoavis is r epo r t ed to be m o r e l ike m o d e r n birds than is 

Archaeopteryx. This is not imposs ib le , but what makes the r epo r t so fascinating 

is that Protoavis is o lde r than Archaeopteryx by seventy- f ive mi l l i on years! That 

w o u l d m o v e the fossil r e co rd of birds back to a t ime comparab le w i th the 

or ig in of dinosaurs, a posi t ion that is not unreasonable. It w o u l d mean that 

birds split of f early in dinosaur history, and it w o u l d imp ly that all c o 

elurosaurs, if they actually have any meaning as a natural g roup ing of d ino

saurs, did so as w e l l . T h e issue, h o w e v e r , boi ls d o w n to the anatomical 

features o f the skeleton o f Protoavis. No feathers o f i t are k n o w n . 

L ike Archaeopteryx, Protoavis has a long tail. It also has tee th , but they are 

l imited to the front end of the j a w rather than ex tend ing farther back, as in 

Archaeopteryx. T h e ent ire skull architecture is m o r e l ike that of m o d e r n birds. 

T h e eye sockets are large , p rov id ing for binocular , three-dimensional v is ion. 

T h e brain, judging f r om the bones that house it, was built for balance and 

the acuity necessary in a f lying b i rd . Protoavis does appear f r om the descr ipt ion 

to have been m o r e " b i r d l i k e " than Archaeopteryx—reallv. 

Protoavis has not g one unchal lenged. Suggestions have been made that 

Protoavis is not a bird at all, just a compos i t e of bones of several di f ferent 

species th rown toge ther in a pa leonto log ica l po tpourr i . But what if Protoavis 

withstands the scrutiny and turns out to be a bird after all? W h a t does that 

do to Archaeopteryx? 

T h e answer is that it does absolutely nothing to the ro le of Archaeopteryx 
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in the evo lu t ion of birds. T h e fact remains, whe the r Protoavis is a bird or not , 

that Archaeopteryx is p r im i t i v e , the mos t p r im i t i v e of k n o w n birds. It may be 

geo log i ca l l y younger than Protoavis, but it still resembles traditional dinosaurs 

m o r e than Protoavis does . Species l iv ing today invariably exhibit a mosaic of 

p r im i t i v e and advanced features in their anatomy. Lampreys have no jaws , for 

e xamp l e . That is one of the most pr imi t i ve features that any ver tebrate could 

have , because vertebrates e v o l v e d f r om jawless ancestors, ye t lampreys are 

al ive today. That makes them a sort of l iv ing fossil, at least w i th respect to 

their lack of j aws . I f birds had been around f lying, happily f l i ttering, for 75 

mi l l i on years be fo re Archaeopteryx l i ved , it means that Archaeopteryx was a l iving 

fossil in its o w n day. F r o m that we can make a pred ic t ion : T h e c o m m o n 

ancestor of Protoavis, if it is truly a b i rd , and Archaeopteryx must have l ived pr ior 

to Protoavis, around 220 mi l l i on years ago . 

That means there are still g o o d fossils to f ind. 



T H E 

C R O C O D I L E O F 

CARNIVAL 

WHEN W E STEPPED f r om the Land R o v e r into the tall grass on the 

way to prospect the Dinosaur Beds for the f i rst t i m e , we m e t a snake. I t cou ld 

have b e « n a bad o m e n . In Kenya , in the T u g e n Hi l l s , I once saw a spitting 

cobra spit at paleonto log ists wa lk ing a long a path back to camp. It gave me 

the creeps. Bonnie once almost p e ed on a saw-scaled v iper . That gave her the 

creeps. It is bad luck to have cobras and puff adders and v ipers around. 

T h e second thing we saw in the f ie ld in Ma l aw i was a g o o d o m e n . I t was 

dinosaur b o n e — l o t s o f it. That was exc i t ing . Snakes or no t , we w e r e on the 

right track. 

Just which fossil species might be found weather ing out of the g round on 

any particular f ield trip is tough to say in advance, regardless of what one 

really wants to f ind. T h e r e are s ome things that are s imply unpredictable . 

Somet imes what is found, wh i l e unexpec t ed , is just as impor tant as what is 

be ing sought. I guess it could be cal led the luck of the d raw . 

In the early stages o f the Ma law i Pro jec t my consuming goal was to f ind 

pr imi t i ve mammals , contemporar i es o f the dinosaurs. T h e r e f o r e the p r i m e 

ob ject ive in the f ie ld was to locate concentrat ions of small bones in the rock 

that could then be s ieved to obtain mammals , i f they w e r e there . M o s t o f the 

fossils we w e r e f inding in the Dinosaur Beds at f i rs t w e r e bone fragments o f 
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no value excep t as clues that we w e r e in the right area. T h e smaller pieces 

o f bone that w e r e present in the rock did not c o m e f r om small animals; rather 

they w e r e on ly the f ragmentary remains of a once- larger bone of a large 

animal. That is be t ter than nothing. 

T h e rainy seasons and the porous sandstone of the Dinosaur Beds w e r e 

obv ious ly unkind to fossils, particularly once they lay exposed on the surface 

o f the g round through eros ion . Occasional ly one o f the m o r e durable frag

ments we found w o u l d be recogn izab le . These spec imens, wh i l e not spectacu

lar, w e r e o f s ome scientific value. We did not f ind m o r e than one bone in a 

spot , and even w h e n we dug d o w n , we did not f ind bet ter bones. I t was 

ge t t ing to be discouraging. 

T h e n on June 5 of the f irst f ie ld exped i t i on , I needed to go to the bush. 

Seeking pr ivacy , I searched the h idden nooks and crannies of the dinosaur-

infested badlands until I found a tiny canyon w i th just the right ambience . A 

gl int o f wh i t e in the gul ly wal l caught my e ye . Y o u neve r k n o w when you 

might f ind someth ing g o o d . I t can happen at the most a w k w a r d t imes . 

What is that? I asked mysel f . 

It's probably one of those damned weathered metamorphic pebbles, I thought, but 

maybe not. Oh, hell, this can wait. 

Pants but toned . 

I reached o v e r w i th my p ick-mat tock and h a m m e r e d the p o w d e r y stone 

f r o m the wa l l . I p icked up the half that fell out . 

It had teeth . 

O o p s ! 

W i l l D o w n s heard my w h o o p s . He came at a run. I was ove r j oyed wi th 

the find of a skull, but mi ld ly embarrassed, at least a l itt le sheepish, at my lack 

o f f i n e s s e . 

" O k a y , Jacobs. I ' l l take o v e r f r om h e r e . " 

I e xpec t ed h im t o . He has g o o d , sure hands, w e l l adapted for salvaging and 

repair ing broken fossils. 

W i l l r e m o v e d the remain ing fragments f r om the wa l l . We began t o l ook 

around. T h e r e was a p i ece of turt le . A n d there was another skull! I t was about 

three inches l ong , the same size as the f irst, but not b roken . Fantastic! 

O v e r all it had been a great morn ing . I b r oke the first spec imen, but I also 

found it. A n d clearly i t was no t damaged beyond repair . M o r e o v e r , we had 

a second skull. These w e r e our f i rs t real ly g o o d f inds. T h e locality was 

designated C D - I . ( T h e CD stands for " C r e t a c e o u s Dinosaur B e d s . " That i s 

h o w g e o l o g i c maps label the rocks . ) 
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F rom what we could see in the f i e ld , we k n e w the t w o skulls w e r e g o o d 

specimens. But to heighten our anxiety , we could not tell exact ly what they 

w e r e . We w e r e not even sure i f they w e r e the same kind o f animal. T h e y 

certainly w e r e not dinosaurian. Even though they w e r e on ly the size o f a 

Chihuahua dog , they seemed a bit large for an early m a m m a l , but w h o k n e w 

h o w big Cretaceous mammals w e r e supposed to be in Africa? 

We just could not see the skulls w e l l enough to judge what they w e r e 

because both w e r e c o v e r ed in a red crust. O n l y occasionally did wh i t e , friable 

bone peek through. T h e y w o u l d have to be prepared in the laboratory, no t 

f idd l ed w i th in the f i e ld . We w o u l d only be able to see them really w e l l , f ree 

f r om their rock cover ing , in a f e w months . Never the l ess we k n e w we had a 

w inner . These w o u l d be enough to make the pro jec t a success in its f irst year . 

That we k n e w even f r om what l ittle we could see. No comparab le skulls, and 

there fore no comparab le animals, had e ve r been found in Afr ica be f o r e . These 

w e r e unique. T h e only casualty o f the day was my regular i ty. 

T h e season cont inued another f e w weeks after the skulls w e r e found. We 

stayed wi th the f ieldwork and cont inued prospect ing for a spot w o r t h sieving. 

We continued the tedious exerc ise o f examin ing every square inch o f exposed 

rock for a pocke t that might y ie ld t iny bones . We cont inued to pick up 

fragments o f dinosaurs. T w o days after the skulls w e r e found, W i l l came 

through. His eagle eye spotted part of a l izardl ike th ighbone , about half an 

inch long, wea thered f r om a sandstone or ig inal ly placed there as an o ld stream 

channel. T h e th ighbone was no t of a m a m m a l , but i t showed that small animal 

remains w e r e preserved right there in that ancient s t reambed. A n d there was 

m o r e bone still in the g round . We w e r e elated again. 

Careful ly we began quarrying the channel, which we designated local ity 

C D - 4 . We began t o f i nd the serrated steak-knife teeth o f meat-eat ing d ino

saurs. T h e r e w e r e also lots o f rounded hunks o f b o n e , tumb led and smoothed 

by the r iver that had depos i ted the channel sands we w e r e excavat ing. T h e 

sands w e r e so coarse, and mos t o f the bone so tumb l ed , that we began to 

w o n d e r about the probabi l i ty o f f inding the really small bones and teeth we 

w e r e after. Perhaps they had been des t royed be fo re they cou ld be prese rved . 

Lucki ly , about ten feet above us there w e r e m o r e bones , and in a mudd ie r 

matr ix . This we cal led C D - 5 . We bagged gunnysacks full o f the fossiliferous 

sediments f r om both spots, eager to take i t to wa t e r , w h e r e we could sieve 

for tiny bones w i th the eagerness, enthusiasm, and apprehension of for ty-

niners panning for g o l d . 

O u r f i rs t task was to ge t the bags o f matr ix back to the Land R o v e r . For 
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this I wanted to hire s ome of the local v i l lagers. T h e only posi t ive response 

to our inquiries was f r om some o f the vi l lage w o m e n . T h e y w e r e quite happy 

to balance the heavy bags on their heads, to te them to the vehic le , a distance 

of a couple of hundred yards o v e r rough and broken g round , then return for 

another load. I paid by the bag. 

W h e n the men saw the w o m e n turn t o , and that their industry really was 

being r ewa rded reasonably we l l consider ing the w o r k invo l ved , thev wanted 

a p iece o f the act ion. T h e w o m e n , h o w e v e r , had already f o rmed a m o n o p o l y 

and w o u l d admit no m e n . A l though all the chatter was in Tumbuka , there 

s e emed to be a lo t o f good-natured r ibbing taking place. 

N e v e r since that day have w o m e n been available to w o r k for us in the f ie ld. 

T h e y do not seem to be a l l owed . Trad i t i on insures that the m e n may do this 

sort o f labor i f they choose . W o m e n w o r k incredibly hard in Ma law i , but 

n o w , perhaps because i t i s for wages , only men w o r k for my pro ject . 

T h e gunnysacks full o f sed iment that the w o m e n carried to the Land R o v e r 

w e r e dr iven to the G o v e r n m e n t Veter inary Farm in Karonga. We needed an 

appropr iate place to sieve our samples because we did not want to contami

nate the lake w i th the residue o f kerosene-soaked dirt . We made arrange

ments w i th the farm to do the w o r k w h e r e i t could do no damage using a large 

sheet-metal f i sh tank, b o r r o w e d f r om the G o v e r n m e n t Fisheries Depar tment , 

as a sieving t rough. Chris Dabo rn , the expatr iate veter inarian, agreed to let 

us have wa te r f r om the farm at no charge. That was important because of the 

state o f the Karonga W a t e r W o r k s in 1984. W a t e r was not rel iably de l i v e red , 

so large storage cisterns w e r e necessary for a consistent f l ow . T h e cistern we 

used at the farm was the res idence of a large mon i t o r l izard, a foot or so in 

length, wh ich I d iscovered on ly after I fi l led the cistern and t ook a drink f rom 

the nozz l e leading f r om it. T h e mon i t o r scrambled out o f the end o f the hose 

w h e r e on ly a f e w seconds be fo re I had had my mouth . 

We had one p r o b l e m w i th the sieving. T h e r e was no kerosene , o r paraffin 

as it is cal led in M a l a w i , in wh ich to soak our dirt . T h e r e was none whatsoever 

in all o f nor thern Ma law i . We needed to f ind a substitute. This we did in the 

f o rm of diesel o i l . I t is an e x t r e m e l y unpleasant substance to w o r k wi th in this 

way . We used plastic g l oves to p ro tec t our hands, but after a f e w minutes they 

w o u l d beg in to dissolve into a g u m m y w a d . Desp i te that, we could get the 

j ob d o n e . 

So we set to the task o f s ieving. As sed iment was screened and dr i ed , we 

passed casual m o m e n t s sort ing through the coarser fraction of residue left in 



T H E C R O C O D I L E O F C A R N I V A L 

175 

the sc reen-bo t tomed boxes . Jerry Britt , a graduate student, found a strange 

tooth. It was about an eighth of an inch long , w i th a big central cone and a 

r idge coming d o w n f rom the t ip . I t l o oked a bit l ike early mammals k n o w n 

f rom e l sewhere in the w o r l d , but no t enough l ike them to demonstra te that 

i t really was a mammal t oo th . T h e r e was no indication of a g o o d r o o t on it, 

l ike mammals have, but then again, the base was b roken . We f ina l ly con 

cluded it came f r om a fish. 

O t h e r than that too th and a f e w dinosaur-tooth scraps, we did not pick 

anything particularly g o o d out o f the wash wh i l e we w e r e in the f i e ld . 

Patience is a v irtue in pa l eon to l ogy . We shipped all our concentrate back to 

the States at the end of the f ie ld season, w h e r e W i l l separated the bone f r o m 

the sand using heavy l iquid chemicals. T h e n he p icked through the bones and 

scraps. We go t no mammals , but we did ge t several o f those " f i s h " tee th , 

some f rog bones , bits and pieces of o ther tiny bones , l i tt le crustaceans, and 

curiously enough a couple of seedl ike s t ruc tu res—our only plant remains. 

T h e f irst screening campaign in the Dinosaur Beds was no t a c omp l e t e bust, 

but i t was d o w n at the b o t t o m of the barrel for a guy w h o wanted mammals . 

Still, i t p rov ided a m o r e c omp l e t e f irst g lance of the life of the Dinosaur Beds 

than we had go t t en f r om picking bones off the surface of the g round . 

W h e n we re turned h o m e f r om the 1984 f i e ld season, W i l l not only sorted 

the concentrate but he began to prepare the skulls we had found at C D - I . He 

was w o r k i n g in his lab, in Ar i zona . Each day he sat staring through his 

m ic roscope , scraping, g luing, cleaning w i th a var iety of too ls . I was in Dallas. 

As the skulls e m e r g e d f r om their shrouds o f iron-stained crust, W i l l fed me 

b l o w - b y - b l o w reports o v e r the phone . 

"Jacobs , this is w e i r d . I can see part of another too th . It has lots of cusps. 

This could be a m a m m a l . " 

N e x t call: "Jacobs , the roots are all w r o n g . This is a f ish." 

N e x t call: "Jacobs , this is a r e p t i l e . " 

We w e r e a bit l ike bl ind men try ing to descr ibe an elephant f r om the parts 

we w e r e familiar w i th , but not real ly making much sense. As each l itt le hunk 

of obscuring crust was scraped away to reveal the details o f hidden b o n e , i t 

became m o r e obv ious that wha t eve r we had, i t was bizarre . These w e r e the 

skulls o f the animals w i th the odd teeth we had found in the sieving. Of course 

we w e r e pleased. We k n e w all a long that searching an unknown t ime in 

Afr ica 's past w o u l d very l ikely y ie ld unpredictable f inds. H e r e we had the f i rs t 

o f them, and they w e r e m o r e strange than anything we could have expec t ed . 
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Both skulls f r om that f irst season are l itt le m o r e than three inches long, 

so the animals themselves w e r e not ve ry large , maybe a f oo t in length. O n e 

skull is in be t ter shape than the o ther , o w i n g to the way I had found the first. 

T h e muzz l e is short and d e e p , the back of the skull is broad . T h e nostrils are 

on the sides and close to the tip of the snout. T h e l o w e r jaws are still 

connec ted to the skulls in both spec imens. 

T h e bones are pure wh i t e and very soft, wh ich made i t difficult and s low 

for W i l l to f ree them f r o m their rocky crust. T h e enamel o f the teeth is a 

mu t ed be i ge co lo r . T h e teeth seemed to be cuspy rounded " m o l a r s " in the 

back o f the jaws , p r e c eded by smal ler , cuspy " p r e m o l a r s , " then some large 

" c a n i n e s , " and f ina l ly s ome t iny teeth in the f ront o f the upper j aw . For 

s o m e o n e l ike me w h o was at the t ime most familiar w i th mammals , this 

ar rangement of teeth is ve ry mammal l i k e , sort of raccoony . But this animal 

was not a mamma l . 

W i l l and I t o ok the spec imens to the annual mee t ing of the Society of 

Ve r t ebra te Pa l eonto logy , w h e r e we had great fun showing them around. I t 

was obv ious to several p eop l e attending that this animal was a c rocod i l e , a 

strange o n e , but a c rocod i l e neverthe less . T h e y w e r e co r r ec t . I t is clear f r om 

the arrangement of bones and holes in the skull and l o w e r j aw . But such a 

w e i r d c r ocod i l e ! 

C R O C O D I L E S and their kin compr ise one o f the t w o l iv ing groups o f Rul ing 

Rept i l es , the Archosauria. T h e o ther l iv ing g roup is the birds. That is right. 

A m o n g l iv ing organisms, c rocod i l es are m o r e c losely re lated to birds than to 

anything else. Birds and crocod i l es share a c o m m o n ancestor s o m e w h e r e back 

in the murky , distant past that no o ther l iv ing animals shared w i th them. But 

they do have some ext inct relat ives to wh i ch they are c losely re lated. T h e r e 

are the dinosaurs ( f r o m which the birds, but not the c rocod i l es , descended ) , 

the f lying pterosaurs, wh ich are not birds at all e ven though they could f ly, 

and a number of l esser -known groups . In their p r imi t i ve states all of these 

groups r esemb le each o ther much m o r e than any one o f them resembles 

anything else. Much of the resemblance lies in the arrangement of the bones 

in the skull. T h e y are also character ized by conical teeth set in holes along the 

j a w , but w i thout having g o o d roots to ho ld them in the sockets. (L i v ing birds, 

of course , have evo lut ionar i ly lost all their tee th , but some fossil species had 

t h e m , as did their archosaurian ancestors . ) 
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Because of these shared features, and a f e w m o r e , all o f t h e m — c r o c s , 

birds, pterosaurs, and d inosaurs—are cons idered to be archosaurs. No ani

mals w i thout those specific characteristics of anatomy can be l ong to the c lub. 

I t is only the separate paths of e vo lu t i on f o l l o w e d subsequently by c rocs , 

dinosaurs, b irds, and pterosaurs that makes each of them appear so di f ferent 

f r om each other in our eyes . A l l o f those g roups , in sum the archosaurs, are 

distantly re lated to the lizards and snakes, and m o r e distantly re lated still to 

the turtles. 

C R O C O D I L I A N S have an exce l l en t fossil r e co rd go ing way back a couple o f 

hundred mi l l ion years, but there are on ly three groups still around. T h e f i rst 

g roup is exempl i f i ed by the N i l e c r o cod i l e , e ven n o w a c o m m o n animal in 

many parts o f Afr ica. T h e r e are also c rocod i l es in Australia and N e w Guinea, 

Asia, and Amer i ca . S o m e inhabit salt wa t e r . T h e r e are d w a r f c rocod i l es in 

W e s t Afr ica. A l l o f these are close relat ives o f the N i l e c r ocod i l e . T h e n there 

are the all igators, n o w including the A m e r i c a n al l igator o f the Gu l f Coastal 

states, its cousin, the Chinese al l igator, and the caimans of South Amer i ca . 

T h e y have blunt snouts c o m p a r e d w i th the N i l e c r ocod i l e . T h e third g roup 

contains only the long-snouted gharial o f the Indian reg ion . A l l o f the l iv ing 

species of all three groups are carnivorous and semiaquatic, meaning that they 

lead an amphibious l i fe-style , hanging out in the wa te r of swamps , estuaries, 

r ivers , or lakes and then c rawl ing up on land as urges and instincts take them 

to bask or r ep roduce . A m o n g the t w e n t y - t w o l iv ing species there is quite a 

variety of head shapes. A l l igators have rather blunt snouts, wh i l e c rocod i l e 

snouts are m o r e na r r ow , and the gharial has the nar rowes t snout of all. T h e 

presence of l ong , thin, n a r r o w snouts in aquatic animals indicates a pre f e rence 

for a f ishy diet . T h e gharial has a menu m o r e restr icted to f inny p rey than do 

crocodi les or all igators. 

A l l o f the l iv ing c rocod i l e clan share some impor tant similarities in their 

anatomy that are dif ferent f r o m some fossil c rocs . For instance, in all the 

l iving species, the ver tebrae jo in toge ther in bal l -and-socket jo ints . Each 

vertebra looks kind of l ike those in the tail of titanosaurid sauropods, but the 

resemblance is certainly separately e v o l v e d , and in the case of the crocs , 

bal l-and-socket ver tebrae are not l im i ted to the tail. L i v ing crocs also have a 

hard, bony secondary p a l a t e — a shelf o f bone f o rm ing the r o o f o f the mouth 

and separating the nasal passages f r o m the mouth cavity. It is an impor tant 
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structure for crocs to have. T h e l iv ing species, w i th their nostrils on the t op 

o f their snouts, can ho ld their noses out o f the wa t e r to breathe, yet their 

mouths can be open and full o f wa t e r or f ood . M a m m a l s , including us, have 

a similar bony palate, wh ich serves the same function as that in crocs , wal l ing 

o f f the air passages f r om the mouth . C rocs have certainly e vo l v ed in some 

interest ing ways , as we can tel l s imply f r om l ook ing at the l iv ing species. 

But to the diversi ty o f l iv ing species o f crocs can be added their very rich 

fossil r e co rd and its 200-mi l l i on-year history. N o t all fossil crocodi l ians had 

c o m p l e t e bony palates or bal l -and-socket ve r tebrae ; in fact most o f them did 

no t . S o m e o f them w e r e no t even amphibious. S o m e w e r e strictly land-

dwe l l e r s . O the rs w e r e strictly mar ine , their tails e vo l v ing to l ook and func

t ion l ike those of sharks and their legs e vo l v ing into f inl ike paddles. 

T h e structure of the secondary palate in various species is particularly 

impor tant in dec ipher ing the evo lut ionary history of crocs . In the most 

p r im i t i v e g r oup of crocodi l ian species, the secondary palate is not at all we l l 

d e v e l o p e d , so the internal nares, the holes on the inside that are connected by 

the air passage to the nose holes on the outside of the skull, are way up at the 

f ront of the r o o f o f the mouth . T h e r e is no secondary palate to speak of, and that 

is the p r im i t i v e cond i t i on . T h e nex t grade of structure in the evo lut ion of the 

crocodi l ian secondary palate is character ized by the internal nares lying quite far 

back and the air passage ex tend ing for a l onger distance through the snout. In the 

most advanced evo lut ionary g rade the internal nares are way back in the skull 

and the secondary palate is c o m p l e t e . Crocod i l ians w i th the m o r e advanced 

grade of palate structure also have bal l -and-socket ve r t ebrae . 

F r o m Ma law i we have skulls o f the l itt le c roc ( I w i l l re fer to i t as the 

Ma l aw i c r o c , for want o f a be t ter t e r m ) , which shows i t to be o f the second, 

or in te rmed ia te , grade o f crocod i l ian evo lu t ion w i th respect to the construc

t ion of the secondary palate. On top of that, rather than be ing a flattish skull, 

l ike N i l e c rocod i l es and al l igators, the Ma law i c roc skull is deeper . T h e 

nostri ls are not p laced on the t op of the snout for snorkel ing in wa te r . Instead 

the nasal bones go f o rward to a po int at the end of the snout and the nostrils 

l ie b e l o w them. 

But i t was no t the snout or e v en the secondary palate that caught my 

interest f i rs t . T h e r e was someth ing else about the mou th o f the Ma lawi c roc 

that intr igued me m o r e . This was not the musky, tusky ori f ice a c rocod i l e 

should have. I t was di f ferent. Hav ing studied rats and other mammals for quite 

s o m e t i m e , one g lance at that c r o c ' s tee th to ld me i t was far out o f the 
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ordinary. This c roc m o v e d its l o w e r j a w f o rward w h e n i t c h e w e d . But h o w 

could that be? M o d e r n crocs do no t c h e w . T h e y rip a hunk of flesh f r o m a 

carcass and fling i t d o w n their throats, no fuss, no muss, no bother . But they 

do not chew . 

T h e teeth o f the l iv ing N i l e c rocod i l e are basically cones. V e r y sharp cones . 

The i r j aw joints are hinges. T h e y open and they close by rotat ing about a f ixed 

point on the skull, snapping the jaws tight l ike a v ic ious pair of scissors. T h e r e 

is no m o t i o n at all at the jo int , e xcep t the open ing and closing of the j aw . Even 

we humans can slide our jaws around a bit at the j o in t , just try it. C rocod i l e s 

cannot do that. The i r sharp teeth and f ixed j aw joints are superbly adapted 

for grabbing and ho ld ing prey struggl ing in panic. 

T h e diet o f the N i l e c rocod i l e changes w i th the size, and consequent ly the 

age , of the animal. Y o u n g e r and smaller individuals take a greater p ropo r t i on 

of insects. Larger crocs eat f ish, f rogs , turt les, w a t e r f o w l , wha teve r they can 

catch. T h e big ones can grab a dr inking ante lope by the snout, haul it into the 

wate r , d r o w n it, leave i t to putre fy , let the meat soften and tender i ze , then 

pull it apart and eat it. Crocs are mean . Even today they are a danger to 

peop l e along many r ivers and lakes in Afr ica . Every year several human beings 

die f r om croc attacks. 

Of all the many, many di f ferent kinds o f c rocs , l iv ing and ext inct , nearly 

all o f them have teeth m o r e or less l ike those of the N i l e c rocod i l e . A l itt le 

m o r e blunt, or a l itt le m o r e sharp, or a l itt le m o r e squished f r om side to side, 

but most all crocs have basically the same kind of conical tee th . A n d the j aw 

jo int is the same in almost all of them t o o . 

So the Ma law i c roc is strange for a c rocod i l e . It has the head of a c rocod i l e , 

but not so flat, and its teeth are strange, and its j a w jo int is strange. T h e j a w 

jo int has a long surface that a l lows the l o w e r j aw to slide f o rward as the mouth 

is c losed. Its upper " m o l a r " tee th have a big central cusp w h o s e po int leans 

t oward the back of the throat . A small but sharp r idge runs backward f r om 

the t ip. T iny cusps go a long the edge o f the base. L o w e r " m o l a r s " are a lmost 

exact ly l ike the uppers , but w i th one big excep t i on : T h e tip o f the big cusp, 

and the r idge that c omes of f o f i t , po int t o w a r d the f ront o f the j aw rather 

than the back as in the uppers . It is as if a m i r r o r w e r e held to the back of 

an upper too th , the m i r r o r image be ing a l o w e r t oo th . 

O n e glance at that and it is easy to conc lude that those teeth had to w o r k 

against each other . T h e y did not gr ind enamel against enamel as mammals l ike 

you do whi l e chew ing , but the teeth did m o v e t o w a r d each other as the beast 
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c h e w e d . T h e j a w m o v e d not l ike a pair o f scissors, but as the mouth c losed, 

the j aw m o v e d f o rward . This c roc c h e w e d f r om back to f ront , slicing and 

breaking f o od b e t w e e n its teeth. Rats chew f r om back to front. But self-

respect ing crocs should not . 

T h e nex t step was to understand in even m o r e detail the mechanism o f 

h o w m o d e r n crocod i l es chew in o rde r to apply that k n o w l e d g e to understand

ing the Ma l aw i c roc m o r e thoroughly . I t was also necessary to unravel which, 

i f any, o f the k n o w n species o f c rocs , l iv ing or ext inct , our animal f r om 

Ma law i was most c lose ly re lated t o . This was a formidable task because of the 

w idespread fossil r e co rd o f crocs . My fr iend Jim Clark was already an exper t 

on c rocod i l es and their fossils. He had expressed an interest in the Ma law i 

c r o c , so I inv i ted h im on board for the initial study. He w o u l d p rov ide the 

perspec t i ve of his exper i ence as a ded icated c roc j ock . T h e expert ise he 

brought gave depth to the unfo ld ing story o f the unique animal we had. 

Jim k n e w about the anatomy o f m o d e r n c rocod i l es , particularly h o w the 

chew ing muscles w o r k , w h e r e they attach on the skull, and in which direct ion 

they pull w h e n the j aw closes. I t b e came clear to h im that the anatomy of the 

Ma l aw i c roc j aw jo int w o r k e d w i th the muscles that close the mouth to a l low 

the l o w e r j aw to slide f o rwa rd when the mouth shuts. That agrees we l l w i th 

the interpretat ion made f r om the shape o f the teeth. 

T h e reason the jaws of o ther crocs do not slide is that there is a buttress 

o f bone on the l o w e r j a w that hooks around back o f the jo int surface o f the 

skull. I f that buttress w e r e r e m o v e d , the j a w could sl ide. T h e Ma law i c roc 

does no t have it. T h e j aw could slide both ways , t o w a r d the front and t owa rd 

the back, but we k n e w f r om the shape o f the teeth that, e ven though the l o w e r 

j aw m o v e s back and forth, the p o w e r stroke was in the f o rward d irect ion as 

the mou th c losed. F o o d in the mou th w o u l d bank against the upper teeth and 

be crushed and s l ivered as the l o w e r j a w slid t o w a r d the front end of the head. 

Thus , the shape of the tee th , the anatomy of the j aw jo int , and the function 

of muscles in l iv ing c rocod i l es all he lped us to interpret the way this fossil 

species, 100 mi l l i on years o l d , ate its f o od . T h e on ly l iv ing rept i le whose 

l o w e r j a w m o v e s in this same way is the l izardlike tuatara that today inhabits 

small islands of f N e w Zea land. I t is not a c rocod i l e . T h e muscles that m o v e 

the tuatara's j a w f o rward are anatomical ly the same as those that m o v e the 

Ma law i c roc ' s j a w . Roden ts , whose j aws also m o v e fo re and aft, do i t w i th 

di f ferent muscles . T h e similarity o f chew ing mot i ons in the Ma law i c roc , the 

tuatara, and some rodents was e v o l v e d independent ly . This phenomenon , 
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whereby an adaptive feature evo l ves separately in distinct evo lut ionary l ine

ages, is called conve rgence . T h e evo lu t ion of a secondary palate in c rocod i l 

ians and in mammals is another examp l e of c onve r g ence . So is the 

bal l-and-socket ver tebrae of advanced crocodi l ians and in the tail of titanosau

rid sauropods. T h e similarity among species caused by conve rgence is real but 

superficial, and it does no t ref lect a close relationship or c o m m o n ancestry. 

Conve rgen t evo lut ion reflects a likeness in function and adaptation, no t 

her i tage. I t is body f o rm at w o r k w i th l i fe-style and e co l o gy . T h e Ma law i c roc 

is a great examp le of it. 

Jim also po inted out to us that, after all, the Ma l aw i c roc is not alone in 

the c rocod i l e w o r l d in having an e longated surface on the j a w jo int that w o u l d 

a l l ow some m o v e m e n t . T h e r e is also a fossil species in South Amer i ca that 

shares the same characteristic feature. I t , t o o , is Cre taceous in age , but Late 

Cretaceous , a bit younger than the Ma law i c roc . It is cal led Notosuchus. T h e r e 

are o ther features besides the j a w jo int in c o m m o n b e t w e e n the t w o , for 

instance the way the snout is built . O u r specimens f r o m Ma law i are not the 

same species, or even genus, but are in the same family , the Notosuch idae , 

as the South Amer i can f o rm . T h e d e v e l o p m e n t o f the chew ing cusps on the 

teeth set the Ma law i c roc apart, uniquely , f r o m eve r y o ther c roc in the w o r l d , 

even its closest South Amer i can fossil re lat ives. 

This understanding of the relationships of the Ma l aw i c r o c , and the distri

bution of its family m e m b e r s in t ime and space is real ly exc i t ing . A l l a long 

we had been interested in the Gondwana connect ion b e t w e e n Afr ica and 

South Amer i ca . N o w we had a family o f c rocod i l es c o m m o n to both prov id ing 

further test imony of the influence o f g lobal geography on li fe in the A g e o f 

Rept i les . M o r e o v e r , Notosuchus f r om South A m e r i c a and the Ma law i c roc are 

dif ferent enough f r om each other to make the story e v en m o r e interest ing. 

The i r c o m m o n ancestor had to l ive pr io r to the Ma law i c r o c , and i t is no t 

l ikely to have been exact ly l ike either the Afr ican or South Amer i can f o r m in 

its anatomy. It is still wai t ing to be d i scovered , s o m e w h e r e in Gondwana . 

T h e " m a m m a l i a n " features o f the Ma law i c roc , that is, its comp l i ca t ed , 

cuspy teeth and the c o m p l e x way i t m o v e d its j a w in processing f o o d , begs 

the question of its ou t compe t ing mammals for a place in the Afr ican ecosys

t e m during the A g e o f Rept i l es . No mammals have ye t been found in the 

Dinosaur Beds. But on the o ther hand, the sample of small animal fossils of 

any kind is sparse in Ma l aw i . It is reasonable to e xpec t mammals to turn up 

as m o r e and m o r e small fossils are found. It w o u l d be unfounded speculation 
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at this t ime to suggest that mammals are absent f r om the Dinosaur Beds 

because the mamma l niche was f i l led by the Ma law i c roc . Never the less the 

no t ion o f c ompe t i t i on b e t w e e n the t w o is not so farfetched as to be c o m 

ple te ly b e y o n d considerat ion. A f t e r all, the Ma law i c roc did e vo l v e conver -

gent ly w i th mammals . 

It is ve ry l ikely that the Ma law i c roc processed its f ood m o r e , and in a 

m o r e sophisticated way , than other c rocod i l es . I t c h e w e d , but i t did not chew 

exact ly l ike mammals because the teeth do not seem to c o m e in contact w i th 

each o ther , as happens in most mammals . But what did the Ma law i c roc chew? 

W h a t was its diet? 

A l l l iv ing species o f c rocod i l es eat flesh o f one sort or another. No 

c rocod i l e species is k n o w n to be herb ivorous . Small , young N i l e crocodi les 

eat m o r e insects and, as they g r o w larger , take progress ive ly larger percent

ages of ver tebrate p rey , such as f ish, f rogs , b irds, and mammals . I do not 

k n o w at this po int exact ly what the Ma l aw i c roc ate, but i t a lmost certainly 

was not a he rb i vo r e , based on the dietary habits of l iv ing crocs i f nothing else. 

It is a small c roc , probably not o v e r a foo t in total length, so it could not have 

taken large p rey . Frankly I doubt whe the r i t was ove r l y particular about what 

it ate, pursuing m o r e or less wha teve r it could catch. I suspect it may have 

eaten insects and spiders, maybe crayfish, crabs and other crustaceans, thin-

shel led snails, and perhaps small f rogs and the occasional fish caught along a 

r iverbank. I suspect its foraging was m o r e l ikely done on land than in water , 

perhaps occasionally in the shal lows and backwaters of a stream or pond . It 

did not necessarily have the same hunting tactics as m o d e r n crocs . In fact it 

probably d id not . T h e Ma law i c roc may have been a less stealthy, i f m o r e 

act ive , forager . Cou ld this kind of animal have c o m p e t e d for the same food 

w i th early mammals? 

M a m m a l s are v e ry rare in the Early Cre taceous . T h e y are not particularly 

abundant anywhere in the w o r l d , certainly not as abundant as mammal fossils 

b e c o m e after dinosaurs go ext inct . M o s t are quite t iny, about the size o f small 

m i c e . Those mammals that are k n o w n f r om the Early Cretaceous are either 

special ized herb ivores or they have teeth suitable for eating a variety of small 

animal p r e y — t h e y are carnivorous in the sense that they w o u l d eat whatever 

l i t t le mol luscs , ar thropods, or vertebrates they might catch. In general the 

carnivorous mammals k n o w n f r om the fossil r e co rd appear m o r e diverse on 

a g lobal scale than the herb ivores during Cretaceous t imes . T h e r e seem to be 

m o r e species o f t h em. T h e diet o f carnivorous early mammals , some o f them 
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anyway, might over lap a great deal w i th what is suggested for the Ma l aw i 

c roc . 

In the fossil c ommun i t y represented in the Dinosaur Beds, I w o u l d expec t 

to f ind both herb ivorous and insect ivorous mammals i f the fossil r e co rd w e r e 

c omp l e t e . I t w o u l d be unjustified to attribute the lack of all mamma l fossils 

to compe t i t i on w i th the Ma l aw i c r o c , one reason be ing that there w o u l d be 

little compe t i t i on , for f ood anyway , b e t w e e n the c roc and plant-eating m a m 

mals. Never the less the Ma law i c roc might over lap to some ex ten t in its 

habitat and eco log ica l r equ i rements w i th early carnivorous mammals , and 

there fore I do not c omp l e t e l y rule out compe t i t i on w i th them. 

Of particular interest in this regard is the descr ipt ion of a n e w Early 

Cretaceous mammal f r om Brazil , Candidodon itapecuruense. Th is species is 

known only f r om a f e w small isolated teeth. W h a t makes it so interesting is 

that the teeth appear to be quite similar to the Ma l aw i c r o c ' s . Either Candido

don is a c roc in disguise, wh ich w o u l d not be o v e r l y surprising n o w that we 

k n o w about Ma law i , or i t is a particularly striking examp l e of evo lut ionary 

conve rgence . Either w a y , i t p rov ides an impor tant d i rec t ion for the study of 

Gondwana faunas. 

T h e r e i s still much we do not k n o w about the Ma l aw i c roc . O u r initial 

study investigated only the skull and tee th , and even those require m o r e 

detai led study. In the 1987 field season graduate student John Cong l e t on 

found a spot w i th half a dozen or so of the l itt le crocs in it across the gul ly 

f r om C D - I . Ano the r skull was found in the 1989 season. N o w we have about 

a dozen really g o o d spec imens. T h e r e are six f ine skulls, all w i th the l o w e r 

jaws attached. We also have some skeletons w i th the bones still j o ined 

toge ther m o r e or less as they w e r e in l i fe . Some of these show the thin bony 

plates that a rmored the animal 's back, similar to the cond i t ion in m o d e r n 

crocs. 

A l l of the g o o d spec imens c o m e f r o m a small area of just a f e w square yards 

at C D - 6 and across the gul ly . T h e skulls and skeletons occur in a coarse r ed 

sand wi th pebbles and nodules in it here and there . In fact, the c r o c occurs 

at several o ther local i t ies, but just as a f e w bits and p ieces , or single tee th . 

A l l o f the really g o o d ones are f r om that single spot . Some of the skeletons 

seem to be scrunched up, as i f they w e r e ly ing in a b u r r o w and had go t t en 

bur ied. O n l y detai led study w i l l tel l us for sure i f the Ma l aw i c roc l i ved in 

bur rows , but i t is certain n o w that the occurrence of c o m p l e t e skeletons of 

the c roc , all in the same area, w i th no o ther species of fossils to speak of found 
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wi th th em , is ve ry di f ferent f r o m the o ther fossil localit ies in the Dinosaur 

Beds. I think it o w e s its ex istence to the way the animal l i ved . Maybe its 

behav ior in l i fe con t ro l l ed its preservat ion after death. 

We shall learn m o r e about h o w the Ma l aw i c roc l ived w h e n the anatomy 

of its skeleton is m o r e thoroughly studied. A l r eady some interesting features 

are c o m i n g to l ight. For instance, it looks as i f this creature might have held 

its head up, as i f you held your hand hor izonta l ly , palm d o w n , forearm 

vert ica l , and your wr is t bent at a n ine ty -degree angle . At least the parts of 

the neck ver tebrae to wh i ch the appropr iate muscles and l igaments w o u l d 

attach, and the posi t ion of the ho le in the back of the skull w h e r e the spinal 

co rd passes, suggest that the posture of the Ma l aw i c roc is not that of the N i l e 

c r ocod i l e . A n d w h y should i t be? 

So the studies w i l l cont inue . Should the reader be w o n d e r i n g what the 

Ma l aw i c roc is fo rmal ly cal led, I must leave you hanging. T h e r e is one study, 

h o w e v e r , that def initely must be f o r thcoming . That is the one in which the 

Ma l aw i c r o c is g i ven a name . 

I have some very happy feel ings t o w a r d the Ma law i c roc . I t was our f irst 

big strike in the Dinosaur Beds. It is c learly unique in the w o r l d . Its family 

is k n o w n f r o m what is n o w Afr ica and f r om South Amer i ca , possibly at the 

same t ime as the Ma l aw i c r o c was l iv ing in the area that was to b e c o m e the 

Dinosaur Beds, and certainly in geo log ica l l y younger South Amer i can rocks. 

Its anatomy makes my imaginat ion run w i l d . Just for fun, think of i t holding 

its head up, searching for a bug (F igure 3 4 ) . I f it saw one hop , it dashed in 

for the ki l l , puncturing the tough morse l w i th its po in ted canines, masticating 

the chitinous exoske l e ton w i th cuspy t e e t h — t e e t h w i e l d e d by its piston j aw , 

forceful ly punching f o r w a r d , then rapidly pul l ing back. I f i t sensed danger , it 

dashed for its b u r r o w . It w o r e a crocodi l ian coat of a rmor , but i t behaved like 

a m o n g o o s e , a repti l ian meerka t . It is a lmost like a small mammal in a 

c rocod i l e cos tume , l ike a kid dressed up for a show . Its cos tume is as striking 

as any one might expec t to see at R i o de Janeiro 's Carnival in Brazil , whe r e 

its closest re lat ives l i ved . T h e Ma l aw i c roc might have l ooked g o o d among the 

fruit on C a r m e n Miranda 's hat, go ing for insects that w o u l d be attracted to 

the br ight c o l o r s — i t is just 100 mi l l i on years t o o o l d ! 

T h e Ma l aw i c roc w o u l d have been a g o o d f ind by itself, but it is a part of 

a fauna, a c ommun i t y of animals. A n d it is no t the on ly crocodi l ian m e m b e r 

o f the c o m m u n i t y p rese rved in the Dinosaur Beds. T h e r e are t w o o ther 

species o f crocs as w e l l , bo th k n o w n on ly f r om teeth. O n e , the m o r e poo r l y 
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FIGURE 34: The Malawi crocodile. This new species of small crocodile is shown in 

a gallery forest, with one croc rearing to capture a dragonfly lunch, another 

peering from its burrow. The frog looks jealous of the crocodile's success with the 

insect. 
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represented o f the t w o , has nondescr ipt conical teeth. T h e o ther is r epre 

sented by small , blunt teeth that are f lattened f r om side to side but not real ly 

sharp. These tee th , l ike those o f the Ma law i c r o c , can also be traced to 

relat ives in South Amer i ca . 

T h e l itt le f lattened teeth be l ong to a genus of c rocod i l e cal led Araripesuchus. 

I t has t w o species, the first one descr ibed f r om South Amer i ca , and repre 

sented by t w o skulls and a ske le ton. T h e o ther species was f irst d iscovered 

in N i g e r in W e s t Afr ica. I t is k n o w n f r om one skull. Isolated teeth o f 

Araripesuchus also occur in C a m e r o o n , W e s t A fr ica , but they cannot be 

attr ibuted to one or the o ther o f the named species w i th any certainty. Both 

species are about the same age as the fossils f r om the Dinosaur Beds. W i t h 

on ly isolated teeth f r om M a l a w i , l i tt le m o r e can be done than to suggest that 

Araripesuchus is present , but that is an impor tant statement to be able to make . 

Araripesuchus, judg ing f r om the skulls that are k n o w n , is similar to the 

Ma l aw i c roc w i th respect to the d e v e l o p m e n t o f the secondary palate. Both 

are about the m idd l e grade of e vo lu t i on , w i th the internal nares not so far 

back as in m o d e r n l iv ing c rocod i l es and al l igators. T h e external nares in 

Araripesuchus, as in the Ma law i c r o c , are not on the t op of the snout but rather 

on the sides of the t ip , and the nasal bones are long and po in ted . T h e head 

is d e ep in bo th , not flat as in al l igators. T h e teeth in the t w o are obviously 

di f ferent, so they did not eat the same way or possibly no t even the same 

things. Araripesuchus does not have the l ong j aw articulation of the Ma law i croc 

that a l lows it to chew f r o m back to f ront . Araripesuchus is stuck wi th the 

scissorlike j a w closure o f mos t o ther crocs . T h e vertebral centra are similar 

and pr imi t i ve in the t w o , but the neural spines in the neck appear to be much 

l onge r in the Ma law i c r o c , and the ho le at the back of the skull for the spinal 

c o lumn is farther under in the Ma l aw i c r o c , rather than m o r e out the back 

of the skull as in Araripesuchus. 

Araripesuchus, l ike the Ma l aw i c roc , was bet ter adapted for a m o r e fully 

terrestr ial way of life than for a semiaquatic one such as the N i l e c rocod i l e 

has. That is clear f r o m its hind l imbs, wh ich are l onger than the fore l imbs and 

less sprawl ing , m o r e underneath the animal, than those in m o d e r n crocs. T h e 

shape of the head, deep w i th nostri ls b e l o w the end , is not l ike that o f 

semiaquatic crocs e i ther . 

T h e South Amer i can species, Araripesuchus gomesii, c omes f r om one of the 

w o r l d ' s great fossil areas, f r om the Arar ipe Basin of Brazil. Thousands upon 

thousands upon thousands of fossils are k n o w n f rom there . Far and away most 
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of the vertebrates k n o w n f r om the Basin are fish. That is because the rocks 

of the Arar ipe Basin are lithified sediments depos i ted in a great lake, one that 

persisted for several , i f not tens of, mi l l ions of years. T h e lake apparently 

underwent at least one pe r i od w h e n i t dr i ed out , and t o w a r d the end of its 

life the sea transgressed far enough inland to reach the lake. A n d along w i th 

the seawater came a f e w mar ine organisms. 

At the t ime the Arar ipe lake came into ex is tence , Afr ica and South 

Amer i ca w e r e still j o ined in the supercont inent o f Gondwana . T h e separation 

had begun at the southern end of A f r ica , but the t w o cont inents w e r e still 

connected through Brazil and several wes t e rn Afr ican countr ies , most notably 

C a m e r o o n . Lake Arar ipe does no t appear to have been a deep r i f t -val ley lake 

like Lake Ma law i . Never the less i t o w e d its ex istence to d o w n warp ing caused 

by the same structural features that w o u l d eventual ly lead to the fo rmat ion 

of the South At lant ic , e ven i f Lake Arar ipe was of f to the side f r om the main 

rift. And i t was deep enough at t imes to be stratified and to deve l op steri le 

b o t t o m waters w i th no dissolved o x y g e n left in the wa te r . Somet imes evapo 

ration exceeded the in f low of fresh wa t e r , causing crystals o f salt to g r o w in 

the sediments. 

T h e r ivers draining the inter ior o f Gondwana , s ome o f them at least, must 

have f l owed into the w iden ing gul f f o r m e d as southern Afr ica m o v e d away 

f rom southern South Amer i ca . I t may have been reminiscent o f the C o l o r a d o 

R i v e r f lowing into the Gu l f o f Cal i fornia. T h e rift val ley that w o u l d ul t imate ly 

pry Afr ica and South A m e r i c a c omp l e t e l y apart e x t ended no r thward f r om the 

ancient gul f b e t w e e n the southern ex t remi t i es o f South A m e r i c a and Afr ica , 

then i t branched. T h e c l imate in central Gondwana was arid. T h e place was 

close to be ing a desert . Y e t there was enough wa t e r f r o m rainfall to co l l ec t 

into lakes. Just as in the Grea t Basin of the Amer i can W e s t today , for s ome 

o f the central Gondwana lakes, notably A ra r i p e , there w e r e no out lets . Th ink 

of Great Salt Lake. Bet ter ye t , think of Lake Chad in Afr ica , quite sol idly in 

the m idd l e o f a near-desert env i r onment , ye t pe rmanent l y containing wa t e r , 

support ing an abundance of f ish and other aquatic l i fe , and fluctuating in size 

w i th the cycles o f rainfall. M o r e o v e r , the locat ion o f Lake Chad, out in the 

exact midd le o f n o w h e r e , in the m idd l e o f Afr ica , was dictated by geo log ica l 

structures that are genet ica l ly re lated to the open ing of the South At lant ic , and 

there fore are cousins to the structures that f o r m e d Lake Arar ipe so long ago . 

T h e area of Arar ipe has undergone subsequent Earth m o v e m e n t s and cl imatic 

change that have t rans formed the lake sediments into an e rod ing plateau and 
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t rans formed Brazil into the lush g r e en land that it is today. But it was not 

always l ike that. Lake Chad has not always been like it is n o w , e i ther , but it 

has had a di f ferent geo log ica l history f r om Arar ipe . 

M o s t o f the really g o o d fossils f r om Arar ipe are preserved in concre 

t i ons—masses o f l imestone chemical ly prec ip i tated f r om wate r around dead 

organisms. Had the organism no t been there , the l imestone may not have 

c o m e out o f solution and the concre t i on may not have f o r m e d . But because 

the concre t ions did f o r m , they prese rve animals in exquisi te detail . T h e 

concre t ions can be p l opped into a bath of acid and super skeletons wi l l yawn 

into the l ight. T h e y are truly magni f icent fossils. T h e acid-preparat ion tech

nique has on ly been used on them for a short t i m e , but fossils in the Arar ipe 

concre t ions have been k n o w n for o v e r a century and a half. Virtual ly every 

museum that is serious about fossils has s o m e , and eve ry rock shop has one 

o r t w o for sale. 

T h e concre t ions f o rm as a react ion b e t w e e n the chemistry of the lake 

wa t e r and the organic mat ter of a dead organism. Thus they are only found 

in strata that ref lect a suitable env i ronmenta l chemistry . G i v en the varied 

history o f Lake A ra r ipe , on ly s ome o f the strata contain concret ions , but 

luckily many of the o ther strata also preserve fossils, e ven i f they are not so 

spectacular. 

T h e f ish fauna f r o m Lake A ra r ipe is t r emendous . T h e r e are at least 

t w e n t y - o n e di f ferent genera . Vir tual ly all o f them are k n o w n f r om exce l l ent 

c o m p l e t e skeletons. T h e r e is a kind of p r imi t i ve shark. T h e r e is a ray. T h e r e 

is an abundance o f bony f ish. T h e r e are even t w o kinds o f coelacanth, 

lobe- f inned f ishes that are distantly re lated to the f irst amphibians that came 

out o f the wa t e r to conquer the land. Strangely enough, like Lake Ma law i , 

Lake A ra r ipe lacks lungfish, even though they are k n o w n to have inhabited 

G o n d w a n a at the t i m e , and as in Afr ica , there are lungfish l iv ing in South 

A m e r i c a today. 

Besides f ish there is a huge list of o ther species. T h e r e are vast numbers 

o f insec t s—cockroaches , mayfl ies, dragonfl ies, t e rmi tes , cr ickets, katydids, 

l ea fhoppers , grasshoppers, wasps, and m o r e . T h e r e are spiders. T h e r e are 

shr imp and crabs. T h e diversi ty o f animals is amazing. T h e r e are plants t o o . 

T h e r e are ferns and coni fers and a var iety of f l ower ing-p lant po l l en . W h a t 

Lake Arar ipe does not have is an abundance or diversi ty of land-dwel l ing 

ver tebrates , and the reasons for that should be obv ious : Unless a carcass ended 

up in the m idd l e o f the lake, i t cou ld no t be p rese rved . 
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Arar ipe is an important site in pa l eon to l ogy because of its locat ion, nex t 

to the place w h e r e Gondwana b roke apart, and its age. In all probabi l i ty it 

straddles the t ime interval w h e n Afr ica and South Amer i ca made their f inal 

separation. T h e r e f o r e i t p rov ides us an absolute baseline of what to e xpec t 

in both continents when they set out on their individual paths of history. 

T h e r e may have been geographic and eco log ica l variation away f r om the 

center of the cont inents, but the area around Arar ipe was the same for 

both. I t w o u l d be wonder fu l i f there w e r e m o r e sites l ike A ra r ipe , perhaps 

a f e w places direct ly comparab le to it . But there are not , so we use what 

w e have. 

Some of the f ish so beautifully represented in Brazil are k n o w n f r om less 

comp l e t e and less numerous spec imens found in rocks of a similar age in 

Afr ica. T h e similarities w i th fossils in W e s t A f r i c a — N i g e r and C a m e r o o n — 

are particularly strong, as you might expec t in rocks of the same age that w e r e 

so close toge ther at the t ime they w e r e f o r m e d . T h e similarities are no t 

l imi ted to f ish. Araripesuchus, the crocod i l ian , is one of several animals k n o w n 

f rom both cont inents, but best k n o w n f r o m Ara r i pe . T h e r e is the turt le 

Araripemys. A n d there are frogs f r o m both cont inents . 

T h e f ly ing vertebrates preserved at Arar ipe are exceed ing l y interesting, 

although none is p rese rved , or preserved so w e l l , in Afr ica . T h e r e is a b i rd 

feather. T h e r e is also a m ind-bogg l ing diversi ty of pterosaurs, f lying rep 

t i les—archosaurs m o r e p r e c i s e l y — r e l a t e d to dinosaurs and crocod i l es . The i r 

w ing membranes , c o v e r e d w i th l itt le hairy pro jec t ions , w e r e supported by an 

immense ly e longated forth dig i t , the r ing f inger . T h e y w e r e a lmost certainly 

f i sh-eaters . T h e y congrega ted around Lake Arar ipe l ike terns and petre ls o v e r 

a bay, soaring, swoop ing , and d ipping f ish f r o m the surface waters of the lake. 

T h e r e are no less than fourteen species found at A ra r ipe . T h e real ly endear ing 

thing about them is the unreal shape of their l i ght -boned skulls. T h e y have 

long snouts, but s ome of them have bizarre bony sails on their noses. These 

supposedly he lped them cut through the wa t e r as they d o v e to catch a si lvery, 

slithery fish. 

T h e r e are a f e w dinosaur fragments f r om Ara r ipe , but not many, and none 

of those that have been studied is particularly diagnostic. O n e has been cal led 

an ornithischian, and that w o u l d no t be unreasonable consider ing that 

Ouranosaurus l i ved just across the rift in N i g e r and C a m e r o o n . T h e r e is at least 

one the ropod , again not surprising, and a couple of o ther specimens need ing 

preparation or under study. 
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I f we take things at face va lue, Lake Arar ipe was a large body of wa te r in 

a flat, dry country . T h e land was open , the v i e w unobstructed by dense 

vege ta t ion (F igure 3 5 ) . L o w - g r o w i n g ferns, horsetails, bushy shrubs, and 

occasional p r imi t i ve f l ower ing plants c o v e r ed the g round . Herbaceous conif

ers g r e w on salty flats along the shore. A l l but the ferns and horsetails are only 

distantly re lated to l iv ing species. T r e e s such as m o n k e y puzzles and other 

coni fers that have no l iv ing descendants do t t ed the landscape and c lumped like 

junipers on gent le slopes. 

T h e waters of the lake t e e m e d and its surface r ipp led w i th f ish chasing 

mayfly larvae and shr imp. Crabs scavenged the shallows near the shoreland, 

but not the depths w h e r e there was no o x y g e n . A plethora o f soaring 

pterosaurs chose the f ish menu f r o m their vantage in the air. They nested 

among the distant cliffs of hills and mountains associated wi th the rift valley 

and its structures, s ome of them visible on the hor i zon , and f r om which the 

pterosaurs launched themselves to f ly and to g l ide w i th ease on thermal 

currents. Birds skittered in the scrubby trees nearby. Tur t l es and amphibious 

c rocod i l es sunned themselves . Arahpesuchus, the small and agile terrestrial 

c r o cod i l e , pounced . Frogs hopped away , escaping among the ferns and 

horsetai ls, bouncing in the tubs that w e r e dinosaur footpr ints , made when 

they t rampled along the wa t e r ' s edge as they came to dr ink. 

C o m p a r e that imaginary vision to the Dinosaur Beds of Ma law i (see Figure 

30 in Chapter 4 ) , the same age , but way across the Afr ican por t i on of the 

Gondwana cont inent . T h e c l imate was seasonally arid, but not so hosti le. T h e 

land was rough and b roken , verdant in the rainy season, less so when it was 

dry . T h e r e w e r e mountains nearby. Th i ck gal lery forests o f monkey puzzles 

and their coni ferous relat ives l ined the permanent streams. T h e surrounding 

wood lands w e r e open but g r e w m o r e densely up hillside canyons. T h e open 

g round spor ted a cove r of l o w shrubs, tiny f lowers, and ferns. Cycads and 

s imi lar- looking plants, dist inct ive w i th round , stumpy stalks topped wi th 

l ong , pa lml ike c r owns o f dark g r eene ry , f i l l ed the intermediate heights be

t w e e n the herbage and the t rees . In the rainy season wa t e r f lowed briskly 

d o w n f r om the mounta in f lanks in the channels o f intermit tent streams. 

Horsetai ls and ferns g r e w along the wa t e r ' s edge . Fish occasionally fought the 

currents. T h e r e was no lake, so there w e r e f e w e r pterosaurs in the sky. But 

there w e r e frogs and turtles a long the banks, and they, t o o , l ike their cousins 

at A ra r i p e , found c o m f o r t in the backwater ponds f o r m e d f r om dinosaur 

footpr ints . 
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FIGURE 3S: A view of the Cretaceous lake at Araripe, Brazil. Lake Araripe was in 

the middle of a dry, flat country—the Gondwanan interior. It had no outlet. Its 

shores were dotted with horsetails, Jems, conifers, and occasionally a small 

flowering plant. Frogs, turtles, and crocodiles inhabited the shores. Dinosaurs 

visited to drink and left their footprints in the soft earth. The waters teemed with 

fish. Here a pterosaur is eating the coelacanth AxELRODlCHTHYS. 
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Through the g reenery , crashing this way and that, a family g roup of 

Malawi-saurus b r o w s e d , each stopping eve ry f e w feet to pluck the fol iage that 

g r e w in the easily accessible hemisphere around the front end of its body . 

Malawi-saurus used its l ong neck to take its head to the f ood . Stegosaurs 

munched , t o o , but their heads w e r e carr ied l o w e r to the g round and their 

necks w e r e not so long . T h e y ate the shorter plants. A l l o f t h em , sauropod 

and stegosaur, w e r e wa tched . W h e n they wa lked t o o close to a co lony o f the 

mammal l ike Ma law i crocs , the furt ive l itt le beasts t o ok shelter in their 

b u r r o w s . W h e n the dinosaurs passed by , when danger passed, out popped the 

crocs , searching anew for bugs (see Figure 3 4 ) . T h e dinosaurs w e r e be ing 

watched by someth ing else as w e l l . Imagine a young d ip lodoc id on the other 

side of the r iver be ing stalked by a the ropod . 

Cou ld that have been the way i t was? A r e those images of Arar ipe and 

the Dinosaur Beds realistic? That I do not k n o w . We may never k n o w . 

But they are reasonable p ictures , g i ven the in format ion we have. That in

fo rmat ion is not ex tens ive . T h e r e are s ome fossil leaves and po l l en f r om 

Arar ipe . Addi t iona l leaves and po l l en are k n o w n f r om nearby C a m e r o o n . 

T h e r e are only a f e w tiny fruit or seedl ike plant fossils f r om Ma law i , and 

we have no idea what the plants that p roduced them l ooked l ike. O the r 

inferences as to what the Cretaceous vegetat ion was like in Ma law i or 

Arar ipe c o m e f r om a genera l o v e r v i e w o f the plant-fossil r e co rd . We have 

a pret ty g o o d idea o f what was g r o w i n g on the planet , and we have some 

idea of the distr ibution of species in di f ferent c l imates and in some eco log 

ical con tex ts . T h e reconstructed images o f A rar ipe and the Dinosaur Beds 

are just best guesses, but they are consistent w i th the data, and they can 

be co r r e c t ed w h e n they need to be . For n o w , that i s h o w I see them. To 

place them in perspec t i ve , these reconstruct ions should be v i e w e d as hy

pothet ical frames in a f i lm of t i m e . T h e y are di f ferent f r o m that presented 

for Tendaguru in Chapter 1. Tendaguru had di f ferent animals, apparently 

across the board , although some of them are grossly similar to those found 

in Ma law i . T h e plants w e r e di f ferent. At Tendaguru , 145 mi l l ion years 

ago , there was probably a greater var iety o f coni ferous plants. T h e r e w e r e 

no f l ower ing plants that we k n o w of. In younger t imes , in the Late Creta

ceous , f l ower ing plants w e r e on the r ise. T h e p ivota l t ime for them seems 

to be the Early Cre taceous , the t ime represented by Arar ipe and the D ino 

saur Beds. A l o n g w i th the abundance of f l ower ing plants, the dinosaurs o f 

the Late Cre taceous w e r e di f ferent f r o m earl ier t imes . 
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No matter h o w cor rec t o r incor rec t the vision o f Ma l aw i ' s Dinosaur Beds 

might be , no mat ter h o w precise and accurate the reconstruct ion, the t ime 

preserved in the Dinosaur Beds was on ly a t empora r y phase in the evo lu t ion 

of l i fe. Every t ime interval b e c o m e s the nex t , and as t ime changes, things are 

no longer the same. 
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MY F IRST E X P E D I T I O N t o M a l a w i was c o m p l e t e d . We had found no 

mammals , wh ich is what we w e r e pr imar i ly after on that t r ip . Lucki ly the 

mammal l ike c rocod i l e m o r e than made up for our shortfall in te rms o f 

e x c i t emen t and scientific interest . T h e Ma l aw i c roc to ld us about a species, 

interest ing in its o w n r ight , that was around at the t ime the ve ry ancient 

ancestors o f l iv ing mammals e m e r g e d . But early mammals in Afr ica w e r e 

turning out to be frustrating and e lusive. I did not ge t one in Kenya , w h e r e 

I f irst l o oked . That was strike o n e . I did not ge t one in Ma law i , w h e r e I 

cont inued the search. That was strike t w o . Even w o r s e , the prospects o f eve r 

ge t t ing tiny mammals f r om the sandy rocks of the Dinosaur Beds did not l ook 

promis ing . Never the l ess I still wan ted to f ind them s o m e w h e r e . 1 was m o r e 

conv inced than eve r , stubborn in my op in ion , that k n o w i n g about them was 

impor tant for k n o w i n g about the mammals o f the m o d e r n w o r l d , and that 

includes us. I t was impor tant to f ind t h e m . I f I was to avo id striking out 

a l together , my search for early mammals in Afr ica w o u l d have to go farther 

afield. 

In January 1986 I had the oppor tun i ty to go to C a m e r o o n in francophone 

W e s t Afr ica (F igure 3 6 ) . My French is abysmal, I am not proud to say, but 

what a great oppor tun i ty this was . A mult inat ional pro ject c omposed of 
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FIGURE 36: Location map of Africa with Cameroon stippled. The Koum Basin is 

below the kink to the south of Lake Chad. The dinosaurs of the Koum Basin lived 

on the eastern side of the South America—Africa rift at the time (probably) that 

Lake Araripe existed on the western side of the rift. 
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Cameroon ians , French, and my o ld buddies f r om Pakistan and Kenya days, 

mainly British and Amer i c an , was ex tend ing the search for m o r e fossil ev i

dence o f human evo lu t i on . Virtual ly nothing o f significance to that issue was 

k n o w n f rom all o f W e s t Afr ica . N o r w e r e there any bona f i de gor i l la o r 

ch impanzee fossils k n o w n f r om anywhere . T h e fossil r eco rd o f the ape and 

human d i v e rgence needed w o r k . W i t h o u t doubt , W e s t Afr ican fossils, i f they 

cou ld be found, w o u l d be ve ry impor tant for understanding the evo lut ionary 

history of the great apes and humans o v e r the past twen t y mi l l ion years. This 

was t o o g o o d a pro jec t for me to pass up, even though my major research 

interest had begun to shift to the much o lde r rocks of the Cre taceous . Besides, 

C a m e r o o n was the f ina l po int o f contact b e t w e e n South Amer i ca and Afr ica. 

I f things g o t s l ow in the younger rocks, maybe I could ge t a peek at the ones 

that r e c o rded the ancient ri ft ing on the east side of the At lant ic , perhaps I 

might even f ind some fossils, maybe even early mammals . T h e o ther m e m b e r s 

o f the exped i t i on w e r e agreeable to this; they cou ld see the significance o f the 

o lde r rocks also. So of f I w e n t to C a m e r o o n . 

T h e name C a m e r o o n has always sounded un-Afr ican to me in the same sort 

o f way that C o t e d ' l v o i r e , or I vory Coast as we used to say, does not sound 

Afr ican. T h e y do not because the w o r d s are not Afr ican. C a m e r o o n is a 

European w o r d . In the f i f teenth century the Por tuguese sailed into the estuary 

o f the W o u r i R i v e r and found i t t e em ing w i th shr imp. T h e name o f the 

country der ives f r om the Por tuguese w o r d for " p r a w n s . " 

T h e nor thern half o f C a m e r o o n , w h e r e mos t o f the country ' s game 

resides, is also the best p lace to search for fossils. It is ar id, but not so dry 

as nor thern Kenya . It, t o o , has a large lake in the nor th , just as Kenya has. 

C a m e r o o n bare ly reaches to Lake Chad, a lake as we saw in Chapter 6, which 

has no out le t . T h e Benoue R i v e r , full o f h ippos, f lows across the countryside 

to the south o f Lake Chad to its conf luence w i th the N i g e r . T h e Benoue 

prov ides a bounty of fresh f ish, and it supplies wa t e r for small truck gardens, 

the products o f which make their way to the bustl ing markets o f northern 

C a m e r o o n . T h e N i g e r debauches into the O c e a n a t the Gu l f o f Guinea, w h e r e 

its delta f o rms the eastern edge of the Bight of Benin. 

Back in the nor th , the roads leading to the fossil g rounds f r om our staging 

area at the Eco le de Faune, the school o f w i ld l i f e , in the dust -bowl t o w n of 

Garoua are l i t tered w i th army check posts. T h e soldiers are usually drunk on 

Beaufort or T r en t e - t r o i s , the local bee r , and they can b e — l i k e to b e — r a t h e r 
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fr ightening. They seem to enjoy it. Glar ing through squinting, soggy eyes in 

the brill iant Afr ican sunlight, they f ish for br ibes, usually halfheartedly. 

Clutching their weapons , they scrutinize clearance papers f r om a discerning 

i f i l l iterate perspect ive . T h e y examine the gear in the back of the T o y o t a . 

Most ly they just cast glances f r om under heavy lids t owa rd the rear w i n d o w . 

Occasional ly their c l ammy f ingers, l ike the tentacles of an oc topus , e xp l o r e 

our goods as if searching for a valuable morse l . It is a chil l ing expe r i ence . But 

soon the so ld iers ' games are o v e r and the check posts are in the r ea rv i ew 

mi r ro r . 

Mos t o f the peop l e in this area o f nor thern C a m e r o o n are Fulbe. T h e men 

dress in f lowing kanzus and cove r their heads w i th e m b r o i d e r e d tarbooshes. 

The i r re l ig ion is Islam. T h e y are farmers , g r o w i n g co t ton for e x p o r t , mi l l e t , 

peanuts, tomatoes , and okra. A n d they are herders . The i r cattle are long-

horned zebu. Some o f the m e n , especial ly the o lde r ones , wea r w i d e -

b r i m m e d straw hats w i th pinnacled c r owns o v e r their tarbooshes, t ied under 

their chins. T h e y g ree t each o ther enthusiastically, "Jaam, jaam." T h e m o r e 

nomadic and traditional o f the Fulbe , the M b o r o r o , may tat too their faces, 

even today. M o s t men carry straight daggers. Leather is dyed purp le , a 

remnant o f the crafts o f ancient T i mbuk tu , and w o r k e d into scabbards or into 

pouches to ho ld crystals o f g a l e n a — l e a d o r e — t o be g round into black 

p o w d e r and used to accent the eyes of w o m e n . Strangely, in the far nor th , 

around Maroua , there is a tradit ion of horsemanship and swords . It, t o o , is 

a remnant of an ancient culture. It seems out of p lace, but in that part of 

tropical Afr ica horses can survive disease. 

In the markets the p eop l e o f nor thern C a m e r o o n bargain w i th unsurpassed 

v e r ve . Herbal ists, experts in traditional native med i c ine , sell pharmacopoe ia l 

t ree bark and strange animal parts, such as hyaena skin or hedgehog fur or bat 

wings or porcupine quil ls. Lea the r - cove red amulets , each containing the j aw 

of a rat or the tooth of a m o n g o o s e , or perhaps a special seed, are sold to wa rd 

of f ev i l . Tradi t ional med ic ine and other practices are s l ow to be rep laced, 

even when i t w o u l d be to the benef it o f the p eop l e . L i v ings tone , early in his 

career, gave up most o f his medica l w o r k , e x c ep t for severe cases, because 

he could not argue in n ineteenth-century Afr ican log ic against med ic ine m e n 

and the traditional be l i e f in rainmaking. T h e natives insisted that there was no 

m o r e connect ion b e t w e e n his med i c ine and the curing of disease than be 

tween their med ic ine and rain. He argued that rain falling after their c e r e m o 

nies, as it occasionally d id , was on ly co inc idence and not due to their 
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pract ices. T h e y argued that he cou ld show no bet ter for his med ic ine . 

Somet imes rain did not c o m e ; somet imes patients d ied . T h e r e was no differ

ence . L iv ingstone gave up the argument and concentrated on saving souls. 

Tradi t ional med ic ine is still pract iced . 

Shops and kiosks in C a m e r o o n are small and dingy. A l l of them carry 

stocks of t inned sardines, pi lchards, and Maj i , a soy sauce—like f ood addit ive . 

T h e larger and fancier shops are run by Lebanese traders. T h e Fali c o m e d o w n 

f r om the hills occasionally to visit the market and to buy at the shops. They 

are p eop l e o f another, much m o r e traditional l ook . Superficially they appear 

to my W e s t e r n eye like the Masai o f Kenya , on ly shorter in stature. They 

represent what is left o f the tr ibes w h o l i ved here be fo re the Fulbe migrated 

into the area and supplanted them. 

T H E C A M E R O O N Pro jec t started a year be fo re I j o ined it. T h e French 

cont ingent was led by M iche l Brunet f r om Poi t iers , a suave continental w i th 

fieldwork exper i ence in Iraq and Afghanistan. He is a specialist on mammals . 

W i t h h im was A b e l Bri l lanceau, a reg is tered w i n e taster and chain smoker of 

Gauloise c igarettes, an eng ineer and geo log i s t . He managed vehic le logistics 

for the pro jec t and he lped out w i th the g e o l o g y . Jean De jax was the tall, slim 

paleobotanist w i th a g o o d sense of humor . Sevket Sen was a native Turk , but 

a natural ized French ci t izen. He had been w i th M iche l in Afghanistan and was 

prof ic ient in both fossils and pa leomagnet i sm. He was there only in my f irst 

of three seasons. O t h e r French col leagues came in the later seasons, or at 

t imes w h e n I was not in the f ie ld. T h e r e w e r e quite a number of them. 

T h e Amer i can and British cont ingents w e r e beg inning to w i n d d o w n their 

invo l v ement after the initial exped i t i on to C a m e r o o n in search ot fossil 

humans and gor i l las. In the second exped i t i on we cont inued to search for 

these things, but as the probabi l i ty for f inding them g r e w less and less as m o r e 

and m o r e area was searched unsuccessfully, we began to shift emphasis to the 

Cre taceous , specifically to the search for early mammals . T h e only person 

w h o p rov i d ed continuity f r om the f i rs t tr ip to the nex t among the anglo-

phones was Larry Flynn. He is a happy guy , or ig inal ly f r om Cleve land , w i th 

w h o m I had been a graduate student at Ar i zona . He had spent t ime at Paris 

Univers i ty , at the Amer i can Museum of Natural H is tory , and he is n o w at 

Harvard . Larry is a c ompe t en t field man, an exce l l en t scientist, and a genu

inely g o o d human be ing. He is also fluent in French. I en joyed gett ing back 
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out into the f ie ld w i th h im. T h e r e was also a graduate student f r om W y o m i n g , 

Kathy Flanagan, w h o had been an undergraduate at Ar i zona w h e n Larry and 

I w e r e graduate students there . This was her f i rst tr ip to C a m e r o o n . 

T h e Cameroon ian f i e ld c o m p o n e n t was led by Joseph V i c t o r H e l l , o f their 

equivalent of a national geo log ica l survey. Joseph is a sed imento log is t trained 

at Po i t iers , w h e r e M iche l , the leader o f the French cont ingent , teaches. He 

had done his graduate w o r k on the o i l f ie lds of the Gu l f o f Guinea, that part 

o f the At lant ic that f o r m e d as the open ing embaymen t b e t w e e n South A m e r 

ica and Afr ica. He is a strong, energe t i c geo log i s t , great fun in the field, and 

a f o rme r star soccer player . W i t h h im f r o m the survey w e r e Sodia, a techni

cian, and also a cook . T h e f irst c ook was sacked because he was drunk t o o 

often at breakfast. Sallee, the r ep lacement , was much bet ter , m o r e re l iable , 

and sincerely l ikable. 

O n c e Sallee bought a goat f r om an M b o r o r o wh i l e we w e r e in the field 

because i t was cheaper than buying one in t o w n . He needed the goat to pay 

for a br ide , his only w i f e having d ied shortly be f o r e . T h e idea of a bargain 

was irresistible to Joseph, w h o was also contempla t ing marr iage . He bar

tered for a big wh i t e zebu, c losed the deal , and m o n e y changed hands. 

Ar rangements w e r e made for Joseph to return on a certain date to pick up 

the steer. W h e n he d id , the M b o r o r o was n o w h e r e to be found. T h e zebu 

and the M b o r o r o herdsman w e r e neve r seen again. Joseph had been 

cheated. He had to buy another c o w in t o w n for m o r e m o n e y than he lost 

on his original bargain, but he is marr ied n o w anyway. A l l is w e l l that ends 

we l l . 

Occasional ly we had w i th us a genera l ly unrel iable dr i ver named Samuel. 

I once caught him at 10:00 A.M. in the camp supply tent , in bed wi th a 

prost i tute. For a number of reasons I thought this to be p o o r f o rm . Samuel 

is a big boy and he can do what he w a n t s — b u t not in camp. His activities 

certainly w e r e not in the best interests of obtaining the exped i t i on object ives . 

Besides, the presence of strangers, much less prost i tutes, leads to p i l ferage. 

Joseph, as the ranking Cameroon ian , cal led Samuel out and instructed h im to 

dismiss his consort . A m o r o u s Samuel was so drunk, he ve ry nearly sloshed 

o v e r flat on his face. He was not particularly contr i te . M o r e o v e r , he was sulky 

for a day or t w o because his party had been put to an unt ime ly end . Finally 

a rabbit was brought into our camp by a v i l lager . Samuel purchased it and had 

it c ooked . I cannot r e m e m b e r i f he did it himsel f or i f he had Sallee do it; 

probably the latter. He passed around port ions of the del ic ious lapin as a peace 
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of fer ing. Samuel was happy again, and he behaved after that, but he was not 

g i ven much r o p e . 

F I E L D W O R K U N D E R condit ions o f hardship can be try ing, and strains can 

be exacerbated i f results are s l ow to c o m e . C a m e r o o n was tough duty, mainly 

because fossils w e r e hard to c o m e by . T h e c r e w , be ing a m ix ture o f dif ferent 

cultures, was cal led upon for special understanding, to l e rance , and f lexibi l i ty. 

It is impor tant to have a pos i t ive f o rce such as Larry Flynn invo l ved in projects 

like that. It keeps things on an even keel to have a fair, unflustered mind to 

deal w i th pe t ty , unnecessary, and even meaningless p rob l ems that might 

c reep in w i th the aggravat ion and t ed ium of s l ow progress . 

A n d progress was s l ow at first in C a m e r o o n . T h e large c r e w d iv ided into 

smal ler groups to make exp lo ra to ry missions. I t o ok a g r oup to the M b e r e 

R i v e r , wh ich is in a spectacular val ley w i th its steep southern wal l rising 

sharply across the r iver f r om our camp. T h e val ley f loor was most ly c o v e r ed 

w i th f laming-red later i te , an i ron-r ich tropical soil that destroys all fossils. It 

was do t t ed w i th abundant, orange- f rui ted palms and luscious avocado trees. 

Mushroom-shaped t e rmi t e mounds e m e r g e d f r om the g round . Elephant grass 

g r e w in profusion. This was no t the ideal place to l ook for fossils. R o c k 

exposures w e r e just plain miserable . We had to adapt a special strategy just 

to find them. We g o t local guides to take us around f r om place to place w h e r e 

they k n e w patches o f g o o d r ock might brave the surface. We l ooked in all the 

wa t e r we l l s . N o luck. W e l o oked w h e r e w o m e n dug clay t o make pots . N o 

luck. We hiked the streambeds. Still no luck. But the val ley was pleasant and 

the avocados w e r e del ic ious. 

T h e peop l e o f C a m e r o o n are v e ry enjoyable , but their eating habits can 

take a l itt le ge t t ing used t o . T h e y have a catholic d ie t ; they eat everything. 

T h e r e s e emed to be nothing that m o v e d about o f which Joseph w o u l d not say, 

" I t ' s a v e ry g o o d m e a t . " O n c e w h e n we w e r e i n t o w n , Joseph o rde red 

m o n i t o r l izard at the Ostr ich Restaurant. It tasted like chicken. I saved the 

bones and brought them back to my lab in Dallas. M o n i t o r l izard, to m e , was 

odd enough, a culturally fore ign dish, but another t ime wh i l e crossing the 

M b e r e R i v e r on a pont des lianes, a br idge of vines spanning the wate r , on a 

long walk in search of rock exposure , we m e t a man carrying a gunnysack. 

He and our gu ide , Daouda, the chief 's b ro ther , engaged in a l ive ly conversa

t ion in the language of the Fulbe p eop l e . Inside the sack was a dead, dressed 
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python o f immense propor t i ons . T h e snake's carcass was dest ined for the 

larder. In addit ion to the meat , there was a sticky w a d of g o o e y ye l l ow ish 

python fat and some python eggs taken f r om inside the body . A f t e r cont inued 

palaver, Daouda stretched an o o z y mass of fat on t o a banana leaf. W i t h this 

generous gift f r om his f r iend, we w e n t on our way . I suppose Daouda en joyed it. 

A f t e r all the possibilities of rock exposures and all the leads on fossil 

localit ies wi thin walk ing distance o f the M b e r e R i v e r camp w e r e exhausted, 

we w e r e forced t o expand the reconnaissance. We d r o v e out f r om camp in 

the morn ings , stopping at e ve ry l itt le v i l lage to inquire about po t t e ry clay. We 

w e r e shown pits and scoured them for fossil f ragments . No luck. Soon we 

w e r e running out o f days and trave l ing long hours to reach new vi l lages. T h e 

process was b e com ing tedious. W i t h four o f us in the g r o u p , there w e r e m o r e 

peop l e than necessary to do the j o b . I t w o u l d have been efficient only w i th 

one or t w o p e o p l e , and they w o u l d need the pat ience o f Job. 

I started to b e c o m e concerned because there w e r e no tangible , posi t ive 

field results c om ing out of the M b e r e Basin. T r u e , I was ge t t ing a handle on 

the regional g e o l o g y , and I had go t t en a first but rather uninspiring g l impse 

of the Cameroon ian Cre taceous . But I wanted at least to g e t enough samples 

and raw data to der i ve s ome kind of scientific contr ibut ion f r om the sojourn 

at the M b e r e . At that t ime studies o f mo lecu lar evo lu t ion w e r e c om ing into 

vogue . D N A comparisons based on mo lecu les taken f r om fresh l iver o r other 

organs could show h o w di f ferent, or similar, t w o species might be . I had 

already used fossils to try to f igure out the relationships of rats in Pakistan and 

Kenya. It was grasping at straws, but if I could not ge t fossils, perhaps I could 

get some mouse l ivers for s omeone w h o w o u l d sample the D N A , and then 

the hypotheses based on fossils could be tested. 

Rodents are always cons idered pests, disease vec to rs , and destroyers o f 

grain. Humans wage a constant battle against them. T h e y are never p ro t ec t ed 

in the Deve l op ing W o r l d (and very f e w r oden t species are endangered or 

pro tec ted in the W e s t e r n w o r l d ) . By sampling their populat ions in the M b e r e 

Val ley some contr ibut ion to understanding their b i o l ogy and evo lu t ion could 

be made . Th rough that we w o u l d k n o w m o r e about b io l ogy and evo lut ion in 

general . Because rodents are basically a p lague, no one w o u l d e ve r care i f they 

w e r e caught, much less i f their l ivers w e r e donated to sc ience. I was not 

concerned about catching anything f r om them ; I had been inoculated for 

bubonic plague. T h e w i l d m ice o f the M b e r e Va l l ey are not particularly 

insidious in their effect on humans, but had I k n o w n that the vi l lage of Lassa, 
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for wh ich the r oden t -bo rne hemorrhag i c disease Lassa f ever was named , was 

just across the bo rde r to the wes t in N i ge r i a , I might no t have been so anxious 

to gut the specimens and extract their organs. 

It was the dry season, and the tall grass was be ing burned off, as it is o v e r 

much o f A fr ica eve ry year , t o make way for n e w g r o w t h m o r e suitable for 

graz ing catt le . I engaged a coup le of v i l lage boys to catch rodents for m e . T h e y 

w o u l d set f ire to a stand of e lephant grass, then catch the m ice scampering 

f r o m ho le to ho l e . I t was e f fec t ive , but there are certain hazards to this 

m e t h o d w h e n pract iced ba re f oo t ed . T h e boys alternated mouse catching w i th 

jump ing up and d o w n to c oo l the cal loused soles o f their feet . 

My mouse co l l ec tors w e r e successful in obtaining a small but diverse 

sample . T h e y g o t perhaps half a dozen species. I dec ided to keep on co l lec t 

ing, so I bought a number of mousetraps at the marke t . O n e even ing , near 

the t o w n of N ' G a o u n d e r e , named for a huge bou lder perched atop a hill and 

shaped l ike an outy-sty le be l ly but ton , I chose what I thought to be a ve ry 

l ikely spot to set the trap l ine. W h e n I w e n t to check the traps at dawn , I 

found some other p e o p l e — C a n a d i a n s , as I r e ca l l—a l s o checking traps. T h e y 

w e r e after rodents for a di f ferent reason, and the spot had l o oked g o o d to 

them t o o . N e i t h e r g r oup had been aware o f the o ther ' s activit ies. I had no 

idea anyone else in the nation of C a m e r o o n was engaging in scientific rat 

trapping. I am certain they also d id no t . W h a t an amazing co inc idence that 

we should b u m p into each o ther , do ing the same thing, at the same place, on 

the same night! Unfor tunate ly for the trappers , the rats avo ided both trap 

lines. 

In o rde r to preserve D N A , I was to ld by my mo lecu lar co l leagues, the l iver 

and other organs of the spec imen w e r e to be p laced in ethanol. W e l l , I had 

no ethanol out in the field in the M b e r e Basin. So I used gin. U l t imate ly I 

turned the preserved specimens o v e r to a mo lecu lar b io log is t w i th lots o f 

Afr ican exper i ence so that he cou ld study them. Alas , t echno logy is making 

my co l l ec t ing m e t h o d all but obso le te . N o w there are c loning techniques to 

mul t ip ly m i n o r amounts o f D N A such as can be r e t r i e ved f r om stuffed 

museum spec imens, and f r om that to make enough for comparat i ve purposes. 

M i c e can rest easier for it. 

T h e M b e r e Va l l ey did not p roduce fossils o f any kind, much less ancient 

mammals . We headed back to headquarters in Garoua to r eg roup . I t was 

dec ided that the K o u m Basin, farther to the arid nor th , was w o r t h a visit. A 

r i v e r , the M a y o R e y , cuts through the e longate basin f r om east to wes t . A l o n g 
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its val ley there are exposures of rock . I saw purple shales of the Cre taceous . 

These w e r e the best - look ing sediments I had seen in all of C a m e r o o n . Much 

of the g round was concea led by laterite and elephant grass. Stil l , the K o u m 

Basin is dr ier than the M b e r e and i t has much m o r e r ock exposure . T h e m e r e 

sight of those rocks after all the days of searching clay pits was enough to 

exc i te my spirit. 

T h e K o u m Basin is r e m o t e , ly ing as i t does along the bo rde r w i th Chad. 

In certain seasons the ev i l , dust-laden w inds of the harmattan b l o w south f r om 

the Sahara, choking and bl inding p eop l e and animals and turning the sky 

y e l l o w . At o ther t imes it is just hazy, a combinat ion of dust and the ubiquitous 

smoke o f Afr ican f i res . 

A road runs d o w n the axis of the basin, along the north side, parallel to 

the M a y o R e y , f r om the t o w n o f T cho l l i r e in the wes t to the vi l lage o f M a y o 

Djarendi and beyond in the east. To the nor th of the road is the Boubanjida 

G a m e Rese r v e , t e eming w i th w i ld l i f e . To the south i s the r i ve r w i th e x p o 

sures of rock . Animals are plenti ful in the basin. W h i l e prospect ing for fossils 

I once surprised a poacher render ing poison and fixing it to his a r rows . In the 

dry season W e s t e r n hunters pay fees to shoot the animals that stray of f the 

reserve . C a m e r o o n , even in this day and age, has a strong cont ingent of 

Europeans migrat ing south e ve r y year to hunt. In fact the g o v e r n m e n t encour

ages it. It is big business. Afr ica has it as part of its l ong legacy. M o s t of the 

books wr i t t en about Afr ica in the n ineteenth century speak grandly of sport 

and game . But of course we have not been in the nineteenth century for a 

long, long t ime . Conservat ion and g a m e management are beg inning to mean 

something in deve l op ing Afr ica these days. W h e n hunters in C a m e r o o n go out 

into the bush, they often make their way d i rect ly to the K o u m Basin, to the 

area border ing the game preserve . T h e y stay at Rh inoceros C a m p , a rondaval 

on the r iver terrace o v e r l o ok ing the M a y o Rey south o f the v i l lage o f K o u m . 

They can hire a c ook . T h e y can f ind guides to take them out on the game trails 

and to dress their kills. As a consequence the area around the camp is l i t tered 

wi th the bones of animals left o v e r f r o m hunters and scattered about by small 

animals and birds c o m e to pick them clean. Rh inoceros C a m p is central ly 

located for our w o r k , and since it is c lose to the r i ve r , i t is conven ient for 

sieving. I t is re lat ive ly safer than the m o r e r e m o t e east end of the basin. We 

occasionally set up our tents and mosqu i to nets in the clearing there . 

Elephants are t o o w ise to stray far f r om the p ro t ec t i on o f the game reserve 

during the hunting season. In the rainy season, when f i fty or so inches of rain 
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falls, they c o m e d o w n past the vi l lages along the road. The i r dung and spoor 

are e v e r y w h e r e . Perhaps seeing m o d e m elephant tracks is what turned our 

eyes to the tel l tale traces preserved in the rocks . On the ve ry f i rst tr ip to the 

K o u m Basin, wi th in the f i rs t day or t w o , Kathy Flanagan found dinosaur 

footpr ints near Rh inoceros C a m p . W i t h that we w e r e f i na l l y get t ing some

w h e r e in the Cameroon ian Cre taceous . 

We did not have long in the basin, only a f e w days. Bones failed to 

mater ia l ize around Rh inoceros C a m p . We d r o v e east t o M a y o Djarendi and 

parked on the road near the r i ver . We searched throughout the hot a f ternoon. 

Flanagan found a single scrap of b one . T h e nex t day we had to leave the basin 

because our flight f r om Garoua and out o f C a m e r o o n left in the even ing . T h e 

f ield season was all but o v e r . It was a f ive-hour dr i ve f r om the K o u m Basin 

to Garoua, three o f them o v e r grue l ing dirt roads. Still, M a y o Djarendi 

l o oked g o o d . We dec ided to return to the area early in the morn ing to put 

in just a f e w hours ' prospect ing . 

W a l k i n g and look ing , wa lk ing and look ing . N o t h i n g turned up. We w e r e 

to m e e t at the Land Cruiser at high n o o n — s h a r p . I l ooked at my watch; I had 

to make my way back r ight away. I sped along at a brisk wa lk , eyes g lued to 

the g round m o v i n g under the pendula o f my feet . A l l o f a sudden my psyche 

was shaken. My left f oo t came d o w n direct ly on top o f a dinosaur bone . 

T h e r e was no way to co l l ec t the bone in the t ime available. I could not 

e v en do a thorough survey o f the area. We had to ge t back to t o w n . O u r A i r 

C a m e r o o n f l i ght w o u l d no t wa i t for us i f we w e r e late. I l o oked hurriedly 

around. T h e r e was a lo t o f bone weather ing out . A n d there was small bone 

in the purp le mudstone matr ix en t omb ing the dinosaur bits. This spot had to 

be w o r k e d . That was clear. 

I t o ok out my compass and read bearings to three distant hills. T h e n I built 

a cairn to mark the spot . T h e small stone I p icked up last to c r o w n my pi le 

of rocks was a dinosaur t oo th . H e r e was a g o o d spec imen that I could take 

back, identi fy, and use to make a case for future w o r k . T h e n I t o ok pho to 

graphs. As a habit, I carry my camera in a plastic bag to keep it free f r om 

dust. A f t e r photographing the site, I f i l led the plastic bag w i th matr ix to 

sample at least s o m e small amount for mic rover tebra tes because the sed iment 

l o o k e d so promis ing . I labeled the bag K B - 6 , then placed i t on my head, 

Afr ican style , and scampered back to the veh ic le , and back h o m e to the Un i t ed 

States. 

A year passed. Dur ing that t ime I p lanned return expedi t ions to both 
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C a m e r o o n and Ma law i . I w o u l d go to C a m e r o o n in January, and then Ma law i 

in July. I talked up K B - 6 . It was the only place of which I k n e w in C a m e r o o n 

that had g o o d bones , and I was the only pa leonto log is t w h o had e ve r seen it, 

and then for on ly twen t y minutes. I screened the sample I brought back. To 

my del ight i t p roduced bones . N o t h i n g ve ry g o o d , but bones nevertheless. 

T h e r e was e v en a scrap of what I t o ok to be a minute j aw , and that I t ook 

even further to be mammal ian . On the strength o f the d iscovery o f K B - 6 , the 

dinosaur too th I had brought back, and the meage r but promis ing results f r om 

the initial sieving of a f e w pounds of sed iment , Larry and I approached the 

Nat ional Science Foundat ion for funding. T h e y responded pos i t ive ly . We had 

some m o n e y t o do the w o r k . 

N o w picture this. T h e r e we w e r e back in the K o u m Basin. I was sur

rounded by Larry, W i l l D o w n s , a graduate student, and my French co l 

leagues. I cou ld not find the site! 

"Jacobs , are you sure you w r o t e d o w n the bearings c o r r e c t l y ? " W i l l 

asked, unable to hide his disgust but try ing to be gen t l e . 

" L o u i s , i t was ve ry hot w h e n you w e r e here b e f o r e , " began Miche l ' s 

theory , spoken sympathet ical ly , but w i th an edge I am sure I imag ined. 

" P e rhaps you did not wa lk so far f r om the road as you t h o u g h t . " 

Four days we had been there , halfway around the w o r l d f r om our homes , 

searching for K B - 6 . It was humil iat ing. Since this was a mult inat ional pro jec t , 

i t was a multinational humil iat ion. W h a t could have g one w r o n g ? T h e French 

g roup , including one pa leonto log is t w h o had risen in the ranks of the d ip lo 

matic corps , had to leave . That left the Amer i can cont ingent on ly , which was 

not quite so bad on my e g o . Still, I had this subliminal, c loy ing apprehension 

that s o m e h o w honor was at stake. It felt l ike it does just be f o re an anxiety 

attack. 

T h e n John, my graduate student, found the site again. W h a t a relief. It had 

been right there w h e r e we had been look ing , w h e r e we had been standing 

whi le I felt so r idiculous. My bearings w e r e even cor rec t . W h a t had g one 

wrong? 

It was that damned burning of the elephant grass. It is done eve ry year, 

but w i th no pattern to it. T h e prev ious year , w h e n I found the site, the 

grass was unburned. This year i t was . O n c e the grass around the site was 

burned, the g round was c o v e r e d w i th black, obscuring ash. Soot c o v e r e d 

the fossils, hiding clues. T h e area around KB-6 l o o k e d sufficiently di f ferent 

f r om the prev ious year that the bones lay h idden until they w e r e s tumbled 
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o v e r again. But n o w the site was re located and the w o r l d l ooked bet ter 

t o m e . 

We spent the nex t m o n t h carefully quarrying. O u r camp was on the sandy 

bank of the M a y o R e y at the far east end of the basin, we l l away f r om 

Rh inoceros C a m p . To s leep, we stretched sisal tw ine f r om trees , on which 

we hung our mosqu i t o nets. Ten ts w e r e p i tched for those w h o pre ferred 

sleeping away f r om the equatorial v i e w of the night sky. T h e r e was a big 

supply tent and a c ook tent . Guinea f o w l and chickens w e r e te thered to an 

acacia t ree nex t to the c o o k tent . It was a pleasant camp, a twenty -minute 

wa lk f r o m the site we w e r e w o r k i n g . A t night we could watch the d i s t an t—or 

some t imes no t so d i s t a n t — g l o w o f burning elephant grass. We slept pleas

antly, e x c ep t t owa rd morn ing on the occasions w h e n a boisterous rooster 

chose to c r o w . T h e culprit became supper soon after that habit was deve l 

o p e d . O n c e , be fo re dawn had b e c o m e a serious issue, a roos ter t ook to 

c r o w i n g in the wors t imaginable way . Larry j u m p e d out o f his sleeping bag, 

sacrificing himsel f to the chill air for the g o o d of the camp , bound to quiet 

the b i rd . Bare footed and in his B V D s , Larry chased the bird around the acacia 

t r e e . I t was not a fair match. T h e bird was t i ed . But Larry still caught it. He 

c o v e r e d it w i th a bucket , wh ich sent it gent ly back to s leep, insuring that it 

was fully rested for the s tew po t . 

A mosqu i t o net was also e r ec t ed o v e r the quarry, not for bugs but for 

shade. I t was someth ing , a meage r ges ture , to cut the force of the sun's 

tropical rays and yet leave enough light for us to see what we w e r e really 

a f t e r — m a m m a l s . T h e r e was p lenty o f small bone interspersed w i th dinosaur 

teeth and fragments o f larger bones . T h e r e w e r e lots o f f rog fossils. 

T h e site had ev ident ly begun as a stream deposi t in the early stages of its 

f o rmat ion . T h e n , as stream f l ow reduced , a pond had f o r m e d . It had t e emed 

w i th f rogs. T h e pond eventual ly si lted up, en tomb ing wha teve r bones and 

bodies had sunk to the b o t t o m . T h e n a soil began to d e v e l op on the top of 

the muds that had f i l led in the pond and prese rved the fossils. T h e ancient soil 

is interest ing in its o w n r ight . It is impregnated w i th calc ium carbonate, the 

caliche o f semiar id env i ronments . T h e streams and f loodplains o f ancient 

C a m e r o o n w e r e certainly no t l ow land forests and swamps . W i t h i n the ancient 

soil f o r m e d at the t op o f the pond sediments are clusters o f e longate o vo id 

structures an inch or so long . These w e r e clearly o f b io log ica l or ig in . They 

are not fossil eggs , but what are they? T h e y turn out to be the remains of 

insects, actually the homes o f sweat bees or someth ing like them. 
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T h e insect remains are really ve ry interest ing because it is not until about 

this t ime in Earth history, the Early Cre taceous , that flowering plants began 

their vast radiation and diversi f ication. L o o k e d at another way , it was no t until 

then that the Earth gained the beauty of f lowers w i th all their f lamboyant 

colors and swee t scents. T h e co lors and the scents attract insects, wh ich in 

turn pol l inate the f lowers. I f f lowers w e r e undergo ing an evo lut ionary radia

t ion 100 mi l l ion years ago , the animals that pol l inate them must have been 

coevo l v ing right along wi th them. O t h e r w i s e , h o w could insect-pol l inated 

plants r ep roduce , and what w o u l d the pol l inat ing insects eat? N o w , i f the 

insects w e r e diversifying a long w i th the f lower ing plants, w o u l d i t not make 

sense that the animals that eat insects w o u l d be c oevo l v ing right a long w i th 

them? H e r e in C a m e r o o n , at K B - 6 , we had the remains o f social, f lower-

pol l inating insects, at the same local i ty w i th dinosaurs, f rogs , and w h o k n e w 

what else. 

O B V I O U S L Y W H A T I had hoped for was a mamma l . A l l l iv ing mammals 

have hair and produce mi lk to nurture their young . T h e y can be d iv ided into 

three fundamental groups distinguished by their m e t h o d of r eproduct ion as 

we l l as other features (F igure 3 7 ) . T h e f i rst g r oup of l iv ing mammals is the 

egg- laying m o n o t r e m e s . T h e second is the pouched marsupials, w h o g i ve 

birth to poor l y d e ve l oped young , bo rn at quite an immature stage. T h e y are 

hairless and pink and bl ind, but their arms are strong for their size. T h e y c l imb 

f r om the vagina, up the be l ly o f the mo the r , pul l ing themselves along f r om 

hair to hair, until they reach the pouch. O n c e inside, the young marsupial 

swa l lows a n ipp le , and for mos t of the remainder of its life in the pouch, i t 

is p o w e r fed mi lk by muscular contract ions in the breast of the mo the r . It is 

a g o o d life i f that f irst j ourney can be made successfully. T h e third g roup of 

l iving mammals is the placentals, which retain a deve l op ing fetus in the uterus, 

nourishing it through a placenta. 

T h e platypus and echidnas, or spiny anteaters, are m o n o t r e m e s . T h e y 

alone among l iv ing mammals lay eggs . T h e y are only k n o w n nowadays f r om 

Australia, Tasmania, and N e w Guinea. H o w e v e r , a fossil m o n o t r e m e perhaps 

60 mi l l ion years o ld was recent ly r epo r t ed f r o m South Amer i ca . T h e l iv ing 

opossums, kangaroos, w o m b a t s , and their relat ives are marsupials. T h e y are 

most characteristic today o f the island cont inent o f Australia, and to some 

extent , South Amer i ca . T h e Virg inia opossum is the on ly marsupial that n o w 
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FIGURE 37: A sampling of modern mammals. Clockwise from upper left, a spiny 

anteater and a platypus, both egg-laying monotremes from Australia; an Asian 

sloth bear, a placental; and a pouched kangaroo, a marsupial, also from Australia. 

Mammalian distribution, even today, bears the stamp of events that occurred 

during the time of the dinosaurs. 

l ives in the Un i t ed States. T h e r e used to be many native N o r t h Amer i can 

marsupials, as shown by the fossil r e co rd , but the trash can 'possum is a recent 

immigrant f r om South Amer i ca . Placentals are m o r e numerous and m o r e 

d iverse than marsupials, and hugely m o r e so than m o n o t r e m e s . Wha l e s , dogs , 

cats, humans, fruit bats, e lephants, in fact mos t familiar mammals , and their 

ext inct re lat ives, are placentals. T h e y inhabit mos t o f the Earth. 

208 
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O n e very important feature of mammals is that they are w a r m - b l o o d e d . 

T h e r e is a sophisticated physiological mechanism for internal t empera ture 

contro l of the body . That insures a reasonably constant, nonfluctuating t e m 

perature , maintained at an o p t i m u m for the b iochemica l processes that enable 

the organism to opera te . T h e result , basically, is that mammals are m o r e 

active animals m o r e o f ten than, say, lizards or mos t o ther rept i les . T h e r e are 

requ i rements that go along w i th be ing w a r m - b l o o d e d . Heat must be con

served . Hair , as opposed to scales, p rov ides insulation and reduces heat loss 

f r om the surface of the body . W a r m - b l o o d e d animals also requi re a m o r e or 

less constant supply of f o o d , fuel for the internal f ires i f you w i l l , as opposed 

to rept i les. A snake may eat on ly once a w e e k or so , but you eat eve ry day 

and so do most o ther mammals . So do birds, which are w a r m - b l o o d e d , and 

so w o u l d have any o ther dinosaurs that might have been w a r m through similar 

processes o f internal t empera ture cont ro l . 

Because of the changes that have occurred w i th t ime in various evo lut ion

ary l ineages, the casual observer might be hard pressed to r ecogn i ze the tiny 

shrewl ike creatures that w e r e the earliest mammals and elephants, for e xam

p le , as be long ing to the same g roup of animals def ined by the presence of hair 

and the product ion of mi lk . But they d o . Unfor tunate ly m a m m a r y glands, 

which produce mi lk , are not the sorts of things that are of much use in try ing 

to understand fossil mammals because they are just not p rese rved as fossils. 

Ne i the r is the structure of the uterus. Hair is occasionally p reserved and 

fossil ized, but not o f ten enough to be of major significance in the fossil r e co rd . 

Some features o f bone g r o w t h , apparently corre la ted w i th warm-b l oodedness , 

can be observed in fossil bone under the m i c r o s cope , but a broader under

standing of both bone g r o w t h and warm-b loodedness is necessary to put the 

suggestions of microscop ic bone structure to full use. 

T h e r e needs to be a catalog of re l iable characteristics o f the skeleton w i th 

which to r ecogn i ze fossil mammals . Such characteristics must be preserved in 

fossils, and to be o f greater use, we should be able to observe them deve l op ing 

evolut ionari ly o v e r t ime . Fortunately there are such def ining skeletal charac

teristics in l iv ing mammals and that a l lows their roots to be traced w e l l back 

into the fossil r e co rd . 

T h e structural features of the skeleton have functional significance as w e l l 

as genealogical impor tance . T h e demand for a constant f ood supply to main

tain a constant w a r m - b l o o d e d body temperature and the energet ics of such 

a l i fe-style are int imately in te r tw ined w i th the structural evo lut ion of m a m -
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mals. O n e o f the most obv ious features o f mos t mammals is their posture . 

Un l ike mos t c rocod i l es , l izards, or o ther such terrestrial rept i les , mammals 

are not sprawl ing , w i th their legs sticking out s ideways f r om the body , then 

turning d o w n at the e l b o w s and knees . T h e front and hind legs o f mammals 

are pos i t ioned d irect ly under the b o d y , transmitt ing the we i gh t straight d o w n 

the legs because of the m o r e e rec t posture . Dinosaurs are a special case among 

the rept i les because their l imbs, l ike those o f mammals , are pos i t ioned m o r e 

d i rect ly beneath the body . 

T h e jo ints in the front and hind legs o f mammals are general ly m o r e 

comp l i ca t ed , m o r e sophisticated, than in rept i les , making for a t ighter f i t of 

adjacent bones at the jo int . That is made possible by the way mammal ian 

bones g r o w as c ompared w i th those o f rept i les in genera l . T h e bone , an upper 

arm bone for e x a m p l e , is p r e f o r m e d in carti lage in a young and deve lop ing 

m a m m a l . As i t g r o w s , bone salts, the stuff that makes bone hard, are 

depos i ted in the shaft of the bone and also at the ends w h e r e the joints are. 

B e t w e e n the areas of bone-salt depos i t ion , the carti lage keeps g r o w i n g and the 

bone gets l onger . A f t e r a wh i l e the depos i t ion of bone salts outpaces the 

g r o w t h of cart i lage, and the ends fuse w i th the shaft. W h e n that happens, 

the bone essentially stops g r o w i n g in size. That is w h y i f you are twen ty years 

o ld and f ive feet tall, you might as w e l l g i v e up ideas of playing professional 

basketball . Y o u w i l l not ge t any tal ler. 

Rept i l es , as opposed to mammals , general ly but not a lways, have the ends 

o f their l imb bones encased in carti lage caps, w h e r e g r o w t h takes place wh i l e 

bone salts are depos i ted in the shaft. That g r o w t h can take place much longer , 

and the re f o re , m a x i m u m size of the individual is not f ixed in many repti l ian 

species in the same sense that it is in mammals . T h e result is that the joints 

in the l imbs of rept i les , because their bones lack c o m p l e x ends that f i t 

t oge ther l ike intricate keys , have a looser , less eff icient l ook to them than do 

the joints in the l imbs of mammals . Coup l e this w i th the di f ference in posture , 

and the genera l impression is that mammals have e v o l v e d a much m o r e 

eff icient l o c o m o t o r r epe r to i r e than most any o ther terrestrial vertebrates . I t 

is not that rept i les are incompeten t . T h e y obviously do quite we l l w i th what 

they have. It is just that mammals are di f ferent. T h e util ity of an efficient 

skeleton w i th respect to d iet in a w a r m - b l o o d e d animal is in m o v i n g it to its 

f ood source , p rov id ing the t o o l s — n o t a b l y teeth and c l a w s — w i t h which to 

catch and procure a mea l , or enabling i t to flee to avo id becoming one . 

Mamma l s bi te and chew their f o od w i th their teeth and jaws , cutting meat 
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as in carnivores and gr ind ing herbage as in herb ivores . B e t w e e n those ex 

t remes are all the o ther adaptations for f ood process ing—s l i c ing , d ic ing, 

juicing, pu lp ing—any th ing ( a lmos t ) a V e g - O - M a t i c can d o . S o m e m a m m a l 

species have lost their teeth a l together and feed by lapping and sucking nectar 

or termi tes . Since mammals must feed at regular and closely spaced intervals 

to stoke the fires that maintain their b ody t empera ture , it is hardly surprising 

that the mammal ian dent i t ion prov ides a wea l th of in format ion on the dietary 

adaptations of fossil species. That is w h y it is so ve ry fortunate for pa l eon to lo 

gists that teeth are the most c o m m o n l y preserved mammal ian skeletal e l e 

ments . They make g o o d fossils because they are the hardest parts o f the b o d y , 

and there fore they resist destruct ion by geo log i ca l and b io log ica l processes 

that retard fossil ization. 

A general feature of mammals is that the teeth are compl i ca ted . Mammals 

usually have a number of di f ferent-shaped tee th , and there is a divis ion of 

labor b e t w e e n the incisors, canines, p remo la rs , and molars . Many o f the teeth 

have numerous bumps and cusps, as you can te l l f r om running your tongue 

o v e r those in the back o f your mou th . T h e sophisticated cusp pattern o f 

individual teeth enables the upper teeth to fit w i th the l o w e r teeth in precise 

occlusion. This precise occ lusion a l lows for precise f u n c t i o n — t h e exact 

a l ignment o f shearing crests and gr ind ing mortars to p roduce the requ i red 

result, masticated f ood . M a m m a l s , as a ru le , have one set of baby teeth and 

one set o f pe rmanent teeth. T h e y do not cont inuously replace teeth the way 

dinosaurs d id . T h e result is that precise occ lusion is maintained throughout 

l i fe. 

Many structural features have impor tant ro les in the compl i ca ted and 

integrated process o f mammal ian chew ing . T h e teeth are anchored securely 

in the jaws by mul t ip le roo ts . M o s t rept i les , i f they have roo ts , have on ly one 

for each too th . Sockets into wh ich the too th roots sit are arranged a long the 

edge o f the jaws in one r o w . This is obv ious to us, but many nonmammal ian 

vertebrates have mul t ip le r o w s o f tee th , s ome on bones that neve r bear teeth 

in mammals . In m o d e r n mammals there is on ly one tooth-bear ing bone in 

each half of the l o w e r j a w , and the counterparts are connec ted at the chin. 

In some very early and ext inct mamma ls , and in rept i l es , there is m o r e than 

one bone in each half o f the l o w e r j a w . That is the p r im i t i v e cond i t ion . T h e 

additional bones are most ly t owa rd the back of the j a w . That is v e ry impor tant 

because the j aw jo in t , w h e r e the l o w e r j a w and the skull m e e t , is f o r m e d by 

dif ferent bones in m o d e r n mammals than in rept i les . 
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T h e j aw jo int a l lows the mou th to open and c lose , so i t is clear that its 

construct ion must bear some relationship to the way an animal chews . In 

mammals its construct ion is an adaptation that facilitates precise occlusion and 

the mammal ian way o f chew ing . 

T h e bones that f o rm the mammal ian jaw jo int are cal led the squamosal in 

the skull and the dentary in the l o w e r j aw . In rept i les the articulation is 

b e t w e e n the quadrate in the skull and the articular in the l o w e r j aw . Through 

e m b r y o l o g y , anatomy, and the fossil r e c o r d , we can de t e rm ine the h o m o l o g y 

of these bones b e t w e e n rept i les and mammals ; that is to say, we can pinpoint 

exact ly w h e r e in the mammal ian skeleton the bones equivalent to the repti l ian 

quadrate and articular are located. To do that we must examine the structure 

of the m idd l e ear, a sensory organ located near the j aw jo int . 

Sound vibrat ions are transmitted f r om the eardrum to the oval w i n d o w of 

the inner ear by bones in both rept i les and mammals . Rept i les have only one , 

but mammals have three bones in each ear. T h e possession of three midd le -ear 

bones is a fundamental feature of all l iv ing mammals . In c o m m o n parlance the 

three are cal led the hammer , anvi l , and stirrup. Rept i l es have only the 

equivalent o f the st irrup. T h e equivalents o f the quadrate and articular o f 

the rept i l ian j aw jo int have undergone an evo lut ionary transformation in the 

history o f mammals to b e c o m e the anvil and hammer o f the mammal ian 

m idd l e ear. That is w h y rept i les have on ly one midd le -ear bone , yet m o d e r n 

mammals have three . I t is also w h y mammals have the j aw jo int f o r m e d f r om 

dif ferent bones than rept i les , and w h y m o d e r n mammals have only one bone 

in each half of the l o w e r j aw . A l l of those features are easily seen in the fossil 

r e c o rd . A n d they are all re lated to the functioning of the teeth in precise 

occ lus ion, an adaptation for f eed ing that facilitates warm-b loodedness , be 

cause the j a w jo in t and the muscles that opera te i t must p rov ide for precise 

occ lus ion to occur . 

T H E T E E T H OF mammals deserve a c loser l ook because they are the pr imary 

f o od processors for an animal. Ev e r yone k n o w s that various kinds of mammals 

have di f ferent diets and that their teeth l ook di f ferent. Meat -eaters such as 

l ions l ook l ike they do w h e n they roar because o f their b ig , stabbing fangs. 

T h e teeth in the back of the j aws slice meat as cleanly as scissors cutting paper. 

Ho rses , on the o ther hand, are graz ing animals that must gr ind large amounts 

of abrasive f o o d , wh i ch is to say grass. The i r cheek teeth are like mi l lstones, 
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not adapted for puncturing flesh at all. F r o m these examples we can see t w o 

things: T h e shape of teeth is re lated to the e co l o gy of mamma l species and 

the range of shapes is quite vast. Natural se lect ion surely plays a ro l e in 

evolut ionar i ly d irect ing the shape o f tee th w i th respect to d iet . Species w i th 

very dif ferent evo lut ionary histories can e v o l v e similarly shaped teeth s imply 

as adaptations to similar diets. 

G i v en the adaptational significance of t oo th shape and the consequent 

l ike l ihood of convergent evo lu t i on , i t w o u l d be useful to de t e rmine a struc

tural c o m m o n plan f r om which all mammal ian too th shapes can be de r i v ed . 

That is not so s imple , for one reason because l iv ing m o n o t r e m e s have no 

functional teeth. For marsupials and placentals it seems that the pr imi t i ve 

pattern is l ike that of an opossum or a shrew. R idges of the l o w e r teeth shear 

across crests on the upper teeth . T h e n , as the j aw slams shut, the main cusps 

on the upper molars crush into basins on the l o w e r teeth . This dual function, 

shearing and crushing, is what characterizes the teeth of the c o m m o n ancestor 

of marsupial and placental mammals as judged both f r om theoret ical consider

ations and f r om the fossil r e co rd . 

As evo lut ion p r o c e e d e d , the crushing and gr inding function became en

hanced in disparate l ineages of herb ivorous mamma ls , such as kangaroos, 

which are marsupials, and horses, wh ich are placentals. In those t w o species 

the teeth do not l ook so much al ike, but the tapir, a close re lat ive of the horse , 

has teeth quite similar to a kangaroo 's . P igs , humans, and even bears have 

teeth w i th l o w , rounded cusps that l ook ve ry much alike because all three 

have diets that include a l itt le bit of every th ing . In fact, fossil bear and javel ina 

teeth have been misidenti f ied as homino id . In carnivores the pr imi t i ve shear

ing function is per f ec ted at the expense of structures relat ing to crushing and 

gr inding. Thus , one pr imi t i ve kind o f t oo th shape, one that could both shear 

and gr ind , gave rise to the incredib le var iety of too th shapes seen in marsupials 

and placentals today. 

W h a t about mono t r emes? The i r l iv ing m e m b e r s do not have functional 

teeth. T h e platypus has horny pads on its j aws , but luckily the vestiges of teeth 

can be seen as the animal deve l ops . Some fossil species have teeth similar to 

the deve l opmenta l stages of the platypus, thus prov id ing impor tant clues. I t 

seems that m o n o t r e m e s compr ise a branch that split of f on its o w n course 

pr ior to the evo lu t ion of the kind of teeth that characterize marsupials and 

placentals. That makes all kinds of sense. M o n o t r e m e s are also p r im i t i v e 

because they lay eggs rather than g i v e birth to l ive young as in the o ther t w o 
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groups . T h e conclusion is that among the three groups o f m o d e r n mammals 

l iv ing in the w o r l d today, marsupials and placentals have a m o r e recent 

c o m m o n ancestor than ei ther does w i th m o n o t r e m e s , and there fore those t w o 

are m o r e c lose ly re lated to each other than either is to platypuses. W h a t is 

real ly fortunate for pa l eon to logy is that this relationship can be seen wi th 

nothing m o r e than isolated teeth . 

Isn ' t it fascinating? Structural changes that function in hearing and in 

chew ing have a c o m m o n source in evo lu t ion that a l lows us to define mammals 

apart f r om the features of hair and mi lk and reproduct i on that do not preserve 

in the fossil r e c o rd . T h e shape of tee th , wh ich is ul t imate ly enmeshed in the 

c o m p l e x o f j aw and ear changes, p rov ides impor tant ev idence about the diet 

o f ext inct mammals and the evo lut ionary relationships among them. 

A g o o d bit of the early evo lut ionary history of mammals t ook place in the 

shadows, i f no t the footpr ints , o f dinosaurs. V i e w e d in this way , we can 

imagine mammals as secret ive , vorac ious , and tiny shrewl ike creatures, scur

ry ing f r om harm's way . These unobtrusive e l ements o f the fauna e m e r g e d in 

their o w n r ight during the A g e o f M a m m a l s , after the Great Dy ing , to b e c o m e 

what they are n o w . But dinosaurs, excep t for b irds, w e n t ext inct . 

So w h e n and w h e r e d id the three groups o f m o d e r n m a m m a l s — m o n o 

t r emes , marsupials, and p lacenta l s—represent ing every mammal ian species 

al ive today , f i rs t d i ve rge f r o m each o ther to e vo l v e their separate ways? W h a t 

w e r e their earliest true m e m b e r s like? W h a t w e r e their ancestors like? W h y 

did they d iverge? W a s i t because Gondwana was f ragment ing into the m o d e r n 

southern continents? These are basic questions about m o d e r n mammals , and 

I thought Afr ica might ho ld some answers. That is w h y I was in C a m e r o o n 

l ook ing for ancient fossils. 

T h e attributes that anatomical ly def ine all l iv ing mammals as a single 

inclusive g r oup appear to have e v o l v e d no later than about 100 mi l l ion years 

ago , s o m e w h e r e wi th in the roughly 40 mi l l i on years o f t ime that is cal led the 

Early Cre taceous . T h e d i ve rgence of placentals and marsupials, i t is thought, 

can be traced back to a c o m m o n ancestor slightly later in t ime , later than the 

split b e t w e e n their c o m m o n ancestor and the m o n o t r e m e s , but still in the 

Cre taceous . 

But w h e r e did the monotreme-marsupia l -p lacenta l c o m m o n ancestor o f 

the Early Cretaceous c o m e f rom? We k n o w f r om fossils that recognizable 

mammals e v o l v e d much ear l ier , around 220 mi l l i on years ago in fact, at about 

the t ime dinosaurs or ig inated. Even those species o f o v e r 200 mi l l ion years 
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ago have a long and unique history separate f r om rept i les . These ve ry earliest 

mammals are quite dif ferent f r om the ones around today. T h e y are even ve ry 

dif ferent f r om the ones around in the Early Cre taceous . T h e y w e r e the 

inhabitants of Pangaea. They had the mos t fundamental skeletal features of 

mammals , but they had not ye t e v o l v e d the features of the tee th , ears, and 

jaw to the ex tent seen in m o d e r n mammals . By 100 mi l l i on years ago , after 

mammals had m o r e than 100 mi l l ion years o f p r i o r evo lut ion under their 

bel ts , and after Pangaea had f ragmented , s ome of the species reached the 

grade of m o d e r n mammals . I t is wi th in this Early Cretaceous c o m p l e x that 

we must search for the or ig ins o f m o n o t r e m e s , marsupials, and placentals, 

because that is the t ime w h e n the features that def ine these groups of 

mammals first e v o l v e . 

T H E Q U A R R Y I N G A T KB-6 cont inued. W e wrapped many small specimens 

for preparat ion in the lab, but none of them was identi f ied as mammal ian . 

Matr ix was c o l l e c t e d — e i g h t tons o f i t that y e a r — a n d taken back to Rh inoc

eros C a m p , w h e r e eve ry bit o f i t was s ieved. T h e small specimens and the 

sieved concentrate w e r e shipped to my lab. 

Months later, back in Dallas, I g o t a phone call. I was at h o m e on a Sunday 

af ternoon. I t was my student, John C o n g l e t o n , exc i t ed . 

" I have a m a m m a l ! " he said. 

H o m e run! 

That was the first decent mamma l spec imen to c o m e out o f C a m e r o o n — 

or f r om the ent ire Afr ican Cretaceous for that mat ter . T h e pro j ec t cont inued 

to w o r k KB-6 the nex t year and the nex t . In 1988 we w e n t to set the camp 

in the usual spot on the banks of the M a y o R e y at the east end of the basin. 

At that t ime there was a lull in the shoot ing w a r b e t w e e n Libya and Chad. 

That left some a rmed Chadians w i th not much to shoot , but w i th p lenty o f 

t ime on their hands. T h e y had taken to crossing the bo rde r into the K o u m 

Basin. T h e y became h i ghwaymen , robb ing peop l e on the road. Th i r t een 

vehicles returning f r om market at the bo rde r v i l lage o f Mandingr in d o w n the 

road f rom camp had been s topped all at once and robbed at gunpoint . To 

combat the threat, the authorities o rde r ed all lorr ies to travel in even larger 

convoys . Soldiers in plainclothes, a rmed w i th machine guns, r ode shotgun in 

each truck. 

It l ooked like a situation that could turn sticky for a bunch of wazungu 
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camped out in the m idd l e of n o w h e r e w i th so many fancy amenit ies , such as 

tents and sleeping bags, f o od and funds. I spread the w o r d among the local 

vi l lagers that we w o u l d be encamped for six w e e k s , just so that anyone 

interested w o u l d not think there was a need to rush into dev i lment . In f ive 

days we had stockpi led a supply of matr ix for washing and comp l e t ed the 

needed geo log i ca l study around the site. I o rd e r ed camp struck wi thout 

further no t i ce . We m o v e d t o the re lat ive safety o f Rh inoceros C a m p . Further 

w o r k around K B - 6 was done in day trips. We had no p r o b l e m s — l u c k i l y . 

Since that f i rst mamma l t oo th , a number o f spec imens have c o m e to l ight, 

all impor tant . N o n e is particularly spectacular, but that does not matter . T h e 

f i r s t spec imens f r om the Afr ican Cretaceous w e r e the hardest t o f i nd . We 

b roke the g round . Others w i l l c o m e m o r e easily because n o w i t i s k n o w n 

w h e r e t o l ook . 

T h e r e are probably four species of mammals , at least, represented by 

fossils f r o m the K o u m Basin, but only one has yet been named . N o n e o f the 

Cameroon ian mamma l fossils are part icularly l ike marsupials, or placentals, 

or m o n o t r e m e s , so far as I can te l l . A n d none is particularly l ike the w i d e 

spread mammals that inhabited the megacont inent of Pangaea, when all 

landmasses w e r e j o ined and when mammals f i rs t e v o l v e d , 100 mi l l ion years 

earl ier than w h e n the Cameroon ian mammals l i ved . The i r most similar 

re lat ives seem to be f r o m rocks at least 40 mi l l i on years o lder than they are, 

and found in England. That was a surprise. 

As i t stands n o w , i t appears that mammals general ly l ike those f rom 

C a m e r o o n w e r e w idespread across the N o r t h e r n and Southern Hemispheres 

at the beg inning o f the Cre taceous . T h e y may not have been ex t r eme l y 

abundant, but there w e r e probab ly qui te a f e w species o f them. F r om this 

w idespread stock, m o n o t r e m e s , the l iv ing egg- layers , e v o l v e d in the Southern 

Hemi sphe r e . In that sense the Cameroon ian fossil mammals are re lated to the 

duck-bi l led platypuses. Based on that l og i c , all o ther things being equal, they 

also laid eggs . 

S o m e tens o f mi l l ions o f years after m o n o t r e m e s e v o l v e d , when Australia 

and South Amer i ca w e r e still connec ted through Antarct ica, but after Afr ica 

had split off, the c o m m o n ancestor of placentals and marsupials e v o l v ed . It 

e v o l v e d not in the Southern Hemisphe r e , but in the N o r t h e r n . Geography 

cont inued to play a r o l e . Descendants of the c o m m o n ancestor gave rise to 

species that diversi f ied into marsupials in N o r t h Amer i c a , and placental 

mammals in Asia. Marsupials did not ge t to Afr ica until tens of mi l l ions of 
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years later, and even then, c om ing f r o m Europe as they d id , they on ly 

inhabited N o r t h Afr ica . The i r stay in Afr ica was on ly for just a br ie f p e r i od 

o f t ime . 

T o w a r d the end o f the A g e o f Rept i l es , not l ong be fo re dinosaurs became 

ext inct , marsupials invaded South A m e r i c a f r om the north and spread across 

Antarct ica to Australia. T h e n Antarct ica split of f f r om Australia and f r o m 

South Amer i ca . T h e geography o f pouched mammals was f o l l ow ing the 

arrangement of the continents (see Figure 9 in Chapter 1 ) . That explains w h y 

the m o d e r n mammal fauna of Australia is so characteristic, w i th platypuses 

and koalas and kangaroos, but still r esembles that of South Amer i ca m o r e 

fundamental ly than anywhere e lse . M u c h , much later m i c e and dingos and 

humans hopped f r om island to island, f inal ly to reach isolated Australia, as we 

shall see, long after placentals inhabited o ther cont inents . 

Placental mammals have a c o m p l e x geographica l history, but their spread 

to southern continents comes after the major geographic reconf igurat ions o f 

the Cretaceous. Placentals en te red South A m e r i c a for the f i rst t ime near the 

end o f the A g e o f Rept i l es , roughly seventy mi l l i on years ago , probably about 

the same t ime marsupials w e r e heading south. N e w discover ies indicate that, 

l ike marsupials, they carr ied on to Australia, but these early invaders neve r 

gained a strong f oo tho ld . Much later o ther placentals, such as m i c e , entered 

Australia perhaps as recent ly as eight or ten mi l l i on years ago . Humans and 

dingos came even later. W h y d idn ' t the early placentals flourish in Australia 

like the marsupials did? That is a g o o d quest ion and no one knows the answer . 

C A M E R O O N WAS B O T H g o o d t o us and bad. No mat ter h o w great the 

precautions, compl i ca ted situations can arise in the f ield. T raged ies do str ike. 

In one way or another they can strike anywhe re . We had a death. 

In 1989 our co l league A b e l Bri l lanceau, the chain-smoking w i n e taster, 

master of logistics, geo log i s t , and g o o d fr iend to us all, d ied of spinal malaria 

wh i l e in C a m e r o o n . Either A b e l was not taking malaria prophylax is , as he 

should have, or he was and i t d id no t w o r k . T h e Plasmodium m e r o z o i t e struck 

wi th a high fever . He was be ing airl i fted to France w h e n his heart s topped on 

the runway o f the Garoua a irport . He was g o n e . 

We must assume that A b e l was satisfied w i th his l i fe , do ing what he chose 

to do when the mosqu i to bit h im. Still, he was a part of the ef fort . His fate 

could have visited any o f us. We have no adequate way to honor our fallen 
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c o l l e a g u e — b u t we try . M i c h e l , Larry , and I , a long w i th o ther friends on the 

p ro j ec t , named Abelodon abeli after h im. It is the on ly fossil mammal eve r 

named f r o m C a m e r o o n . 

IT WAS w i th a great deal o f e f fort that those f i rst mammals w e r e re t r i eved 

f r o m the Afr ican Cre taceous . At the t ime I began planning the Ma law i Pro jec t 

there w e r e no fossil mammals o f Early Cre taceous age , that is, b e t w e e n 144 

and 97 .5 mi l l i on years o l d , k n o w n f r o m any o f the southern cont inents. N o w , 

a decade later, they are k n o w n f r om South Amer i c a , Australia, and Afr ica. 

T h e y do no t appear to be v e r y c o m m o n animals o f the Early Cretaceous 

w o r l d , but they are there . 

W a s i t luck that we found them in C a m e r o o n , those pinhead-sized teeth? 

M a y b e so , but we w e r e l ook ing for them. Is i t luck w h e n you fly halfway 

around the w o r l d , on t w o back-to-back overn ight flights, to an Afr ican nation, 

then catch a t w o - h o u r domes t i c flight to the north end of the country , then 

dr i ve f i ve hours, three o f them on jo l t ing dirt roads, to g e t to the banks o f 

a bi lharzia-infested r i ve r , search the g round on f oo t for hour after hour until 

a l ikely spot is f ound, then co l l ec t e ight tons of d i r t , s ieve it, transport the 

residue back, retracing your steps the same way you came , sort i t under a 

m i c r o s cope , and c o m e up w i t h a m a m m a l t oo th o v e r 100 mi l l i on years old? 

Is it luck, skill, e f fort , or just plain crazy? 

It is at least the first three . I am not sure about the last. 



OTHER 

NEIGHBORS 

D INOSAURS, C R O C O D I L E S , A N D mammals have shown themselves 

to be interesting in the Early Cre taceous o f Afr ica. H o w e v e r , they d id not l ive 

in a vacuum and they w e r e no t the only vertebrates for wh ich this pe r i od is 

an important t ime of innovat ion. Many kinds of backboned animals in addit ion 

to birds and mammals w e r e undergo ing significant diversi f ication during the 

interval pr io r to 100 mi l l i on years ago . Some m o d e r n families o f f rogs and 

lizards probably had their or ig ins then. A similar statement can be made for 

snakes. A l l o f this evo lu t i on , leading to our m o d e r n w o r l d , was no t indepen

dent o f the rearrangements in the Earth's geography , no r was ver tebrate 

evo lut ion independent among its various subgroups or f ree f r o m the influence 

o f plants and insects, wh ich w e r e exper i enc ing their o w n radiations. F o o d 

webs w e r e undergo ing some rather drastic modi f icat ions through all this 

coevo lu t i on . F r o m that mi l ieu e m e r g e d a w o r l d m o r e recogn izab le , m o r e 

closely similar to what we have n o w . 

Subsequent to 100 mi l l i on years ago the Earth's cont inents did no t cease 

their adventure through t ime . T h e geography o f continents and oceans con

t inued to change. Mountains w e r e upl i f ted and e r o d e d . C l imates changed. 

T h e Ice Age s w a x e d and waned . Ext inct ions occur red , mos t notably the Great 

Dy ing , but also many of lesser popular i ty . Evo lut ionary radiations occur red , 

replenishing the number of species inhabiting the Earth. 
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Evolut ionary radiations can be def ined as re lat ive ly short t ime intervals, 

geo log i ca l l y speaking, j a m m e d full o f lots and lots o f evo lu t ion . T h e net result 

is usually the appearance of a large number of n e w species. I f the t ime 

invo l v ed appears to be notably short, the radiation may be t e r m e d exp los i ve . 

T h e f lock o f cichlid f ish species l iv ing n o w in Lake Ma law i is the product o f 

an exp los i ve radiat ion. It came about w h e n a f ew species of the cichlid family 

g o t into the lake at s ome late date in its history. S o m e est imates, based on 

mo lecu la r di f ferentiat ion o f D N A in the cichl id species, suggest that the 

radiation began on the o rde r of a scant couple of hundred thousand years ago . 

Tha t is not much t ime at all f r o m a geo log i ca l perspec t i ve . O n c e there , the 

cichlids e v o l v e d rapidly to f i l l an astounding var iety of fishy niches, uti l izing 

much of the spectrum of the lake 's habitats and its f ood resources. This was 

d o n e , presumably , to the de t r imen t and near exc lus ion o f o ther noncichlid 

f ish species. 

T h e A g e o f M a m m a l s , the C e n o z o i c Era in technical par lance, was initiated 

sixty-six mi l l i on years ago by an adaptive radiation immed ia te l y f o l l ow ing the 

demise of the dinosaurs. T h e t im ing is so precise that i t is suggest ive. W e r e 

the mamma ls , a g roup that had its evo lut ionary or ig ins at about the same t ime 

as dinosaurs, in some way held back, p r even t ed f r om achieving p r edomi 

nance, by an eco log ica l ly super ior dinosaur clan? I do not k n o w , but the 

possibi l i ty has suggested itself to many p eop l e . Th roughou t the sixty-six-

mi l l i on-year history o f the A g e o f M a m m a l s , after that initial radiation o f 

species, the mammals did no t s imply rest on their land-conquer ing laurels. 

T h e y cont inued to speciate and to radiate per iodica l ly throughout their 

history. 

T h e r e seem to be a t least t w o sorts o f evo lut ionary radiations. O n e occurs 

w h e n n e w connect ions are made b e t w e e n prev ious ly isolated landmasses 

through geographic changes associated w i th continental drift or other major 

physical processes. O f t e n in such cases, the introduct ion of prev iously un

represented species into a n e w area results in the product ion of n e w species, 

no t u n c o m m o n l y to the de t r iment o f native species, similar to the case 

hypothes ized for the cichlid fishes of Lake Ma l aw i . In such a case it appears 

a lmost as i f there are unfil led eco log ica l niches wa i t ing to be exp lo i t ed . It is 

a mat te r of be ing in the right place at the right t ime and having the right 

equ ipment . Regardless of the specific details of Lake M a l a w i , but using it as 

an e x a m p l e , the current diversity of cichlids, plus hindsight, tells us that as 

a g r oup the cichlids w e r e evo lut ionar i ly able to exp lo i t the situation in which 

they found themse lves . 
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T h e o ther sort of radiation occurs w h e n an adaptive threshold is crossed, a 

n e w way of making a l iv ing is dev i sed , such as gnawing in rodents . O n c e a basic 

nove l ty is e v o l v e d , there are many , many variations on the theme to be 

exp lo i t ed . That is a major factor, probab ly , in w h y there are so many species of 

bats and rats, these t w o be ing the most d iverse groups o f l iv ing mammals . T h e 

evo lut ion of an innovat ive way to make a l iv ing, b io log ica l ly speaking, is a 

recurrent pattern. It has happened o v e r and o v e r again in the history of life on 

Earth. T h e initial ach ievement of an adaptive feature, an accompl ishment of 

eco log ica l entrepreneur ship, paves the way . T h e n descendant species fan out . 

Flight in vertebrates offers p r i m e examples . Birds, wh i ch e v o l v e d as flying 

dinosaurs f r om a single ancestral species, exhibi t an unequaled f lamboyance, all 

t i ed , in one way or another, to the eco log ica l d o o r opened to them by the 

acquisition of their initial adaptat ion—f l i ght . Pterosaurs, the o ther f lying 

archosaurs, unde rwen t a fine radiat ion, and it is regre t tab le for us that none have 

surv ived, because they w o u l d certainly be fun to watch . Bats are the third g roup 

o f vertebrates to e v o l v e true flight. T h e r e are m o r e species o f bats l iv ing today 

than any o ther o rde r o f mammals excep t for the rodents , w h o have undergone 

their o w n exp los i ve and adaptive radiations, leaving them w i th an unequaled 

number o f species in the terrestr ia l -vertebrate rea lm. 

A f t e r the demise o f the dinosaurs, the c o m b i n e d result o f the basal A g e 

of Mammals mammal ian radiat ion, plus all the subsequent ones , is a vast 

number of species, a vast diversity of b ody f o rms , and a vast fossil r e co rd that 

reflects a lot of changes among the sum total of the species in various segments 

o f the A g e o f Mamma l s . Thus the spectrum o f mammals observable today 

shows immense di f ferences in h o w various species l ive and what they l ook 

l ike. C o m p a r e a flying bat w i th a s w i m m i n g wha le . C o m p a r e a fruit bat, also 

called a flying f ox , w i th its l ong snout and large Dracula w ings , w i th a tiny 

leaf-nosed bat. T h e y are ve ry di f ferent. C o m p a r e a blue wha le w i th a sperm 

wha le , or a humpback, or a ki l ler , or a b l ind r i ve r do lphin. A l l are whales , 

but they are ve ry di f ferent. C o m p a r e any o f them w i th their mammal ian 

cousins that have also invaded the sea—sea ls , walruses, sea c o w s , sea o t ters . 

A l l o f these di f ferent examples f o l l o w e d dif ferent evo lut ionary paths to end 

up at the same p lace , which is the w o r l d o f today. We could use o ther 

examples and do the same exerc ise that we just d id w i th whales . We could 

examine the diversity wi thin the pr imates , or wi th in all carnivores , or wi th in 

all herb ivores and we w o u l d reach the same conclusion: Mammal ian diversi ty 

is astounding. A n d we have not even taken ext inct species k n o w n on ly f r om 

the fossil r e co rd into account. T h e po int is that there have been t r emendous 
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evo lut ionary changes in the mammals during the re lat ive ly short per iod of 

Earth history cal led the A g e o f M a m m a l s — o n l y sixty-six mi l l i on years. 

O t h e r groups of vertebrates cannot boast such a track r e co rd . Some 

species l iv ing today appear so p r im i t i v e , so unmodi f i ed f r om what the ances

to r must have been l ike, that they stand out conspicuously f r om other l iving 

species. M a n y t imes the mos t p r im i t i v e o f l iv ing species in a g iven g roup of 

ver tebrates resembles an ancient m e m b e r of its evo lut ionary clade o therwise 

k n o w n on ly f r o m the depths o f the fossil r e co rd . Somet imes pr imi t i ve l iv ing 

species have v e ry p o o r fossil r eco rds . T h e lack of a g o o d fossil r e co rd , or 

converse ly the resemblance of the l iv ing species to a fossil species f r om early 

in its genea logy , suggests that the most pr imi t i ve of l iv ing species are, in some 

sense, l iv ing fossils. D a r w i n r ecogn i z ed the concept in the Origin of Species. His 

examples include the platypus and the lungfish. He w r o t e o f differential rates 

o f e vo lu t i on on the one hand, and o f ext inct ion on the o ther , both o f which 

could result in l iv ing species appearing to be l iv ing fossils. 

My favor i te l iv ing fossil c omes f r o m the w o r l d o f f i shes , as does Darw in ' s 

lungfish e x a m p l e , but I think the hagfish is much m o r e striking. At the earliest 

stages o f their evo lu t i on , ge t t ing back beyond 500 mi l l i on years ago , ve r t e 

brates had no j aws . T h e borders o f their mouths w e r e not supported by 

h inged , bit ing structures. Ver t ebra te ancestors fed by straining food particles 

through a basketl ike organ in the throat . It is this basket that eventual ly 

e v o l v e d to b e c o m e the gil ls and their bony supports, and, at the front end, 

the j aws . T h e ev idence f r om anatomy and e m b r y o l o g y is quite strong and 

unequivoca l on the der ivat ion o f the jaws . T h e earliest ver tebrate fossils 

be l ong to animals w i th soft f i sh l ike bod ies and hard, po inty " t e e t h " — n o t 

true t ee th , but bony food-gather ing organs nonetheless. These w e r e cono -

donts . Ver tebrates f r om a slightly younge r t ime in the g eo l og i c r eco rd w e r e 

c o v e r e d w i th a bony shell f o r m e d in the skin. T h e y had no jaws . L o c o m o t i o n 

was probab ly through j e rky f lexing of their tails, m o v i n g the animals errati

cally f r om place to p lace , transport ing the feeding basket to dif ferent spots on 

the ocean f loor , w h e r e they snuffled in the b o t t o m o o z e to f i l ter out digestible 

part ic les. 

No such animals exist t o d a y — n o t exact ly anyway. H o w e v e r , there are 

l iv ing animals w i th no jaws , and for that ve ry b ig reason they are pr imi t i ve 

among all l iv ing ver tebrates . T h e r e are t w o groups o f l iv ing jawless ve r t e 

brates. T h e m o r e familiar o f the t w o is the lampreys f r o m the Great Lakes 

r eg i on . Lampreys are anadromous, meaning they l ive in the ocean most o f 



O T H E R N E I G H B O R S 

223 

their l ives, but return to f reshwater r ivers and streams to b r e ed . Besides 

having no jaws , lampreys have no bone in their skeletons, no scales, and no 

paired f ins, unlike m o r e familiar f ish. T h e y have only the f in that runs a long 

the mid l ine of the body and tail. 

Lampreys not on ly lack jaws , they lack teeth as w e l l . T h e y obtain their 

f ood not as mud-grubb ing f i l ter f eeders , but by sucking on t o the side of a f ish 

w i th their round, jawless mouths , then rasping a ho le in the side of their 

v ict ims wi th tough, horny structures inside their mouths . Tissue fluids f r om 

an abraded v ic t im w e e p into the l amprey ' s gul le t . Because lampreys attack 

commerc ia l l y important species, they are w e l l k n o w n to Great Lakes f i sher 

m e n . They are ver tebrate parasites, and like all parasites they tend to turn our 

stomachs. But let 's have a l ook at the other g r oup of l iv ing jawless f ishes. 

T h e lesser k n o w n o f the l iv ing jawless f ishes are the exc lusive ly mar ine 

hagfish and sl ime hags. Quaint names, d o n ' t you think? 

T h e hagfish and sl ime hags (F igure 38 ) are even m o r e pr imi t i ve than the 

lampreys because they have f e w e r semicircular canals in the inner ear, which 

FIGURE 38: A hagfish beginning to feed on a fish carcass. It throws its body into a 

knot, which it then moves forward to push against the fish while it pulls with its 

head. A hole is ripped in the side of the fish, through which the hagfish— 

presumably happily—enters. 
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prov ide for balance and or ientat ion, and they have only a single nostri l . These 

w e r e apparently the condit ions in the most ancient of ver tebrates , and the 

l iv ing hagfish have retained them as characteristic features. Hagfish are so 

p r im i t i v e that some researchers do not even include them inside the ver te 

brates, placing them as their o w n special g r oup that branched off the evo lu

t ionary t r ee even be fo re lampreys . This is a rather m o o t po int in our 

discussion since hagfish are c learly no t re lated to anything but vertebrates . 

Hagfish lack bone , tee th , and scales, l ike the lampreys , and there fo re , they 

also have a dismal fossil r e c o rd . The i r place in evo lu t ion is dec ided m o r e on 

the anatomy of l iv ing species than on fossils. T h e on ly k n o w n fossil hagfish, 

and the f i rst one o f the f e w k n o w n fossil lampreys that have been descr ibed, 

c o m e f r om 300-mi l l i on-year -o ld rocks in I l l inois. T h e t w o l iv ing jawless f i sh 

groups w e r e surely distinct w e l l be f o re then. Hagfish and lampreys are l iv ing 

fossils in the sense that they represent their fossil antecedents and have not 

e v o l v e d into c omp l e t e l y di f ferent sorts of animals. Lampreys and hagfish may 

even have been separated on di f ferent branches o f the evo lut ionary t ree longer 

than any o ther pair of ver tebrate species al ive t o d a y — l o n g e r , for instance, 

than the human and lamprey branches have been separated. That is assuming 

hagfish and lampreys d i v e rged be fo re anything e l s e— inc lud ing the branch that 

we are o n — s p l i t f r om the l ineage that gave rise to m o d e r n lampreys . I t is a 

mat ter o f the g e o m e t r y o f the evo lut ionary t r ee . So hagfish might be m o r e 

p r im i t i v e than lampreys , but ne i ther of them has j aws . 

Hagfish have a di f ferent style of f eed ing f r om that of the lampreys. They 

are predators and they are strictly mar ine . M o s t of the dozen or so species 

o f hagfish apparently b u r r o w through b o t t o m o o z e in search o f w o r m s . O n c e 

they f ind o n e , i t is hooked into the mouth by the alternate w o r k i n g of horny 

mou th parts. 

Hagfish are also attracted to dead or nearly dead f ish, which they enter and 

consume f r om the inside out . T h e y have an interest ing me thod o f get t ing 

inside. T h e mou th design of hagfish is such that when the round , jawless 

or i f ice is appressed against the surface of a body , the tongue can be pul led back 

to create an increasingly strong g r ip , l ike a v ic ious Chinese f inger puzz le . 

Usually the hagfish chooses a spot on the body of a dead fish w h e r e the flesh 

is rough , perhaps at an injury or at the anus or gi l ls , anyplace w h e r e the hag 

can gain a be t t e r purchase. T h e n the hagfish loops its ee l l ike body into a knot 

at the tail, wh ich it slides f o rwa rd on its b ody t owa rd the head and f inally 

against the carcass of the mea l . I t forces its knot against the body wal l of the 
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dead fish whi l e pul l ing w i th its attached mouth until a hunk of flesh is r ipped 

out , opening the d o o r for entry . O n c e inside, dining is easier, i f not m o r e 

leisurely. W h e n a morse l of f o od is s w a l l o w e d , i t b e c o m e s enve l oped in a 

mass of mucus through which d igest ive juices pass and nutrients ex i t . T h e n 

the mucus-wrapped undigest ible remains are expe l l ed . 

W h i l e their m e t h o d o f eating might strike the m o r e anthropocentr ic o f us 

as disgusting, that is not w h y these creatures have earned the names hagfish 

and sl ime hags. T h e real reason is that they secrete copious amounts of thick 

mucus f r om their l ong , s l imy, pinkish purp le bod ies . In addi t ion, co i l ed 

segments o f pro te in are m i x e d w i th the mucus. These uncoi l in seawater , 

serving to tangle the mess around the animal. T h e y are no t always in that 

state. Usually they are just average s l imy. H o w e v e r , w h e n danger threatens, 

the sl ime glands kick into high gear . It is a defense mechanism, and a g o o d 

one . N o t only humans f ind i t disgusting, so do predators . T h e y t end to pass, 

no doubt certain that the hagfish is no t so g o o d to eat, and they cont inue 

searching for a meal that is just a bit m o r e appet iz ing. W h e n the hagfish is out 

of danger , i t again th rows its b ody into a knot . As the knot m o v e s f o rward 

f rom the tail to the head, the excess mucus is bu l ldozed be f o r e i t d o w n to 

the nose. T h e n the hagfish issues a big sneezel ike convuls ion, f ree ing itself 

f r om the s l ime, and sw ims off to cont inue its l i fe . 

Despi te their l i fe-style , hagfish deserve to be unders tood because they are 

o f considerable c ommerc i a l interest. On the negat ive side, they damage the 

catch in gi l l nets by feeding on t rapped fish. But they also have a pos i t ive s ide, 

be l i eve i t or not . For one thing, they are e a t e n — b y h u m a n s — i n some parts 

o f the w o r l d . A n d you probably did not k n o w that hagfish p r o v i d e eelskin for 

wal lets . H o w ignoble to b e c o m e a yuppie wa l l e t after hundreds o f mi l l ions 

o f years o f prec ious maintenance o f the p r im i t i v e status quo . 

A f t e r all its l ong evo lut ionary history the hagfish may be the most pr imi t i ve 

of l iv ing ver tebrates , but paradoxica l ly i t is no t necessarily v e ry much l ike the 

earliest vertebrates f r om which it was de r i v ed . It is a l iv ing fossil because it 

has no jaws and because of a f e w other features. Its early jawless ancestors 

surely did not have the unique attributes seen today in l iv ing hagfish. T h e 

conodonts had hard " t e e t h " wh i l e hagfish do no t . Being c o v e r e d w i th a rmor 

plates, o ther early jawless vertebrates k n o w n f r o m the fossil r e co rd could not 

t ie themselves in knots, nor did they enjoy the defense of secret ing eno rmous 

amounts of mucus and then sneezing i t all away w h e n danger passed. Perhaps 

hagfish e vo l v ed f r om carti laginous ancestors that left no recognizab le ( o r as 
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yet dec ipherab le ) fossil r e co rd . Perhaps they e v o l v e d f r om conodonts . Even 

so , i t w o u l d strain credul i ty to p ropose that hagfish, l iv ing fossils or not , are 

exact ly l ike their ancestors o f o v e r 500 mi l l i on years ago . Empir ica l ly , judging 

f r om all we can observe , evo lut ion does not appear to w o r k that way . 

Organ isms e v o l v e as a we l l - in tegra ted mosaic of features, some pr imi t i ve 

like the ancestral condi t ion and others advanced, o r , in o ther w o r d s , der ived 

f r om that of the ancestor. Hagfish are a mosaic. T h e lack of jaws is p r imi t i ve , 

but the details of the horny bit ing parts in the round mouth are unquestionably 

de r i ved re lat ive to their ancestors. T h e mucus-Hood defense is ve ry l ikely a 

de r i ved feature not present in the earliest vertebrates . T h e reason it is 

probably de r i v ed is because it is so special ized. If a structure is special ized, 

the opt ions for the direct ions in which it can e vo l v e further b e c o m e l imi ted . 

T h e lesson f r om all this is that although species l iv ing today have a long history 

of evo lut ionary transformations, s ome features of a species e v o l v e faster than 

others . Even species that can leg i t imate ly be re ferred to as l iv ing fossils are 

unique and unlike their ancestors excep t in a very general sense and in a f ew 

very basic details. 

O f course , not all g roups o f vertebrates e vo l v e w i th the apparent excruci 

ating s lowness of s l ime hags on the one hand, or the apparent explosiveness 

o f mammals on the o ther . T h e r e is no evo lut ionar i ly co r rec t prescr ipt ion. 

Each genea logy is dif ferent in detai l . T h e history of organisms is c o m p l e x , 

invo lv ing internal b io log ica l attributes of the individual and the species, 

external factors imposed by the physical env i r onment and other interacting 

species, plus a big dose of statistical probabi l i t ies , or what we might c o m 

m o n l y re fer to as chance, maybe even luck. T h e various characteristics of a 

single species e v o l v e as an integrated mosaic , s ome faster and some s l ower , 

so it makes sense that i f we l ook at a c ommun i t y of animals, a co l lec t ion of 

species all l iv ing in p r ox im i t y , s ome w i l l seem to be m o r e e v o l v e d , wh i l e 

others appear less e v o l v e d . S o m e w i l l be m o r e like l iv ing fossils than others. 

T h e di f ferent patterns of evo lu t ion of the individual species wi thin a 

c ommun i t y w i l l usually ref lect , at least in some genera l way , the geography 

that has inf luenced their e vo lu t i on , whe the r it be the d iv id ing of superconti-

nents, the connec t ion of an isthmus a l l ow ing animal migra t ion , or the preser

vation o f suitable p ro tec t i ve refugia. We have already seen examples f rom the 

dinosaurs, c rocod i l es , and mammals o f geographic rearrangements influenc

ing the admix ture of species present on a g i ven cont inent at a g iven t ime . 

Frogs p rov i de another e xamp l e . 
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Frogs e v o l v e d just a bit be fo re dinosaurs, crocs , and mammals . T h e y are 

one of three l iv ing divisions in the ver tebrate class Amphib ia . T h e most 

ancient amphibians go way back in t ime to w h e n vertebrates f i rst left an 

ob l igatory aquatic l i fe-style and began to invade terra f i rma. N o n e o f the l iv ing 

amphibians looks a great deal l ike their Pa l eozo i c forerunners . Back then the 

amphibians l ooked like t w o - f o o t - l o n g , and l onge r , spatulas having stubby legs 

and stout bod ies . The i r pancake-turner heads w e r e f i t ted w i th jaws eager to 

snap shut on prey . N o n e o f the early amphibians was herb ivorous . Even n o w , 

all are carnivorous, at least as adults. Frogs do not approach the size of the 

large early amphibians, and they are rather distantly re lated (w i th in the 

Amph ib ia ) to most o f them, but wh i l e their skull bones are ve ry di f ferent, 

l iving representat ives of the class still show the broad , flat head and endearing 

K e r m i t the Frog smile o f all amphibians. 

Obta in ing the land, as amphibians d id , presents all kinds of p r ob l ems . 

Since bodies do not float in air l ike they do in wa te r , the most obv ious 

p r ob l em invo lves support ing the animal 's we i gh t . Var ious structural modi f i 

cations and exper imenta t ions occur red early in amphibian history. T h e back

bone was re in fo rced , and the l imbs s trengthened. Dry ing out is a p r o b l e m , 

m o r e so than breathing. 

Early amphibians had lungs l ike their f ishy aquatic ancestors. M o r e o v e r , 

air-breathing through lungs could be supp lemented by absorbing oxygen 

through moist skin. T h e downs ide of mois t skin is that mois ture is lost 

through it, dehydrat ing and kil l ing the animal i f the dehydrat ion gets out of 

contro l . L iv ing amphibians always have a tough t ime w i th that. T h e y are most 

c o m m o n around l o w , w e t areas, ponds , o r streams, and when they are found 

e l s ewhere , there are s ome sophisticated survival tricks brought into play. 

Reproduc t i on in m o d e r n amphibians f o l l ows a rather p r im i t i v e pattern 

that in its basic f o rm w o u l d be just as g o o d for a fish. Usually the female sheds 

ova direct ly into the wa t e r and a male dumps sperm into the wa t e r to fert i l ize 

them outside o f the f emale ' s body . T h e n , in mos t species, the deve l op ing 

amphibians undergo a f ree- l i v ing , fully aquatic tadpole stage. That is ve ry 

unlike reproduct ion in rept i les and mammals , both of which have internal 

ferti l ization and fetal membranes , including an amnion , embrac ing the deve l 

op ing e m b r y o . 

L iv ing amphibians compr ise the caecil ians, the salamanders, and the frogs 

(w i th their war ty buddies, the t oads ) . Caecil ians have no legs. T h e y l ive in 

the t ropics , bu r r ow ing in the g round . A f e w species are fully aquatic, l iv ing 
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the w h o l e of their l ives in fresh wa t e r . In Afr ica caecilians seem to be 

particularly fond o f b u r r o w i n g through the organic loam of banana planta

t ions. T h e y have a miserable fossil r e c o r d , not ve ry in format ive excep t for 

s ome tiny spec imens f r o m Ar i zona , dating f r om be fo re Pangaea broke up. T h e 

Ar i zona spec imens have legs. It should not be surprising that an ancient fossil 

caecilian has d iminut ive legs wh i l e l iv ing caecilians have none . Legless caecil

ians had to e v o l v e f r om ancestors w i th legs. Never the l ess it is a truly w o n d e r 

ful thing to find them in the fossil r e co rd and to see them. It is a puzzle p iece 

that f i ts per fec t ly into the hypothet ical ho le w h e r e i t should. 

Salamanders are o f ten quite pre t ty w i th bril l iant y e l l o w or orange co lo r 

patterns. T h e y have long bodies and tails and broad , smil ing faces. As they 

wa lk , they sw ing their bodies back and forth in an S-shaped curve , l ike the 

f lexing of a f ish tail. T h e y are most d iverse in the Appalachian r eg i on , but they 

are distr ibuted all o v e r much o f the N o r t h e r n Hemisphe r e . O n e salamander 

family en te red South Amer i c a , apparently re lat ive ly recent ly , and l ives there 

today. Salamanders appear to have or ig inated in the north after Gondwana 

separated in the breakup of Pangaea. 

Frogs are current ly w o r l d w i d e in distr ibution, although like all o ther 

amphibians, they are l imi ted by salt wa te r . The i r earliest r e co rd is f rom 

Madagascar. T h e y e v o l v e d just a bit be f o re the dinosaurs and mammals d id . 

Th roughou t their 200-mi l l ion-year-p lus history frogs have been unmistakable 

as f rogs. O n c e the structural and adaptive threshold of f r o g d o m was passed, 

frogs w e r e here to stay. It is a plan that w o r k s . T h e r e are many l iv ing species, 

and there is var iety in what they do in nature, but basically a f rog is a f rog 

is a f rog . T h e y are not l ike mamma ls , many m o d e r n species of which bear 

l itt le resemblance to the mammals o f 100 mi l l i on years ago . T h e y are, in the 

sense of having a strong similarity to early fossil f rogs , l iv ing fossils. Because 

they w e r e around since the days of Pangaea, i t is reasonable to expec t that 

the separation of N o r t h e r n and Southern Hemisphere landmasses had an effect 

on subsequent f rog evo lu t i on , wh ich it d id , and that the later breakup of 

Gondwana also had an inf luence. S o m e of the m o d e r n distr ibution o f f rog 

families may w e l l be re lated to the dissection of Pangaea, just as the distribu

t ion of salamanders is. 

T h e genealogical relationships among l iv ing frogs have been studied f r om 

the perspect i ve o f their b iochemis t ry , but not so much f r om their anatomy 

and early fossil r e co rd . That is in part because the anatomy of f rogs, excep t 

in a f e w notable and impor tant studies, is pe rce i ved as be ing mono tonous . 
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Using the magni tude o f immuno log i ca l react ions among f rogs , i t was es

t imated that s ome o f the m o d e r n famil ies o f frogs d i ve rged f r om each other 

during the Cretaceous. O n e family o f l iv ing f rogs , the pip ids, is n o w espe

cially characteristic of Afr ica and South Amer i ca . O f t en they are cons idered 

quite pr imi t i ve among frogs. P ip ids, the g r oup that includes the m i d w i f e toads 

and the l ittle mail o rde r frogs for chi ldren, are nowadays ent i re ly aquatic. 

Assuming that they have their or ig in in the t ime b e t w e e n the split of Pangaea 

and the breakup of Gondwana , the fossil frogs co l l ec ted in Ma law i and 

C a m e r o o n ought to include pipids. That appears to be the case. Partial skulls 

f r om both Ma law i and C a m e r o o n are heavi ly constructed like m o d e r n p ip ids ' 

skulls are. T h e best f rog sample available to me is f r om the o ld Cretaceous 

pond in C a m e r o o n . T h e r e are both adults and probably tadpoles there , but 

I have not been able to make m o r e sense out o f them than to r ecogn i ze pipids. 

That seems to be the only family there , for n o w anyway. 

Lizards and turt les, t w o groups of l iv ing rept i les , have a distribution 

pattern similar to amphibians and equally interest ing. Thus we are beginning 

to see consistent patterns o f b iot ic change e m e r g e f r om the A g e o f Rept i l es , 

initiated under the feet o f dinosaurs and conc luding w i th our o w n familiar 

m o d e r n w o r l d . A m o n g the be t t e r -known l izards, the iguanas and their c lose 

relatives seem to have or ig inated in Gondwana f o l l ow ing the breakup of 

Pangaea. W i t h further f ragmentat ion o f the southern landmass, chameleons 

e m e r g e d . Skinks, gekkos , racerunners, Gila monsters , and mon i to rs may 

trace their geographic origins back to N o r t h e r n Hemisphere landmasses after 

the breakup o f Pangaea. Considerable m ix ing o f N o r t h e r n and Southern 

Hemisphere lizards has occurred since the end of the Cre taceous , just as it has 

for mammals , but the fossil r e co rd of lizards is less c o m p l e t e , or at least less 

intensively studied. 

Turt les present a particularly interest ing story because they are such an 

odd group of animals. In s ome ways , most notably in the structure o f their 

skulls, they are the most pr imi t i ve of rept i les . A m n i o t e s , that is all those 

vertebrates having an amniot ic membrane during fetal d e v e l o p m e n t , can be 

d iv ided up into basically three dif ferent groups depend ing on the way their 

cheekbones arch. T h e architecture o f cheekbones is important for h o w ani

mals chew because some o f the important muscles that w o r k the l o w e r j aw 

attach to them or contract nex t to them. To test this, feel your cheekbone 

to locate i t in your face. T h e n slide your hand d o w n t o w a r d the angle o f your 

j aw and b i te . Y ou wi l l feel the bulge o f your masseter musc le . T h e n m o v e 
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your hand to your t emp l e reg ion and bite again. N o w you wi l l feel your 

t empora l muscles. Both function w h e n you c h e w . Y o u r cheekbone prov ides 

a strut a l l ow ing the muscles to w o r k ef f ic iently. 

P r imi t i ve l y the skull of vertebrates is constructed l ike a b o x wi th all the 

muscles for chew ing conf ined wi th in the b o x . T h e rearrangement o f skull 

bones to f o rm cheek arches opens up gaps, or w i n d o w s , through which 

muscles can pass, a l l ow ing them to b e c o m e l onger and there fore stronger . 

T h e muscles o f ten attach around the w i n d o w open ing , and when they con

tract, the bulge of the exe r t ing muscle has a place to g o , through the w i n d o w , 

rather than be ing trapped in a box l ike skull. Y o u , and other species in the 

mamma l c lade, have but one cheekbone arch on each side of the skull. 

Dinosaurs, b irds, c rocod i l es , l izards, and snakes e i ther have t w o or they have 

skulls that w e r e mod i f i ed f r om ancestors that had t w o . A l l l iv ing repti les are 

o f the two -a rch skull var iety , w i th one e x c e p t i o n — t h e turtles. Turt les retain 

a box l ike skull, but mod i f i ed in o ther ways . T h e y do not have cheek arches 

at all and consequent ly their chew ing muscles w o r k di f ferently f r om the basic 

plan of o ther rept i les . As a mat ter of fact, turtles do not even have teeth. 

The i r jaws are c o v e r e d by a horny beak. 

Evolut ionar i ly advanced turtles have sophisticated skulls and chewing mus

cles, which e v o l v e d in o ther d irect ions f r om those taken by mammals . 

Neve r the l ess , because turtles lack cheek arches in the sense of mammals or 

as in o ther rept i les , and because geo log i ca l l y ancient and evolut ionari ly 

pr imi t i ve amphibians lack cheek arches, turtles are considered pr imi t ive 

among the amniotes . 

The i r cheeks may leave a l itt le someth ing to be desired f r om an advanced 

amnio te perspec t i ve , but turtles c learly have their o w n unique specializations. 

Just think about the shell. I t is nature 's o w n mob i l e h o m e , the W i n n e b a g o 

o f ver tebrate evo lu t i on . To g e t an idea o f just h o w remarkable the turtle shell 

is, reach behind your back and feel your shoulder b lade. It juts out , right? 

N o w feel your ribs b e l o w your shoulder b lade. Y o u r shoulder blade and your 

co l la rbone , the bones that make up your shoulder g i rd l e , to which your arm 

attaches, all o f i t lies outside o f your rib cage. N o t so w i th turtles. T h e bony 

shell of turtles is made up most ly of ribs and the backbone. Obv ious ly the 

shoulder b l a d e — a n d arms, legs, tail, and neck, for that m a t t e r — a r e not 

attached outside of the r ib cage. T h e y could not be and still be seen extending 

out f r om inside the shell, o r , m o r e impress ive ly in some species, the append

ages could not be retracted comp l e t e l y into the pro tec t i on o f the shell. T h e 
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skeletons o f turt les, there fore , no mat ter h o w pr imi t i ve the cheek arches 

might b e , are ve ry special structures. 

T h e r e are t w o major groups o f l iv ing turt les. T h e m o r e c o m m o n and 

abundant g r oup comprises the h idden-necked turt les. T h e mechanism for 

drawing the head into the shell rel ies on a compl i ca ted suite of ver tebra l 

modif icat ions a l l ow ing the neck to be essentially l o oped upon itself in an 

S-shaped curve and then rotated in a vert ical plane back into the shell. T h e 

other major g roup is the s ide-necked turt les. T h e y s imply swing their heads 

to the side to f i t i t under the p ro t ec t i on of the shell. T h e s ide-necked turtles 

are considered the m o r e pr imi t i ve o f the t w o groups . 

Turt les trace their or ig ins back to the heyday of Pangaea, and there is g o o d 

ev idence that the t w o groups o f turtles w e r e distinct be f o re the breakup o f 

Pangaea began. H o w e v e r , as in the case of f rogs and lizards, the isolation and 

disintegration of Gondwana had a major effect on the distr ibution of various 

turtle families as we f ind them today. T h e s ide-necked turtles are basically 

Southern Hemisphere in distr ibution, wh i l e S -necked turtles are much m o r e 

w ide l y distr ibuted, including in the oceans o f the w o r l d because some o f 

them, such as leatherbacks and g reen sea turt les, have invaded the marine 

env i ronment . 

Fossil turtles w e r e f i rst found in the Dinosaur Beds of Ma law i long ago . 

In fact one of them was named Platycheloides nyasae in 1928. Platycheloides is 

a s ide-necked turt le . T h e same kind of turt le is found in rocks of similar age 

in the W e s t Afr ican nation o f N i g e r along wi th o ther turtles most similar to 

those found at Arar ipe in Brazil. T h e fossil r e co rd of turtles is another case 

whe r e ancient life reflects the large-scale geography of the Cre taceous . Unt i l 

recent ly it was held among some researchers that g r een sea turt les, a l iv ing 

species, show a particularly in format ive l i fe-style that harkens back to their 

ancestor 's habits of 100 mi l l i on years ago . 

G r e en sea turtles are one of the S -necked species that have taken to the 

oceans (F igure 3 9 ) . Females leave the sea on ly to scramble on t o sandy beaches 

and lay eggs. T h e r e are several b reed ing centers for the species. G r e e n sea 

turtles are herb ivores . Some populat ions of them graze on sea grass of f the 

coast of Brazil, but breed and lay their eggs o v e r 2 ,300 k i lometers distant, 

some 1,400 miles away. Each year a g r oup of g reen sea turtles turns their 

beaks to the east and swims to the island of Ascens ion, an unprepossessing 

volcanic rock jutt ing above the surface of the ocean along the Mid -A t lan t i c 

R idge . It is unclear exact ly h o w the navigation is managed, perhaps by 
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util izing the sun or m o o n , perhaps ocean currents, perhaps the Earth's 

magnet ic f ie ld, perhaps by a combinat ion of several means. T h e most recent 

studies impl icate the d i rect ion of waves and perhaps the local variation in the 

intensity of the Earth's magnet ic f ield caused by the magnet ic stripes in the 

sea f loor as possible clues for turt le navigation (see Figure 8 in Chapter 1 ) . 

Never the less the fact remains that a populat ion of g r e en sea turtles feeds off 

the coast of Brazil , then regularly the same g roup returns faithfully, i t seems, 

to the same forsaken island in the m idd l e of the At lant ic to r eproduce . I t was 

suggested at one t ime that the m o d e r n migrat ion pattern of the g reen sea 

turt le was nothing m o r e than an updated vers ion of the ancient pattern of the 

ancestral b reed ing cyc le established as Afr ica and South Amer i ca split apart 

through continental drift . W h e n those continents r i f ted apart, the South 

At lant ic Ocean f o r m e d . As they cont inued to drift apart, the At lant ic Ocean 

go t w i d e r and w i d e r until the present geography was reached. 

O n e fly in the o in tment is the age of Ascension Island. It is n o w h e r e near 

o ld enough to have been present in the early stages of the format ion of the 

South At lant ic . It is quite young , no t m o r e than a f e w mi l l i on years o ld . It 

is impossible that turtles w e r e breed ing on its beaches e i ther late in the A g e 

o f Rept i les or early in the A g e o f Mamma l s because i t s imply was not there . 

T h e d i l emma could be so lved by real iz ing h o w geo log ica l l y act ive mid-ocean 

FIGURE 39: Green sea turtle. A population of these sea turtles nests on Ascension 

Island in the middle of the Atlantic Ocean. 
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r idges are. T h e r e are always n e w volcanic islands be ing f o r m e d because 

mo l t en rock is carried to the surface a long m id -ocean r idges , n e w sea f loor 

is created (see Figure 7 in Chapter 1 ) , and somet imes in the heat of the 

geo log i ca l m o m e n t lava is ex t ruded through vo lcanoes to such an ex tent that 

a p i le rises above the surface of the ocean wa te r . L ike Ascens ion, Iceland is 

an island on the Mid -A t lan t i c R i d g e . In fact Iceland is the largest island on the 

r idge . 

O n c e a volcanic island is f o r m e d along a m id -ocean r idge , t w o forces beg in 

to act on it. First i t begins an inexorab le voyage away f r o m the r idge due 

simply to the way plate tectonics w o r k s . N e w sea f loor is created and o lder 

sea f loor , including that on wh ich vo lcanoes are stacked, m o v e s laterally away. 

As sea f loor m o v e s away f r om the r i dge , i t coo ls and because it is c oo l e r , i t 

b ecomes denser . T h e c oo l e r , denser sea f loor away f r om the r idge settles 

deeper into the m o r e plastic substance o f the Earth's inter ior . T h e net result 

is that the islands that w e r e once e m e r g e n t above the r idge s l ow l y submerge 

as they m o v e away f r om the r idge . 

T h e second force acting on the island is that o f e ros ion . W a v e s immed i 

ately begin batter ing its surface as soon as it is f o r m e d . Such hosti le actions 

by the ocean against the shores speed up the process of submergence . Eventu

ally a flat top is p u m m e l e d on to the island and it sinks c omp l e t e l y beneath the 

waves to b e c o m e what is k n o w n as a seamount . T h e Hawai ian Islands, wh i l e 

erupted o v e r a hot spot in the ocean crust rather than a spreading center , are 

a chain that illustrates the process . T h e youngest island is the big o n e , Hawa i i . 

T h e islands are o lde r in a l ine g o ing to the nor thwes t f r o m Maui to Mo l oka i 

to Oahu to Kauai. T h e oldest islands in the Hawai ian chain are no l onger 

islands. T h e y are the E m p e r o r Seamounts. That is what is go ing to happen to 

Ascension Island. In t ime i t w i l l sink. W h e n i t does , turtles ve ry certainly w i l l 

b reed there no l onger . 

So w h e r e w i l l they go? T h e s imple answer is just s o m e w h e r e else. T h e y 

wi l l f ind a n e w place to lay eggs , or they w i l l die out . 

N o w suppose that this turt le species w i th its exact ing sense o f navigat ion 

swims t owa rd Ascens ion, but another island has sprouted nearby f r om be 

neath the waves along the mid -ocean r idge . W o u l d they just lay their eggs on 

the n e w beaches? I f the turtles w e r e to f ind another island that way , i t may 

no t mat te r to the turtles that Ascens ion goes under . Is i t possible that 

Ascension is one island in a l ong string of islands appearing and disappearing 

through t ime? It is easy to imagine such a thing if we l ook at the Hawai ian 
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island chain on a map , strung a long f r om a volcanic source , the younger 

islands fresh and high, the o lde r islands l o w e r and less rugged , phasing into 

seamounts. T h e r e are seamounts along the M id -A t l an t i c R i d g e , so the ques

t ion b e c o m e s , have the g r een sea turtles l eap- f rogged f r om mid-ocean island 

to mid -ocean island as the South At lant ic w i d e n e d for a pe r i od of 100 mi l l ion 

years? W h a t a neat story if they had. 

T h e fossil r e co rd of sea turtles is less extens ive ly studied than it ought to 

be in o rde r to make sense o f the history o f the greens . Never the less turtles 

of a similar evo lut ionary grade had taken to the sea by Cretaceous t imes . T h e y 

cannot have invaded the South At lant ic until i t was open , obv ious ly , so unless 

they w e r e in the hypersal ine waters of f southwest Afr ica, which seems 

unl ikely , g r een sea turtles probably d id not exist around Afr ica, i f they existed 

in the Cre taceous at all. M o r e o v e r , the l i fe-style of g r een sea turtles in the 

At lant ic depends on the presence of large fields of sea grass, on which the 

species feeds , m o r e than i t depends on the beaches o f Ascension Island, whe r e 

on ly one populat ion of the species lays eggs . T h e r e are no indications that 

turt le grass was w i d e l y distr ibuted until the latter half o f the A g e o f Mammals , 

perhaps around t w e n t y mi l l i on years ago or less. 

Conc lus ive proof that the green sea turtles of Ascension Island are not the 

survivors of a long and majestic race of M id -A t l an t i c seafaring turtles comes 

f r om a detai led compar ison of their genet i c material w i th that of other 

populat ions o f g r e en sea turt les. T h e mo lecu les o f inheritance clearly indicate 

that there has been m ix ing , at least to s ome d e g r e e , of the females f r om the 

various populat ions of the species. T h e Ascension Island populat ion has not 

been separate all these years, and the co lonizat ion of the beaches in the m idd l e 

of the At lant ic , wh i l e unquest ionably an amazing feat of animal migrat ion , is 

no t necessarily the end result of a chain of l onge r and l onger distance 

co lonizat ions by a single cont iguous populat ion. It could be nothing m o r e than 

happenstance that the beaches of Ascension are used as a nesting area, 

regardless o f whe the r o ther islands a long the Mid -A t lan t i c R idge have, or have 

no t , been ut i l ized in t imes past. 

T h e idea of is land-hopping vertebrates is no t l imi ted to turt les, and it is 

not even l imi ted to true islands, nor to animals that s w i m . I t has been 

suggested that the rather constant supply of vo lcanic rocks to Iceland has 

maintained the island above the surface for tens of mi l l ions of years. That part 

o f i t ly ing o v e r the M id -A t l an t i c R i d g e , the source o f lava, remains emergen t , 

but the lateral flanks of the island subside and disappear. It is similar to the 
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not ion o f continually creating n e w islands a long the r idge , excep t that w i th 

Iceland the island is always f o r m e d at the same spot . Thus , such terrestrial 

animals as may have been inhabiting Iceland t w e n t y mi l l i on years ago have 

neve r been wi thout dry land, accord ing to this theory , and the land surface 

w h e r e they l ived acted as a sort of t readmi l l , w i th the inhabitants requ i red to 

maintain their posit ion o v e r the r idge on younger and younger rock as t ime 

progressed. It is an interesting idea, but there is no d irect ev idence that 

volcanic islands have been particularly significant in this regard , at least so far 

as terrestrial vertebrates are conce rned . But s ome ev idence is suggest ive. 

O n e recent study introduces the possibil ity that the life of the Galapagos 

Islands, straddling the equator of f the coast of Ecuador in the eastern Pacific 

Ocean , can be v i e w e d f r om the perspec t i ve o f islands through t ime , wear ing 

to seamounts, subsiding and submerg ing wh i l e n e w islands f o r m . This is an 

especially interest ing suggest ion because the Galapagos Islands played a cen

tral ro le in D a r w i n ' s formulat ion of evo lu t ion by natural se lect ion. It is a 

unique set of islands w i th an interest ing fauna and flora. T h e name Galapagos 

der ives f r om the Spanish w o r d for tor to ise . Galapagos torto ises g r o w quite 

large, to o v e r 100 pounds in fact. T h e islands w e r e a regular stop for 

buccaneers and later for m o r e leg i t imate sailing ships. T h e torto ises p rov ided 

an easy source of fresh meat and they could be conven ient ly s tored on their 

backs in a ship's ho ld for weeks w i thout t roub le . 

Besides tortoises there are all kinds of n o t e w o r t h y animals on the islands. 

Galapagos penguins survive at the equator because of the co ld -wa t e r currents 

that c o m e up f r om Antarct ica a long the wes t coast o f South A m e r i c a . Mar ine 

iguanas are lizards that have taken to feeding in the sea of f plants g r o w i n g 

along the rocky shores of the islands. 

Da rw in was struck by the similarity of most of the fauna of the islands to 

that of mainland South Amer i ca , yet each island held a di f ferent but re lated 

set of species. Da rw in reasoned that each island in the archipelago p rov ided 

a separate locus for natural se lect ion and consequent ly for the di f ferentiat ion 

of species, perhaps most famously the birds k n o w n as D a r w i n ' s f inches. 

If the Galapagos Islands are s imply the last e m e r g e n t rocks in a system that 

includes seamounts that w e r e prev ious ly islands, the ancestors of the terres

trial inhabitants may have hopped f r om island to island through t ime . T h e 

impl icat ion is that their evo lut ion has been m o r e c o m p l e x than that env is ioned 

by Da rw in . T h e ev idence c omes f r om the fact that there are seamounts 

associated w i th the present islands, and the l imi ted b iomo lecu la r ev idence 
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suggests that the birds may not have had such a long separate history as the 

marine iguanas have had f r om their terrestrial cousins. It w o u l d not be 

particularly startling i f they d id no t , because di f ferent species do not necessar

ily co lon i ze islands at the same t ime . A m o r e precise understanding is l ikely 

to f o l l o w detai led mo lecu lar studies and compar isons among islands and wi th 

the mainland of South Amer i ca . W h e t h e r the history of Galapagos species is 

m o r e or less c o m p l e x , the r e su l t—ob ta ined by the process envisaged by 

D a r w i n — i s the same. Di f ferent but re lated species e v o l v e d on separate 

islands through natural se lect ion. 

ON THE OTHER side o f the ocean 's sur f ace—the permanent ly w e t s i d e — 

the mid -ocean ridges and their islands have been of great b iogeographic 

signif icance. T h e feet of vo lcanic islands f o rm a substrate upon which coral 

and other organisms need ing clean ocean wa t e r wi thin the range of sunlight 

can flourish. Cora l , because of the stony l ime it secretes, actually builds rock. 

C lear ly , then, mar ine organisms hop f r om the shores and lagoons of one island 

to the nex t , taking advantage of a fresh place to call h o m e . As o ther inver te 

brates jo in the coral to build a c o m p l e x c o m m u n i t y , so , t o o , do vertebrates 

jo in the party, particularly the vast array of cora l - ree f f ishes. T h e r e is even 

a ve ry l ikely case of a l iv ing fossil, cal led a coelacanth (its b io logy wi l l be 

discussed at greater length in the nex t chap te r ) , in which the animal, its kind 

supposedly ext inct for e ighty mi l l i on years, n o w l ives only a long the steep 

sides of vo lcanic islands on ly f ive mi l l i on years o ld or so . I t is on ly k n o w n f rom 

the C o m o r o Islands b e t w e e n Madagascar and Afr ica , e xcep t for one spec imen 

caught of f the coast of South Afr ica. 

Coelacanths are not deep-sea dwe l l e r s ; rather they inhabit modera te 

depths. T h e i r l imi ted geograph ic distr ibution can only be expla ined by their 

hopping f r o m island f oo t to island foo t ( o r a long vo lcanoes that neve r b roke 

the surface of the sea) as those features w e r e f o r m e d . Either that or we must 

admit that we s imply do not k n o w much about w h e r e animals l ive under the 

sea. T h e latter is true to s ome ex ten t , and the f o rmer may be as we l l . 

T h e co lon izat ion of the feet o f islands by corals and other life demonstrates 

the impor tance of plate tectonics in creat ing n e w real estate and in adding to 

the diversi ty o f env i ronments available for life to invade and exp lo i t . T h e 

cora l - ree f habitats are cente red in the phot ic z one , the depth of water 

penetrated by l ight. B e l o w the phot ic z o n e , on the seabed, the processes o f 
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plate tectonics p rov ide o ther areas w h e r e life might thr ive . H o t wa t e r escap

ing f r om inside the Earth through vents a long ocean r idges p rov i de for another 

kind of b io log ica l c ommun i t y , one that does not depend on sunlight for its 

pr imary energy but on chemical react ions. These hydro thermal vent c o m m u 

nities are re lat ive ly n e w to us because exp lo ra t i on of the ocean f loor is such 

a nove l ty . Never the less , there is a characteristic suite of organisms l iv ing in 

the dark depths, we l l away f r om any hope o f sunlight. T h e r e are bacteria. 

T h e r e are molluscs and crustaceans. T h e r e are w o r m s o f many kinds, s ome 

g r o w i n g to incredible lengths and having tentacles l ike f l owe r petals. It is a 

w h o l e dif ferent w o r l d , and one that in s ome respects may ref lect life on Earth 

pr io r to photosynthesis and the abundant free o x y g e n that g r een plants 

p roduce . Organisms evo l v ing in the w a r m t h of a hydrothermal vent deep 

beneath the seas are sheltered f r o m meteo r i t e s and cl imatic fluctuations that 

might dr i ve species at the surface to ex t inc t ion . 

Chemosynthet i c communi t i es are not l imi ted to hydro thermal vents along 

ocean-f loor-spreading centers . T h e r e are o ther ways to establish an appropr i 

ate chemical env i r onment for them. For e x a m p l e , and strangely enough, the 

carcass of a wha le decompos ing at the b o t t o m of the sea prov ides the correc t 

combinat ion of factors for a small undersea island of chemosynthet ic life to 

exist. It is a transient c ommun i t y , but still, it is a l i t t le enc lave , just l ike an 

island, in an o therw ise o v e r w h e l m i n g l y pho to t roph ic sea. Isn't that amazing? 

T h e condit ions at a mid -ocean r idge and at a decaying wha le carcass are 

sufficiently similar that the same genera l kind of c ommun i t y of organisms 

flourishes around each. W h a t is so special about whale carcasses that they 

should do this? 

T h e answer is that there is nothing real ly special about whales o ther than 

their size and perhaps their high oi l content . If a wha le carcass can support 

a chemosynthet ic c ommun i t y under the sea, then so can any carcass of 

sufficiently large size to p rov i de the right env i r onment . So the bodies of 

ver tebrate animals cou ld have been acting as islands under the sea e ve r since 

large marine vertebrates e v o l v e d . W h a l e s on ly go back 52 mi l l i on years or so . 

H o w e v e r , large f i sh go back much earl ier . T h e huge marine rept i les o f the 

Mesozo i c go back 200 mi l l i on years, to the t ime o f Pangaea. Plesiosaurs, 

ichthyosaurs, and mosasaurs, the three great repti l ian l ineages that ruled the 

sea during the M e s o z o i c , may have p layed a ro l e in the evo lu t ion of hydro -

thermal-vent faunas way back then just as whales do n o w . L ike the pattern 

seen on land, the w h a l e s — m a r i n e m a m m a l s — d i d not b e c o m e the behemoths 
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of the o c e a n s — i n d e e d they did no t even e v o l v e — u n t i l after the repti l ian 

giants of the oceans became comp l e t e l y ext inct at the Great Dy ing , the end 

o f the Cre taceous . 

SEA TURTLES e v o l v e d be fo re whales , but neve r have they produced species 

comparab le in size to the biggest mar ine mammals . Still, sea turtles achieve 

quite respectable d imensions. M o r e o v e r , they are rept i les and there fore they 

have a dif ferent metabo l i sm f r o m the w a r m - b l o o d e d mammals that maintain 

higher rates of bod i l y activit ies. C o m p a r i n g the metabo l i c characteristics of a 

large rept i le that undergoes taxing t empera ture changes (such as sea turt les) 

w i th those of a mamma l might be v e ry instructive and perhaps relevant to 

understanding dinosaurs. 

Leatherback turt les, another species o f the S - n e c k e d g r oup , g r o w to 

b e t w e e n four and f ive hundred pounds in we i gh t . T h e y sw im in latitudes 

ranging f r om the w a r m - w a t e r tropics to the fr igid A r c t i c C i r c l e . Thus, since 

they s w i m , they are f o rced to exper i ence rather e x t r e m e condit ions o f 

t empera ture wh i l e remaining act ive . The i r measured metabo l i c rates are 

b e l o w those expec t ed in mammals of the same size, so the leatherbacks must 

be solv ing their p rob l ems of maintaining activity and body temperature in 

ways di f ferent f r om w a r m - b l o o d e d mammals . N o t surprising. 

In both large mammals and large rept i l es , the sheer bulk of flesh be tween 

the inside and the outside of the body prov ides insulation against the loss of 

heat. H o w e v e r , leatherbacks must s o m e h o w dissipate their body heat whi le 

s w i m m i n g in w a r m e r waters , and converse ly they must conserve their heat 

wh i l e s w i m m i n g in co lde r N o r t h At lant ic waters . This is accompl ished by 

regulat ing c irculat ion, increasing the f low of b l o od to areas w h e r e heat can 

be m o r e easily lost w h e n the animal is in danger of overheat ing , and restrict

ing the f low of b l o od w h e n heat loss is de t r imenta l . Central to the regulation 

of b ody t empera ture by leatherbacks, h o w e v e r , is large size and the insulation 

that bulk prov ides . 

It makes a great deal of sense, then, that dinosaurs, at least the larger 

species, may have e m p l o y e d the same kind of g i ganto thermy in regulating 

their bodies as leatherback turtles d o , s imply because they w e r e of large size. 

T h e conclusion, i f that is so, is that g iganto thermic dinosaurs could have been 

act ive through a w i d e range of t emperatures . O t h e r dinosaurs, particularly 

the smaller ones , may not have been able to contro l their body temperature 
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in the same unconscious way . Some must have d e v e l o p e d a true w a r m -

b loodedness , even w i th small b ody size. We k n o w that for certain because 

birds are w a r m - b l o o d e d . 

Dinosaur geography prov ides ev idence that these rept i les ve ry probably 

w e r e tolerant o f a w i d e range o f t emperatures . T h e geographic distr ibution 

of dinosaurs is huge. I t goes f r om the l o w equatorial tropics to the high polar 

latitudes. Early Cretaceous dinosaurs are k n o w n f r om Australia and Late 

Cretaceous dinosaurs are k n o w n f r om both Alaska and Antarct ica. It is a 

t remendous geographic range , embrac ing ex t r emes o f t empera ture , but lea-

therback turtles have a similar range f r om the tropics to the A r c t i c , so it is 

not necessarily strange that dinosaurs d o . 

T h e average yearly t empera ture for Australia in the Early Cre taceous is 

est imated to be less than 5 degrees cent igrade , wh ich is on ly 41 degrees 

Fahrenheit. That is a year ly average of t empera ture based on the geochemis t ry 

of o x yg en . Tempera tures w o u l d have fluctuated w i th the seasons just as they 

do n o w . Austral w inters w e r e dark and very l ikely b i t ter ly co ld . Summers 

w e r e w a r m . T h e Antarct ic polar r eg ion was probably i cebound. 

O v e r w i n t e r i n g in harsh c o n d i t i o n s — i n the d a r k — w i t h temperatures 

p lummet ing and f ood g r o w i n g scarce, is difficult. S o m e dinosaurs, perhaps 

the smaller ones , may have been able to survive during the w in t e r because 

they w e r e active and w a r m - b l o o d e d . O t h e r dinosaurs may have so lved the 

p r o b l e m by hibernating, s leeping through the tough t imes. Still others may 

have migrated to m o r e pleasant c l imes on the nor thern side o f Australia. That 

is all speculation. W h a t is so interest ing about the leatherback turtles w i th 

respect to dinosaurs is that they are rept i les , they suffer e x t r emes of t empera

ture , and they migra te . M o s t important ly we k n o w someth ing about h o w 

their body temperature is cont ro l l ed and that it enables them to travel through 

the range o f temperatures that they d o . Perhaps some o f the dinosaurs w e r e 

similar. 

TEMPERATURE, both inside and outside the body , is an important factor for 

all animals, but the outside t empera ture plays a pecul iar ro l e in some l iv ing 

repti les. In most turt les, s ome l izards, and in crocod i l es the t empera ture at 

which eggs are incubated at a critical t ime in their d e v e l o p m e n t de termines 

the sex of the animal. Sea turt le eggs p roduce males i f incubated b e l o w 28 

degrees cent igrade (82 degrees Fahrenhe i t ) , but they p roduce females i f 
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incubated above 29.5 degrees (85 degrees Fahrenheit ) dur ing the midd le third 

o f d e v e l o p m e n t . T h e r e f o r e , since c rocod i l es , al l igators, s ome lizards, and 

some other turt les d e v e l o p in similar fashion, it is not unreasonable to assume 

that s ome or even most dinosaurs had a similar m e t h o d of sex determinat ion . 

It cannot be p r o v e n , but it has been suggested that changing cl imates t oward 

the end of the M e s o z o i c may have affected the sex rat io o f dinosaur species 

and thereby contr ibuted to their ex t inc t ion by disrupting the populat ion 

balance. 

T H I S CHAPTER BEGAN by l ook ing at di f fering rates and patterns of evo lu

t ion result ing in adaptive radiations on the one hand and l iv ing fossils on the 

o ther . F r o m the examples presented it should be clear that there is no set 

path that an evo lut ionary l ineage must f o l l o w , but that the genet ic potential 

of a species w i l l l imi t its evo lut ionary opt ions , as w i l l the constraints im

posed by its b io log ica l and physical env i r onment . T h e physical processes of 

plate tectonics modi fy the Earth and create n e w env i ronments for life to 

co l on i z e . As the Earth's geography changes, so are l i fe 's strategies modi f i ed . 

Some general i t ies about the roots o f the m o d e r n w o r l d begin to e m e r g e . 

Pangaea of 200 mi l l i on years ago p rov i d ed an in terconnected canvas of 

cont inents across wh ich was painted the rudiments of terrestrial ver tebrate 

life for the m o d e r n w o r l d : p r im i t i v e f rogs , l izards, mammals , turt les, and 

perhaps birds. N o n e had achieved the sophistication o f their m o d e r n repre

sentatives. That came w i th the later stages o f geograph ic rearrangement when 

Pangaea b roke apart and G o n d w a n a f ragmented . T h e vicars left on drift ing 

landmasses e v o l v e d their separate ways , o f ten to reach di f ferent, but for each, 

m o r e de r i v ed grades o f evo lu t i on . T h e dinosaurs, t o o , e v o l v e d along the lines 

of geographical vicars, separated f r om each o ther by w iden ing oceans and 

founder ing land br idges . O n l y sporadically did landmasses conjoin to a l low 

the m ix ing o f their communi t i e s . 

T h e r e is one addit ional case, in s ome ways the most intr iguing, of the 

geographical distr ibution of animals through t ime that should be brought up 

here : the European fossil local ity of Messe l . Loca ted in Ge rmany near Frank

furt am Ma in , the site is roughly forty mi l l i on years o ld . It is the remains of 

an ancient lake that ex isted around twenty -s i x mi l l i on years after the A g e of 

Rept i l es , w e l l into the A g e o f M a m m a l s . Messe l was or ig inal ly excavated for 

oi l shale. Such a large ho le in the g round in c r o w d e d Europe wi l l not go 
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unnot iced by all sorts o f p eop l e w i th jobs to accompl ish. Messe l was v e ry 

nearly turned into a garbage d u m p until it was saved. N o w it is a fossil 

reserve . 

T h e fossils that are preserved at Messe l are exquis i te . Many species are 

represented by w h o l e , articulated skeletons. N o t only that, but s ome o f the 

mammals have the image of their hair p reserved as an organic f i lm in the shale. 

Some even have the stomach contents of the last mea l . 

Being in the A g e of M a m m a l s , as it is, Messe l has an interest ing suite of 

mammal ian fossils. T h e list includes insect ivores , pr imates , rodents , b a t s — 

very nice ba t s—and other species. It e v en includes an anteating pango l in , a 

kind of mammal found today in Asia and Afr ica. T h e y are c o v e r e d in large , 

stiff scales, which make them l o ok a lo t l ike wa lk ing p inecones . H o w e v e r , the 

strangest of all mammals f r om Messe l is another kind of anteater. It is an 

anteater that is the only European representa t i ve—foss i l or l i v i n g — o f a g r oup 

o f special ized anteaters n o w l iv ing in South A m e r i c a (F igure 4 0 ) . H o w could 

it have go t ten to Messe l w i thout leaving a trace anywhere else? 

T h e answer for s ome paleontolog ists is that this g r oup of anteaters, and 

perhaps other groups o f placental mammals , di f ferentiated b e t w e e n 100 

mi l l ion vears ago and the beg inning of the A g e of Mamma l s at 66 mi l l i on years 

FIGURE 40: South American giant anteater. A fossil related to this living species 

was found in Germany. Alight similar fossils one day he found in Africa? 
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ago in what is n o w Afr ica . T h e t iming w o u l d be later than the Dinosaur Beds 

o f M a l a w i , or the K o u m Basin in C a m e r o o n , or Arar ipe in Brazil. I t w o u l d 

also be younge r than the separation of South Amer i ca and Afr ica is usually 

cons idered to be unless the process of separation is actually m o r e compl icated 

than has been presented . T h e r e is no viable fossil r e co rd in Afr ica represent ing 

that interval , so the possibi l i ty cannot be exc luded on the basis of what we 

current ly k n o w of Afr ican l i fe. I t is possible that the m o v e m e n t of Afr ica and 

South Afr ica away f r o m each other during this interval was sufficiently 

compl i ca ted that island hopp ing , or perhaps contact , might just have occur

r e d . I f i t d id , the distr ibution of the South Amer i can anteater and its Messel 

re lat ive might be exp la ined . By Messe l t ime the anteaters, pr imates , pango

l ins, early relat ives o f horses, and some o ther kinds of mammals had migrated 

into Europe , possibly f r om Afr ica. 

I have no idea whe the r such a sequence of events actually occurred . T h e 

ev idence is w e a k and inconclusive . H o w e v e r , it is an hypothesis that is 

plausible to the ex tent that it explains the Messel fauna, and it predicts that 

an undocumented ep isode of mammal ian evo lu t ion occurred late in the A g e 

of Rept i l es in Afr ica. I t also predicts wh ich kinds of mammals should be 

invo l v ed in it. These pred ic t ions wi l l be tested when fossils o f the right age 

and in the r ight place are found. This cou ld be another case of g o o d fossils 

just wai t ing to be d i scovered . 

W h a t e v e r the case, i t is clear that t o w a r d the end of the A g e of Rept i les 

the Earth was rich in b io log ica l d ivers i ty . In many ways it was recognizable 

as the parent o f today ' s w o r l d . In one w a y , h o w e v e r , i t was very di f ferent. 

T o d a y ' s rulers , the mammals , did l ittle but skulk furt ively about in the 

M e s o z o i c w o r l d . T h e y d id not suffer f r om an ident i ty crisis; they w e r e clearly 

mammals and of the three major groups (placentals, marsupials, and m o n o 

t r emes ) that we recogn i ze today , plus some mammal ian groups that have since 

b e c o m e ext inct . Y e t i t seems the mammals w e r e almost int imidated by the 

dinosaurs. T h e y s imply and undeniably did not flourish during the A g e o f 

Rept i l es . O n l y after the terminal Cre taceous ext inct ions , when dinosaurs and 

many o ther creatures w e n t ext inct , did the changing of the guard occur and 

a n e w pe r i od of faunal adjustment take p lace . 

A n d n o w here w e are. 
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D I N O S A U R ? 

F OSSILS OF M A N Y K I N D S represent ing the w o r l d o f 100 mi l l i on years 

ago can be found today, p reserved in the ancient rocks o f A fr ica . Many o f 

them are strange. H o w e v e r , on one of my flights to Ma law i I read in an airl ine 

magazine of someth ing even m o r e strange. I t was a " s e r i ous scientific exped i 

t i o n " to Darkest Afr ica in search not o f fossils, no t even o f l iv ing l ions, 

hyaenas, or e lephants, but of a living dinosaur. N o t birds, but dinosaurs in the 

traditional sense. A sauropod. Someth ing presumably resembl ing bron-

tosaurus, or maybe a Malawi-saurus. T h e exped i t i on I read about is not the 

f i rst to p ropose the search. T h e r e have been at least four others . These are 

not scientific exped i t i ons . T h e y are science f i c t ion—and no t part icularly g o o d 

science fiction, e i ther , judging f r o m the 1985 m o t i o n picture Baby: Secret of 

the Lost Legend, wh ich is based on such a search. 

Afr ica, the Dark Cont inent , the land of the u n k n o w n , is a c l iche, an allure 

even n o w . That myst ique used to be justi f ied. At least part o f i t goes back to 

the intense interest that the V ic tor ian era t ook in the search for the headwaters 

o f the N i l e . In the latter half o f the nineteenth century the geography of Afr ica 

really was much m o r e poo r l y k n o w n than that o f mos t o ther cont inents . Back 

then the Inter ior was a blank spot on the British map , even though in earl ier 

centuries the Portuguese had a bet ter reckon ing of it. N o w Afr ica is no l onge r 
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so r e m o t e , so h idden, as i t used to be . T h e b ig questions of o ld , such as the 

courses of its r ivers and the traces of its mountains, are not obscure. 

T h e R i v e r N i l e originates f r o m the lake reg ion o f East Afr ica and 

debauches into the Med i te r ranean Sea. T h e R i v e r C o n g o , through the Lualaba 

and the Ituri , has its headwaters near those of the N i l e . It f lows north then 

wes t f r om the lake reg ion to drain the fet id swamps of Centra l Afr ica into the 

At lant ic . O n l y one great lake, Lake M a l a w i , drains south, out through the 

Shire and then the Zambez i to the Indian O c e a n . T h e r ivers w e r e highways 

w h e n the cont inent opened up to Europeans. Exp lorers used them to travel 

through the land. 

Danie l D e f o e ' s f ic t ional hero Captain Bob Singleton, the pirate , crossed 

the Afr ican cont inent through his author 's pen , on paper and in the imagina

t ion , but much be fo re his t ime . D e f o e w r o t e S ingleton 's made up travel 

adventures m o r e than a century be fo re L iv ingstone actually did cross the 

cont inent in 1854. L iv ingstone f o l l o w e d a course a long the Zambez i for most 

of the way . He made i t to the At lant ic coast and then he made his way back. 

T h e truth of Afr ican exp lo ra t i on is stranger than f ict ion. M e n like Dav id 

L iv ingstone are not normal . He was caught up in the search for the headwaters 

of the N i l e . L iv ingstone was a missionary, but he , l ike Richard Burton and 

John Speke , e xp l o r ed the Ri f t Va l l ey w h e r e the great lakes of Afr ica hang like 

del ic ious w e t grapes on a dry b r o w n stalk. He searched for the headwaters 

o f the N i l e for years. He thought he had found them , but he had not . He was 

still searching w h e n he d i ed . 

Hen ry Stanley searched for L iv ingstone and became infected w i th the fever 

of A fr ican exp lo ra t i on . Bula Matari, " t h e breaker of r o c k s , " as Stanley 

became k n o w n to the natives, t o ok on L iv ings tone ' s quest. He f o l l o w e d the 

course of the Lualaba, no t to the N i l e as he wanted but all the way to the 

C o n g o , even to the wes t coast o f A fr ica . 

It is all part of the tradi t ion, this searching and exp lora t ion of Afr ica. T h e 

exp l o r e r s , dr i ven m e n , k n e w what they w e r e look ing for . T h e y had their 

reasons, and the reasons w e r e val id. T h e searches made sense to the nine

teenth-century w o r l d . T h e N i l e does have headwaters , and they w e r e impor 

tant to f ind. L iv ingstone was al ive w h e n Stanley searched, and he was 

impor tant to f ind . T h e early exp lo re rs opened up the cont inent to Europe . 

T h e r e are no m o r e blank spots on the map . T h e on ly way not to be aware 

o f Afr ica nowadays is to i gno r e , for wha teve r reason, the c o m m o n , hard-won 

k n o w l e d g e o f that cont inent . 
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Expedi t ions to Afr ica in search of l iv ing dinosaurs, l ike the one I read 

about in the airline magaz ine, are based on w o r d - o f - m o u t h repor ts of a 

legendary beast cal led Mokele-Mbembe. T h e p h e n o m e n o n is no di f ferent f r om 

the repor ts o f the Loch Ness Mons t e r , Y e t i , o r B ig foot . T h e only real 

di f ference is that in this case it is set in Afr ica . Mokele-Mbembe's haunts are 

a l leged to be the Likouala Swamp o f the P eop l e ' s Repub l i c o f the C o n g o , r ight 

in the e x t r e m e depths of the cont inent . This is the nor thern part of the huge 

swampy reg ion traversed by Stanley on his seven-month float d o w n the C o n g o 

R i v e r . Mokele-Mbembe is thought to l ook l ike a b ron tosaurus—the w o r d used 

by English-speaking searchers—based most strongly , in their op in ion , on the 

identif ication of mug shots by natives. A man named Appo l ona i r e encoun

tered by one of the exped i t ions even sketched a crude effigy in the soil that 

was said to resemble a sauropod. He had seen the beast, he said, at the vi l lage 

of Pikunda, not far f r om the route Stanley t ook on his third Afr ican exped i 

t ion. On that one Stanley left instructions w i th his rear guard to jo in h im w i th 

extra supplies and ammuni t i on . T h e rear guard neve r caught up w i th Stanley, 

partly because they heard he was dead. Supposedly he had been m u r d e r e d in 

retaliation for the atrocit ies he a l legedly b e s t o w e d on the natives. R u m o r s 

w e r e rampant among the local populat ions that human arms and legs had been 

seen in Stanley's cook ing pots . T h e r e was graphic ev idence of a quality equal 

to that used in the search for Mokele-Mbembe. Stanley, w h o was assuredly no t 

dead, w r o t e , "Ske tches by an amateur artist are said to have been made of 

w h o l e parties indulging in cannibal r epas t s . " 

Stanley, o f course , had not been m u r d e r e d , the English w e r e not cannibals 

(any m o r e than the natives w e r e ) , and the sketches o f Stanley 's cook ing pots 

had no bearing on real i ty. I do not k n o w what the Congo l e s e Appo l ona i r e 

d r e w , or w h y , but the r epor t that he sketched a sauropod does not substanti

ate their ex istence alive in the C o n g o . 

Never the less an exped i t i on to the Likouala S w a m p could be scientifically 

very important i f questions o f m o r e general significance w e r e be ing asked: 

W h a t i s the diversity o f l i f e — p l a n t and a n i m a l — i n the Likouala Swamp? H o w 

many species are there? W h a t is the eco log ica l structure of the communi ty? 

H o w does i t c ompare w i th o ther tropical jungles , such as the Amazon? W h a t 

is the contr ibut ion of the Afr ican tropics to the g lobal eco log ica l balance? 

W h a t are the economica l l y impor tant species? W h i c h species have medic inal 

propert ies? H o w has the swamp changed through g e o l o g i c t ime? H o w is i t 

being affected by human impact? Is it be ing destroyed? A r e steps necessary for 
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conservat ion? H o w can the p eop l e o f the reg ion best and most ef fect ively 

uti l ize their resources? 

If questions such as these w e r e addressed, sauropods, i f they ex isted, 

w o u l d turn up in due course. W h e t h e r they did or did not , we w o u l d have 

a much greater k n o w l e d g e about this part of the w o r l d and i t w o u l d be of 

much greater consequence . 

But surely, one might insist, dinosaurs could be l iv ing s o m e w h e r e in Afr ica, 

cou ld they not? Sure, they cou ld . A n d that w o u l d be fun. But h o w likely is 

it? T h e odds are so great against it that the probabi l i ty of f inding a l iving 

sauropod has, for all intents and purposes, reached z e r o . I regre t that it 

i s — s a d l y — a virtual certainty that none wi l l be found al ive. But i t does make 

sense. 

N o t a single real ly n e w kind of large animal has been d iscovered in Afr ica 

since the okapi , a re lat ive of the giraffe, was named in 1901 , very nearly a 

century ago . A n d peop l e have l o oked . T h e p y g m y h ippopotamus was discov

e r ed in 1912, but regular hippos w e r e already familiar long be fo re then. T h e 

giant forest hog was found in 1902, but peop l e already k n e w that pigs w e r e 

around. A l m o s t certainly s o m e less conspicuous small animals still remain to 

be d i scovered and descr ibed f r om many parts of the w o r l d . Things such as 

m i c e , insects, or f ish are sure to have mult i tudes o f unnamed species. Perhaps 

even some larger terrestrial species w i l l be d i scovered . But wh i l e there may 

be species n e w to science, they are unl ikely to be grosslv dif ferent f rom what 

is already k n o w n . 

T h e circumstances surrounding the European d iscovery of the giant forest 

hog , Hjlochoerus meinertzhageni, are we l l d o c u m e n t e d , so they ought to be 

in format ive as to h o w n e w and large animals w e r e d i scovered in the Victor ian 

past. R ichard Me iner t zhagen , for w h o m the species was named , r eco rded the 

events in his diary. A soldier and an avid sportsman in the sense of early 

twent i e th-century Afr ica , he spent much t ime afield. He l ived in the bush, 

be ing stationed in several r e m o t e and mountainous posts in Kenya. He kept 

a scrupulous r e co rd of his daily l i fe. 

Me iner t zhagen wr i tes in his diary on 5 Sep tember 1902 whi l e on a trip to 

the Abe rda r e Mounta ins , 

Wh i l e wandering in the forest at dusk I saw t w o animals I have never seen 

before . Unfortunately I caught only a fleeting gl impse of them. . . . [One ) 

was an enormous black pig, probably a forest variety of the warthog. Here 

again I only just saw the beast for a moment . 
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T h e n , in 1904, t w o years later, wh i l e on a punit ive exped i t i on against the 

Embu tr ibe o f M o u n t Kenya: 

Just as we we r e emerging from the forest the leading man of my patrol 

fired a shot at something which I could not see, and on coming up I found 

he had killed a huge pig with long black hair, unlike anything I ever heard 

of. I put a piece of the skin into my haversack but left the carcass. I shall 

send to bring it in t o m o r r o w . As we have several of the enemy in the 

vicinity I could not remain and examine her, for she was a sow, but I n o w 

wish I had brought home the skull, which was unlike that of any pig I 

know. 

Then on 24 March 1904 he w r o t e , 

I may as we l l note d o w n what I know of the huge forest pig which I found 

on 11 March in the Kenya forests. Up till n o w I have seen but one , a sow, 

and she after she had been kil led. A l l I have of this beast is a small piece 

of skin. 1 asked all my Masai levies whether they knew the animal and they 

all said they did but that it l ived in thick forest and was called elguia by 

them. They made their shields of its tough skin, and I actually purchased 

a shield which purports to be made from the forest pig. Its owne r told me 

he bought the skin from a D o r o b o hunter w h o had killed it on the Mau 

escarpment, which shows the animal has a w ide range. 

Towards the end of the expedit ion my men found several large pieces 

of skin in villages. O n e piece in particular is enormous and could never 

have been taken off an animal much smaller than a donkey. The hair is long 

and black, measuring some 10 inches on the crest. 

On returning to Fort Hall I enquired f rom the Wakikuyu concerning 

the pig and found they all knew it we l l , calling it numiira. I have offered 

a c o w to the first man who can get me a comple te skin with the skull. 

I have sent all the skin I have, together with the above information, to 

Ray Lankester at the British Museum. I think there can be no doubt that 

the animal is new to science. It is exasperating not to have got a skull, but 

I live in hopes and shall hunt for him in forest when I get the chance. 

I am convinced that the pig I saw in the Aberdares . . . was this forest 

Pig-

T h e e lements o f Me iner t zhagen ' s " d i s c o v e r y " o f the giant forest hog (see 

Figure 4 1 ) are personal observat ion, tangible remains, and veri f iable general 
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k n o w l e d g e of the beast f r om local inhabitants. Science requires that there be 

someth ing tangible , s ome repeatable , testable stream of log ic , in o rde r for an 

i d e a — o r the claim o f a n e w a n i m a l — t o be accepted . Afr ican natives not only 

had names for the giant forest hog , they made shields f r om its hide. Me ine r t -

zhagen co l l ec ted a p iece of hide himself. In June 1904 Meiner tzhagen even 

obta ined a skull f r om one of the local inhabitants. That was particularly 

significant. Skulls are ve ry impor tant in m a m m a l o g y — t h e study of mam

m a l s — w h i c h is what the giant forest hog is, because almost every species can 

be distinguished by the structure of its skull bones and teeth. 

Me iner t zhagen w r o t e on 16 June, 

FIGURE 4 1 : Giant forest hog. This species was unknown to the scientific community 

until early in the twentieth century. The circumstances surrounding its "discovery" 

were recorded and provide a model for how large "unknown" animals become 

known. 
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But today I had even better luck. I had seen the tracks of pig in the forest 

and have often been out after them. It was only today when I was 

successful. I came on her in some thick stuff and killed her at about 40 

yards. She is a young sow, and I was able to preserve the complete skull 

and skin, which I shall send to the British Museum. This is probably the 

first of her kind to be killed by a European. 

So i t was at the turn of the century . W h e n Me iner t zhagen m o v e d to Nandi 

For t in wes tern Kenya in 1904, he found, " F o r e s t hog are quite c o m m o n 

here ; I saw one today, and they f requent ly c o m e into my vege tab le garden 

at n i g h t . " His infatuation w i th this animal cont inued. On 8 June 1905 he 

wr i t es , 

I received by today's mail the description and figure of the skull of my new 

forest pig. Though the beast occurs in the forest all round my house up 

here, my efforts to obtain specimens have so far proved fruitless; yet the 

natives know the beast we l l . I have offered a handsome reward for a 

specimen in the flesh, but I suppose they cannot conceive that anyone can 

be so mad as to want a pig and mere ly regard my wh im as a f o rm of 

insanity. 

T h e hogs visited his garden: 

I now have most English vegetables g row ing and they are n o w being raided 

by jackal, small antelope and forest pig. I sat up last night and saw a forest 

duiker and t w o forest pig, one an enormous boar, calmly root ing up my 

potatoes and tomatoes. . . . Some day I shall pepper those pig or put a 

bullet into one . 

T h e d iscovery o f the l iv ing okapi was not much di f ferent f r o m the discov

ery o f the giant forest hog . In 1900 the okapi was u n k n o w n to W e s t e r n 

scientists, although n o w they can be seen in mos t zoos . T h e okapi is a 

short-necked giraffe that inhabits the deep jungles o f the C o n g o Basin, w h e r e 

dinosaurs are suggested to be l iv ing n o w . 

At the turn of the century pygmies to ld Sir Harry J o h n s t o n — t h e same Sir 

Harry w h o had earl ier secured Nyasaland, n o w M a l a w i , as a British P ro t e c t o r 

a t e — o f a mule l ike animal w i th zebral ike stripes. He sent t w o p ieces o f the 
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str iped hide that had been g i ven h im back to Britain, and in 1901 , on the basis 

of that e v idence , it was named Equus? johnstoni after h im. Later that same year, 

w i th be t t e r and m o r e spec imens, the beast was cor rec t l y de t e rmined to be 

a m e m b e r of the giraffe fami ly . T h e r e f o r e , the name was changed to Okapia 

johnstoni because it is certainly not a zebra or deserv ing of the horse name 

Equus. 

W h i l e the okapi is a distinct species of giraffe, s ome investigators early in 

this century thought that i t bo r e s ome resemblance to ext inct giraffes, also 

w i th short necks, wh ich had been k n o w n f r o m fossils for some t ime . Cryp -

tozoo log i s t s , as such peop l e w h o investigate claims of hidden species like to 

call themse lves , p icked up the okapi as an ext inct animal found alive mi l l ions 

of years after it was supposed to have g one ext inct , as Mokele-Mhemhe is 

supposed to be . H o w e v e r , the okapi c learly i s not one o f the f o rmer l y k n o w n 

fossil species, notwi thstanding the ancient r e co rd of the giraffe family or the 

p r im i t i v e shortness o f the okapi 's neck. 

T h e d iscover ies of the giant forest hog and the okapi are particularly 

enl ightening w h e n compared w i th the rumors o f another animal, supposedly 

l iv ing in the same genera l area as the giant forest hog , but w i th no tangible 

p r o o f o f its ex is tence . That one is cal led the Nand i bear. T h e r e are t w o 

theor ies as to what a Nand i bear may represent . O n e is that it is really a honey 

badger or ratel , a large m e m b e r o f the wease l family. T h e o ther is m o r e 

appeal ing to long- lost-animal enthusiasts. It has been suggested that the Nandi 

bear is real ly an ext inct m a m m a l cal led a chal icothere . Chal icotheres have 

l ong , horsy heads, l ong f ront l imbs, and c laws on their f ingers . T h e y are 

gor i l la-s ized or larger. W h i l e chal icotheres have a long and seemingly g o o d 

fossil r e co rd in many parts o f the w o r l d including N o r t h Amer i ca , Europe , 

Asia, and Afr ica , it is as hard to imagine their ex istence in wes te rn Kenya 

today as it is to imag ine l iv ing sauropods in the C o n g o , monsters in Loch Ness , 

or Abom inab l e S n o w m e n on the tops o f mountains. I f chalicotheres ex isted 

n o w , they w o u l d have been found out just l ike the giant forest hog was. I f 

there is anything to the Nandi -bear story besides imaginat ion, I suspect it may 

be the w o r d - o f - m o u t h descr ipt ion of gori l las passed across the cont inent f r om 

areas w h e r e they l i ve to areas w h e r e they do no t . 

T h e r e are four genera o f m a m m a l s — w o r l d w i d e — k n o w n f i rst as fossils, 

then d iscovered to have l iv ing representat ives . O n e is a peccary , a p ig re lat ive 

f r o m South A m e r i c a . O n e is a m e m b e r o f the dog family , also k n o w n f r om 

South Amer i ca . O n e , no t always put in this ca tegory , is a small , mousel ike 
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opossum k n o w n f r om Australia, the f i rs t l ive o n e , interest ingly enough, be ing 

caught in a ski hut in the Australian A lps . T h e last e xamp l e is a fruit bat f r om 

N e w Guinea. N o n e o f the fossils i s highly distinguished f r om other , prev ious ly 

k n o w n relat ives, and none is anywhere near the tens or e v en hundreds of 

mi l l ions of years o f dinosaur antiquity. I f sauropods, so ve ry di f ferent f r om 

anything else al ive today, w e r e still extant in Afr ica , surely some remains of 

them, even a scrap of skin as in the case of the okapi or forest hog , w o u l d 

be available to veri fy the c la im. 

T h e showpiece of c ryp tozoo log i ca l d iscover ies is the l iv ing f ish Latimeria 

(F igure 4 2 ) , the coelacanth discussed brief ly in Chapter 8. It be longs to a 

g roup o f bony f ish that was thought to have been ext inct for e ighty mi l l i on 

years. Then in 1938 Miss M. Cour tenay -La t imer was intr igued by a strange 

f ish caught in the Indian O c e a n off South Afr ica near the mouth of the 

Chalumna R i v e r . A l iv ing coelacanth had been caught! This was truly a stellar 

d iscovery . W h i l e Latimeria itself, as a distinct species, has no fossil r e c o r d , it 

is a m e m b e r of the larger coelacanth g roup that had been unknown for the 

vast length o f t ime b e t w e e n the A g e o f Rept i les and n o w . To this day, l iv ing 

coelacanths are k n o w n on ly f r o m a small patch of the ocean. T h e f i rst was 

caught by a South Afr ican f ishing t raw le r . A l l the rest have been caught near 

the C o m o r o Islands b e t w e e n Madagascar and the Afr ican coast. T h e C o m o r o s 

w e r e the h o m e o f the por ters w h o deserted L iv ingstone and r epo r t ed h im 

dead, leading to Stanley's search for L iv ings tone . L iv ing coelacanths are 

k n o w n f rom n o w h e r e else but those tiny spots, but most l y the C o m o r o s , in 

all the vast, vast ocean. 

Certainly this is an examp l e of the fossil r e co rd s o m e h o w playing tricks on 

us. I t does not adequately ref lect the evo lut ionary history of coelacanths. Even 

until today there have been no fossil d iscover ies to f i l l the e ighty-mi l l i on-year 

gap in the fossil r e co rd . T h e reason mos t l ikely lies w i th the env i ronmenta l 

pre ferences of fossil and l iv ing coelacanths. Fossil coelacanths are p rese rved 

in sha l low-water env i ronments , bo th fresh and mar ine , that are abundantly 

represented in the rock r e co rd . Latimeria l ives in deepe r wa t e r , 650 feet d e ep , 

200 meters or so, in a mar ine env i r onmen t , and in a v e ry specific habitat as 

we l l . T h e rugged sea b o t t o m along the steeply s loping feet o f the C o m o r o 

Islands is f o r m e d f r om lava. Latimeria hangs out in and around caves in the lava 

rock , foraging and s w i m m i n g about, for the mos t part casually. Such env i ron

ments as those f requented by Latimeria are rarely p rese rved in the r ock 

r e co rd , especial ly in such a state that fossils might be p rese rved w i th t h e m . 
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FIGURE 42: The coelacanth LATIMERIA CHALUMNAE. The ultimate living fossil, 

coelacanths were thought to have been extinct for eighty million years until one 

turned up alive off the coast of South Africa. 

M o r e o v e r , they may not last all that l ong . T h e C o m o r o s are volcanic islands, 

and as we have seen, oceanic vo lcanoes m o v e away f r om their lava source by 

plate tectonics and b e c o m e submerged to greater depths. Latimeria's habitat 

in the C o m o r o s cannot be o lde r than the islands themse lves , which is only a 

f e w mi l l i on years. That creates an interest ing paradox : H e r e is a l iving fossil, 

disjunct f r om its predecessors by e ighty mi l l i on years, ye t l iv ing along the 

undersea slopes of an island perhaps on ly f ive mi l l i on years o ld . Clear ly 

Latimeria must e i ther l ive undiscovered e l s ewhere besides the C o m o r o s (and 

perhaps near the Chalumna R i v e r ) or it is strictly l imi ted in its distribution. 

Either way i t has been do ing some underwate r island hopp ing along the feet 

of n e w l y created vo lcanoes . I suspect it is severe ly l imi ted in its geography 

and that it has been hopp ing vo lcanoes for a long , l ong t ime . 
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Latimeria is anatomical ly and behavioral ly an e x t r e m e l y interest ing animal. 

It is heavi ly built , and like s ome other fish that l ive at similar depths, its flesh 

is quite o i ly . T h e tail f in has three lobes , an extra one compared w i th o ther 

f ish. T h e paired f ins, represent ing the arms and legs of terrestrial animals, are 

f leshy wi th bony internal supports ex tend ing f r om the body into the f ins, thus 

disclosing the coelacanth's crypt ic evo lut ionary relationship to lungfish and 

tetrapods. I t does not uti l ize its paired f ins to wa lk a long the b o t t o m , but o f ten 

its s l ow , del iberate m o v e m e n t s are synchronized and alternating. Its m o v e 

ments appear as a f ishy fo reshadow of the l o c o m o t i o n in terrestrial ve r t e 

brates. It is a carn ivore , feed ing on fishes and squids, perhaps o ther things as 

w e l l . Even though it is carnivorous, it is genera l ly sluggish, leisurely maintain

ing its posit ion in the wa te r w i th casual f l icks of this f in or that. Perhaps most 

intriguing of its behavioral traits is its habit of standing on its head. T h e r e are 

organs in the snout that are quite sensitive to e lectr ic i ty . T h e application of 

a small amount of e lectr ical current to the wa t e r near a Latimeria w i l l el icit 

a head-standing response. It has the same behav ior naturally, w i thout a 

researcher applying the current . That suggests that Latimeria uses e lectr ic i ty 

to sense its env i r onment , possibly in locating o ther animals. 

W i t h Latimeria l iv ing n o w as i t does , and w i th the ancient fossil r e co rd of 

coelacanths, which is reasonably g o o d excep t for that e ighty-mi l l ion-year gap , 

showing a diversity of species and habitats for Latimeria's cousins, the coela

canths must have a ve ry comp l i ca t ed story to te l l . Early on , coelacanths 

inhabited both salt and fresh wa t e r . T h e same kind of fossil coelacanth is 

k n o w n f rom the Cretaceous o f W e s t Afr ica and f r om Arar ipe in Brazil . (A 

pterosaur is eating a coelacanth in F igure 3 5 ) . At e ighty mi l l ion years ago the 

m o r e easily observed freshwater and sha l low-mar ine species became ext inct . 

Descendant species such as Latimeria may neve r have been particularly 

abundant since the Cre taceous . T h e y may have just bounced a long f r om 

submerged island to submerged island, their range and abundance diminishing 

w i th the passage of g eo l o g i c t ime . Because we k n o w that Latimeria is di f ferent 

at the family leve l f r om other coelacanths, we k n o w that evo lut ion in the 

g roup did not stop, it just changed venue . Latimeria is a l iv ing fossil, to be 

sure, and the reason is because it still shows some pr imi t i ve features, at least 

in its anatomy, that are l itt le changed f r om o lder fossil species. In o ther 

regards Latimeria is undoubtedly de r i ved w i th respect to the ancestral condi 

t ion. It is a l iv ing fossil, but it is its o w n unique animal at the same t i m e . 

Even though the examp l e of Latimeria is w id e l y touted by the cryp-

t o zoo l o gy c ommun i t y , there is no meaningful analogy b e t w e e n the d iscovery 
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of a n e w family of f ish o v e r f i f ty years ago , which in one sense is what the 

d iscovery of Latimeria amounted t o , and the pred ic t i ve ability to f ind l iving 

dinosaurs, also be l i eved to be ext inct since the A g e o f Rept i l es . T h e di f ference 

should be obv ious : We have the f i sh ; we do not have the dinosaur. No matter 

h o w r e m o t e the Likouala Swamp is, it is not as r e m o t e as the ocean around 

the C o m o r o Islands, 650 feet d o w n . It is much m o r e l ikely that a l iving 

sauropod w o u l d be found, i f they in fact ex is ted , than that Latimeria w o u l d 

be found, much less observed and photographed in its natural habitat. 

T h e r e is another big di f ference b e t w e e n the d iscovery of Latimeria and the 

search for l iv ing dinosaurs. T h e search for l iv ing dinosaurs is justified only on 

the basis of individual test imonies . T h e r e is no ob jec t i ve ev idence for their 

ex is tence in the present whatsoever . This approach had absolutely no ro le in 

the d iscovery of Latimeria. Miss M. Cour tenay -La t imer was not out chasing 

rumors , no r searching for monsters under her bed or in her ex tended 

backyard. She was a museum specialist making co l lect ions of f ish on a South 

Afr ican t raw le r . An odd f ish was caught, and then, through the attendveness 

of the captain, i t was brought to her e y e . She k n e w she w o u l d f ind f ish on 

a f ishing boat . Small w o n d e r . T h e shock came w h e n she recogn i zed what the 

f ish was . T h e scientific significance of her d iscovery cannot be chal lenged, but 

the ex is tence of Latimeria came as no surprise to the natives of the C o m o r o 

Islands, w h o had caught them be f o r e . T h e scientific significance came f r om 

k n o w i n g what it meant . Latimeria is a l iv ing but distant re lat ive of the fish 

ancestral to the f irst backboned animals to leave the wa t e r and take to the land 

permanent l y . 

Even i f sauropods w e r e still a l ive, w h y should Darkest Afr ica be their h o m e 

as opposed t o , say, L o n g Island? T h e apparent reason is that Afr ica is unknown 

in the W e s t , at least to those peop l e mount ing the exped i t ions to the C o n g o . 

Dinosaur survival in famil iar, w e l l - k n o w n , or populated corners o f the Un i ted 

States w o u l d tax the credul i ty o f even the most dyed - in - the -woo l c r yp t o zoo l o -

gist, but it is acceptable , in s ome circ les, to be l i eve sauropods are in Afr ica. 

H o w e v e r , there is a m o r e ad hoc reason that is usually o f fered. 

T h e C o n g o Basin is cons idered by c r y p t o z o o l o g i s t s — a n d , in fairness to 

t h em , by some sc i en t i s t s—to have been env i ronmenta l l y stable since the end 

o f the A g e o f Rept i l es sixty-six mi l l ion years ago . T h e env i r onment is not 

supposed to have changed in any significant way . At all. T h e end o f the A g e 

of Rept i l es is the mag ic t ime because that is w h e n dinosaurs vanished f rom 

the fossil r e co rd e v e r y w h e r e else in the w o r l d . I f the swamps of Afr ica w e r e 
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never-changing, dinosaurs could have surv ived in the sanctuary of this s l imy, 

murky , unknown re fug ium. 

H o w e v e r , there is abundant and conv inc ing ev idence that env i ronmenta l 

condit ions in Afr ica have changed w i th t ime , that sauropods w e r e not l imi ted 

to swamps, and that the fossil r e co rd w i th its vast array of species contains 

not one sauropod spec imen f r om any place on Earth, not one scrap of 

sauropod bone , since the A g e o f Rept i les ended . A l l that must be comb ined 

wi th the observat ion that there is no t one shred of tangible e v idence , not a 

p iece of skin, not a toenai l , no ev idence at all that sauropods l ive t o d a y — 

anywhere . 

It is ex t r eme ly unlikely that the parameters defining the env i ronments of 

the African cont inent have remained constant, have not w a v e r e d , for sixty-six 

mi l l ion years. T h e Earth, as a sphere , shows variations in t empera ture as one 

goes f rom the tropical reg ions adjoining the equator to the t empera te zones , 

and into the co ld high-latitude boreal and arctic c l imates. In addit ion to 

variation in the sun's heating capacity re lat ive to the curvature of the Earth, 

oceans and landmasses have di f ferent thermal proper t i es , heating up and 

coo l ing d o w n at dif ferent rates. Hea t dif ferential and the spinning of the Earth 

create atmospheric and oceanic currents, wh ich distribute thermal energy 

about the g l obe in patterns specific to the shapes of the currents. 

It should be obv ious that physical changes in the geography of continents and 

oceans wi l l change c l imate . I f cont inents dri ft apart through plate tectonics , the 

c l imate wi l l be dif ferent f r om what it is at t imes w h e n landmasses are con jo ined . 

Cont inents that change latitude through t ime expe r i ence an evo lu t i on of 

c l imate. T h e existence o f shal low seas cove r ing large por t ions o f continents wi l l 

affect c l imate. T h e format ion o f n e w oceans w h e r e none existed prev ious ly wi l l 

modi fy ocean currents and influence c l imate . But on top of all that there are 

astronomical cycles that impose c l imatic fluctuations on the Earth. T h e amount 

of energy f r om the sun reaching the Earth varies in a recurrent fashion. T h e r e 

are several causes. T h e Earth wobb l e s on its axis of rotat ion in a predictable way , 

comple t ing a cyc le in about 26 ,000 years. T h e tilt of the Earth's axis also varies 

o v e r a pe r i od of about 4 1 ,000 years. M o r e o v e r the Earth's orb i t around the sun 

is not per fect ly round , and there is variation in the t ime of year that the Earth is 

closest to or farthest away f r om the sun. This third variable has a cyc le of about 

100,000 years. A l l three of the cycles are perpetual ly influencing the amount of 

energy rece ived f r om the s u n — a n d its distr ibution on the g l o b e — a n d there fore 

they influence c l imate through t ime . 
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T h e conclusion is quite clear: T h e c l imate and env i r onment o f any g iven 

place on Earth wi l l change. I t w i l l change because of the effects brought about 

by the physical rearrangements of plate tectonics , and it w i l l be changed by 

the impos i t ion of astronomical cyc les . Associated w i th all o f that, there are 

any number o f small- or large-scale influences on c l imate , some purely 

physical, others caused by b io log ica l activity. A l l of these various influences 

contr ibute to the overa l l pattern o f c l imate through t i m e , to the env i ronments 

and ecosystems within which organisms e v o l v e , and to the contexts in which 

species go ext inct . 

I f c l imatic change is true f r om a theoret ical perspec t i ve , then we should 

be able to see ev idence of i t in the rocks , and in fact we can. Ev idence of 

glaciers and ice ages have long been seen in rocks. Anc i en t buried soils leave 

tel l tale clues as to the c l imatic condi t ion under which they f o rmed . Some of 

the most compe l l ing ev idence for past c l imate comes f r om fossils. T h e 

adaptations of plants and animals o f ten indicate the restrict ions under which 

they must l i ve . Fossil po l l en is f requent ly particularly in format ive when it can 

be r e c o v e r e d , wh ich is surprisingly o f ten. H o w e v e r , recent deve l opments in 

geochemis t ry have p r o v i d ed some o f the best n e w ev idence o f ancient cli

mates. 

T h e Earth's a tmosphere is made up of a m ix ture of gases, most ly n i t rogen, 

but also o x y g e n contr ibuted by photosynthet ic plants, carbon d i ox ide , wa te r 

vapor , and other m i n o r componen t s . A t o m s making up these gases c o m e in 

various " f l a v o r s " at the subatomic l eve l , and the alternative " f l a v o r s " are 

cal led isotopes . A n y rock f o rm ing in chemical equi l ibr ium w i th the a tmo

sphere, or an o r g a n i s m — s u c h as a c lam, for ins tance—bui ld ing its shell f r om 

e l ements in equi l ibr ium w i th the a tmosphere w i l l ref lect the isotopic c o m p o 

sition found at that particular t ime in the air surrounding the Earth. Even 

though we are talking about e l ements and isotopes and atoms and molecu les , 

sophisticated techniques a l l ow the we ights o f di f ferent isotopes to be mea

sured w i th great prec is ion. 

O x y g e n atoms o f concern here c o m e in t w o isotopes. O n e isotope i s 

heavier than the other . W h e n deal ing w i th such small particles as atoms and 

mo lecu les , you w o u l d think that such a t r emendous ly minute di f ference could 

not possibly have any consequence . But i t does . O x y g e n combines w i th 

hydrogen to f o rm wate r mo lecu les . Those w i th an a tom o f heavy oxygen wi l l 

we i gh m o r e than a wa t e r mo l e cu l e made w i th a light o x yg en . Subtle differ

ences in isotopic compos i t i on affect the physical proper t i es of the wate r . 
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These slight di f ferences influence the way the wa t e r mo lecu les behave , part ic

ularly, h o w easily they go into the gaseous state by evaporat ion and, once 

there , h o w they condense and fall to the Earth as rain or snow . 

T h e system is compl i ca ted , but the end result is that some variations in 

c l imatic parameters , such as t empera ture , have a corre la t ion w i th o x y g e n -

isotope compos i t i on , and that relat ionship can be measured. Since rocks or 

shells f o rming in equi l ibr ium w i th the a tmosphere w i l l ref lect the rat io o f 

l ight-to-heavy oxygen at the t ime of their f o rmat ion , a stratigraphic sect ion, 

usually o f marine rocks and fossils, w i l l r e co rd the history of c l imate-re la ted 

oxygen- i so tope variations through t i m e . That is h o w a long geochemica l 

r e co rd of the Earth's c l imate is built up . O n c e the t echno logy is at hand to 

make the measurements , and after g o o d samples have been co l l e c t ed , i t is 

basically quite s imple to understand. 

Isotopes o f o x y g e n are useful pa leoc l imat ic too l s , but the t empera ture 

r eg ime de t e rm ined f r om them is usually an average for the Earth as a w h o l e . 

That is enough to tel l us that there have been episodes of significant g lobal 

c l imate change. T h e ev idence is clear on that. I f the c l imate of the w h o l e Earth 

has undergone changes, no place has been unaffected. Still, the c l imatic 

history o f specific reg ions o f the g l o b e — t h e Likouala S w a m p for i n s t ance—in 

contrast to the Earth's average c l imat ic values measured through t i m e , is o f ten 

m o r e difficult to dec ipher . A var iety of me thods is o f ten used depend ing on 

what is available, including po l l en samples ex t rac ted f r o m sediments , env i 

ronmenta l ly sensitive ancient soils, fossil animals and plants, e ven the shape 

of the l a n d — g e o m o r p h o l o g y , as it is cal led. 

In o rde r for swamps to exist , t w o basic requ i rements must be me t : T h e r e 

must be adequate rainfall in the watersheds that e m p t y into t h em , plus there 

must be a s l ow drain through which the accumulated wa t e r ex i ts . That is what 

keeps swampy basins full. W a t e r must p o n d and meander , stand and stagnate, 

rather than f l ow swift ly and cleanly out of the system. M o d i f y e i ther the 

amount o f wa t e r or the ef f iciency o f drainage and the condit ions produc ing 

the swamp w i l l be a l tered . T h e swamp w i l l change. I t w i l l t ransform to ref lect 

changing c l imate and rainfall patterns, and to ref lect the d e v e l o p m e n t of 

mountains and other landforms that mod i fy the drainage basins. Ma jor Earth 

processes such as plate tectonics and continental dri ft create mountains and 

oceans, and as we k n o w , they affect c l imate . 

At 100 mi l l i on years ago South A m e r i c a was just beg inning to dri ft 

wes tward away f r om Afr ica. Since then the t w o have cont inued to drift apart. 



LOUIS JACOBS, P H . D . 

2S8 

A continuously w iden ing At lant ic Ocean must affect oceanic and atmospheric 

c i r cu la t i on—and c l imate . A f t e r 100 mi l l i on years ago , and we l l into the A g e 

o f M a m m a l s , much o f N o r t h and W e s t Afr ica was inundated by fluctuating 

seas, s ome ex tend ing quite close to the Likouala reg ion o f the C o n g o . These 

seas had an effect on c l imate that w o u l d have been expressed in Central 

Afr ica. 

T h e might iest mountains o f the Afr ican cont inent ref lect geo log ica l history 

that occurred after the A g e of Rept i l es . K i l imanjaro , the highest peak in 

Afr ica ; Ker inyaga or M o u n t Kenya , w i th the second-highest peak; and the 

Ruwenzo r i e s o r P t o l e m y ' s " M o u n t a i n s o f the M o o n , " on the eastern edge 

of the C o n g o Bas in—these are all young constructions associated wi th the 

d e v e l o p m e n t of the East Afr ican Ri f t System. T h e C o n g o Basin drains the 

wes t e rn side o f the East Afr ican highlands. In W e s t Afr ica , M o u n t C a m e r o o n 

and the Adamoua Plateau, just to the nor thwest of Likouala, are much 

younger than the younges t -known dinosaurs. T h e geo log ica l construct ion o f 

all these highlands must have affected not only c l imate but also drainage 

patterns. Those drainage patterns that make the Central Afr ican swamps w e r e 

not there throughout much o f the A g e o f Mamma l s . Sure, there w e r e 

drainages, and some spots w e r e l o w e r and w e t t e r than others, but based on 

g e o m o r p h o l o g y the landforms that make the swamps today simply did not 

exist until geo log ica l l y m o r e recent t ime . 

T h e geo log ica l con tex t o f Afr ica c learly reflects the dynamics o f the past 

and argues against an everlast ing and abyssal Centra l Afr ican swamp . On top 

of all this add the fluctuations of g lobal c l imate r e c o rded in oxygen isotopes 

and the cycl ic fluctuations k n o w n to have occurred due to astronomical 

influences on the Earth. G i v en these c ircumstances, there is virtually no 

geo log i ca l reason to think that the Likouala Swamp w o u l d have remained 

unchanged since the days of the dinosaurs. 

M o r e o v e r , env i ronmenta l ev idence f r om a number o f sources indicates 

that no extens ive l ow land rain forests such as characterize the C o n g o Basin 

today existed in Afr ica at 100 mi l l ion years ago . Clay minerals of that age, 

wea thered f r om Afr ican rocks and b l o w n out to settle gent ly on the ocean 

f loor , are of the kind characteristically f o r m e d in seasonally arid env i ron

ments , not in swamps . Anc i en t soils and fossils of plants w i th special adapta

tions for dry or salty habitats demonstra te seasonal aridity. 

T h e r e is, unfortunately , no fossil r e co rd f r om the depths of the Likouala 

Swamp . T h e reason is stra ight forward enough . It be ing a swamp , sediments 
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are be ing depos i ted , hidden under wa t e r and rank vege ta t ion , rather than 

be ing exposed through eros ion to disclose wha t eve r fossils they might con

tain. Bones found in N i g e r , C a m e r o o n , and Ma law i show that Afr ican d ino

saurs, including sauropods, inhabited a seasonally dry , hot land. T h e dinosaur 

fossils f r om C a m e r o o n are located a short f ive hundred mi les to the nor thwes t 

of the Likouala. T h e geo log ica l changes that have resulted in uplift , e ros ion, 

and the d iscovery of fossils in C a m e r o o n are re lated to the geo log i ca l events 

that m o l d e d the nor thwestern marg in o f the Centra l Afr ican swamplands. 

THERE IS ANOTHER re lated bit of science f ict ion—or rather pseudo-

sc i ence—that is as equally untenable as l iv ing sauropods in Afr ica. It is the 

search for human fossils associated w i th dinosaur fossils. G l en R o s e , T exas , 

a two -hour dr ive southwest of Dallas, is the w o r l d ' s headquarters for that 

search. 

In this part of Texas the Paluxy R i v e r f lows through 111 -mi l l i on-year -o ld 

rocks, roughly equivalent in age to those o f Ma law i , C a m e r o o n , and Arar ipe 

in Brazil. T h e rocks at G l en Rose represent the remnants of o ld shorel ines and 

mud flats f r om a t ime w h e n the oceans c o v e r e d much of what is n o w Texas . 

Dinosaur f o o t p r i n t s— fou r - f o o t ed sauropods, s t rong-c lawed three - toed 

theropods , and blunt " b i r d - f o o t " o rn i thopods—cr isscross the ancient flats, 

preserv ing single m o m e n t s o f m o v e m e n t in the l ives o f these great beasts. 

T h e ex istence o f dinosaur trackways in the Paluxy R i v e r b o t t o m s has been 

k n o w n since early in this century. T h e Apatosaurus at the Amer i can M u s e u m 

o f Natural H is tory in N e w Y o r k , until r ecent ly , t o w e r e d o v e r G l en Rose 

footpr ints. Of course the bones of the Apatosaurus ske leton are about 145 

mi l l ion years o l d , and the footpr ints are considerably younger , a scant 111 

mi l l ion . T h e footpr ints bear the name Brontopodus birdi, named for Ro land T. 

Bird w h o , w i th the help o f W P A w o r k c r ews , braved the f loods o f the Paluxy 

to co l l ec t fossils for the museum in N e w Y o r k . Footpr ints , as a special kind 

of trace fossil, no t a part of an animal, but ve ry certain ev idence of its 

presence, and even its behav ior , can be g i ven their o w n scientific names. 

Dur ing the Depress ion and after, a f e w of the local residents a t t empted to 

sell prints to br ing in some scarce cash. D i gg ing up dinosaur footpr ints is 

tough w o r k . Apparent l y s ome ingenious entrepreneurs dec ided i t w o u l d be 

easier to carve n e w footpr ints in stone rather than dig up o ld ones . T h e prints 

they chose to carve w e r e in the shape of human feet . 
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Fundamentalists carried this a step further. (Excuse the pun; I could not 

resist i t . ) T h e y identi f ied some e longate erosional d e p r e s s i o n s — t o o large, but 

neve r m i n d — a s human prints, making the claim that dinosaurs and humans 

wa lked toge ther along the shore o f the ancient G l en Rose sea. T h e claims are 

so outrageously false that the w h o l e story w o u l d be comica l w e r e i t not for 

the impl icat ions to publ ic educat ion of the fundamentalist agenda. Y e t this 

nonsense is amazingly resi l ient. T h e r e is a museum outside of G l en Rose , the 

Crea t ion Evidences M u s e u m , that presents such absurdities as the petri f ied 

f inger o f a w o m a n (real ly a b u r r o w f i l l ing or concre t ion f r om the G l en Rose 

L i m e s t o n e ) , abnormal ly large c lothing to demonstra te that giants l i ve , and a 

hyperbar ic chamber . This last one is amusing. T h e log ic goes something like 

this: In the days of N o a h , w i th all that rain, the atmospher ic pressure must 

have been much higher than it is n o w . Organ isms , so the creationists say, 

g r o w to unnaturally large size under such atmospher ic pressure. T h e hyper

baric chamber is a meta l septic tank or s ome such container , presumably be ing 

conve r t ed to house kitty cats and other v ict ims under pressure, a l legedly to 

turn them into giants. 

Bel ievers in the association of dinosaur and human footpr ints reject v ir

tually all inte l l igent explanat ion. A n d professional pa leonto log ists , under

standably, do no t genera l ly address the issue. I f their t ime was spent 

continual ly dousing such fr ivo lous backfires, leg i t imate research questions 

w o u l d go unaddressed. T h e r e is a t r emendous body o f k n o w l e d g e testifying 

as to w h y the creationists are w r o n g on this issue. Libraries are full of it. 

M o s t all of what has been discussed in this b o o k d isproves it (and the rest 

is not re levant to the issue) . M o s t creationists just s imply choose to remain 

overzea lous , unaware , un in fo rmed , or purpose ly decei t ful . T h e r e is no ex 

cuse for such shabby, innumerate log ic w h e n the p rob l ems the w o r l d faces 

requi re de l iberate , cons idered , and reasoned solutions. Much to their 

c red i t , the latest falsifications of fundamentalist footpr int dogma have been 

made not by professional paleonto log ists but by interested and curious, 

deep l y w o n d e r i n g amateur paleonto log is ts . The i r attitudes are professional. 

Unfor tunate ly w h e n e v e r one al legat ion is d i sproved , another o n e , equally 

ludicrous, crops up . 

T h e r e is a ve ry s imple reason w h y creationists cl ing to the G len Rose 

footpr ints and insist on the co -occur rence of men and dinosaurs: Such an 

association w o u l d dispel the necessity of an Earth w i th vast antiquity. T h e 

ent i re history o f creat ion, including the day o f rest, could be a ccommoda t ed 



A L I V I N G D INOSAUR? 

in the seven biblical days of the Genesis my th . Evo lut ion w o u l d be van

quished. For creationists, l iv ing dinosaurs w o u l d do the same thing. T h e 

fundamentalist creationist m o v e m e n t was invo l ved in at least one of the 

Likouala Swamp exped i t ions . 

In Afr ica I ran into a fundamentalist f oo tpr in t p h e n o m e n o n similar to what 

I was familiar w i th in Texas . In 1988 the C a m e r o o n exped i t i on d iscovered 

o v e r t w o hundred dinosaur tracks along the M a y o R e y , a stream in the K o u m 

Basin not all that far f r o m w h e r e we found M e s o z o i c mammals . This is a 

strongly Mus l im area o f the country near the bo rde r w i th Chad. We w e r e 

very exc i t ed w i th the d iscovery of lots and lots of tracks. Back at Rh inoceros 

C a m p , w h e r e we w e r e staying, I to ld our local laborers about our " d i s c o v -

ery. 

T h e y had the per fec t rep ly : " W h y d idn ' t you tell us that is what you 

wanted t o f i nd? We could have taken you there t o beg in w i t h . " 

I t was expla ined to us that the footpr int local i ty was w e l l k n o w n to the 

native populace . O f course they d id no t k n o w about dinosaurs pe r se. 

Never the less , f r o m their way of l i fe , l iv ing in the bush as they d o , they could 

certainly r ecogn i ze spoor , not that that is hard to do w i th dinosaur footpr ints , 

even i f they did not k n o w what creatures had made the trails. S o m e of the 

m o r e devout and imaginat ive o f them c la imed that they had seen, in amongst 

the tracks, the knee , e l b o w , and forehead prints o f one o f the genuf lect ing 

Islamic faithful praying to Mecca . In the depths of Afr ica re l ig ious fundamen

talism was showing itself among dinosaur tracks, just as it does back h o m e in 

Texas . My friends w e r e unable to re locate the human prints, so they could 

not be shown to m e . But my guides w e r e sure they had seen them be f o r e . 

N o w , M u h a m m a d was no t bo rn until the sixth century. I do not k n o w 

when Mus l im influence f i rst began to be felt in nor thern C a m e r o o n , but i t 

could have been fairly late, maybe wi th in the last couple of hundred yea rs— 

maybe even later than that. H o w might creationists interpret this? Cou ld they 

argue that dinosaurs are no t an O l d Tes tament legacy, d r o w n e d in the 

Noachan f lood, that they l i ved w e l l into later t i m e s — w h e n we have , inciden

tally, abundant and elaborate wr i t t en r e c o r d s — a n d also w e l l into the t ime 

that the Earth's big animals w e r e b e c o m i n g genera l ly familiar? I t w o u l d mean 

nothing i f such arguments w e r e m a d e — j u s t so long as they stay outside the 

science c lassroom. 
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T H E REAL IMPORTANCE of that site in C a m e r o o n is in the footpr ints. 

Dinosaur tracks, as fossils, are interest ing. Un l ike body fossils such as bones 

or tee th , trackways preserve an instant in t ime . It is fossilized m o v e m e n t , and 

there fore i t embod i es the spirit of the behavior that m o v e m e n t entails. 

Dinosaur tracks are no t so rare as you might think. The i r preservat ion 

depends on dinosaurs m o v i n g across the right kind of g round , soft enough to 

leave an impress ion, yet firm enough and not so mushy as to fi l l in the shape 

or obscure def init ion. S o m e of the trackways in C a m e r o o n show the track-

maker progressing f r om f i rmer to s loppier substrate. T h e size and we ight o f 

dinosaurs can be est imated using mathematical equations based on footpr int 

measurements . Estimates of speed and gait can be de t e rm ined . Direct ions of 

travel can be seen, and the sizes or re lat ive ages of individuals l ikely to be 

trave l ing in the same g roup can be con templa ted . 

At the main track site in C a m e r o o n , called KB-17 because it was the 

seventeenth locality found in the K o u m Basin, there are four super imposed 

stratigraphic leve ls , four bedd ing surfaces on the tops of four sequential 

sedimentary strata, that ho ld most of the trackways. T h e site itself is a stretch 

o f the M a y o Rey in the m idd l e o f the basin. T h e south bank is f o rmed of 

Cre taceous sandstone and si ltstone, t i l ted d o w n to the north at a t en-degree 

angle . T h e r iver in f lood during the rainy season sweeps the sandstone clean 

and exposes the surfaces pocked w i th tracks. Tracks are not the only sedimen

tary structures present . T h e r e are traces of ancient plant roots in at least one 

spot. T h e r e are r ipple marks in places, showing that wa te r c o v e r ed the mud . 

T h e r e are mud cracks, showing it dr ied out . T h e r e is e v en a dinosaur track 

made on a flat surface, w i thout r ipple marks, but inside the track are mud 

cracks. W a t e r co l l ec ted in the impr int of the dinosaur f oo t , making a little 

p o o l . As the wa t e r evaporated and soaked into the g round , the mud inside 

the print was left to dry. As i t d id , the mud shrank and cracked. A l l that to ld 

in one pr int . 

We spent several days on the slab measuring toes , angles, paces, strides, 

every th ing necessary to reconstruct the site on paper in a detai led map . My 

graduate student, John Cong l e t on , did a fine j o b on the study, as you can 

judge f r om the summary that f o l l ows . A t K B - 1 7 we measured forty-seven 

separate trackways wi th a total of nearly 250 individual prints. T h e identity 

o f the tracks matched what we expec t ed f r om the scrappy bones and teeth 

we had found in our quarries at the east end of the basin, so toge ther the t w o 

sets of data c o m p l e m e n t e d each other in what they could say about the 
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dinosaurs that l ived there . Both are impor tant because no dinosaurs had e ve r 

been found in the K o u m Basin be fo re our exped i t ions w e n t there . 

Using body fossils, we could identify a coup le o f kinds o f theropods based 

on meat-eat ing teeth. We also had a f e w sauropod teeth and one lousy too th 

that could possibly have c o m e out of a stegosaur's mouth . T h e sail-backed 

plant-eater Ouranosaurus (see Figure 3 in Chapter 1) was clearly present . T h e 

o ther members of the fauna, based on body parts, include crustaceans, 

lungfish and at least one o ther f ish species, f rogs , turt les, and crocod i l es , most 

notably little Araripesuchus. A n d o f course we go t what we w e n t there f o r — 

early mammals . 

T h e footprints in the K o u m Basin w e r e all made by dinosaurs. Mos t 

abundant by far are the ropod prints ( l ike those of Spinosaurus in Figure 2 ) . 

These show three na r r ow toes . M o r e than one species is probably r ep re 

sented. Larger prints w i th three broad toes w e r e made by Ouranosaurus in all 

probabi l i ty . T h e smallest prints found are only about three inches or so in 

length. T h e y also have three toes . T h e y may represent a small species of 

dinosaur, or they could be l ong to young o f one o f the larger species. A l l three 

o f the trackways made by the smallest feet w e r e travel ing to the northeast. 

We found no sauropod prints at K B - 1 7 , but just a short distance away there 

w e r e unmistakable traces o f sauropods walk ing in sticky m u d . The i r feet , 

adapted to bearing we i gh t on the ends of pil larl ike legs, sank deep into the 

o o z e , leaving behind their traces, m o r e holes than prints, as the feet w e r e 

tugged f r om the mud that sucked to ho ld them in. 

Abou t half of the dinosaur trackways at KB -17 p r o c e e d e d pre ferent ia l ly in 

a northeast-southwest d i rec t ion . T h e o ther half w e r e go ing the oppos i te 

d i rect ion. Perhaps the same individuals w e r e go ing someplace in one d i rect ion 

and coming back f r om it in the o ther . O n l y one t rackway is o r i en ted east-

west . Because the trackways are spread o v e r m o r e than four hundred yards ' 

distance, they are on four di f ferent sedimentary bedd ing surfaces, and they 

represent several species of dinosaurs, the uni formity in the a l ignment of the 

trackways, whe ther c om ing or go ing , is striking. I t suggests that some envi

ronmenta l obstruct ion, such as a r i ver , cont ro l l ed the avenue of m o v e m e n t . 

Perhaps the dinosaurs w e r e m o v i n g parallel to a r iver channel, a long its bank, 

or maybe they w e r e constrained in the direct ions they could travel by some 

other physical barr ier . 

M o s t o f the dinosaurs at K B - 1 7 w e r e walk ing w h e n they left their pr ints; 

h o w e v e r , there are examples o f o ther gaits as w e l l . T h e r e are examples o f 
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t rot t ing and sprinting, as de t e rm ined f r om the length of str ide, and even some 

cases of speeding up and s low ing d o w n . Smal ler dinosaurs seem to have been 

m o r e act ive and agile than larger ones. O n e trackmaker may have been 

injured, as its t rackway indicates it was l imping along its way . At first I 

thought we had the marks of a tail dragging in one of the trackways, but I was 

w r o n g . W h e n we mapped i t out , the t rackway s h o w e d a the ropod making a 

turn, its outside foo t making a broad sweep on the substrate. T h e lack of tail 

drags e v e r y w h e r e is significant and tells us someth ing about h o w dinosaurs 

he ld their tails: up of f the g r ound . 

T h e trackways I r e m e m b e r most pleasantly at KB -17 can be interpreted 

in a controvers ia l manner , and I real ly have no way of support ing my 

content ion , but here i t goes . T h e r e are t w o trackways at the wes te rn end o f 

the site, bo th three - toed theropods but one considerably larger than the 

other . T h e larger is strol l ing a long, but curiously it is walk ing in a curving 

path. T h e smaller of the t w o is wa lk ing a long beside it, in the same d irect ion, 

paral lel ing the curve to a remarkable d eg r e e . Cou ld this be an adult and its 

offspring trave l ing along together? If so , it reflects a sophisticated social 

structure. W h y not? I imagine a mo the r w i th young. I t w o u l d not be startling 

real ly , i t is just that I cannot p r o v e that the t w o w e r e actually walk ing together 

at the same t ime purpose ly rather than their associated tracks being a spurious 

and fortuitous co inc idence . Parental behav ior in herb ivorous dinosaurs has 

already been documen ted in nesting areas and wi th juveni le aggregates. T h e y 

also f o r m e d herds and f locks, s ome o f them anyway. T h e r o p o d s may we l l 

have behaved in the same genera l way , caring for young and perhaps forming 

packs. 

T h e r e are no l iv ing dinosaurs in Afr ica, at least in the sense of rel ict 

sauropods, but we have certainly been able to learn a great deal about the ones 

found there as fossils. We can appreciate them as l iv ing animals, as we l l we 

should, because we k n o w that in a m o r e appropr iate sense dinosaurs are still 

l iv ing. As we have already seen, they are l iv ing in the f o rm of birds, the 

descendants of the ropods . Birds are dinosaurs that fly, that have color ful 

p lumage , and del icate eggs , and parents that care for the young. They are not 

sauropods, tyrannosaurs, or any o f the o ther popular M e s o z o i c denizens, but 

we can bet ter imagine those beasts by having an appreciat ion for the l iving 

dinosaurs. Th rough birds we can watch the mat ing dances o f cranes and 

speculate on the courtship behav ior of Ornithomimus. Birds, as dinosaurs, 

p r ov i de a fascinating n e w d imens ion to dinosaur b i o l o g y — a n d a w i n d o w 

through which to v i e w it. 
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Ever since their or ig in f r om theropods , birds have undergone a marve lous 

radiation beautifully exempl i f i ed in tropical Afr ica. Is i t no t m o r e grand, m o r e 

inspiring, to see birds as l iv ing dinosaurs evo l v ing through t ime w i th the 

e co l ogy of a changing Earth, to learn about the past as it was and for what 

i t means to the future, than to ho ld fast w i th no g o o d reason to the not ion 

that sauropods still l ive or that humans wa lked w i th giant dinosaurs? T h e A g e 

of Rept i les is s imply an exp i r ed w o r l d that no l onger exists excep t through 

its l e ga cy—i t s foundation for our m o d e r n w o r l d . 



THE G O O D OF 

D I N O S A U R S 

THE FIELD SEASON is o v e r for m e . I t was successful. We go t fossils. 

N o w I am in the airplane and the p eop l e of Mwakasyungut i are on the g round. 

I g o t the fossils and n o w I am leaving. F r o m here in the airplane, flying o v e r , 

the val ley of the Dinosaur Beds looks insignificant. It is l ike a large-scale 

vers ion of dr iv ing past pedestr ians. T h e perspect i ve is so di f ferent. Can 

Mwakasyungut i mat ter , this speck ly ing in the val ley so far b e l o w me? Can 

Malawi? It is so out -o f - the-way and such a small p lace . Its te lephone d i rectory 

is a puny half-inch th i ck—inc lud ing the y e l l o w p a g e s — f o r the w h o l e country. 

I t is easy to be cynical about Afr ica. L o n g ago the geo log is t J . W. G r ego r y 

w r o t e that L iv ingstone 's death in 1873 " c l o s e d the w o r k o f the dreamers 

. . . hence fo rward they [ w o u l d be ] u n i m p o r t a n t . " That can never have been 

less true than n o w in present-day Afr ica. W i t h o u t dreams there is no vision. 

W i t h o u t v is ion, h o w can p rob l ems be solved? W i t h o u t Africans o f vision, 

h o w can Afr ica solve its prob lems? 

I suppose that i f Mwakasyungut i does not mat ter in the great scheme of 

things, Ma law i does not . I f Ma l aw i does no t , Afr ica does not . A n d i f Afr ica 

does not mat ter , nei ther does the w o r l d a t large . A l l o f them matter , or none 

of them does . In the f inal analysis, we all have to l ive on this Earth. 

So Mwakasyungut i does mat ter . It is not insignificant. Still, the prob lems 

266 
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of such a tiny country as Ma law i , stuck way of f in Afr ica , appear insuperable. 

A n d a hunt for dinosaurs in such a place appears ludicrous, somet imes even 

to m e . But it is not . 

T h e r e is so much about w o r k i n g in a di f ferent culture that is incongruous. 

So much of Afr ica is incongruous. Much of what I do not understand is 

pleasant, such as the sign on the business establishment b e l l ow ing out , WELD

ING AND DISCOTHEQUE. W h a t can that mean? On the o ther hand, some of 

what I do not understand is not pleasant at all. 

O n e o f the biggest p rob l ems Ma law i faces can be blatantly observed on the 

main highway. T h e road south f r o m L i l o n g w e to Blantyre, w h e r e our fossils 

are prepared in the laboratory for study, runs for part of its length along the 

country 's wes tern bo rde r w i th M o z a m b i q u e . On the right side, in M o z a m 

bique, homes and shops stand di lapidated and v a c a n t — b o m b e d out . Such 

doors as remain slap ineffectually in the b r ee ze on the remnants of rusty 

hinges. T u m b l e w e e d s . It is deser ted . Across the road , in M a l a w i , life t eems 

among c r o w d e d shacks. H e r e are the refugees o f M o z a m b i q u e ' s decade-and-

a-half not-so-c iv i l war , wh ich has lasted since the Por tuguese pul led out of 

their i l l -prepared co l ony . T h e major i ty o f the refugees in Ma law i are w o m e n 

and chi ldren. Mozamb iquan m e n are most ly dead, conscr ipted , or e l s ewhere . 

Ma law i , a country of s ome eight mi l l i on inhabitants, has o v e r 850 ,000 

refugees l iving in its borders . In one district, refugees ou tnumber Malawians 

nearly t w o t o one . 

T h e polit ical boundaries o f Afr ica are European imposi t ions. W i t h nepo 

tism roya l , Q u e e n Victor ia transferred sovere ignty o f K i l imanjaro to her f i rs t 

grandson, Kaiser W i l h e l m I I o f Ge rmany . In 1890, just be f o re Nyasaland 

became a pro tec to ra te , Britain and Ge rmany w e r e negot iat ing b e t w e e n them

selves to define their respect ive spheres o f influence on the Dark Cont inent . 

T h e L iv ingstone Mounta ins w e n t to the Germans . That is w h y the L iv ing

stones today are in Tanzania and Ma law i terr i tory stops wes t o f t h em. T h e 

British sphere o f inf luence, up until W o r l d W a r I , ended at the S o n g w e R i v e r , 

n o w the bo rde r b e t w e e n Ma law i and Tanzania. This nor thern area of what is 

n o w Ma law i fell to the British only because, dur ing the sphere-of- inf luence 

negot iat ions, Britain rel inquished claim to the N o r t h Sea island of He l go land , 

turning i t o v e r to Ge rmany in exchange for the terr i tory south of the S o n g w e . 

But the polit ical boundaries of Afr ica are tradit ionally meaningless f r om a 

fundamental cultural perspec t i ve , just as those of East and W e s t Ge rmany 

w e r e , or N o r t h and South Ko r ea are. T h e refugees f r om M o z a m b i q u e are the 
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same p e o p l e — Y a o , N g o n i , Sena, and other t r i b e s—as l ive in the areas across 

the Ma l aw i bo rde r w h e r e they settle in re fugee camps. T h e culture is the 

same, the language is the same. O f t en this is not enough to induce a humani

tarian response to the tragedies o f wa r in adjacent countr ies . Ma law i , the 

W a r m Hear t o f Afr ica , does have a humanitarian phi losophy, accepting 

refugees f r o m their war - ravaged ne ighbor and caring for them. But it is not 

easy. T h e number o f re fugees has swe l l ed ten fo ld since 1986. 

T h e refugees are a lmost all i l l i terate peasants, subsistence farmers resigned 

to s imple l ives. T h e y do no t want t o be in Ma l aw i . T h e y want t o be h o m e . 

Farming the land. T h e r e is re lat ive ly l i tt le migrat ion of refugees f r om the 

camps in rural bo rde r areas to urban centers ; consequent ly c r ime has not yet 

skyrocketed the way one might have pred ic t ed w i th such a massive influx of 

impover i shed , d o w n t r o d d e n peop l e . 

Re fugees rece i ve humanitarian assistance, the basics for survival: f ood and 

c lothing. T h e daily f ood ration is just o v e r t w o thousand calories, barely at 

the acceptable medical l imits . F o o d rations are made up of maize mea l , pulses 

(mean ing peas and beans ) , sugar, salt, ed ib le o i l , some dr ied f ish, and dr ied 

skim mi lk . Pel lagra, a nutrit ional disease caused by lack of niacin found in 

fresh vegetab les , is b e c o m i n g c o m m o n . Supplementary f o od is p rov ided to 

malnourished chi ldren and to pregnant or lactating w o m e n in the f o rm of 

likuni phala, a marginal ly h igher -pro te in m ix ture of 80 percent maize , 10 

percent peanuts, and 10 pe rcen t pulses. 

Each family is a l lot ted one cook ing set, once , and t w o wa t e r containers, 

again on ly once . O t h e r non f ood i tems include s o a p — a bit o v e r one pound 

per family per mon th , one blanket eve ry t w o years for each person, and 

c lothing. Infants r ece i ve a yard and a half of c lo th , boys and men get a pair 

of shorts and a shirt, girls get a dress, w o m e n ge t a t w o - y a r d length of cloth 

and one blouse or T-sh ir t . 

T h e total value o f life p laced by the w o r l d on the 850 ,000 refugees was 

$24 mi l l ion last year. Less than thirty dollars a head. A n d the refugees did not 

cause the war . Ne i the r did Ma l aw i . 

A l l parties invo l v ed agree that life is m o r e than thirty dol lars ' w o r t h of 

beans and blankets. T h e a t t empt to solve the p r o b l e m surely deserves m o r e 

support . But it is no t f o r thcoming . T h e help that is available comes f r om the 

international c o m m u n i t y , in particular f r om the Un i t ed Nat ions High C o m 

mission for Re fugees , and f r om pr ivate aid g roups . 

To Ma law i the greatest costs are h idden, yet they are severe . Health, 

sanitation, educat ion, and social services are strained beyond capacity. T h e 



T H E G O O D O F D I N O S A U R S 

269 

roads and physical infrastructure are be ing w o r n out . T h e land is be ing 

de fores ted for f i r ewood . Ma law i is a small country w i th hardly enough land 

for its o w n agricultural uses. Its o w n populat ion is burgeon ing . Jobs are scarce 

even for Malawians. H o w can they sacrifice more? Still, the Malawians remain 

humanitarian, hospitable, and open . 

T h e r e is no resolut ion to the re fugee p r o b l e m excep t repatr iat ion. That 

has t w o basic requ i rements : T h e refugees must feel i t is safe to return h o m e , 

and they must be able to eke out a l iv ing once they are there . T h e latter is 

not a big requ i rement . Subsistence farming in the mud-and-thatch vil lages of 

rural Afr ica is hand- to-mouth in the best of t imes . But even i f the peop l e are 

wi l l ing to go h o m e just in the reasonable aspiration of surviv ing in their o w n 

home land , they cannot do so until the w a r quits. Perhaps that w i l l be sooner 

than later. If there e ve r was a fathomable reason for the hosti l it ies, this wa r 

has g one on so long, so v ic iously, and so ruinously that reasons probably 

cannot be r e m e m b e r e d , much less mat ter at this stage. Many of the combat 

ants, l ike the mercenary ruga-ruga o f the slavers of o l d , n o w s imply kill for 

f ood and plunder. 

Voluntary repatriat ion is understandably not go ing w e l l . T h e r e is a ve ry 

ef fective grapev ine for wa r in format ion among the re fugees; they w i l l k n o w 

when it is safe to return. At this t ime in most of M o z a m b i q u e it is not . 

Nowadays about f i ve thousand refugees per year return to " s a f e " areas. M o s t 

of the repatriates are the heads of households. The i r families remain at the 

re fugee camps, and w i th unfortunate f requency , the repatr iate , not expec t ing 

to survive in his home land , f lees again for the sanctuary of the camp. In the 

camps there is l itt le to d o , no land to farm. T h e r e is no official jobs p r o g r a m , 

i t be ing difficult enough to f ind w o r k for Malawians , but vocat ional training 

is part of the repatriat ion p l an—hea l th w o r k e r s , teachers, meta l w o r k e r s , 

carpenters. A f e w pr ivate aid organizat ions have meage r sel f-help and f ood -

f o r - w o r k schemes. 

T h e r e is l itt le else that can be done w i th tight m o n e y . Even i f m o n e y w e r e 

easy, only peace wi l l real ly so lve the p r o b l e m . Fr iendly , peaceful Ma law i wi l l 

do what it can for its be leaguered ne ighbor . Ma l aw i ' s roads, its forests, its 

farmers depr i ved of land n o w used for re fugee camps, and its health, educa

tional and social systems must cope . Afr ican resignation comes into play, once 

again a l l ow ing peop l e to l ive w i th the p r o b l e m . At least, in the effort to 

prov ide adequate wa te r , Malawians ge t some benef it f r om n e w l y dr i l led 

we l l s . But the p r o b l e m must still be so lved . 

T h e re fugee p r o b l e m is acute, but Ma law i must also face the chronic 
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prob l ems o f d e v e l o p m e n t c o m m o n to all countr ies o f the impover ished 

w o r l d . T h e process of d e v e l o p m e n t is interminable . I t seems to progress at 

the same unnot iceable pace at which eros ion wears away grani te . W h i l e the 

impover i shed w o r l d deve l ops , the D e v e l o p e d W o r l d m o v e s ahead wi th R & D , 

produc ing taster compute rs , lasers, C A T scans, and all the other accouter-

ments of the nex t century. It is really easy to be cynical about the prospects 

for the D e v e l o p i n g W o r l d . H o w can i t e v e r catch up? H o w can i t so lve the 

p rob l ems that hinder i t f r om making progress? On the o ther hand, h o w are 

mountains e ve r e r oded to the sea? 

Ma law i has been independent for twenty -n ine years, about the same length 

of t ime as most A fr ican, indeed most all deve l op ing countr ies . T h e maturing 

process for a nation does not take place overn ight . It takes t ime . It t ook t ime 

for all the d e v e l oped nations t o o . A n d for Ma law i the process must take place 

in the distinctly Afr ican con tex t that exists n o w . 

Afr icans have an Afr ican perspec t i ve , not W e s t e r n by any means, but one 

that is instil led by their tradit ions. This perspect ive der ives at least in part 

f r om the social dynamics o f e x t ended famil ies. T h e y are c lose-knit , and o l ten 

there are large numbers of chi ldren. Ex tended families p rov ide a sort o f 

tradit ional insurance against the tribulations of o ld age and other hardships 

that can be eased and al leviated by familial compassion. Commerc i a l insurance 

and pension funds, our usual me thods , are not general ly affordable to most 

Afr icans. A l though the g o v e r n m e n t prov ides the medical and other social 

services its means a l l ow , these are l imi ted . In Afr ica large families are the 

safety nets that help p eop l e c ope w i th what they cannot c o n t r o l — d r o u g h t , 

disease, death, hunger. But large families cause overpopu la t i on . W i t h deve l 

o p m e n t and progress a n e w safety net must be found. 

Re l i g i on , always a big cultural factor, tradit ionally included the spirits of 

animals and ancestors, but those beliefs are n o w of ten mant led w i th the cloak 

o f W e s t e r n missionary indoctr inat ion. This combinat ion g ives some o f the 

in t roduced Christian rel ig ions a distinctly Afr ican f lavor. S o m e aspects of 

missionary faith are readi ly accepted. A l f reda Ibui in Na i rob i once to ld me she 

l iked Christianity. " O t h e r w i s e twins are bad luck, and my sons w o u l d have 

been k i l l e d . " 

Afr ican traditional re l ig ion has not been des t royed , i t has e vo l v ed to f i t 

m o d e r n Afr ica. Trad i t ions change, but s l ow ly . At each step something o f 

social value, de r i ved f r om past tradit ion but suited for the present, must 

always remain . Social systems must retain integr i ty . It is part of the maturing 

process. 
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F r e e d o m and independence for Ma l aw i was w o n , so i t is said, through 

Uni ty , Loya l ty , O b e d i e n c e , and Disc ip l ine. Early on , President Banda identi

f ied the three great enemies of the p eop l e as p o v e r t y , disease, and ignorance . 

T h e four traditional qualities of the p eop l e that led to independence are still 

trained on these enemies as the path to e c o n o m i c d e v e l o p m e n t . T h e country 

is racially fully integrated, but cit izens of Asian descent , w h o are o f ten 

successful merchants, are a l l owed to open their shops on ly in greater Blan-

ty re , L i l o n g w e , M z u z u , and Z o m b a . This is supposed to be a kind of affirma

t ive action w h e r e b y m o r e black shopkeepers are in t roduced throughout the 

country. T h e pol ic ies o f the g o v e r n m e n t , i f not the tradit ions o f the p e o p l e , 

insure access to opportuni t ies for w o m e n . 

T h e e c o n o m i c strength of Ma law i is its agricultural system. It is the 

l i f eb lood of the country . Ma law i is usually self-sufficient in f o od , e v en expo r t 

ing to ne ighbor ing countr ies. It produces cash crops such as t obacco , sugar, 

co t ton , tea, and macadamia nuts. It is pr imar i ly through agricultural d e v e l op 

ment w i th concomi tant g r o w t h in support industries that the batt le against 

pove r t y is be ing w a g e d . M o r e o v e r , today Ma l aw i is setting an examp l e in 

sub-Saharan Afr ica by produc ing charcoal f r om the lumber ing w a s t e w o o d o f 

commerc ia l plantations, thereby prov id ing fuel for urban populat ions and 

easing somewhat the pressure for f i rewood on natural vege ta t ion . 

Despi te the burdens placed on th em , health care and services are steadily 

improv ing . Access to hospitals and medica l w o r k e r s is increasing. T h e r e are 

widespread programs for inoculat ion, nutr i t ion, hyg iene and sanitation, and 

safe dr inking wate r . T h e r e is an act ive ef fort to face the A I D S threat. T h e y 

had bet ter make an act ive ef fort : T h e p rob l ems caused by refugees pale in 

compar ison to the reality of A I D S in Afr ica. Since the disease strikes those in 

their p r ime of l i fe , active p eop l e full o f v i go r , and i t imposes ten years or so 

of impressed service as an unwit t ing carr ier of the v irus, the t ragedy must on ly 

get wo r s e be fo re i t gets be t te r . Death f r om A I D S is b e c o m i n g m o r e and m o r e 

c ommonp l a c e , r e m o v i n g some o f the mos t ta lented and energe t i c f r om the 

labor force and f r om the ranks o f m idd l e management . W h o w i l l see to the 

everyday running o f the country as the nex t century begins? W h o w i l l care 

for the thousands upon thousands of orphaned youngsters , their parents g o n e 

and their aunts and uncles dy ing, as their parents w i l l have d o n e , f r o m A I D S , 

and their grandparents passing on through attrition? W h a t happens to ex 

tended-family safety nets w h e n there is no one left in the family to ex t end a 

hand? 

It is easy to be despairing and dec ide there is no hope . But there must b e . 



LOUIS JACOBS, P H . D . 

272 

Li fe must adjust, e ven to this latest atroc i ty . I t is easy to be complacent f r om 

across the sea, but A I D S is he re , t o o , and the magni tude of the p r o b l e m in 

this country has not seen its l imit . In Ma law i the efforts to combat the A I D S 

virus are be ing increased through en l i ghtenment p rograms . Poignant educa

t ional slogans, such as Death by A I D S is the death of Ma law i , catch the minds 

of the p e o p l e . Education s imply must w o r k i f the ravages of the disease are 

to be mi t iga ted . Lucki ly educat ion has had a l ong and accepted tradition in 

Ma l aw i . Ignorance is combat t ed through a system of local vi l lage schools such 

as the one in wh ich our fr iend L i gh twe l l teaches, boarding schools for 

secondary educat ion, vocat ional and trade schools, teachers ' co l l eges , and the 

Univers i ty o f Ma l aw i . T h e university is staffed w i th fore ign and domest ical ly 

trained Malawians and some expatr iates. M a n y Malawian professionals are 

educated abroad, quite a f e w in Amer i c a , w h e r e Banda rece i ved his training. 

T h e road to d e v e l o p m e n t is po tho l ed and arduous. T h e r e is a long way to 

g o . But Ma law i has made progress by keep ing focused on its real enemies : 

p o v e r t y , disease, and ignorance . W i l l Ma law i e v e r be homogen i z ed into the 

W e s t e r n wo r l d? W h y should it? W i l l i t o v e r c o m e the hardships imposed by 

the re fugee p rob l em? I t has t o . W i l l i t survive the A I D S epidemic? I t must. 

W h a t are the alternatives? 

Ma l aw i is an opt imist ic country that has f o l l o w e d its o w n path since 

independence . Those are appeal ing qualit ies, impart ing sel f-respect, a l l owing 

i t to be happy. T h e r e may not be an A p p l e c ompu t e r in every hut, but there 

may c o m e to be , w i th hard w o r k and vis ion, ful l -bel l ied, healthy, wise peop l e 

in them. It is w i s d o m , wi th in a realistic con t ex t , that charts the course of 

dest iny. Ma l aw i w i l l set its o w n course . Q u i e t , peaceful , l itt le Ma law i . No 

one hears of i t in the W e s t . Ever since independence , all the way till n o w , 

it has been t o o stable. 

BECAUSE OF ITS stability, the friendliness and hospitality of the p eop l e , and 

the re lat ive ly eff icient bureaucracy, Ma l aw i is a g o o d place to run an exped i 

t ion. T h e scientific agenda of my Ma law i Pro j ec t has changed o v e r the last 

decade . That is the way it should be . Hypotheses e v o l v e as m o r e is learned; 

n e w strategies must be dev ised to answer n e w quest ions. But one object ive 

has not changed since its incept ion: T h e pro ject should contr ibute to Ma law i , 

not parasitize it. This ob jec t i ve is independent of the scientific results of the 

pro jec t to the ex tent that i t can b e , recogn iz ing that the cont inued existence 



T H E G O O D O F D I N O S A U R S 

of the pro jec t rests pr imar i ly on the adequacy of the science. I w o u l d no t 

argue that this pro ject has been a major fo rce in the battle against p o v e r t y , 

disease, and ignorance. T h e only ammuni t ion the pro jec t has supplied against 

disease is the dispensing of a f e w aspirins and some quinine tablets. I do hope , 

on the o ther hand, that there may be some posi t ive manifestations, h o w e v e r 

minuscule , w i th regard to the mit igat ion o f p o v e r t y and al leviat ion o f i gno

rance. 

O v e r the years the cost o f f i e l dwork in Ma l aw i has amounted to nearly 

$200 ,000 , much o f i t c om ing f r om the Nat ional Geograph ic Society . Cons id

er ing I have run five field seasons and done some laboratory w o r k there , this 

sum is, by some measures, not much m o n e y . By others , i t is. Exc luding 

international travel expenses , mos t o f the m o n e y was spent in M a l a w i , and 

much of i t in economica l l y unde rdeve l oped port ions of the nor th . In M w a k a -

syunguti, w h e r e the equivalent of one U .S . dol lar pays a man for a day 's labor, 

and I am the on ly e m p l o y e r , the impact of the Dinosaur Pro j ec t , in those 

re lat ive t e rms , is considerable indeed . 

Each f ield season the pro jec t has specific goals and object ives . T h e M w a k a -

syunguti labor force helps those goals be rea l i zed. T h e vi l lagers are one o f 

the components that make for a successful season. G o o d results pos i t ion the 

pro ject for cont inued funding, wh i ch means m o r e e m p l o y m e n t . As the 

pro ject b lossoms, n e w avenues must be t rave led . 

Early on I real ized that dinosaurs in Afr ica present fo rmidab le logistical 

p rob l ems . This was not much of a bo ther in the f i rst t w o exped i t ions because 

co l lect ing dinosaurs was not a pr imary goa l , f inding mammals was . I g o t a 

mammal l ike c rocod i l e instead, but that animal is not large enough to cause 

p rob l ems . Then in the 1989 season the emphasis began to shift, and f r o m 

1990 dinosaurs have been the main thrust. O n c e the bones w e r e out o f the 

g round , h o w w o u l d I e v e r g e t them prepared out o f their jackets? C lear ly the 

cost of shipping plaster and bone biscuits to my labs in Dallas, then shipping 

f inished bones back, was proh ib i t i ve . I had to f ind another way . 

T h e solution was to train a person in the technical skills requ i red in fossil 

preparat ion. Sending s omeone to the States for a f e w months had distinct 

advantages. For one thing it is much m o r e cost-ef fect ive than sending bones . 

For another i t is a much m o r e long-range solut ion, supplying to Ma l aw i 

in-country technical exper t ise to handle their o w n paleonto log ica l resources 

on a continuing basis. This obv ious ly appealed to the Ant iqui t ies Depa r tmen t , 

w h o assigned Fidel is, w h o had been w i th me in the f i e ld e v e r y t ime , the 
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responsibi l i ty of learning to be a fossil preparator . I obta ined some private 

funding, enabl ing Fidelis to c o m e to Dallas for three months in 1989. T h e r e 

he w o r k e d intensively w i th Ken t , learning all the techniques we could teach 

h im and gaining practical expe r i ence on the fossils. I p rov ided h im wi th much 

of the equ ipment necessary to have a funct ioning, eff icient preparat ion labora

to ry . N o w there i s one in Ma l aw i w h e r e there was not one be fo re . 

Technica l exper t ise is on ly half the batt le . W h a t happens to the bones once 

they are prepared? T h e r e is no professional pa leonto log ica l expert ise in 

M a l a w i , so the pleasures and responsibi l i t ies of the scientific investigation have 

been left to the Amer i can cont ingent . W h i l e we are happy to study the fossils, 

the ar rangement is not ideal. For one thing, there is m o r e to do than Dale 

and W i l l and I can handle. For another, I find the w h o l e concept of enter ing 

into a coopera t i v e exped i t i on in a fore ign country , obtaining the professional 

advantages, then abandoning the country at the close of the pro jec t to be 

latter-day intel lectual exp lo i ta t ion and visceral ly displeasurable. 

I w o u l d have to train a Malawian student. It is not always so easy to find 

an appropr iate candidate. W h y , for instance, should l itt le Ma law i want to 

have a professional paleontologist? W h a t g o o d does i t do the country? W o u l d 

not all the real ly g o o d students be interested in med i c ine , l aw , economics? 

Of course , mos t are interested in pursuing those subjects. But individual 

interests vary, and there are p eop l e intensely interested in the Earth and the 

life on it. T h e y can be found in Ma law i just as they can be found in every other 

country . M o r e o v e r , Ma law i has a f irst-class Depa r tmen t of Ant iquit ies in the 

Ministry of Education and Cul ture . I t runs the Nat ional M u s e u m , protects the 

nat ion 's monumen t s , surveys the country ' s cultural and archaeological re 

sources, and conducts scholarly research. T h e professionals o f the department 

teach courses at the Univers i ty of Ma law i . 

A ver tebrate pa leonto log is t is not such an absurd thing for an educational 

organizat ion, whe the r a museum or university, in a deve l op ing country to 

have. T h e research of pa l eon to logy can be as high-tech, or as l ow- t e ch , as 

facilities a l l ow . That translates to the fact that some leg i t imate and important 

lines of invest igat ion can be pursued at re lat ive ly l o w cost . Pa leonto logy is a 

bargain. M o r e o v e r , a pa leonto log is t must be familiar w i th a great number of 

discipl ines. To take examples f r om this b o o k , e f fect ive pa leonto logy requires 

k n o w l e d g e o f g e o l o g y , e co l o gy , anatomy, animal behavior , and any number 

of o ther subjects. W h e n staffing posit ions are l im i t ed , a ver tebrate pa leonto lo 

gist can go a long way t o w a r d rounding out a depar tment . T h e country of 

Ma law i wi l l be need ing talented young p e o p l e , broadly prof ic ient in a number 
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of professional skills. A pa leonto log is t cou ld do o ther things as w e l l as fossils. 

A paleonto log ist could be seconded into serv ice w i th the country ' s geo log ica l 

survey or wa t e r depar tment . Natural hazards such as landslides and f loods 

need evaluation, and cities need to be planned according ly . T h e medica l 

school might need instructors in human anatomy. T h e university might 

require instructors in science. Museums need talent. A l l o f these organizations 

need what is t o o often lacking in eve ry country : c o m p e t e n t , we l l - i n f o rmed , 

knowledgeab le leaders. A deve l op ing country such as Ma l aw i could do much 

wo r s e than recruit a r igorously and broadly trained pa leonto log is t . So could 

many universities in this country . 

T h e authorities at the Depa r tmen t of Ant iqui t ies , in response to the 

exci t ing results we w e r e obtaining, created a n e w posit ion for a professional 

paleonto log ist . N o w , i f I trained a Ma lawian for a P h . D . , there w o u l d be a 

j o b wait ing on the return. T h e student cou ld , as a research top ic , d e vo t e the 

necessary long hours to the intense study o f the co l l ec t ion o f bones f r o m 

Ma law i that is e ven n o w be ing prepared by Fidel is. It w i l l take at least as long 

to prepare the bones as to study them for a dissertation. Preparat ion has a 

head start, so the science w i l l not be de layed . 

T h e future departmenta l pa leonto log is t must have the necessary training 

for the appropr iate management and administrat ion o f pa leonto log ica l re 

sources, the interest and ability for original research, and the incl ination to 

teach through the Ma law i higher educat ion system to br ing the re levant 

concepts of Earth and life sciences to a broader , be t ter -educated audience. I f 

everyth ing goes accord ing to plan, Ma l aw i can manage its o w n pa leonto log ica l 

resources, and my value to their country , such as it is, w i l l diminish. That 

w o u l d be the measure o f success. 

It is very diff icult, for me anyway , to pred ic t the odds for a student 's 

success. So much depends on the fort i tude of the individual. This is true under 

the best of condi t ions, w h e n there is a large applicant p o o l , and w h e n 

universities can se lect ive ly pick and choose w h o w i l l be admi t t ed . I t is o f ten 

m o r e difficult w i th fore ign students, s teeped in unfamiliar cultures. In cases 

like that of Ma l aw i , one person w i l l be a pa leonto log is t and assume all the 

responsibil ity that the posi t ion w i l l obtain. O n e person is se lected f r om the 

country , f r om among peop l e w h o are eager but not know l edgeab l e about the 

subject or perhaps not even pred isposed to a consuming dedicat ion to it. W h o 

knows , perhaps the person might turn out to dislike fossils. T h e n you are 

stuck. A l l the eggs are in the basket of the single person selected for training. 

I enlisted the help of my Malawian col leagues in the search for an appropr i -
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ate candidate. Requ i r ements w e r e a strong math and science background and 

an exce l l en t pe r f o rmance a t the Univers i ty o f Ma law i . T h e Depa r tmen t o f 

Ant iqui t ies i n t e r v i ewed the most promis ing candidate. That was Elizabeth 

G o m a n i . She has a strong background in math, compute rs , statistics, chemis

try , and Earth s c i e n c e — a very appropr iate background. In 1989 and again in 

1990 Elizabeth j o ined the exped i t i on in the f ie ld to g e t s ome practical 

pa leonto log ica l e xpe r i ence . This also a l l owed me the oppor tun i ty to evaluate 

her as a potent ia l student, for her to dec ide if she real ly wan ted to pursue this 

op t i on , and for us both to ge t a chance to k n o w each o ther . My op in ion : 

El izabeth has what it takes. 

El izabeth arr ived to start graduate school t w o years ago last January. She 

started in the w in t e r semester . H e r flight o v e r brought her through Chicago , 

w h e r e she saw snow for the f i rst t i m e . That even ing she saw te lev is ion for the 

f irst t ime . T h e nex t day she ate pizza and a r ed apple for the f irst t ime . I t o ok 

her on a tour around campus. I showed her the brass f loor plate under the 

d o m e o f the main hall. A f t e r w a r d , wa lk ing d o w n the street , she examined 

each manho le cove r v e ry carefully. She is do ing w e l l . Ma l aw i n o w has 

technical exper t i se and it w i l l soon have professional exper t ise to handle its 

foss i ls—al l o f t h em , dinosaurs inc luded o f course . A n d for the purposes o f the 

pro j ec t , w h e n Elizabeth has c o m p l e t e d her training, l ike a dinosaur in the 

tradit ional v i e w , I w i l l go ext inct . 

Dinosaurs have great popular appeal in M a l a w i , just as they do e v e r y w h e r e 

e lse . W i t h all the f i e ldwork we w e r e do ing , i t was inevitable that the w o r d 

about our activit ies w o u l d suffuse into the publ ic sphere and that this w o u l d 

eventual ly swe l l into national e x c i t emen t . I t was ve ry impor tant to generate 

e x c i t emen t at the r ight t ime , no t t o o soon, be f o r e the scientific significance 

o f the pro j ec t cou ld be guaranteed, and not t o o late, w h e n the enthusiasm 

w o u l d be o f no help fo r insuring cont inued success. 

T h e 1990 season was the r ight t ime . Bones we had, and n o w we needed 

to keep the pro jec t ro l l ing . Fidelis had r e ce i v ed his training, and the whee ls 

w e r e turning to g e t Elizabeth into graduate school . Benefits to the country 

w e r e b e c o m i n g apparent. M o r e o v e r , Ca l tex O i l in Ma l aw i had dec ided to 

make a donat ion to the pro j ec t (and they have cont inued to support us sub

sequent l y ) . T h e y wan t ed publ ic i ty for their part , so they in f o rmed the press. 

A r epo r t e r and a photographer w e r e present w h e n M r . A l l en , the Ca l tex 

representat ive , presented the check at our arrival in early July. T h e result was 

a f ront-page story, short but in fo rmat i ve , in the Malawi Times and a r epor t on 
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Radio Ma law i . I t was heard at Mwakasyungut i be f o re we g o t to the f ie ld . 

T h e n , in August at the end of my t ime in the f ie ld, repor ters and photogra

phers came to the site. A feature art icle appeared shortly after in Quest, 

Malaw i ' s f o remost magazine. 

A l l this fans the flames of e x c i t emen t in the general pub l i c—adu l t s and 

chi ldren. No one e ve r thought that dinosaurs, those strange, b izarre , faraway 

creatures, wou ld actually be found in t iny, peaceful , noth ing-ever-happens 

Ma law i . Y e t they w e r e , and some peop l e had k n o w n i t for years. N o w i t i s 

e v e r ybody ' s turn. Tr iv ia l as it may seem in some regards, the dinosaurs are 

a source of national pr ide , of esprit. That is g o o d . 

W i t h increased interest w i l l c o m e some compl icat ions . P e o p l e w i l l want 

to see the dinosaurs. Others w i l l want to o w n them. Vis i tors to the nor thern 

reaches of Ma law i might want to see the site, or perhaps take h o m e a 

souvenir . As all t o o o f ten happens, that generates a commerc i a l demand for 

fossils. That w o u l d be bad. T h e pa leonto log ica l resources o f the country 

be long to all its c it izens, no t to just a select f e w . T h e scientific value be longs 

to the w o r l d . T h e fossils o f Ma l aw i are fragi le. T h e y are a nonrenewab l e 

resource . Those w h o w o u l d have a m e m e n t o on their mante l do m o r e harm 

than they k n o w ; the careless r emova l o f fossils f r om the surface of the g round 

destroys the clues that g i ve fossils meaning and that p rov i de a means to f inding 

sti l l-buried spec imens. In Ma law i such behavior carries a risk: T h e fossil 

resources o f the country are p ro t e c t ed by l aw, and the D e p a r t m e n t o f 

Ant iquit ies is serious in the e x t r e m e about l iv ing up to its caretaker responsi

bil it ies. T h e y intend to nip any p r o b l e m in the bud. An appropr iate strategy 

for pro tec t ion is be ing dev ised . It invo lves educating locals, and perhaps 

establishing a site museum along the lines of Dinosaur Nat ional M o n u m e n t in 

Utah. It a lmost certainly w i l l requ i re a small but permanent staff at M w a k a 

syunguti. A f e w jobs w i l l be created. That w i l l be g o o d . 

Still, the publ ic demand for dinosaurs must be m e t for three reasons: I t 

is fun, it is prof i table , it is educat ional . T h e fun of ext inct animals is undeni

able. It is obv ious . So is the prof itabi l i ty. W a l k through mos t any store in the 

Un i ted States that sells goods for chi ldren and you w i l l see the dinosaur mot i f . 

Breakfast cereal , spaghetti , H a l l o w e e n costumes, T-shir ts , postcards, back

packs, rockers , TV shows , co l o r ing books , cassettes, posters , w indup toys , 

board games , v ideo games. Y o u name it. T h e p h e n o m e n o n o f dinosaurmania 

is w o r l d w i d e . I f anyone knows the e c o n o m i c value of this persistent and 

never -end ing craze, I have not been able to f ind out . Y e t i t must be t r emen-
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dous. In s o m e f o rm or o ther this c ommerc i a l phenomenon wi l l deve l op in 

Ma l aw i . A n d that w i l l be g o o d . 

T h e k icker about dinosaurs is that they are just as g o o d at selling science 

as they are at sel l ing toys or breakfast cereal or canned spaghetti. They might 

even be the best single thing around for attracting peop l e to science at all 

l eve ls , k indergarten through graduate school . N o t e v e r yone w h o likes fossils 

w i l l b e c o m e a pa leonto log is t , but that is not the po int . Pa leonto logy itself does 

not need a recruit ing d r i v e . A lo t of p eop l e like the subject matter of 

pa l eon to l ogy just for what i t is. T h e y w i l l l ike what paleontologists d o , even 

i f they are not paleontolog ists themselves . 

T h e educational aspects o f my w o r k in Ma l aw i I f ind most intriguing. In 

ef fect the dinosaurs are a t o o l , the bait, i f you w i l l , to stimulate healthy 

curiosity and the g o o d habit of enjoy ing it. Education is an i terat ive process, 

constantly be ing r edone and embel l i shed in individuals and constantly re 

peated for each age g roup o f chi ldren. Many o f the demands and requirements 

are the same for any c lassroom, whe the r it be in rural Ma law i or in an affluent 

pr ivate school in the Un i t ed States. T h e r e f o r e these Afr ican dinosaurs ought 

to have educational value for e v e r yone e v e r y w h e r e . They teach about the 

history of life and of the Earth, as dinosaurs f r om anywhere d o . They teach 

specifically about Ma law i . Malawian schoolkids k n o w w h e r e the Un i ted States 

is; h o w many Amer icans o f any age k n o w w h e r e Ma law i is? 

H o w can the educational potent ia l o f these dinosaurs best be realized? In 

Ma l aw i the Ant iqui t ies Depa r tmen t w i l l place them on display in the Nat ional 

Museum in Blantyre. T h e r e may also, in t i m e , be a site museum at Mwaka-

syunguti , and perhaps a small t rave l ing exhibi t . Supplementary bookle ts for 

various grade leve ls are p lanned. Outs ide o f Ma law i news o f this w o r k wi l l 

eventual ly f i l t e r d o w n to chi ldren 's books . But to me i t w o u l d be much m o r e 

e lectr i fy ing to resurrect these dinosaurs in l i fel ike creativ i ty and let them tell 

their o w n story by tour ing the w o r l d for all to see. T h e n there w o u l d be some 

interest g e n e r a t e d — i n Afr ica , in M a l a w i , and in science. I t only takes money . 

OF COURSE ALL this presupposes that the Ma law i dinosaurs have a wor th 

wh i l e story to te l l . I think they d o . Just l ook at what we have seen. At least 

thirteen kinds of backboned animals have been found in the Dinosaur Beds, 

plus a f e w seedl ike plant remains, and t w o kinds of f reshwater invertebrates. 

Bones are abundant and w e l l p rese rved , a l l ow ing us to de t e rmine a great deal 
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about the animals of ancient Afr ica. T h e age of the fossil remains is Early 

Cre taceous , falling s o m e w h e r e b e t w e e n 144 and 97.5 mi l l ion years ago . This 

interval is general ly the most poor l y k n o w n of any in the A g e of Rept i l es , but 

it is impor tant because it is in this t ime interval that the animals and plants 

o f the m o d e r n w o r l d e m e r g e . Ma law i prov ides a major source o f in format ion 

about the terrestrial animals, particularly large animals, on the Earth during 

that t ime . It may be the best in Afr ica for its age. But it is not an isolated 

occurrence . It exists in a g lobal con tex t , its v e ry presence g o v e rned by the 

grand principles o f g e o l o g y and b io l ogy . W h a t i t contr ibutes to our k n o w l 

edge of the w o r l d as a w h o l e , and Afr ica 's place in its evo lu t i on , is greater 

by far than any little details about any specific animal. It is impor tant to k n o w 

this big p icture because i f the w o r l d of the Early Cretaceous was no t as it was , 

the w o r l d o f today w o u l d no t be as i t is. Do we not want to understand what 

we can do to the w o r l d o f t o m o r r o w , to plan rationally for the future? 

T h e Dinosaur Beds are a unique w i n d o w into the past for at least t w o 

reasons. T h e y preserve a fauna, a suite of animals, the likes of wh ich is found 

n o w h e r e else in the w o r l d . It has relat ives e l s ewhere , and that helps us to 

understand its place, but no o ther local ity preserves exact ly the same amalgam 

of species. M o r e o v e r the Ma law i fossils represent the c ommun i t y o f animals 

l iv ing just at the t ime Afr ica was b e com ing isolated f r om South A m e r i c a . On 

top of that, the bones are preserved in sediments ref lect ing env i ronments that 

are in some ways di f ferent f r om the usual env i ronments w h e r e dinosaurs are 

found. That tells us someth ing about their e co l ogy . 

Five species of dinosaurs, at least, occur in northern Ma l aw i . T h e carnivo

rous ones are the most poo r l y represented . That makes sense. Carn ivores are 

high on the food chain, and in a balanced commun i t y they should no t 

outnumber their p rey . T h e herb ivores are a spiky-plated stegosaur that feeds 

on l o w plants close to the g round and at least t w o kinds of sauropods that eat 

taller plants. O n e of the sauropods is a n e w and di f ferent species of d ip l odo 

cid, represented at first by a small j aw , probably f r om a baby. Last field season 

we r e cove r ed m o r e o f it. T h e o ther sauropod i s the titanosaurid Ma law i -

saurus. That species is the best represented of all the dinosaurs in Ma law i . 

Parts of the skeleton are k n o w n f r om sets of bones articulated as in l i fe. O t h e r 

bones are scattered. V e r y interest ingly, parts of the skull, the l o w e r j aw , and 

some teeth have been found. In compar ison w i th the Malawi-saurus sample, 

o f the m o r e than 150 species o f sauropods that have been named w o r l d w i d e , 

perhaps only t w o dozen are reasonably w e l l represented by fossils. O f these, 
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skulls are k n o w n in less than half. T h e fossils of Malawi-saurus include the 

only sauropod-skull material k n o w n in all o f Afr ica f r om b e t w e e n the t ime 

o f Tendaguru and the end o f the A g e o f R e p t i l e s — a n interval o f nearly e ighty 

mi l l ion years. W i t h such nice material of this sauropod, its relationships can 

be w o r k e d out . It is not l ike Diplodocus or Apatosaurus. It does not have the 

long skull, penci l l ike teeth, or sca lesome, f lai lsome tail o f those t w o . Its arms 

are shorter than Brachiosaurus, and its teeth and snout are di f ferent f r om both 

Brachiosaurus and Camarasaurus. It is hardly surprising, then, that regal Ma law i -

saurus a l lows for the rev is ion of ideas about the family t ree of sauropods, 

especial ly w i th regard to the place o f titanosaurids. Titanosaurids, whi le 

having some de r i v ed features unique to their o w n family, and whi l e be ing 

much m o r e characteristic of the Cre taceous than the Late Jurassic heyday of 

the sauropods, are basically pr imi t i ve in their anatomy. 

O n e of the interest ing features of Malawi-saurus is its size. At thirty feet 

long and perhaps a dozen tons in we i gh t , it is small for a sauropod. As I said 

ear l ier , of all the bones co l l ec ted in Ma law i f r om all the many dif ferent spots 

in the Dinosaur Beds, none approaches the size of a truly large sauropod. This 

includes everyth ing co l l ec ted by colonia l expatriates in the 1920s, M i g e o d in 

1930, and all the bones my c r ews have co l l e c t ed . Malawi-saurus is only one 

third the size of Diplodocus. W h y should that be? W h i l e in the f ield I thought 

o f t w o possible explanations. Perhaps the bones c o m e f r om young individuals. 

Even the dinosaur giants must g r o w f r om hatchlings, but none of the places 

w h e r e bone is found appears to be a nesting area or o ther social aggregat ion 

brought about by the behavior of baby dinosaurs. I f not babies, maybe the 

bones f r om Ma law i are those o f dinosaur teenagers , as i t w e r e . On the other 

hand, maybe Malawi-saurus really was a small sauropod species. Cretaceous 

sauropods are poo r l y k n o w n all o v e r the w o r l d , and most real giants appear 

to have l i ved mi l l ions of years ear l ier , but I have to admit there is something 

amusing, even appeal ing, about a th i r ty - foo t - long sauropod dinosaur, a p y g m y 

i f you l ike, l iv ing in Afr ica o v e r 100 mi l l i on years ago w h e r e today, after all 

that t ime , p y g m y humans l i ve . T h e r e is, o f course , no connect ion b e t w e e n 

dinosaur and human pygmies . Malawi-saurus is a distinct species of animal; 

human pygmies are just a populat ion of the one g lobal human species w i th a 

smaller average height. But still, the thought of p y g m y sauropods is entertain

ing. 

Sauropods have o f ten in the past been dep ic ted as creatures of the l o w 

l a n d s — s w a m p s , seashores, sluggish r iverbanks, and bayous. Indeed , their 
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footpr ints are most o f ten found in rocks represent ing these env i ronments . 

T h e rocks o f Ma law i ' s Dinosaur Beds w e r e depos i ted by fast-f lowing streams 

that drained the hilly country at the feet of mountains. T h e terrain was 

probably fairly rugged and the vegetat ion not particularly dense , excep t 

perhaps for the gal leries along watercourses . T h e vegetat ion was certainly not 

as dense as that in a rain forest . T h e weather was hot and seasonal, oscil lating 

b e t w e e n w e t and dry seasons. T h e sampling of this kind of env i r onment , as 

p rov ided by the Dinosaur Beds, may be re levant to w h y the sauropods w e r e 

small. W a s the countrys ide t o o rough for f i f ty - ton behemoths? D i d the young 

of giants l ive in the hills, away f r om the lowlands? 

A l l o w me to speculate a l itt le further. T h e really giant sauropods are v e ry 

specialized animals. T h e y had to e v o l v e f r om species smaller and m o r e 

pr imi t i ve than themse lves , but those ancestral species are current ly unknown 

to paleontolog ists . T h e y must have l ived w h e r e the really big ones did not , 

o therwise we should have found them at Tendaguru or Dinosaur Nat ional 

M o n u m e n t or s ome other famous dinosaur hot spot . Malawi-saurus is bo th 

small for a sauropod and it has some pr imi t i ve features in the ver tebrae and 

the skull. This has some very impor tant impl icat ions for dinosaurs. 

Titanosaurids, as a family , are the last of the sauropods. T h e y are mos t 

c o m m o n in rocks younger than the Dinosaur Beds, not in Afr ica , but in India 

and South Amer i ca . T h e y also appear in the Late Cretaceous of Europe and 

in N o r t h Amer i ca ( the beast cal led Alamosaurus), w h e r e they w e n t ext inct at 

the Great Dy ing that marks the end o f the A g e o f Rept i l es . Malawi-saurus 

prov ides a kind of missing link b e t w e e n o lder Cretaceous titanosaurids and 

those o f the Late Cre taceous so c o m m o n in the rest o f the w o r l d . T h e 

titanosaurids may have e v o l v e d in Afr ica and then skipped o v e r to South 

Amer i ca just pr io r to the open ing o f the South At lant ic Ocean . Some forty 

mi l l ion years after they left Afr ica , they w e r e in N o r t h Amer i ca . 

T h e bizarre mammal l ike c rocod i l e f r om Ma law i tells us to expec t the 

unexpec ted . We cannot always pred ic t accurately what we w i l l f i nd in the 

unknown past, even though we can construct hypotheses that make reason

able predict ions. T h e Ma law i c roc was unexpec t ed , but i t does not v io late the 

body of k n o w l e d g e upon which pa l eonto logy is based. It is just an interest ing 

d iscovery , appealing in its way just as the dinosaur d iscover ies f r o m Ma law i 

are. D o e s the presence o f the mammal l ike c roc have any re levance to the 

apparent absence o f true mammals f r om the Dinosaur Beds? M a y b e so, but 

even i f i t does not , i t demonstrates that v iable , l ong- l i ved , functioning eco l og -
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ical communi t i es can be made up of species vastly di f ferent f r om those around 

today, each w i th its special r o l e in the w e b of l i fe . As exempl i f i ed by the 

Dinosaur Beds, the ecosystems of the past are not s imply junior- league mode l s 

o f those that exist today. T h e y w e r e di f ferent, and they had to be modi f i ed 

for the w o r l d to b e c o m e what i t is. 

A l l o f the studies done thus far are pre l iminary . M o r e w o r k needs to be 

done on every th ing . T h e frogs are unstudied, the mammal l ike c roc is not yet 

named , nor are Malawi-saurus or our n e w species o f d ip lodoc id formal ly 

named . T h e stegosaur and theropods need detai led examinat ion. W h a t w i l l 

they tel l us? T h e questions go on and on . I t w i l l be years be fo re the f inal 

repor ts are c o m p l e t e d . It w i l l be years be fo re Elizabeth has turned in her 

f in ished dissertation and re turned to her country to undertake n e w investiga

tions in Ma l aw i ' s fossil beds . Even after that has happened, scholars w i l l 

f o r e ve r e m p l o y the spec imens co l l ec ted in our Ma law i exped i t i ons , and those 

f r om C a m e r o o n , just as they use books in a l ibrary, for their o w n research 

purposes . Ideas w i l l constantly be rev ised , eternal ly updated , never static. 

W h a t we think n o w about Malawi-saurus and the o ther fossils f r om Africa is 

sure to change in the future. In one sense that means that what is be ing said 

today is sure to be w r o n g , or at best , not c omp l e t e l y r ight; in a m o r e 

impor tant sense it means that what is be ing said n o w w i l l help us be c loser 

to the truth nex t t ime . 

T H I S IS HOW it was w h e n I left Ngara camp: 

August 3, Friday. 

L igh twe l l was in camp this morn ing because K e n t and I are leaving today. He 

came quiet ly up to m e . 

" E x c u s e m e , s i r , " he said, " m a y I speak to y o u ? " 

I was heading for my tent . " S u r e , " I answered . " C a n you talk wh i l e I pack 

m y g e a r ? " 

L i gh twe l l f o l l o w e d me o v e r to the subdued light beneath the g reen canvas 

o f m y Ma law i h o m e . 

" S i r , I have prepared a sort of r epor t , wh ich I w o u l d l ike to read because 

you are l e a v i n g . " 

" O k a y , g o a h e a d . " 
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L igh twe l l started to read. I s topped h im. 

" I think this i s for the w h o l e g r oup . Le t ' s go back and gather e v e r y o n e , " 

I suggested. 

A r ound the table, under the shade o f the tamarind t r ee , L i gh twe l l began. 

"F i r s t , be fore I read my r epor t , please let me say that i f anything was done 

that o f fended you , please fo rg i ve us, for you are visitors here and we neve r 

do anything to of fend you . But i f we did someth ing that o f fended you w i thout 

our k n o w l e d g e , I am sorry. I have heard that Yasaki misbehaved and had to 

be sacked for be ing rude . I am sorry . He embarrassed u s . " 

We echoed w a r m sent iments, and I assured h im o f our deep feel ings for 

all the peop l e of Mwakasyungut i , including Yasaki. G o o d - b y e s in Ma law i are 

always g l o rpy . 

L i gh twe l l read his handwr i t ten note w i th t rembl ing l ip: 

Farewell Report 

It is my great appreciation and sincere gratitude for you once more 

coming here to visit my country, in particular my village Thawi lo . 

I again thank you for the best t ime I spent with you here on Saturday, 

28th July. I extend my sincere gratitude to you also for the good and 

fruitful ideas you shared with me on that day. May I take an opportunity 

for thanking you once again for the point of deve loping my home area. 

Because of this some of my home brothers are able to get a sort of 

employment whereby they can obtain money for their l iving. In addition 

to this deve lopment , my village bears its importance and great fame in the 

country. It is my absolute bel ie f that people always tend to neglect places 

found in remote areas or away f rom the main road. But wi th the case of 

Thawi lo , in particular Mwakasyunguti vi l lage, no one can neglect it as it 

is now . So for you to discover such an expensive thing in my home area, 

it is because of the great w isdom poured in you. There fo re , may you and 

your family be healthy and strong all the way to Dallas in the United States 

of America as you wi l l be going back home . May you have such an 

excel lent w isdom so that all the best quality businesses planned and 

prepared for you may be fulfilled. 

It is of no wonde r that you have left people of Thawi l o with great 

excitement and healthy pockets for such an unforgettable deve lopment 

you have introduced in the area. To say for sure, people in Mwakasyunguti 
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village never forget you though you leave them because you have brought 

a sort of deve lopment in Thawi lo . They always feel happy with you when 

you live among them. Although t ime has come n o w for you to leave them, 

spiritually you wi l l always be among them. Please, may your families 

r emember us here. 

I once more say thanks are due to you, Dr . Louis Jacobs, Dr . Dale 

Wink l e r , Kent D. N e w m a n , and Wi l l i am D o w n s . I wish you all a good 

journey. 

Y O U A L L D E S E R V E B E S T W I S H E S A N D T H A N K s ! 

L . S . E . M K W A L A 

L I G H T W E L L S A D A L A E N D S O N M K W A L A 

My o w n emot i ons about M a l a w i , its p e o p l e , and its future jost led wi thin 

me as we ratt led of f d o w n the tarmac to Karonga , through the terr i tory M l o z i 

and his slavers had savaged a century be f o r e . We d r o v e past the sign for the 

Synod o f L iv ingstonia, past the W o r l d W a r I graves , past Karonga Teachers ' 

C o l l e g e , past the br ight , n e w reg ional hospital , to the a irport . 

" W i l l i t fly t o d a y ? " I asked the A i r Ma law i t icket agent. 

Th rough a broad grin he r ep l i ed , " I hope s o . " 
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