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THE ROLE OF THE SEA AND TH E SEAFARERS  
IN EARLY GEODESY ( )

by Dr.-Ing. Irene K. F IS C H E R

“O f  all th e  w a te rs  u n d e r  H e av e n  th e re  is n o n e  so g rea t  
as the  ocean .  A m y riad  r ivers  f low  in to  it w i t h o u t  ceas ing ,  yet 
it is never  full, a n d  the  W ei-L u  c u r re n t  ca r r ie s  it co n tinua lly  
a w a y ,  ye t  it is n ev er  em p ty .  S p r in g s  a n d  a u tu m n s  c au se  no 
c h a n g e  in it;  it takes  no  notice  o f  f loods a n d  d ro u g h ts .  Its 
p re -em in en ce  o v e r  the  Y an g tze  a n d  the  Y ellow  R iv e r  no  
m ea su re s  n o r  n u m b e r s  can  e x p re ss ."

(F ro m  a n  an c ien t  Tao is t  tex t ,  the  C h u a n g  T zu  b o o k ,  
- 4 t h / - 3 r d  cent .,  after.  J .  N e e d h a m  IV :3 ,  549).

I N T R O D U C T I O N

T h e  m o o d  o f  aw e  and  w o n d e r  o f  the  ancient T ao is t  C h u a n g  Tzu c o n te m p la ­
ting the  cons tancy  o f  the vast ocean  in its co n t in u o u s  change  s tands  in stark 
con tra s t  to  o u r  c u r re n t  pride o f  ach ievem en t in hav ing  tam ed  this m ys ter ious  
infinity and  cu t  it d o w n  to a finite size, a size w h ere  w e  can  c irc u m n av ig a te  it, 
d iscover its secrets and  exploit its riches. H ow  did w e  g e t  here  f rom  the re  ? It is 
relatively easy to  be  im pressed by the s tu p e n d o u s  technical d ev e lopm en ts  o f  the  
recen t decades a n d  dismiss the earlier tim es condescend ing ly  as  ignoran t a n d  
fumbling. Yet it m ay  b eh o o v e  us to take ou t a few m inu tes  f ro m  o u r  presen t 
technical hustle  and  bustle and  try  to apprecia te  a n d  em path ize  w ith o u r  a n c e s to rs ’ 
ques t  to  cope w ith  a n d  unders tand  their  m yster ious universe .  T heir  first u n c h a r te d  
steps on the  long road ,  after all, w ere  the basis o f  o u r  ach ievem en ts ,  guided as these 
w ere  by a long training in scientific-technical adap ta t ions  and  ex tens ions  o f  
precedents. As L ucan  (1st cent.) a lready  noted , even  d w arfs  perched  on the  
shoulders  o f  g iants can  see fu rthe r  than  the  giants them selves.

(*) T h is  is the  th ird  in a tr i logy  o f  articles o n  ea r ly  g eo d esy .
(**) 301 P h i lad e lp h ia  A v e n u e ,  T a k o m a  P a rk .  M d .  20912, U .S .A .



Tracing the cu ltu ral ach ievem ents  inherent in the  beginnings o f  geodesy  in 
anc ien t  times is a r ew ard in g  exper ience  as it gives a glimpse into an o th er  world . 
T h e  presen t p ap e r  is the th ird  in a trilogy (FlSCHER 1981,  1982) and  concen tra tes  on  
the  sea. It is no t in tended  here, h o w e v e r ,  to recoun t the deve lopm enta l  phases o f  
ship building, navigation ,  m arine  geodesy ,  etc., th ro u g h  the centuries , bu t  to  ga ther  
som e o f  the specific sea aspects h idden  here and  there  in the general h istory o f  
geodesy. U sually ,  until the  recent fabu lous  g ro w th  o f  m arine  geodesy and  the 
co n tro v e rsy  o f  w h e th e r  it should  be cons idered  as par t  o f  geodesy or  as a new  
discipline by itself, the  geodetic activities w ere  taken  to be inherently  land-based. 
T he  obv ious  a rg u m e n t  referred  to its roo ts  in the age-old need for cadas ters  and  
land su rveyors ,  and  the  su bsequen t  d e v e lo p m e n t  o f  geodetic contro l nets o n  the  
continents .  But this is only  half  the sto ry .  T h e  o ther  half  derives f rom  the just-as-old 
qu es t  to k n o w  the  size and  shape o f  the Ear th ,  and  here w ate r  bodies are  an 
integral part  o f  the  E a r th ’s surface (abou t 71 %)  M ost significant, how ever,  are  the 
specifically geodetic  ques tions  w h ich  delineate geodesy  f rom  o ther  earth-discipli- 
nes : “w h ere  ? w h a t  d irection ? h o w  far  ?” , to w hich  the  sea m ade its character istic  
con tr ibu tions ,  h a m p e re d  th o u g h  they  were until very  recently  by their  special 
technical difficulties.

A M I X T U R E  O F  O B S E R V A T I O N  A N D  IM A G I N A T I O N

O ne o f  the o ldest existing w o r ld  m aps  representing ancient ideas ab o u t  the 
oce an  and  its sha re  o f  the E a r th ’s su r face  is on an often-cited  Babylonian clay tablet 
o f  the -  7th ce n tu ry  (British M u s e u m ;  E. U n g e r ,  1935). It is cen te red  on Babylon, 
“the hub  o f  the un iverse",  and  its c ircu lar  shape is f ram ed by a c i rcum fluen t 
“E ar th ly  O c e a n ” o r  “Bitter R iver", b e y o n d  w hich  there are  “Seven Is lands” , 
regularly  spaced a n d  pointing  to w a rd  th e  ultimate “H eavenly  O c e a n ” . A ccord ing  to 
the  text,  the S even  Islands are connec ted  with  the p h e n o m e n o n  o f  the s u n ’s rise and  
fall, but also w ith  the  dwelling o f  a “ hostile ho rned  bull” . Obviously , the  m ap  
articula tes the  o b se rv a t io n s  o f  the tim e : the  endlessness o f  the ocean and  the  sky, 
a n d  the  heavenly  p h e n o m e n a .  M a y b e ,  the  hostile h o rn ed  bull, in this  con tex t,  
represen ts  an  exp lana tion  o f  w h ere  th u n d e r  and  s to rm s  com e from  ?

Tsou Yen, a m e m b e r  o f  the g rea t  Chinese  A cad em y  o f  the G ate  o f  C hi in the
-  4 t h / -  3rd cen tu ry ,  taugh t that C h in a  w as  only  one  p a r t  in 81 o f  the w ho le  
world .  N ine p rov inces  fo rm  a c o n t in en t  s u r ro u n d e d  by a sea. T here  are nine such  
con tinen ts  s u r ro u n d e d  by seas, and  the  G re a t  Ying O cean su r ro u n d s  them  all. T sou  
Yen, cons idered  as the  fo u n d er  o f  anc ien t  Chinese scientific though t,  w as  no t just 
m ak ing  up a s to ry ;  he w a s  credited  to  have  exam ined  small objects as well as the 
g rea t  events th r o u g h o u t  the  ages a n d  to  have d ra w n  f rom  th em  inferences ab o u t  
the vastness o f  H eaven  and  E ar th  a n d  th e  T a o  o f  the universe (J. NEEDHAM, 1956).

The similarity b e tw e en  this w o rld  p ic ture and  tha t  o f  the Babylonian m ap  is 
ev ident,  w ith  the  d iffe rence o f  nine instead  o f  seven islands and  the c o m m o n se n se  
na tu re  o f  these islands as con t inen ts  like o u rs  ra ther  than  as mystical regions. T he  
general concep t o f  such  discoidal w o r ld  m aps seems to have reached C h ina  from 
Babylon  via India.



W hile  we are  used to the n u m b e r  seven  in the Bible and in folk tales, the 
choice o f  the  n u m b e r  nine in this co n tex t  so u n d s  c u r io u s  to  us at first, until we 
realize its f requen t  use in C hinese  sym bo l ism  for  un d e r ly in g  order .  An anc ien t 
m a them atica l  classic (the Chou Pei Suan  Ching) s a y s :  " . . .T h e  rectangle orig ina tes  
from  9 x  9 = 81 . ... T he  m e thods  used by Yii the Great in govern ing  the  w orld  w ere  
derived f rom  these num bers . . ." .  This is in te rp re ted  as referr ing  to the  basic role o f  
n u m b e rs  rep resen ted  by the multiplication table. (C o m p a re  the  G e rm a n  n am e  o f  the 
multip lication  table as the “E inm ale ins”, the  l x l ) .  T h e  stress on  the specific 
n u m b e r  nine m ay com e f rom  the early  C h inese  use o f  the dec im al posit ioning 
system  (already seen on  the oracle b ones  o f  the -  13th ce n tu ry )  w ith  nine n u m b e rs  
available for  each posit ion  (the zero  sym bol ap p e a rs  m u c h  later). T h u s  any n u m b e r  
could be w ritten  w ith  only  nine num era ls ,  w h ich  exem plified  the sym bolic  
pervas iveness  o f  the  n u m b e r  nine and its special grip o n  anc ien t C h inese  legends.

T h e  w es te rn  heirs o f  the  anc ien t B abylonian  cu l tu re  held similar w o rld  views. 
H o m e r  ( -  9th cent.) tells o f  the mighty  “o k ea n o s"  w ash ing  the  “o ik u m e n e "  o n  all 
sides. T h e  o ik u m e n e  w as  the  inhabited par t  o f  the w o rld  as he k n e w  it : the 
M ed ite rran e an  area.  A n a x im a n d e r  o f  M iletus ( - 6 th  cen t.)  d rew  a m ap  o f  it, as a 
fiat disk cen te red  at Delphi in G reece,  w h e re  the “ navel o f  the E a r th ” w as  m a rk e d  
by a fancy s tone (still to be seen in the m u se u m  there). A n a x im a n d e r ’s m ap  w as  
roughly  c o n te m p o ra ry  with  the B aby lon ian  m ap, b u t  did not sh o w  any  m ystical 
areas  b e y o n d  the c i rcum fluen t  ocean. Yet the  G reeks  also w o n d e r e d  w h e th e r  the re  
w ere  o th e r  o ik u m e n es  besides their  o w n .  T h e y  th a t  the  w o rld  cam e to a p rec ip itous  
end not far b e y o n d  the  w es te rn  end  o f  the M e d i te r r a n e a n  Sea, the  Pillars o f  
Hercules an d  the Sacred  C ape  o f  Iberia. T h e y  also k n e w  th a t  the c l im ates  an d  living 
conditions cha n g ed  to w a rd  n o r th  and  sou th ,  from  the frigid to  the  to rrid  zone ,  the 
natura l limits o f  h u m a n  habitation. T h u s  the  habitable w o r ld  m ight ju s t  be part,  
m aybe  a q u a r te r ,  o f  the Earth .  W h a t  w a s  b e y o n d  its limits ? W h o  could  see and  
tell ? In a story  by Lucian  ( + 2nd cent.) a trave le r  to  the  m o o n  is a sked  to  be su re  
« to  tell all ab o u t  the  shape o f  the E a r th ,  th e  d is t r ibu t ion  o f  land an d  w ate r ,  and  
every th ing  else on it as you can see it f ro m  up the re  ».

W hile  land su rvey ing ,  o ne  roo t o f  geodesy ,  re sp o n d e d  to  the  im m ed ia te  local 
needs o f  society, it w as  the oceans tha t  sp a rk ed  global geodesy .  M ost  o f  it at first 
w as  speculation ,  o f  course ,  bu t  legends a n d  stories also con ta ined  a kerne l  o f  a 
considerab le  am o u n t  o f  hard  facts, accum ula ted  f rom  o b se rv a t io n  an d  experience.

E ven  th o u g h  the ends o f  the  ocean  seem ed  to  co incide  with  the  ends  o f  the 
w orld ,  the  nearby  ocean  w as  an  object o f  practical ob se rv a t io n  : th e re  w ere  
cu rren ts  th a t  cou ld  be used as natura l  w a te rw a y s  to  v e n tu re  into the  sea, and  the re  
w ere  w inds  as d riv ing  forces, w hose  favors  m ade  the  d iffe rence b e tw e e n  a ship 's  
safety or  des truc tion .  A C hinese  sy m b o l  o f  the  all- involving challenge o f  sea 
v en tu re s  m ay  b e  seen in the  fact th a t  o n e  o f  the  anc ien t  oracle -bone  ch a rac te rs  
(middle o f  -  2 nd mill.) in the  form  o f  a sail deve loped  a m e an ing  o f  "all”, “e v e r y ”, 
“generally  speak ing"  (J. N e e d h a m , 1971).

C h inese  sailors w ere  a w a re  o f  th ree  cu r ren ts  c a r ry in g  a w a y  th e  w a te rs  in 
th ree  d irec tions;  one  to w a r d  nor th ,  o ne  to w a r d  so u th ,  and  the th ird  to w a r d  th a t  
boundless  deep o f  the G re a t  Eas tern  O cean  w h e re  the  w a te rs  g radua lly  slope 
d o w n w a r d s  to an  abyss  or  w h ir lpoo l ;  w h e r e  the  W ei-L ii  d ra ins  into the  w o rld  
from  w h ich  m en  do  not r e tu r n ;  w h e re  the  w a te rs  p o u r  d o w n  into the  N ine



U n d e rw o r ld s .  (W ei-L ü  m e a n s  . u ltim ate  drain. The W ei-Lü  cu r ren t  seems to be the 
anc ien t  nam e o f  the  c u r re n t  n o w  k n o w n  u nder  its J a p an e se  nam e.  Kuroshio).

Im ag ina tion  also p laced the  hab i ta t ion  o f  im m orta ls  and  o f  herbs o f  longevity  
an d  im m orta li ty  on  th ree  holy  m o u n ta in  islands in this m yster ious  Eas te rn  Ocean. 
T h a t  legend, in tu rn ,  p ro v id ed  an  incen tive  to  brave  the  d an g e rs  o f  the v oyage  an d  
try  to  reach  these  islands. It is told th a t  sea-captains w ere  sent o u t  repeatedly  in the 
- 3 r d  ce n tu ry  to  bring those  prec ious h e rb s  hom e to the em p ero r .  T he  sea-captains 
ap p a ren t ly  had go o d  c o m m o n  sense w h e n  reporting  back  w ith o u t  those herbs. O ne  
re p o r te d  th a t  the  islands an d  w h a t  w a s  on  them , looked like c louds f ro m  the 
d is tance  and , u p o n  c loser  ap p ro a ch ,  s a n k  below  the  w ate rs  and  s trong w inds  d ro v e  
the  ship  aw ay .  O th ers  told o f  difficulties w ith  g rea t  sha rks  and  the  need for 
excellen t a rc h e rs  to  com e a long and  kill them . A n o th e r  told o f  having actually  
rea ch ed  the island bu t been  refused the  herbs because he did not bring e n o u g h  
of ferings f rom  the  e m p e ro r .  Collecting m ore  uffe iings, he set o u t  to sea once m ore  
b u t  w a s  n ev e r  h ea rd  o f  again. T h e  in ference  w as  th a t  he and  so m any  o thers  m ay  
have  found  so m e  d is tan t  shores  for a n e w  life from  w h e re  they could no t o r  w o u ld  
no t r e tu rn  to  C h ina .  T h e re  is a good  possibility th a t  they  m ay have reached  J a p a n  
o r  e v e n  A m erica .

T h e  W e s te rn  w o r ld  also d re a m e d  o f  various U top ian  islands such  as the 
Island o f  the  Blessed or  the  Elysian Fields on  the F o r tu n a te  Islands, o r  the land o f  
the  H y p e rb o re a n s  in th e  rem o te  n o r th  in back o f  the N o r th  W ind ,  etc., all in 
p leasan t climate and  en v i ro n s ,  all u n rea ch ab le  to o rd in a ry  mortals.  In the  S u m er ia n
-  B aby lon ian  epic Gilgamesh  ( - 3 r d  mill.), th e  w a te rs  separating  the island o f  the 

im m o rta ls  f ro m  us cou ld  on ly  be c rossed  by G ilgam esh  w ith  the  help o f  the  gods.

T h e  gods  w e re  repea ted ly  helpful to  teach  us h o w  to cope  with the  form idable  
sea by w atch ing  the  su n  and  the  stars ,  cliffs an d  curren ts .  O bserva t ions  o f  
im p o r ta n t  facts are  t ran sm it te d  in easily unders tandab le ,  m yth ica l o r  a n t h r o p o m o r ­
phic  language. H o m e r  descr ibes  the ho r izon  as w h e re  “the  s u n ’s b righ t light d rops  
into O k e a n o s ” a n d  f ro m  w h e r e  “the s ta rs  rise after hav ing  ba thed  in O k e a n o s”, and  
he d r a w s  a t ten t ion  to  the  special c i rc u m p o la r  Bear, the  Big Dipper, “w h o  alone  has 
no  p a r t  in these  b a th s ” . T h e  beautifu l goddess  C a ly p so  advised  Odysseus h o w  to 
steer  his ship by  keep ing  the  Big D ip p e r  a lw ays  to  his left. A nd  the  beautifu l 
g oddess  Circe w a r n s  him o f  d an g e ro u s  curren ts ,  describ ing Scylla and C h a ry b d is  : 
“D ivine C h a ry b d is  sucks  d o w n  the  b lack  water.  T h rice  a day she belches it forth , 
an d  thrice she  sucks it d o w n ,  insatiably. M ay thou  no t be the re  w hen  she sucks  it 
d o w n ,  for  no  o n e  cou ld  save thee f ro m  ruin".

Also C h in ese  sailors, t ran sp o r t in g  m erchand ize  on the rivers, looked  for 
divine assistance. T hey  k n e w  h o w  to  utilize the tides and  the  w inds, an d  they  
w a tc h e d  the c louds  for signs o f  s to rm  ; yet they  also “w orsh ip  P h o-K uan ,  the 
G o d d e ss  o f  W in d  and  W a v e ,  w ith  sacrifices, and  ask the  m o n k s  to pray  for them ".  
(F rom  + 8 th  cent.  T h a n g  d o cu m en ts ,  N e e d h a m , 1971).

A w idesp read  need  o f  even  ex p e r ien c ed  seafarers  for all the p ro tec tion  they 
can get is u n d e r s ta n d a b le  en o u g h ,  par t icu la r ly  if one  reads in the Odyssey o f  the 
g o d s ’ unp red ic tab le  m o o d s  in ch a n g in g  the  w inds  a ro u n d  to  the despair  and  
d e t r im en t  o f  hapless  O dysseus  yea rn ing  to  reach hom e.  J. H o r n e l l  (1946 a )  poin ts  
to the  close re la tionsh ip  b e tw e e n  a divine p ro tec to r  and  a specific ship to  the  ex ten t 
th a t  the  deity is invited  an d  expected  to  take up ab o d e  in the sh ip’s p ro w  dur ing



voyage. H e /s h e  is m ade to feel w elcom e and  h ono red  by periodic w orsh ip  and  
offerings. O n e  o f  the still persisting rites o f  very  anc ien t  origin is the incision o f  an 
eye on each  side o f  the bow , called the “opening  o f  the  eyes" or the “cult o f  the 
oculus",  w h ich  originally symbolized the  ho p e  for th e  deity 's  w atchfu l eye a n d  then  
changed  to an  am u le t  against the effects o f  the evil eye. Engrav ings  o f  ancient 
w ar-boa ts  on  b ronze  d ru m s  found in Indo -C h ina  ( - 1 s t  cent.) sh o w  clearly an 
oculus  on  th e  bow . A nd  it w as  often painted  on the  “e y e b r o w s ” (prows) o f  Chinese  
vessels. It is a ssum ed  that this practice spread f rom  ancient E gypt o r  M esopo tam ia  
in all d irections already in antiquity. T h e  oculus is still to be seen on m any 
M edite rranean  vessels. HORNELL suggests tha t  o u r  cu r ren t  cus tom  o f  blessing new  
ships  and  ae rop lanes  cont inues  this long tradition  o f  anc ien t  practices.

W h e th e r  or  not guided and  sustained by divine o r  magic forces, the  ancient 
seafarers m u s t  have  been keen observers  as well as h a rd y  souls to accum ula te  a 
stock, o f  practical experience in reading a n d  interpreting  natura l ph en o m en a ,  very 
different f ro m  and  m ore  reliable than  th a t  of  the landlocked scholars. W hile 
a rm ch a ir  ph ilosophers  phantasized fearfully abou t  the  edges o f  the world w ithou t  
being h a rm e d  by incorrect hypotheses  o r  conclusions, the  seam en p low ed  the  high 
seas well k n o w in g  that w ro n g  decisions, incorrec t in terpretat ions, o r  overlooking  
certain facts may cost their lives. Yet there  is evidence o f  prehistoric transoceanic 
voyages connecting  various o ikum enes before  their  geographic  existence w as 
m utually  even  k n ow n . It is T h o r  H e y e r d a h l s  (1960, 1971, 1978) merit to have 
dem o n s tra te d  the possibility o f  such early voyages  w i th o u t  the  benefit o f  m o d e rn  
navigational instrum ents ,  th ro u g h  his expeditions w ith  Kon-Tiki, RA I and  RA II, 
and  Tigris.

T he  sea and  the seafarers naturally con tr ibu ted  also to the concep t o f  the 
spherical Ear th .  Historically, there  were several sources for this concept.  In anc ient 
China,  these w ere  purely  as tronom ic,  augm enting  the observa tion  o f  c i rcum pola r  
stars w hose  partially visible orbits  needed a con t inuat ion  u n d e rn e a th  the Earth . The  
spherical o r  at least oval E ar th  (together w ith  the H eavens  like a h e n ’s egg and  its 
yolk) com pleted  a logically consistent, equatorial a s tronom ica l  system, bu t  had no 
furthe r  im pact on  geodesy. In the W est,  by  contrast,  P y th ag o ras  and  his school 
derived a perfectly spherical shape o f  the E ar th  a n d  the  p lanets f rom  his idea o f  a 
perfect, ha rm o n io u s  cosmos. This soon sp a rk ed  ques tions  a b o u t  a p r o o f  as well as 
abou t the size o f  that sp h e re ;  and  that had  an incisive im pact on  geodesy. The  
oceans u ndoub ted ly  w ere  par t  and parcel o f  that spherical surface, w h ich  m ay have 
been enhanced  by the mental p icture o f  a sm ooth ,  calm ocean  surface. Aristotle 
tried to  prove  the spherical shape  in various w ays  ; by specula tions ab o u t  the  effect 
o f  gravity w hich  m a d e  all bodies fall to w a rd  the cen te r  o f  the w orld  and  fo rm  a 
com pac t  ball the re ;  by w atch ing  the horizon and s tars w h e n  m oving  n o r th ;  and  by 
the ro und  sh a d o w  o f  the  E ar th  in lunar eclipses. T hese  sam e as tronom ic  o b se rv a ­
tions, how ever,  had been m ade earlier in M esopo tam ia  and  Ionia, yet w ithou t  
forcing the sam e in terpretat ion. T hen  A rch im edes ,  the  father o f  hydrostatics , 
envisioned an ocean -covered  E ar th  to p ro v e  that “the surface o f  a fluid at rest is 
that o f  a sphere  w ith  its cen te r  at the cen te r  o f  the E a r th ”. A nd  E ra tos thenes  
noted  : “T h e  E ar th  toge ther  with the sea is sphe re -shaped” and  be pointed ou t  tha t  
the topographical irregularities, small w h en  co m p ared  to the  size o f  the E ar th ,  m ust  
be over looked  to  arrive at the  spherical m odel.  (That so u n d s  like th e  m arine  geoid 
as the reference for elevations !).



The anc ien t m a rin e rs  m ade  their- characteristic m atte r-of-fac t co n tr ibu t ion  o f  
purely  obse rva t iona l  day- to -day  exper ience .  S trabo  describes it : “The spherical 
shape  o f  the  Ear th . . .  is p roved  f rom  obse rva tions  o f  the sea and  sky, for here the  
ev idence o f  the  senses and  c o m m o n  obse rva tion  is a lone requisite. T he  convex ity  o f  
the  sea is fu r th e r  p r o o f  to those  w h o  sailed; for they c a n n o t  perceive lights at  a 
distance w h e n  p laced at the sam e level as their eyes, bu t  if raised on high, they  at 
o nce  becom e percep tib le  to  vision, th o u g h  at the  sam e time fu rthe r  rem o v e d .  So 
w h e n  the eye is raised, it sees w h a t  before  w as  u tterly  imperceptible . ... Sailors 
ap p ro a ch in g  the ir  des tina tion ,  beho ld  the  shore  continually  raising itself to the ir  
view , and ob jects  w h ic h  had at first seem ed  low, begin to  elevate them selves" .  A nd  
in a m uch  o lder  d o c u m e n t ,  the  re p o r t  on  the f a m o u s  voyage  to  Sierra L eone  by 
H a n n o  o f  C a r th a g e  ( - 5 t h  cent.), it says (T a y l o r , ibid.): “Ships d isappear  hull 
d o w n ,  a lan tern  m us t  be placed at th e  m asthead  to he visible at a distance, w hile  
from  the m a s th e ad  the lookou t  saw  land  tha t w as invisible f rom  the deck. As one 
sailed no r th ,  m o re  o f  the  sta rs  b e c a m e  c ircum po la r  ones, w hile  as one  sailed sou th  
new  stars arose ,  cu lm in a ted  and  set, an d  at length the  tail tip o f  the Lesser Bear 
to u ch ed  the  h o r iz o n ”.

W hile  these obse rv a t io n s  perceive  the surface o f  the  sea to be cu rved  in all 
directions, not ju s t  n o r th -so u th ,  b u t  n o t  necessarily to  be par t  o f  a perfec t  sphere ,  
the sea as the m a jo r  par t  o f  tha t  sp h e re  w as  a lw ays  u n d e rs to o d  to rep resen t the 
essential shape  o f  the  E ar th .  Both  A ris to tle  and E ra to s th en es  built on  this co n c ep t  
w h e n  discussing the  possibility tha t  “o n e  could sail w e s tw a rd  from  Iberia  to  Ind ia  
a long the s a m e  latitude circle, w ere  it not for the im m ensi ty  o f  the o c e a n ” . The 
ques tion  o f  h o w  long th a t  pa r t icu la r  o ce an  arc w as p layed  an im por tan t  role several 
cen tur ies  la ter for C h r is to p h e r  C o lu m b u s .

O N  B E I N G  A M P H I B I O U S

“W e  are  in a certa in  sense am p h ib io u s ,  no t  exclusively connected  w ith  the 
land, but w ith  the  sea as w e l l” no ted  S trabo . He did not allude to  any speculation  
tha t  an aquatic  hom in id  m ay have b ee n  o u r  ances to r ,  as p roposed  by Sir Alister 
H ardy  (1960), w h o  p o in ts  to  ru d im e n ta ry  evidence such  as o u r  naked  skin and  the  
layer o f  fat b en e a th  it, o r  the  capability  o f  n e w b o rn  babies  to sw im . But while most 
o f  us p refer  to live on land, the re  a re  m a n y  w h o  th r ive  in a w a te ry  life style, e ither 
in a chosen  ca ree r  co n n e c ted  w ith  the  oceans  or  en joy ing  intensive w a te r  hobbies. 
T h e re  are, an d  a lw ays  w ere ,  people p referring  to  live in houseboats  o r  houses  on 
stilts on  th e  w a te r  ( th o u g h  no t w ith in  the  water).  J. H o r n e l l  refers to the 
possibility o f  p reh is to ric  am p h ib io u s  tr ibes  living in raised houses  on  the w a te rs  o f  
the  M e d ite rran e an  coas t  to  avoid  the  perils o f  land dwellings. W ell k n o w n  also are 
the  lake dw ell ings o f  stilt villages in A lp ine lakes ( -  2nd mill.) and  in the w a te rs  o f  
Indonesia  still today .  O ne  th ing is o b v io u s  : living u n d e r  such  condit ions  m akes  it 
o f  vital im p o r ta n ce  to  get a ro u n d  in the  w ate r  o th e r  than  by sw im m in g  alone,  yet 
learning to use w a te r  w a y s  like ro a d s  be longs to the  d istant u n rec o rd e d  past.  M eans 
to do  tha t  m u s t  have  c o m e  f rom  natu ra l ,  relatively simple sources. J. HORNELL 
describes th ree  basic g ro u p s  o f  pr im it ive  water crafts  : floats, skin-boats,  and  bark  
canoes. T h e  o b se rva t ion  o f  ce r ta in  floating  things such  as fruits, logs, baskets ,  reeds,



b am b o o s ,  inflated hides, etc. w o u ld  have invited ingenu ity  for fu r the r  and  fu r the r  
adap ta tions  to  en la rge  standing an d  even  sitting ro o m ,  an d  for utilizing c u r re n ts  and  
w inds  as d riv ing p o w e r  while steering w ith  a pole. A glim pse o f  w h a t  it m ay  have 
been  like is o ffe red  by con tem pla ting  the s im ple vessels being used today  in so m e  
areas. A. V i l l i e r s  (1963) sh o w s  som e o f  these  in p h o to g ra p h s  : a b a m b o o  basket  
b o a t  used in V ie tn a m ;  inflated hides tied to g e th e r  to s u p p o r t  a raft  in H im alaya  
s trea m s ;  a raft fo rm ed  from  m a n g ro v e  logs in W e s te rn  A ustra l ia ;  and  a boa t  o f  
bu lru shes  w ith  a sail o f  reeds used o n  Lake  Titicaca in S o u th  A m erica .  A ssyrian  
reliefs o f  the  -  9 th  cen tu ry  depict sw im m e rs  using  g o u rd s  and  inflated skins for 
suppo r t ,  and  floating baskets  covered  w ith  skins as they  are  still w idely used today. 
P y theas  o f  Massilia ( - 4 t h  cent.) and  befo re  him also Himilco o f  C a r th a g e  ( - 5 t h  
cent.) rep o r ted  the ir  surprise at seeing little p rim itive  sk in -boats  o f  Brittany perfectly  
capable  o f  negotiat ing  a 300-mile crossing to Ire land. A n d  o ne  po in t o f  T h o r  
H e y e r d a h l ’s expe r im en ts  w as  to duplicate  for us the  supposed ly  primitive anc ien t  
vessels m a d e  w ith  skill and  insight f rom  native plants ; the  balsa-log raft  f rom  Peru ,  
the p ap y ru s - re ed  boa t  from  E gyp t,  and  th e  reed ship f rom  M esopo tam ia .  In C h ina ,  
J. N e e d h a m  tells us, the b a m b o o  w as  the  given native m ateria l and  its special 
proper t ie s  explain  the  d ifferent dev e lo p m e n ts  in C h inese  ship designs.

W hile  th e re  can be no d o u b t  ab o u t  an age-old  capability  o f  w a te r  travel,  one 
m ay p o n d e r  h o w  the  difference in land an d  sea milieu affec ted  the response  to the  
basic geodetic  ques tions  o f  distances (including e leva tions)  and  d irec tions  in 
antiquity .

Collecting in fo rm ation  o n  long distances  in an t iqu ity  w as  based  on  an a logous  
units  for land and  sea ; "a d a y ’s j o u r n e y ” o f  royal “m e n s o r s ” or  “bem atis ts"  w alk ing  
evenly  an d  co u n t in g  their  steps, a n d / o r  heavily laden c a ra v a n  cam els  k n o w n  to 
m o v e  evenly  ( Id e l e r , 1827) ve rsus  “a d a y ’s sail" o r  “e tm a l” (Mz'lK, 1938). P to lem y 
discussed, in m u c h  detail, w h y  and  how  all such  raw  m e a su re m e n ts  w ere  subject 
to som e screening : travel repor ts  from  land trave lers  as well as sailors m ight have 
been  exaggera ted  to  dram atize  the hardsh ips  en d u re d ,  and  thus  need  so m e  
reduc tions  and  co m par isons  w ith  o th e r  sources  o f  in fo rm a tio n  (o ther  r ep o r ts ;  
credibility o f  rep o r te r s ;  a s tronom ica l  o b se rv a t io n s ;  c l im a tes ;  in hab i tan ts ;  flora and  
fauna, etc.). F u r th e rm o re ,  the path  o f  the m a rc h e rs  (with a n  a rm y ,  for instance) o r  
o f  a ship w as  n o t  necessarily a long a straight line, due to  te rra in  var ia t ions ;  this too  
requ ired  a red u c t io n  to arr ive at a straight m a p  distance. In  the case o f  a ship the re  
is the  additional ques tion  o f  a favorab le  w in d  w h ic h  w o u ld  influence the  sailing 
speed, and  th e re  are  the configura t ions  o f  the  sh o re  line to  be cons idered .  A n d  he 
gave detailed instruc tion  o f  h o w  to handle, e.g.,  the  ro u n d in g  o u t  o f  a bay : a s su m e 
it has  a sem ic ircu lar  shape,  then  the  direct line b e tw e en  en t ra n c e  an d  exit w o u ld  be 
the d iam eter ,  i.e. sh o r te r  th a n  the  arc by ab o u t  one third. A n o th e r  third m u s t  be 
sub trac ted  because  o f  the reduced  speed in the bay .  A fu r th e r  reduc t ion  w o u ld  be 
needed  for m app ing  along the  m erid ian  and  the  parallel circle.

T he  c o n c e rn  for s traight m ap  distances, h o w ev e r ,  only  w o rr ie d  scholarly  
landlubbers  in ten t o n  the co n s truc t ion  o f  a consis ten t w o r ld  m ap ,  n o t  practica l 
sailors intent on  sailing safely from  one  p o in t  to a n o th e r ,  w h e n  the  diversities o f  the 
te rra in ,  on  the  c o n t ra ry ,  w ere  o f  p r im a ry  guiding im por tance .  A reco rd  o f  sailing 
instruc tions (pilot books ,  peripli) con ta ined ,  besides sailing distances, m u c h  m o re  o f  
vital nav igational in terest than  a char t  no rm ally  w o u ld ,  w h e th e r  o r  not ch a r ts  
ac com pan ied  a n c ie n t  peripli. E.G .R. T a y l o r  (1957, 1971) q u o te s  a n u m b e r  o f



ex a m p le s  : Old N o rse  sailing d irec tions for a crossing from  N o rw a y  to G re e n la n d  
told the pilot to  keep so far n o r th  o f  the  Shetlands tha t they w ere  only just in sight, 
th e n  keep so far so u th  o f  the Faroes  tha t their heights are  half-h idden by the sea. 
A 3rd cen tu ry  M e d ite r ran e an  pilot b o o k  advises how  to get into por t  : "... sailing to  
Zygris ,  there  is an  islet, put into the place with it on  y o u r  left; there  is w a te r  in the 
s a n d ” , or “ ... close by lies a ra the r  large island, pu t  in w ith  this on y o u r  r igh t;  the re  
is a h a rb o r  accessible with any  w in d ;  w a te r  is to be f o u n d ”.

Highly visible la n d m ark s  (m oun ta ins ,  temples, lighthouses) w ere  vital guides 
to landfall. So w as  a decrease  in w a te r  depth, and  sound ings  w ere  a m ust  since 
ever .  Pole so u n d in g s  are  dep icted  o n  Egyptian  to m b  carv ings o f  the - 2 n d  mille­
n ium . H ero d o tu s  w rites  : “A p p ro a ch in g  from  the sea, w h e n  you  are still a d a y ’s sail 
f ro m  the land, if you  let d o w n  a sounding-line  you  will bring up  m ud, an d  find 
y o u r se l f  in II fa thom s o f  w ate r ,  w h ic h  sh o w s tha t the  soil w ashed  d o w n  by the 
s tream  ex tends  to tha t d is tan c e” . (The G reek  m easu re  « o ig u ia  » w a s  defined the 
sa m e w ay as o u r  fathom ). E .G .R. T a y l o r  notes tha t  this obse rva tion  is well 
su p p o r ted  by  m o d e rn  char ts ,  if one  a l low s for a very  likely c o r ru p t io n  o f  the  text 
and  reads 100 fa th o m s  ra the r  th a n  11. O u r  point here is, ho w ev e r ,  th a t  dep th  
m e asu rem en ts  w ere  rou tine ly  m a d e  by seam en, w hile  land elevations did not 
a p p e a r  on land m aps  until the  18th ce n tu ry ,  p receded  by so u nd ings  o f f  coasts  an d  
in es tuaries  as a c o m m o n  fea ture  o n  16th cen tu ry  ch a r ts  (G.R. C r o n e ,  1978). O f  
c o u rse ,  civil a n d  military engineers  will a lways have been  interested in heights. 
T h e re  is a C h inese  “Sea Island M athem atica l  M a n u a l” o f  the 3rd ce n tu ry  (J. N e e d ­
h a m ,  1959), full o f  exercises  to de te rm ine ,  by similar triangles, the height o f  an 
island seen f ro m  the  sea, the  size o f  a d istant walled city, o r  the w id th  o f  a r iver 
seen  from  a hill, etc. T h e  last r em in d s  o f  the legend a b o u t  Thales  w h o  de te rm ined  
the  w id th  o f  a r iver f rom  a lookou t  to w er ,  and  its duplicate  story  o f  how  one o f  
N ap o le o n 's  soldiers used the right setting o f  his cap  for tha t  sam e purpose.

Incidentally , the  o ldest land su rv ey in g  tool, the  rope kno t ted  at fixed in ternals ,  
had  its good  use also at sea in the fo rm  o f  the lead line for so u nd ings  and ,  in the 
16 t h / 17 t h  c e n tu ry ,  as an  a t ta c h m e n t  to the log (Am. Practical N av iga to r ,  1977) 
de te rm in ing  the  sh ip ’s sp e e d ;  and  th e re  is the persis tent use o f  the te rm  “k n o t” for 
the  speed o f  o n e  nautica l mile per  hour .

T h e  first idea o f  directions  m u s t  have  com e from  th e  s u n ’s rising and  setting 
(east-west,  o r ien t-occident) ,  div ided by the sh a d o w  line at noon .  Here are the  four 
ca rd ina l  points ,  the  Bible’s four  c o rn e rs  o f  the E ar th ,  and  the  square  E a r th  in 
anc ien t  C h inese  writings. This fu n d am e n ta l  sys tem  o f  day t im e “o r ien ta t ion"  
(derived  from  “o r ie n t”), an d  the co rrespond ing  n igh t obse rva t ions  o f  the  rising, 
setting, cu lm inating ,  and  c i rc u m p o la r  stars, w as au g m e n te d  by the seafarers  by yet 
a n o th e r  sys tem  o f  d irec tions,  a sy s tem  o f  w inds o n  w h o se  m ercy  the sh ip ’s fate so 
clearly  depended .  Realizing from  exper ience  tha t w inds  from  the no r th ,  for 
instance,  blew cold, those  from  the so u th  w ere  w a r m ,  o th e rs  b ro u g h t  rain o r  w ere  
d ry ,  w inds w ere  identified by individual n am es w h ich  then  m ade  up the d irection 
n a m e s  in the  early  w ind  rose. T h e  T o w e r  o f  W inds  in A thens  sh o w s  an eight-fold 
w in d  system , b u t  T im o th e u s  o f  R h o d o s  ( - 3 r d  cent.) d is t inguished tw elve  w ind  
d irec tions and  later th e re  w ere  m o re  subdivisions. Besides these m ore  or  less even 
subdiv is ions o f  the horizon ,  the m ariners  recognized w in d  belts and  seasonal w inds 
w h ic h  helped o r  h in d e re d  sailing in a desired direction. T hey  had learned to w atch  
an d  utilize th e m ,  as well as the o cean  curren ts ,  and  tha t  had m ade  early ocean



voyages  possible. T h e y  had obse rved  the revers ion  pa t te rn  o f  the  m o n so o n ,  for 
exam ple ,  to schedu le  navigation  b e tw e en  India, E as t  Africa, an d  S ou theas t  Asia. 
Similarly, the  revers ing  hom e-b low ing  w in d s  be tw e en  N o r w a y  and  G reen land  had 
m a d e  sea traffic possible there. Since sailing speed  d ep e n d e d  on the r ight w ind ,  
sailing d is tances w e re  o ften  g iven w ith  this in m ind ,  nam in g  the  w ind  tha t shou ld  
follow the  ship  to get you  there . So w e read , e.g., in S trabo  : “F ro m  C hios  to  Lesbos 
is 200 s tadia with  N o tu s"  (the sou th  wind), o r  in Pliny : “ F ro m  C a rp a th u s  to R h o d e s  
is 50 miles w ith  A fr icus” . Clearly , k n o w led g e  o f  w in d s  w a s  a l l- im portan t  an d  every  
new  obse rva t ion  w as  noted  and  added  to the  stock o f  ex pe r ience  to  be t ransm itted .  
S trabo  w r i t e s :  “T h e  (M ed ite rranean)  sea ro u tes  all pass th ro u g h  a zone o f  fair 
w ea ther ,  particu larly  if the sailor keeps to  the  high seas, ... the w inds  on  the  high 
seas are regu la r  ... all piracy has been  b ro k e n  up and  h en c e  the  sailors feel w holly  
at ease. P os idon ius  says tha t  he obse rved  a peculiar  c irc u m s ta n ce  on  his re tu rn  
v oyage  ( from  G a d e s ) ... the eas tw inds  as far as the  G u l f  o f  Sard in ia  b lew  at a fixed 
time each y e a r ;  tha t  is w h y  it took  him  th re e  m o n th s  to  reach  I taly;  he w as  driven 
ou t o f  his c o u rse  in bo th  d irec tions” .

E xpertise  in nav igation  by sun  and  stars ,  by w inds ,  ocean  cu r ren ts  a n d  tides, 
and  by la n d m ark s ,  sound ings ,  and  se a -b o t to m  sam ples,  left room  yet for using any 
o the r  possible aids for safe sailing an d  hom e -c o m in g .  T h e  “Perip lus  o f  the  
E ry th ra e a n  S ea"  (ca. + 6 0 )  w h ich  covers  the  region b e tw e e n  the  R ed  Sea, A rab ian  
G ulf ,  and  w es te rn  Ind ia  for the  benefit  o f  m e rc h a n t  ship o w n e rs ,  is quite  diversified 
( T a y l o r , ibid.): A p p ro a ch in g  the Indus,  it said e.g., the  pilots no ted  the  ch a n g e  in 
the co lo r  o f  the w a te r  far o u t  to  sea, an d  near  the  In d ian  coast they  saw  a large 
n u m b e r  o f  sea-snakes  rising up from  th e  b o t to m  and  floating on  the surface .  
C hinese  sailors, acco rd ing  to  the T h an g  d o c u m e n ts  m e n t io n e d  earlier, go up the 
Yangtze R iver  w ith  reliable w in d s  in certa in  m o n th s ;  b u t  lacking these, “ in the  th ird  
m o n th  they  rely on migrating  birds, and  in the fifth they  look for the  w in d  on 
w 'heat” . Old N o rse  sailing directions, also m e n tio n e d  earlier ,  advise to  keep the  ship 
so u th  o f  Ice land  “so tha t  the  sea-birds a n d  w hales  can be se e n ”. T h e  Irish m o n k s  
m ay  have been  alerted  to  the exis tence o f  a n  island a n d  th u s  be gu ided  to Iceland 
by w atch ing  the  d irection  o f  the  an n u a l  m igra tion  o f  geese, the  noisy and  
consp icuous  b irds  w in te ring  in the  S h a n n o n  E s tu a ry  by  the tens o f  th ousands .  
Besides w a tc h in g  the  flight and  w h e re a b o u ts  o f  b irds ,  th e re  w as  a w ide-sp read  
practice o f  taking shore-sigh ting  b irds on  b o a rd  as d irec tion  f inders  (J. HORNELL, 
1946 b\  T a y l o r , N e e d h a m ). A part  from  the  a rc h e ty p e  o f  N o a h  sending  o u t  a 
rav en  and  a dove  f rom  his ark ,  the re  is m e n tio n  o f  such  b irds  in the  D ialogues o f  
B u d d h a  ( -  5th  cent.), in Pliny ab o u t  the  sa ilors o f  C e y lon ,  in stories a b o u t  Floki,  the 
G re a t  V iking, in C h inese  d o cu m en ts  a n d  e lsew here .  A c o m p e te n t  nav iga to r  
certainly had  to be a m any-s ided  expert.  A 4 th  ce n tu ry  Ind ian  tex t ( N e e d h a m  IV : 
3) pays tr ibu te  to  such  a one, cons idered  an  incarna tion  o f  B u d d h a  : “He k n e w  the 
courses  o f  the  s ta rs  an d  could  a lw ays  readily  o r ien t  h im self  ; he also had  a deep 
k n o w ledge  o f  the  va lue  o f  signs, wrh e ther  regular,  acciden ta l o r  ab n o rm a l ,  o f  good  
an d  bad  w ea th e r .  He dist inguished the reg ions  o f  th e  o cean  by the  fish, by the  co lo r  
o f  the  w a te r ,  by  the  n a tu re  o f  the b o t to m ,  by the  birds, the  m o u n ta in  landm arks ,  
and  o th e r  ind ica t ions”.

It thus  sh o u ld  com e as no real su rp rise  th a t  the  seafarers ,  depend ing  for 
survival on the ir  factual,  n o -n onsense  trad ition ,  w ere  u n af fec ted  in the  dark  ages by 
the  w es te rn  o th e rw o r ld ly  d isinterest in geog raph ic  facts a n d  the  collapse o f  geodesy



an d  m apping.  T hey  kept collecting a n d  record ing  in form ation  in their pilot books ,  
a n d  it w as they w ho , in the 13th c e n tu ry ,  rekindled in form ative  m apping  w ith  their  
sea charts ,  based characteristically o n  directions ra the r  than a la titude-longitude 
grid  o f  G re e k -R o m a n  design. W h y  sea charts ,  all o f  a sudden ,  w h e n  pilot b o o k s  had 
been  sufficient till then? This  w as a response  to the revolu tionary  in troduc tion  o f  
the  m agnetic  co m p ass  into navigation. A u th o rs  disagree on  w h ere  to give credit for 
th is  in s t rum en t  -. to the  m aritim e cen te r  at Amalfi, to  the N orse ,  to  the w es te rn  or 
ea s te rn  civilization, but J. N e e d h a m  (IV : 1) assembled several old Chinese texts as 
ev idence  for a Chinese origin. It is accepted ,  at least, that Chinese sailors used the 
m agnetic  com pass  by 1090, a cen tu ry  befo re  E u ro p e an  sailors, w h o se  use  is first 
m en tioned  in 1190.

These M edite rranean  sea charts  (Portolans) sh o w e d  w ind  directions e m a n a ­
ting from one  o r  tw o  specific centers ,  so tha t  the bearing o f  a sh ip ’s course  be tw e en  
tw o  points, taken as a straight line, cou ld  be found  as a parallel to one ot those  
directions. T o g e th e r  w ith  a scale for  distance, they  prov ided  a m ap co o rd ina te  
sys tem  specifically suited for the sa i lo rs’ needs. It m ade  it possible to plot the  course  
o f  a w hole  voyage  in advance .  W h ile  th e  distances had to be estimates f ro m  the 
exper ience  o f  the pilot books ,  it tu r n e d  ou t the dead-reckoning  m ethod  w as  
surprisingly  co rrec t  w ith in  2% (CRON E, ibid.). For  the relatively small la titudinal 
sp read  o f  the  M ed ite rranean  Sea, the  underly ing  assum ption  o f  a flat E a r th  w a s  
good  enough  for  these m aps.  Latitude becam e m ore  im portan t w h en  sailing along 
the  E urope -A fr ican  coast. T he  difficult longitude prob lem  o f  converg ing  m erid ians 
w a s  c i rcum ven ted  in practice by finding the latitude first and  then  going east-w est 
by dead-reckon ing  ( Am.  Practical Navigator).  It w as  later addressed by the 
M e rc a to r  p rojec tion  (16th cent.),  an  ingen ious  device to help ch a r t  a sh ip ’s course  
b e tw e en  an y  tw o  points . It depicts m erid ians  as parallel straight lines and  the reby  
also a rh u m b  line (intersecting m erid ians  u n d e r  a c o n s tan t  angle) as a  straight line. 
T h u s  a ship 's track  can  be plotted in segm en ts  o f  straight lines o f  cons tan t  bearing.

A dividing line be tw e en  early a n d  not-so-early  geodesy is not clearly given, 
and  it seems w e  m ay have  passed tha t  line already. Yet, to round  ou t  the topic , one 
o u g h t  to m en tion  jus t  one  o r  an o th e r  later developm ent.

In mapping : As the revival o r ig ina ted  in sea charts ,  typically reflecting the 
seam en 's  need and  exper ience,  it is n o  w o n d e r  tha t  these as well as later m aps  
(CRONE, ibid.) sh o w e d  fairly ac cu ra te  an d  detailed shore  in fo rm tion  bu t  blanks 
inland w hich  only  gradually  w ere  filled up. S ound ings  appeared  on m aps  before  
any  spot e leva tions w ere  sh o w n .  C o n to u r in g  started w ith  high and  low w a te r  lines 
and  u n d e rw a te r  isolines in estuaries, be fo re  any land contouring.

in  geodesy : T h e  m o d e rn  concep ts  o f  the  m arine  geoid, the  reference surface  
for depths and  elevations, the  level su r fa ce  represen ting  the  figure o f  the  E ar th  w ith  
its extension to a system  o f  potentia l surfaces, the study o f  tides and  cu rren ts ,  
b a th y m etry  as a source  o f  goedetic in fo rm ation ,  etc., are  all building on a basis of  
early ideas an d  experiences.



SY N O P SIS  OF EARLY GEODETIC HISTORY  
FROM A W ATERY V IEW PO IN T

Global geodesy  began with  the con tem pla tion  o f  the vast ocean  a n d  specula tion  
a bou t  its extent.

E vidence  o f  high sea voyages dates back for several millenia. These  p rec u rso rs  o f  
the  great d iscovery  voyages  o f  the 15 th /16 th  cen tu r ies  w ere  m ade w i th o u t  
navigational in s trum ents ,  b u t  attest to  a co m p re h en s iv e  know ledge  o f  celestial 
navigation , and  pat terns  o f  w inds  and  curren ts .

* T ransocean ic  sea lanes w ere  established w hile  land locked  people w ere  afraid  o f  
the precip itous edge o f  the w orld  jus t  outside o f  the Pillars o f  H ercules, o r  o f  the 
u ltimate drain  in the  G rea t  E astern  Ocean.

* T h e  c u rv a tu re  o f  the  sea surface was recognized as a daily exper ience while 
learned  a s t ro n o m e rs  th o u g h t  up fancy hypo theses  to su p p o r t  their belief in a flat 
E ar th  surface.

* T h e  calm ocean  surface  a lw ays represen ted  the essential figure o f  the sphere-l ike 
E ar th .  T o p o g ra p h ic a l  elevations above  tha t  surface  w ere  to be  neglected to arr ive  
at the E a r th  m odel (Eratosthenes).  A rch im edes  used the  fluid ea r th  co ncep t  for  a 
theoretical hydros ta t ic  p r o o f  o f  sphericity.

* D istance m e asu res  at sea w ere  d ifferent b u t  ana logous  to  land m easures .  A d a y ’s 
sail (versus a d a y ’s jou rney )  w as  accum ula ted  by dead -re ck o n in g  (versus coun t ing  
steps). R epo rts  o f  bo th  w ere  reduced  for credibility, te rra in  varia tions,  and  
com patib ili ty  w ith  o th e r  indications.

* E levations ( landm arks)  and  particularly  w a te r  dep ths  w ere  o f  g rea t  im por tance ,  
bu t  played no role in land geodesy.

* T h e  kno tted  rope w as  an  anc ien t m easur ing  device on  land and  it w as  used at sea 
fo r  the  sound ing  line, later for  m easur ing  speed.

* A specific direction  system w as  established by m a rin e rs  from  o bse rva t ion  a n d  
utilization o f  w ind  patterns ,  not used for o r ien ta tion  on  land.

* O ther  direction  a n d  haven-finders  w ere  utilized by m ariners  w h e re  possible : 
obse rva tion  o f  migrating  birds, shore-sighting birds ta k en  o n  b o ard ,  co lo r  o f  
w ate r ,  sea-bo ttom  samples, etc.

* O bserva t ional  d a ta  w ere  systematically collected a long  sh o res  and  a c cu m u la ted  in 
w ri t ten  sailing directions. These  w ere  kep t up  o f  necessity  also du r ing  the  dark  
ages o f  the  w es te rn  collapse o f  geodesy a n d  m apping .

* T h e  use o f  the m agnetic  com pass  on sh ipboa rd  s ta rted  a new  e ra  o f  m a pp ing ,  
w ith  un ique  sea charts .

* These  Porto lan  char ts  o f  the  M ed ite rranean  w ere  the  first m a p s  to scale since 
antiquity . T hey  had  a coo rd ina te  system  o f  directions a n d  distances, character is tic  
for and  responsive  to  th e  m ariners ’ needs. It w as  n o w  possible to  ch a r t  a n d  plo t 
a n  entire voyage  in advance .



* T h e  con ten ts  o f  these char ts  reflected the conten ts  o f  the pilot books : detailed 
sh o re  in fo rm ation  b u t  very little inland. Only gradually  did m apping adv a n ce  
inland.

* T opo g ra p h ic a l  in fo rm ation  on  m a p s  began w ith  soundings  long before spot 
heights w ere  sh o w n .  T h e  sam e applies to contouring .

* Latitudes w ere  no t  o f  g rea t s ignificance w ithin the  M ed ite rranean ,  but becam e 
im p o r ta n t  w h e n  sailing along the E u ro p e -A fr ican  coast. T h e  difficulty o f  the 
c onve rg ing  m erid ians  w as practically evaded  by dead -reckon ing  along the desired 
latitude parallel, and  led to the  M e rc a to r  projection  later on.

* T h e  m o d e rn  geodetic  concep ts  s u c h  as the  m arine  geoid as a special potentia l 
(level) surface  a n d  a reference fo r  e levations m ay be seen as a m athem atically  
refined, sophis tica ted  vers ion  o f  anc ien t  ideas.
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