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Artists of the XVII Provinces contributed considerably to cartography. For instance, Peter Pourbus, a Bruges painter, is 
the author of maps of Zeeland and of the Zwin Region, an area that Emperor Charles V ( 1500-1577) w as anxious to 
protect against a seaborne enem y invasion. The coastal areas of Flanders and Zeeland were repeatedly covered, in 
prehistoric, protohistorie, and historic tim es, by the North Sea waters. The storm of the 13th century broke through 
continental barriers, opening a channel whose draught allowed ships to sail up to such towns as Sluis, Damme, and 
Hoek, sites that became, for several centuries, outer harbors of Bruges. The trade thus generated is at the origin of 
Bruges’s w ealth, leading to the Zwin in let being nicknamed the “Golden Inlet.” Sadly, silting set in and occlusion of the 
in let progressed inexorably. This benefited Antwerp, which took up the declining trade of Bruges. The richest city of 
northwestern Europe yielded thus to a sister city that would be, for several centuries, the largest city of the world. The 
Zwin in let is today ju st a natural sw im m ing pool. And at high tide a rivulet of w ater allows some canoes to manceuver. On 
the other hand, the region became a world-celebrated bird and plant natural refuge. Yet Bruges, like the phoenix 
reemerged from ashes, is again a ranking port, thanks to sea canals linking it to the sea and an artificial harbor 
( Zeebrugge) some 20 km south of the Zwin in let’s mouth, in full expansion. On the shoreline, erosion and sedim entation  
have brought about new  modifications, some of which impact faunal presence, while others m ight trigger a political 
“tem pest in a teapot."

ADDITIONAL INDEX WORDS: C oastal erosion, coastal w etland, coastal barrier, in let closure, coastal w ild life  refuge.

The contributions to cartography  of a rtis ts  born  and/or 
working in  the XVII Provinces have been som ewhat overlooked. 
A relatively recent U nited N ations Educational, Scientific, and 
C ultural O rganization (UNESCO) publication (Contributions o f  
D utch Cartography ) has, to some extent, rem edied the situation. 
Yet the designation D utch is misleading, as m ap m aking has 
been an  endeavor of Flem ings as well, w ith such figures de proue 
as G eeraert De C rem er (or De Kremer), more commonly known 
as G erardus M ercator (1512-1594) and  A braham  Orteil (or 
Ortelius) (1527-1598), genitors of the Theatrum  Orbis Terranum  
(published in  A ntw erp in  1570 by Gilles Coppens V an Dienst).1 
W ith Bruges once the w ealthiest city and  harbor of the W estern 
world, and A ntw erp once the largest city in  the entire world, 
num erous were the outlets for geographical products. Both cities 
were a t one tim e or another centers of m ap making.

I t  is less common to find a  cartog rapher who w as also a 
pain ter of ta len t who led a dynasty of famed painters.2 Pierre (or 
Pieter) Pourbus3 w as born in  Gouda (N orthern Lowlands) bu t 
worked mostly in  the Southern Lowlands. His date of b irth  has 
been reported variously as 1501, 1510, and 1523; he died in
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1 Asbroek, J.J.W ., 1946. Mercator, Ortelius et la cartographie 
flamande au 16° siècle. B ull, Soc. Roy. Géogr. A nvers, 74, 40-62.

2 Frans Le jeune, Frans II le jeune.
3 There are at least six different spellings of h is fam ily name,

depending on the language used.

1584.4 He spen t no less th a n  30 years in  cartographic activities, 
m aking  m aps w ith  w hat m ay be labeled m inutiae, using 
“m odern” m ethods. H e w orked especially for the  Sire of 
M oerkerke de W atervliet (a tow n n ear Damme), who w as 
involved in  legal disputes w ith  the Free of B ruges (in F rench  le 
F ranc  de Bruges; in  F lem ish he t Vrije van  Brugge). The Sire had  
also been a t th e  origin of an  exodus of im poverished Flem ings to 
the Azores, which w ere designated thereafter for a long period of 
tim e as the F lem ish Islands.5-6 The Sire of M oerkerke, a tow n in 
N orth  C entral F landers, u rged Isabelle, duchess of Burgundy, 
who ru led  F landers, to inquire w hether her b ro ther Alphonso V, 
k ing  of Portugal (1438-1481), would devolve the  Azores to her. 
She followed up on th e  suggestion and  the k ing g ran ted  her 
request. T hen de M oerkerke got some 2000 colonists together, 
rep resen ting  all trades, in  B ruges’s agglom eration [H et Vrije 
van  Brugge], Furnes [Veurne Ambacht], while D uchess Isabelle 
provided all the  possible labor equipm ent and  house furnish-

4 Pierre Pourbus and Antoine de Smet, 1947. A note on the 
cartographic work of Pierre Pourbus, painter of Bruges. Im ago M uncli 
4, 2, 33-36.

5 Cf. M ining the sea for energy (by this author), m s in press.
6 The de W atervliet family has modern descendants. The author of 

the present paper w as a coprisoner, w ith Jean [Veranneman] de 
W atervliet; both were imprisoned by the German Nazi occupation 
powers for Resistance activities in 1943-44 (World War II) in the 
same Number 94 cell [St. Gilles Prison-B russels] as the heroic 
Arnaud Fraiteur, who w as executed, and were very fortunate to 
survive. See also for relations between Flanders and Portugal A. De 
Doncker and J. Loos, 2009, K ust- & Zeegids 2009. M echelen, W. Ibens.
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Figure 1. The Medieval Zwin on a Pieter Pourbus attributed map that 
shows, La. sites of Cadzand and Sluys (Sluis). Courtesy of Jacques De 
Groote, Zwin Researcher.

Figure 2. Medieval city of Bruges.

ings. M en, women, and equipm ent w ent to the  “B irds” Islands. 
I t  took two centuries for Portuguese to displace the  Flem ish 
vernacu lar and  the  F landrian  culture. Fayal Island  had  actually  
been called New Flanders, and P ie ter van  den Broeck called the 
islands “The Flem ish Islands.”

Pourbus w as thorough  in  h is  cartographic work. H e collected 
inform ation  from  surveyors, pilots, and  fisherm en; climbed 
church  and  belfry tow ers to have the  best van tage  positions for 
h is m easurem en ts; and  crossed th e  Zwin by boat to reach  
C adzand Island. H e h ad  been re ta in ed  by E m peror C harles V to 
survey and  m ap th e  Zwin Region. C harles V w anted  to assess 
th e  possibility of enem y ships sailing  up  the  Zwin in le t and 
th rea ten in g  B ruges. T hus, P ourbus provides inform ation on 
th e  dep th  of th e  coastal sea and  of th e  Zwin on h is m ostly 
1:12,000 scale m aps. Though th e  orig inal m aps have long 
disappeared , excellent reproductions and  facsim iles exist th a t  
provide detailed  inform ation on th e  16th  cen tu ry  Zwin region. 
The m ap here  reproduced dates from 1561-1571 (Fig. 1).

TH E G O LDEN INLET

The Zwin th a t  today stradd les th e  Belgium  (F landers)- 
D utch  (Zeeland) in te rn a tio n a l border is perh ap s th e  w orld’s

m ost fam ous m arine  tida l in let, a t leas t from an  economic 
view point. I t  b rough t w ealth  to B ruges (Belgium), D am m e 
(Belgium), and  Sluis (The N etherlands) to such an  ex ten t th a t  
the  city of B ruges w as n icknam ed th e  Venice of th e  N orth , and 
no t, as so often  believed, because  a  n e tw o rk  of can a ls  
crisscrosses it. I t  is th e  in le t th a t  m ade B ruges th e  m ost 
im portan t city, du ring  several cen turies, of W estern  Europe 
(Fig. 2). Nor for th a t  m a tte r  is th e re  an  etym ological k insh ip  
betw een th e  nam e of the  city (Bruggeà) and  th e  F lem ish  word 
for bridges (bruggen). The nam e is ra th e r  of Nordic origin and 
m eans a  location w here goods are transferred .

The developm ent of B ruges, w hich is located some 15 km  
from th e  contem porary coastline, w as m ost closely linked to the  
evolution and  m odification of th e  N orth  Sea coastal geomor­
phology. B ruges owed its  13th to 16th  cen tu ry  w ealth  to the  
Zwin, an  in le t th a t  connected it  directly  to the  N orth  Sea.
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Figure 3. Map of the 13th century Flanders coast with arrows showing 
the Zwin area and the contemporary location of Zeebrugge harbor. The •••• 
boundary is the contemporary borderline betw een Belgium  and 
The Netherlands.
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O ccasionally referred  to as a  tida l in le t—even a stream  
( Webster’s Geographical D ictionary, 1960 edition)—the Zwin is 
actually  a  tida l channel, characterized  of course by b idirection­
al tida l flow an d  ipso facto  b id irectional sed im ent tran spo rt. 
W hen th e  ebb tran sp o rt fell below th a t  of th e  flood tide, trouble 
developed for B ruges. The Zwin does no t link  b a rr ie r  lagoons, 
or an  im pounded e s tu a ry  w ith  th e  N orth  Sea, b u t it  d rained  
in te rtid a l fla ts and  tida l creeks.7

A fter th e  13th cen tu ry  transg ressions (to th e  historical- 
geologists the D unkerquian  III B), the Zwin sta rted  silting up. 
D uring  th a t century, fa rther up north—in  today’s N ether­
lands—freshw ater Lake Flevo got connected w ith  the N orth 
Sea and  became the Zuiderzee. Since th en  floods were often 
caused by hum ans: the dune belt was broken in  the 16th century 
for the siege of O stend, so were the dikes in  the Zwin areas, and 
centuries la te r the Yser River locks were opened to stem  the 
G erm an Army’s advance in W orld W ar I (1914). An action th a t 
had  been considered in  W orld W ar II, b u t the idea w as scuttled 
because thousands of refugees fleeing the advancing G erm ans 
were clogging the roads, and m any of them  would have drowned.

Birth o f  a City

In  1134 a sto rm  of exceptional s tren g th  w rought havoc on the 
F lan d e rs’ coast and  opened, e a s t of K nokke,8 betw een a spot 
know n as L ekkerbek  and  contem porary C adzand-B ad (now 
2 km  inside th e  N etherlands border), th e  Zwin [inlet] th a t 
reached  all th e  w ay to n e a r B ruges, some 15 km  in land . T hat 
city, w hich w as on th e  lookout for an  ou tle t to th e  sea, 
im m ediately  bu ilt a  tran sv e rsa l dike a t th e  end  of th e  Zwin 
channel. Alongside the  dike or dam  sprou ted  th e  fisherm en 
se ttlem en ts or even in  the  case of D am m e fu r th e r up th e  Zwin 
channel. I f  D am m e is often m entioned as a foreport of B ruges, 
th e  home tow n of fam ed F lem ish  poet V an M aerland  claim s the 
label of being a p o rt on its  own. F acts are  th a t  D am m e w as an 
im p o rtan t fortified city and  th a t  it  w as a tran sfe r poin t for 
goods from  ships of a  ce rta in  d rag h t to fla t bottom  ships for the 
final stre tch  of th e  voyage to B ruges itself.9

The Zwin Region10 in  the 13th century, as pictured on an  old 
m ap (Fig. 3), had  K adzand on an  island surrounded by the sea, 
the Zwin, and  the Coxyde Deep (Koksijdsche Gat), a  la teral arm  
of the Zwin. The widest channel, apparently  a  new one, proceeded 
to Hoeke, thence to Damme. According to the map, the Zwin had 
previously followed closer to the sea channel—here nam ed the 
Old Zwin (Oude Zwin)—th a t had  reached Bruges via. W estka­
pelle. Five channels are shown branching off the new Zwin route.

7 Braun, P. and Gerritsen, F., 1959. Natural by-passing of sand at 
coastal inlets. J. W aterw ays, H arbors D ivision Proceedings. A m erican  
Society o f  C ivil E ngineers  WW4, 2301, 75-107; id ., Stability of coastal 
inlets. In : Proceedings o f  the 7th Conference on Coastal E ngineering  
(Berkeley, California) 23, 366-417; id ., S ta b ility  o f  Coastal In lets. 
Amsterdam, Elsevier-North Holland. 123 pp.

8 Knokke :older spellings Knocke, Cnocke, Cnokke.
9 Gysseling, M. and Verhuist, A. (eds.), 1969. N ederzettingsnam en  

en nederzettingsgeschiedenis in de N ederlanden , N oord-F rankrijk  en 
N oord-W est D u itsla n d . Amsterdam, Elsevier; Van W erveke, H., 1965. 
De oudste burchten aan de Vlaam se and Zeeuwse kust. M ededelingen  
K oninklijke  A cadem ie van België, K lasse.Letteren , 27, 1.

10 Zwin is also spelled Zwyn, and even Zwjn. Kadzand is currently 
spelled Cadzand and Hoeke is spelled Hoek.

O cclu sion  o f  the Zwin

By th e  end  of th e  13th century , silting  of th e  Zwin set in. I t 
p rogressed in  th e  16th century . The toll sounded for [the ports 
of] D am m e and  B ruges a t th e  tim e, and  A ntw erp took up  th e ir 
trade . B ruges (Brugge) p lunged  in to  economic do ldrum s11 
(Fig. 2). W hile A ntw erp becam e th e  th ird , fourth , or n in th  
h a rbo r of th e  world—depending on scale chosen and  on who 
m akes th e  assessm ents—B ruges, like th e  phoenix, rose from  its  
ashes and  resu rrec ted  as a  m ajor port; it  is today th an k s  to sea 
canals, a  fish ing harbor, a  passenger and  freigh t te rm inal, a 
p leasu re  craft haven, and  a naval facility. I t  is in  full expansion.

T h e 20th Century Zwin: T h e Zwin as N atural R efuge

The N orth  Sea coast of F landers, sensu largo, suffered a 
m ajor flood in  1921. Then, th e  Zwin broke th rough , once again, 
in  1953 (the year of th e  20 th  cen tu ry ’s g rea t flood), and  reached 
th e  o u tsk irts  of Dam m e. The w aters receded a fter a short 
w hile.12 The in le t’s en trance  fills today, a t h igh tide, flooding its  
sea ou tle t and  a  short distance in land. B reaches in land  by the 
sea have occasionally tak en  m ajor d im ensions.13 T hus, cen tu ­
ries ago several villages w ere engulfed along th e  F landers 
coast: Scarphout, Ter S treep  [off M ariakerke n ea r O stend], and  
H arend ijke  [off W enduine], besides p a r t  of th e  is land  of 
W alcheren and  the  region of Saeftingen (The N etherlands). 
The la tte r  is referred  to as th e  D row ned L and  of Saeftingen 
(Verdronken L a n d  van Saeftingen  ).14 The m ajor storm  of 1953 
is a t th e  orig in  of th e  g igantic D elta  w orks u n d ertak en  by The 
N etherlands; these  involved even cu tting  off one of th e  arm s of 
th e  Scheldt R iver delta. The w orks have en tra in ed  serious 
consequences u p stream  of th e  Scheldt R iver, a  still unresolved 
problem.

The te rrito ry  of th e  N a tu ra l R eserve lies m ostly in  Belgium, 
w here it  is p a r t of the  m unicipality  of K nokke-H eist (roughly 
1.25 ha) and  p roperty  of th e  p rivate  Com pagnie du  Zoute;15 in  
The N etherlands, it  belongs to th e  m unicipality  of C adzand 
(form erly spelled K adzand), w hich still h as  a  tiny  h a rbo r and  
covers approxim ately one th ird  of a  hectare . The Zwin has been

11 Rodenbach, G., several editions prior to 1970. Brugghe, d ie dode 
[Bruges la Morte], various publishers. Derville, A., 1980. Le m arais de 
St Omer. R evue d u  N o rd  73-95.

12 Plasschaert, R., 1988. De fysisch-geografische evolutie van het 
open Zwin. Gent, R ijksuniversiteit Gent. Faculteit W etenschappen. 
[Dissertation for the licencíate in geography]; Verhuist, A. 1964. H et 
landschap  in V laanderen in historisch perspectief. Brussels, Gemeen­
tekrediet.

13 Verhuist, A. and Gottschalk, M.K.E., 1978. Transgressies en 
occupatiegeschiedenis in de kustgebieden van Nederland en België. 
In :  Verhuist, A. and Gottschalk, M.K.E. (eds.), Proceedings C olloqui­
u m  (Ghent, 5 -7  Sept. 1978).

14 Verhuist, A., 1995. L andschap  en landbouw  in m iddeleeuw s  
V laanderen. Antwerpen, De Nederlandse Boekhandel. 128 pp.; Voet, 
L.; V erhuist, A., and Sarfatij, H ., 1990. O ntstaan  en vroegste  
geschiedenis van de m iddeleeuw se steden in de Z u idelijke  N ed erla n ­
den,— La genese et les prem iers siècles des villes m édiévales da n s les 
P ays-B as m érid ionaux. B ruxelles/B russel, Crédit Communal-Ge- 
m eentekrediet. 576 pp.; Heyvaert, J. and Decleer, M., 2003. Atlantide 
sur Escaut. Tem po Verde 6, Nov., 67-75.

15 At one time there were two parallel channels, one carrying fresh 
w ater (Flem ish zoete), the other salty or brackish w ater (Flem ish  
zoutfej). Tile name stuck, though the m eaning has been lost.
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Figure 4. Belgian Postal Administration issue of special series of 
semipostal stamps showing birds that have made their home in the 
contemporary Zwin Natural Refuge. Birds of the Zwin (a) Anser anser, (b) 
Vanellus vanellus, (c) Ciconia ciconia, (d) Falco tinnunculus.

Figure 5. White stork, a rare inhabitant of the Zwin Bird Reserve, now 
sometimes a permanent resident.

preserved  jo in tly  by B elgium  and  The N etherlands, an d  as a 
n a tu re  reserve it  is a  protected  ornithology and  p lan ts  p a rk  
(Figs. 4 ,5 ,6 ). Public w orks have been u n d ertak en , sporadically 
during  th e  la s t decades, by various au thorities, to p reven t—or 
a t  leas t control—fu rth e r silting  and  to preserve th is  unique 
environm ent. The reserve is pa ired  w ith  th e  M arquen terre  
R eserve sited  on the Somme R iver Bay (Fig. 6).

W hatever rem ain s of th e  Zwin, as w aterw ay, and  the  
adjoining slikke  and  schorre, th e  a rea  h as acquired a  worldwide 
re p u ta tio n  as an  u n com prom ising  o rn itho log ica l refuge 
(Fig. 7). More th a n  th a t , th e  cen te r h as  contribu ted  signifi­
can tly  to th e  rescue of species on the  w ay to disappearance. 
Among th e  m ajor successes a re  th e  cinder-colored goose, the 
crested  lapw ing, th e  w hite stork , and  th e  ra ttlin g  falcon 
(Fig. 4).

Once common in  W estern  Europe, th e  cindered goose (A nser  
anser) w as all b u t w iped ou t by m an  and  found in  th e  first h a lf  
of th e  20 th  cen tu ry  only in  Iceland  and  on th e  rim  of E aste rn  
E urope (Fig. 4a). R esearchers  a t  th e  Zw in succeeded in  
reacclim atizing th e  b ird  in  th e  R eserve, w here during  th e  las t 
h a lf  cen tu ry  over a th ousand  indiv iduals w ere born  and  thrive. 
The C enter h as  donated  some of these  palm ipeds to cen te rs in  
The N etherlands, F rance, G erm any, and  elsew here in  o rder to 
b ring  th e  species back  to all of W estern  Europe. The la rgest of 
a ll geese, i t  is th e  ancestor of th e  domestic goose.

Journal of Coastal Research, Vol. 27, No. 4, 2011
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Figure 6. Sea Lavender (Lim onium  vulgare). Rare species with Zwin 
as habitat.

The c res ted  lapw ing  (V anellus va n e llu s ; F r.: v an n eau  
huppé), a  Limicolae, inhab its  coastal in lets , w etlands, m ead­
ows, and  polders (Fig. 4b). A law  forbidding spring h u n tin g  in  
B elgium  h as en ticed  th is  lapw ing to ex tend  its  te rrito ry  
eastw ard  to the  confines of n o rth eas te rn  F rance, G erm any, 
and  Luxem bourg. Soon a fter th e  law  passed, m ore th a n  5000 
couples w ere counted, and  th e  num ber has  easily  doubled since 
th e  count 25 years ago. This m igratory  b ird  spends w in ters in  
Sou thern  E urope and  N orth  Africa.

The W hite S tork  (Cicon ia cicon ia) d isappeared  from  Belgium  
by th e  end  of th e  19th cen tu ry  (Figs. 4c, 5). Common in  E aste rn  
E urope and  N orth  Africa, the  sto rk  left th e  o ther E uropean  
regions. The Zwin C en ter a ttem p ted  to reacclim ate these 
legally protected  b irds an d  received support in  th is  u n d e rtak ­
ing  from  th e  W orld Wildlife F und  in  1962. Young individuals 
from  P ortugal and  Morocco tu rn e d  seden tary  in  th e  Zwin 
region, w hile seven nests  w ere already  regu larly  “reoccupied” 
in  1972; th e  num ber h as increased  and  th e  te rrito ry  expanded.

The crested  falcon (Falco tin n u n cu lu s ; Fr.: faucon crécerelle) 
th a t  feeds m ostly on sm all roden ts ra n  afoul of popular opinion, 
as a  re su lt of beliefs th a t  held  th a t  b irds of prey, w hether 
d iu rna l of nocturnal, w ere harm ful. To the  con trary , they  p lay 
an  im portan t role in  m ain ta in ing  a h ea lthy  n a tu ra l balance Figure 8. Sincfal in pre-13th century. 
(Fig. 4d). P ro tected  in  nearly  all E uropean  countries, they  are  _______________________________
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•»*(>
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Figure 7. Zwin and Sincfal.
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Figure 9. Map showing Zwin and its diverticules in the 13th century after 
the “great storm”; Damme, Sluis, Cadzand, and Bruges (Brugge) 
are shown.

often victim  of poisoning by overuse of pesticides in  agriculture. 
Survival of the  species is m onitored by the  Zwin C enter.

All four b irds w ere th e  subject of a  special philatelic  series 
published by the  B elgian Postal System  on D ecem ber 18,1972. 
The surcharge carried  by these  stam ps benefited  th e  Zwin 
Refuge (Figs. 4-6).

D evelopm ents in In-Shore Marine 
C oast G eom orphology

Along th e  B elgian coast, erosion seem s to be caused by 
m arine currents striking from east to west; beaches are under 
direct attack, and sand is carried a.o. to a sand bank located a t 
about a seventh of a  nautical mile (0.265 km) from the beach itself. 
The Paardenm ark t B ank is split in two by the Appelzak Channel 
or Appelzak Deep. Incoming tides bring in  sand, bu t in  sm aller 
quantities th an  sand carried away by outgoing tides, deposited for 
the most p a rt in the Appelzak. The deep has been gradually filling 
up, resulting in  unexpected consequences (Fig. 5).

Capricious Flem ish Coast

The coast and  offshore a rea  of B elgium  have undergone 
num erous changes d u ring  th e  A nthropocene. The events 
involving the  Zwin In le t a re  b u t one. C hannels have been 
filled in, such as the Sincfal; tow ns have been “swallowed up” by 
th e  N orth  Sea, such as H arendyke and  W alraverside; b u t there 
have also been “read ju stm en ts” a t re latively  short distance 
from  today’s coastline on the continental shelf. The Sincfal was 
m ade up  during  th e  M iddle Ages of river estuaries, schorres, 
sandbanks, and  is lands—Wulpen  (w hich g radua lly  d isap­
peared  betw een 1377 and  1513), K oezand  (totally  disappeared 
by 1570), Z uidzande, C adzand  (now a sm all coastal harbo r and 
resort), and  Schoneveld—spread out w here the m outh  of the 
Western scheldt is located today (Figs. 8, 9). O riginally an  inlet, 
th e  W esternscheidt becam e an  estu ary  betw een th e  n in th  and 
tw elfth  centuries. The Sincfal is som etim es referred  to as the 
early  link  betw een th e  coast and  Bruges.

P ea t layers and  th e  retrieval of coins and  artifacts, inter alia, 
w itness th a t the a rea  has undergone several very recen t sea-

Figure 10. Location map: Belgian Coast, Zwin Inlet, and Scheldt and 
Yser rivers estuaries. Scale: Distance De Panne [near border with France] 
to Zwin [on border with Netherlands] is 67 km. Town names translated to 
English: Brugge = Bruges; Vlissingen = Flushings; Dunkerque = Dunkirk.

level changes. The peat layers continue under the p resen t sea 
surface for quite a distance and  reappear n ea r the English coast.

S torm  floods periodically affected th e  R hine,16 M euse, and  
Scheldt estuarie s, w ith  effects on th e  coastal lan d  of F lan d rian  
Zeeland. D unes pro tect only the  w estern  sides of th e  islands, 
w hile th e  in le ts  and  ou tle ts  on th e  coastline a re  protected  
artificially  by dikes. D une developm ent seem s to be contem po­
ra ry  w ith  th e  im p lan ta tion  of hu m an  bu ilt sea defenses ( 1 2 th - 
13th century). The h a rd  s tru c tu re  approach h as no t yielded 
only benefits. L arger in le ts  and  ou tle ts  have been  closed by 
dam s, as p a r t of th e  D utch D elta  P lan , im plem ented  a fter the 
d isastrous and  m urderous sto rm  and  flood of 1953.

C oastal b a rr ie rs  and  dunes lined th e  coast du ring  the 
Holocene; indeed, young tidal and  lagoonal deposits a re  overlain 
by younger dunes, w hich occasionally top older dunes, and  
b arrie rs  w ere destroyed w hen, after th e  Gallo-Roman historical 
period, the  shoreline m igrated  seaw ard and  th e  peat deposits 
w ere either eroded or covered by tidal flat sedim entary  deposits.

O n th e  A tlan tic  coast of F rance, n o rth  of Cap Blanc-Nez, the 
Holocene tran sg ression  w iped ou t the  Pleistocene beaches, 
except a t  S angatte  on th e  S tra its  of Dover. W ide tida l flats 
em erge a t  low tides on th e  oceanic coasts. Facing th e  F landers 
and  P icardy coasts, the  sou theaste rn  E nglish  coast h a s  been 
subject to severe erosion.

The B elgian coast of W est F landers h as  nearly  all of these 
characteristics (Fig. 10 ). A gently  sloping fine sand  beach abuts 
a s trin g  of dunes of vary ing  w id th  and  m oderate  h e igh t ( ±  20 m), 
beyond w hich sp reads a coastal plain, from  5 to 10 km  wide, 
w ith  sandy  creeks and  clay pits; th e  p la in ’s landw ard  lim it 
corresponds to th e  fa r th e s t extension of th e  Holocene tr a n s ­
gression. C lay p its  a re  often ornithological refuges, and  those 
n e a r De P an n e  and  H eist a re  now pro tected  areas. The 
Q u a te rn a ry  deposits a re  a succession of m arine  and  continen­
ta l deposits. In  sum , th e  layering  in  th e  coastal region consists 
of a  superposition  of th e  U pper Clay (labeled Polder U pper Clay 
Layer); C oquina m arine  san d  w ith  a.o. th e  cockle, C ardium  
edule',11 m arine  clay also contain ing Cardium', a  pea t layer

16 Rhine i R ijn , Rhin, Rhein); M euse iM aas); Flandrian Zeeland  
(Zeeuw s V laanderen, F landre Zélandaise).

17 Still present on the beaches today though channel shifts are
responsible for grave thanatocoenoses.
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contain ing evidence of m odern  flora (trees such as birch, 
hazelnu t, oak, and  poplar); m arine  sand  th a t  includes in  its  top 
layer roots from trees  th a t  lived in  th e  overlying pea t layer; and  
sands w ith  Corbicula flum ina lis . The sea level is, in  spots, a t 
th e  base of th e  Lower Polder Clay, in  o thers a t  th a t  of th e  upper 
lim it of th e  p ea t layer, from w hich Rom an coins and  cu t silex, 
da ting  from  th e  Neolithic Period, have been  retrieved.

The coast in  its  w estern  expansion is a region of several pans 
or p an n es, called  m oërs across th e  F ren ch  border. The 
geological-geographical te rm  pan n e  h as even been  u sed  as 
th e  nam e (in F lem ish  De P an n e , in  F rench  L a P anne) of a 
com m unity  th a t  h a s  been  fused  w ith  A dinkerke, once th e  la s t 
B elgian  ra il-s ta tio n  th a t  connected  w ith  the  F rench  N ational 
R ailroad  N etw ork. S en su  stricto  p an s a re  u sua lly  shallow , 
salty , or b rack ish  lakes. S a ltiness depends in  th is  a re a  upon 
th e  ra te  of p rec ip ita tion , runoff, an d  evaporation . O n the  
B elgian  coast no rivers  d ischarge in  the  pans, though  the  Aa 
R iver crisscrosses th e  a rea  on th e  F rench  side. P an s, or 
pannes, a re  ephem eral and  become p a r t  of th e  coast. The 
bo rder city  of L a P a n n e 18 h a s  developed in  an  a rea  of 
num erous dried-up  pans. The lan d s  of th e  W esthoek and  of 
th e  Zwin on th e  O osthoek19 have been  se t aside as a N a tu ra l 
R eserve. The reserve  is p a ired  w ith  th e  B ay of th e  Somme 
[river] reserve  of M arquen te rre .

M anm ade polders p redom inate in  th e  eas te rn  expanse of the 
B elgian coastal zone (Oosthoek); polders a re  found in  the 
F lan d rian  N orth  Sea coastal zones of F rance and  B elgium  and  
of course in  Z eeland (N etherlands’ province). The firs t “rea l” 
polders date back  to th e  11th or 12th cen tu ry .20 M ud fla ts, a 
type of p an  perhaps, w hich often form in  front of polder dikes, 
constitu te  an  en ticem en t a t fu r th e r polder incorporation. 
However, polderization an d  concom itant reclam ation  are  today 
often looked askance a t because dikes appear to favor coastal 
erosion and, in  a reversa l of approach, tida l w aters are  allowed 
to rega in  access to old channels, dike toes are  no t repaired , and  
erosion, in  experim ents conducted in  th e  La P an n e  a rea  
(W esthoek) and  on th e  F rench  side of th e  fron tier, h as  shown 
encouraging signs of abatem ent.

The Zwin, a t  the  extrem e lim it of B elgian territo ry , w as the 
foundation  for th e  w ealth  of m edieval B ruges. In  F lem ish  and  
D utch, a zw in is a w aterw ay  located a t or n ea r the  coast and  
allowing seaw ater to circulate, som etim es thereby  creating  
islands; it  is not—as erroneously  som etim es designated—a 
river (e.g., Webster’s Geographical D ictionary). The nam e has 
been  given to such a w aterw ay to an  in le t th a t  S luis (in French, 
VEcluse), D am m e, and  particu la rly  Brugge (in F rench  and

18 La Panne (De Panne).
19 A new approach to counter erosion has been not to repair the 

hard coastal defenses and to let the tides run up ancient channels (see 
Charlier, R.H.; Chaineux, M.-C., and Morcos, S., 2004. Since w hen  
coastal protection? In : Proceedings o f  the 6 th In  terna tional Congress 
on the H istory o f  O ceanography— B rid g in g  the M illen n iu m . Paris, 
UNESCO Press and Qingdao, China Ocean Press.)

20 The Zwin “Inlet” is actually a tidal channel, characterized of 
course by bidirectional tidal flow and ipso facto  bidirectional sedim ent 
transport. The Zwin does not nor did it link barrier lagoons, or an  
impounded estuary w ith the North Sea, but it drained intertidal flats 
and tidal creeks. Now an ornithological reserve, it w as, in medieval 
tim es, navigable to Bruges, a city it brought w ealth, power, and fame.

E nglish , B ruges). Today, m ostly silted, i t  is a  “n a tu ra l” 
sw im m ing pond an d  navigable for one-m an canoes. The overall 
contem porary  p icture  is th a t  of a  s tagna ting  in le t w ith  sand  
s ta rva tion  along th e  D utch coast and  w idening of th e  B elgian 
beach updrift. The Zwin in le t functions as a  sed im en tary  trap , 
w ith  its  typical ebb-delta fea tu res displaced shorew ard. Since 
1952 m ain tenance  of th e  a rea  h as consisted m ain ly  in  keeping 
th e  channels free and  relocating  the  in le t channel w hen it  had  
m igra ted  too fa r  eastw ard . In  2006 a  m ultid iscip linary  study 
w as s ta rted  to investigate  th e  optim al and  m ost sustainab le  
w ay of preserv ing  th e  Zwin n a tu re  reserve as a tida l in le t 
(Figs. 11, 12).

B each erosion, a  generalized  phenom enon all along the 
B elgian coast, and  to some ex ten t prolonged along th e  Zeeland 
(N etherlands’ province), th rea ten ed  the  lucrative coast tourism  
even in  the la te  1800s. W arn ings of field observers w ere pooh- 
poohed by ill-inform ed h igh-rank ing  governm ent officials, yet 
th ey  proved accurate and  appropriate , beaches sh rank , and  
even tua lly  fields of groins w ere placed on and  in  fron t of the 
beaches. Y et in  m ost a reas  the  shoreline k ep t on m igra ting  
landw ard , to such an  ex ten t th a t  beaches were en tire ly  covered 
by th e  sea a t h igh tide, as for instance in  H eist, w hile in  o ther 
locations—e.g., K nokke—only a few square m eters of d ry  sand  
rem ained  available for to u ris ts  to squeeze on. The m ajor 
geomorphological agen t is th e  tide, b u t th e  an thropic  factor 
plays a m ajor role.21

The case of K nokke, th e  la s t large—and  highly  fashionable— 
reso rt before th e  Zwin and  the  D utch  border (province of 
F lan d rian  Zeeland, Zeeuw sfch] V laanderen), is ra th e r  unique, 
a t  leas t unusua l. A n ocean deep, th e  Appelzak, is located 
relatively  close to shore; outgoing tides u sed  to carry  beach 
san d  aw ay and  deposit them  in  th e  A ppelzak, tu rn in g  it  in to  a 
k ind  of D anaides’ b a rre l.22 A t th a t  tim e—the early  eighties— 
fu r th e r extension  of th e  nearby  h a rbo r of Zeebrugge w as 
decided upon, an d  disposal of th e  tons of san d  rem oved for the 
purpose h ad  to be p lanned. T hus, th e  decision w as m ade to use 
th a t  sa n d  for a m assiv e  b e a c h -n o u r ish m e n t p ro jec t a t 
K nokke.23 A t the  tim e it  w as th e  la rgest such u n d ertak in g  in  
th e  world. Though san d  k ep t on being “lost” to the  A ppelzak (an 
E nglish  tran s la tio n  w ould be A pples’ Sack) Deep, th e  beach 
m ain ta ined  itself, in  p a r t due to periodic addition  of new  
supplies of sand.

N ot fa r from  th e  A ppelzak a san d b an k  know n as the  
P aa rd en m ark t B ank  (tran sla tio n  into E nglish  w ould give the 
H orse M arke t Bank! ) began  to expand w hile th e  A ppelzak Deep 
filled. This u n in te rru p ted  process took on such m agnitude th a t  
20 years  la te r  the  b an k  em erged—and  still does—a t low tide, 
expanded shorew ard, and  becam e accessible on foot, som ew hat 
com parable, on a m in ia tu re  scale, to th e  M ont S a in t M ichel

21 Charlier, R.H. et a l., 2003. History of coastal protection. In: 
Morcos, S., et al. Proceedings o f  the 6th In terna tiona l Congress on the 
H isto ry  o f  O ceanography. U NESC O -Paris and 1st InstO ceano- 
Qingdao-PRC.

22 Characters from Greek mythology, referring to a bottomless 
barrel.

23 Charlier, R.H. and De Meyer, C.F., 1998. Coastal Erosion a n d  
M anagem ent. Heidelberg, Springer Verlag [Lecture N otes in Earth 
Science series].
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Figure 11. Zwin Reserve. Photos: upper, M.-C. Chaineux; lower, Regional 
Tourism Office.

'ly . ! a r c a  o f  t h e  
I n e w  t e r m i n a l

Figure 12. Antwerp about 16th century, with superposed new facilities 
under construction (2004).

s itu a tio n  on th e  F ren ch  B rittan y -N o rm an d y  coast.24 An 
anecdotal consequence ensued: the  b an k  and  th e  “lan d ” being 
linked, some local u ltran a tio n a lis ts  claim  link  and  b an k  now 
are  p a r t of th e  “regional” te rrito ry  of F landers and  are  no longer 
u n d er [Belgian] federal jurisd iction . F an tasy  Is land  perhaps? A 
new  political tem pest in  a  teapot?

The b an k  probably owes its  nam e to an  elevated  poin t of the 
engulfed is land  of W ulpen once located in  th e  sea ou tle t of the 
Zwin, w here no less th a n  four villages stood in  th e  12th 
century . H orses w ere trad ed  there . However th e  orig inal 
P aa rd en m ark t g radually  san k  to below 10 m  depth. The nam e 
w as “reused ,” tran sfe rred , to th e  contem porary  bank , offshore 
of K nokke-H eist an d  a t less th a n  4 m  below low-tide level.25 The 
area  h as acquired an  unenviable rep u ta tio n  as the  resting

24 A perm anent causew ay w as built linking the dry land w ith the 
Mont Saint Michel. A decision w as made, after undesired conse­
quences caused by the structure, to demolish the causew ay and  
restore the s ta tu s quo ante.

25 See Charlier, R.H., 1955. Belgian coastal erosion. The Profes­
siona l Geographer, 7, 2, 10-12.

Figure 13. View of the port of Zeebrugge after completion of extension 
works, about 2000. Photo HAECON Inc. (1999).
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Figure 14. Zeebrugge naval base. Top, an Estonian man-of-war; bottom, 
the Romanian training ship (Photos M.-C. Chaineux). Overall view of 
Zeebrugge, showing old and new moles.

Figure 16. Detail Zwin area in  relation to Appelzak Deep (map upper 
center border), port of Zeebrugge, Knokke-Heist, and groin fields. Legend: 
DZE = Noordzee — North Sea (map extracted from an excursion planning 
booklet published by Geography Department University of Gent). 
Translation: Vlaanderen =  Flanders. Notice the groins that protrude off 
shore northerly but are, after beach nourishment, on the beach area as one 
goes south (westward) toward Heist.

Figure 15. The contemporary Zwin inlet at low tide, seen from the air 
(photo from a PI ANC pedagogical document). Field of groins is on Dutch 
territory, but another exists also farther south on beach area of 
Knokke municipality.

place o f some 30,000 m etric  tons o f am m unition  and  d iscarded 
m ilita ry  equ ipm en t.26

The sh ifting  an d  d isappearance  o f san d  b an k s  along th e  coast 
hav e  h a d  th e ir  influence on fau n a l behavior. Seals have  no t 
been  uncom m on in  th e  offshore w ate rs , and  sandbanks have  
been  th e ir  u su a l resting , an d  sunning , places. D eprived of th e  
sandbanks, seals o f la te  h av e  been  frequen tly  seen re s tin g  a t  
low  tid e  on g ro in s  (know n locally  a s  “w ave b re a k e rs ,” 
im p lan ted  decades ago all along th e  coast to  th w a rt beach 
erosion), w hich em erge a t  low tide. M arine biologists hope, 
being  pro tected  from  people, th e  m am m als tak e  on th e  h ab it 
a n d  breed.

T he Ports o f  Bruges

No p o rt is  any  longer reached  by th e  Zwin, except p erhaps 
th e  sm all h a rb o r o f C adzand, now a  re so rt and  coastal facility.

26 See also Anonymous, 2010. Zee woorden. De GroteRede, 22, 
26-28.
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Figure 17. Evolution of Zwin estuary over last ten centuries. Credit: 
Flemish Institute for the Sea and related organizations. Translations: 
eiland = island; Zinkval = Sincfal; oude Zwin = old Zwin; huidige 
= contemporary.

On th e  o ther hand , th e  artificial po rt of Zeebrugge (occasionally 
spelled in  F rench  and  E nglish  Zeebruges, m eaning  Bruges-on- 
the-sea), w hich expanded ever since its  creation  100 years ago, 
is polyvalent and  is a m em ber of th e  cohort of N orth  Sea po rts27 
(Figs. 13-14). The Zwin A rea is perm anen tly  u n d er study  and  
th e  in le t u n d e r constan t observation (Figs. 15, 16).

Epilogue or Prologue?

To close th is  paper on th e  celebrated  N orth  Sea in le t the 
au th o r faces a  dilemm a: is he w riting  an  epilogue closing w ith  a 
nostalgic though t about th e  sh in ing  B ruges of tim es bygone, 
and  its  reb irth  as p a r t of an  im p o rtan t po rt complex, coupled to 
a Zwin a rea  transfo rm ed  in  a n a tu re  lovers and  ecologists 
tou rism  spot or is i t  a  prologue as the  a rea  is sla ted  for a  m ajor 
face-lifting and  coastal protection works. H e tends to opt for the 
prologue.

In  th e  close-by years  to come g rea t transfo rm ations a re  to 
tak e  place re la ted  to coastal protection and  to reversion  to 
n a tu ra l conditions. Once beyond th e  glam our of K nokke and  
th e  adorable nestled  v illas of H et Zoute (“th e  sa lt a rea”), the 
wide dike and  prom enade lined  w ith  expensive s tru c tu res  
narrow s, and  a  w alk-and-bicycle p a th  heads for th e  Zeeland 
border: th is  pa thw ay  w ith  its  protective half-a-m eter h igh 
wall—in  fact a  berm —is th e  in te rn a tio n a l dike. All it  has of 
in te rn a tio n a l is its  nam e as it  ends inside Belgium  a t th e  edge 
of th e  Zwin. The Zwin lost its  com m ercial significance as

27 Cf. Charlier, R.H., 2005. Tale of two inlets. In : Proceedings o f  the  
2 n d  In tern a tio n a l Congress o f  C oastal Geomorphology. H0fn, Iceland, 
pp. 38-46; Charlier, R.H., 2004. The ports of Bruges. In : Proceedings 
o f  the 2 n d  In tern a tio n a l Congress on Seas a n d  Oceans, Szeszyn, 
Poland, Book of Abstracts, pp. 32-41; Charlier, R.H., Chaineux, M.-C., 
1999. From riches to rags and back to riches. In : Proceedings o f  the 1st 
In tern a tio n a l Congress on Seas a n d  Oceans, Szescin, Poland. Vol. 2, 
20-34.

Figure 18. Views of the contemporary natural refuge (Photos M.-C. 
Chaineux and Regional Tourist Office), (a) Rising tide, (b) low tide, (c) 
midpoint of tide.

sed im entation  m ade it  too shallow  to allow even R enaissance 
vessels to nav igate  it  to D am m e. B u t sed im entation  continuing 
inexorably the  bed heigh ten ing  process is causing  m ajor coastal 
m odification problem s. (F igure 17). H ence th e  in te rn a tio n a l 
dike will be d ism antled; a b ran d  new  dike will be constructed  
b u t a good distance fu rth e r in land—in  the  Zwin p lain— , no 
longer along th e  beach (F igure 18). Slikke and  schorre will 
expand. T his w ill b ring  about th e  reversion  to “n a tu ra l 
condition” of a t leas t 120 ha. Involved are  th u s  rem oval of a
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dike, construction  of new  one, extension of th e  “n a tu re  p a rk ”, 
bu ild ing of a  new  visito rs center.

The silta tion  processes w eakened th e  tides dynam ics and  
endangered  fau n a  and  flora survival. D redging is planned: 
back to a deeper Zwin of yore. W hat is w an ted  is a  situa tion  
allowing sea w ate r to en te r and  exit from th e  Zwin exutory. The 
sea w ater will find its  own channels of p ene tra tion  in  an  a rea  
th a t  will be hum id. P lans rem ind  of th e  approach in itia ted  
some years  ago a t th e  o ther end  of the  B elgian coast, the  
W esthoek, w here th e  toes of th e  dikes w ere no t repa ired  and  
w ater is allowed to flow in land.

M iradors will be erected in  surrounding  dikes and  dunes, both 
on Belgian and  D utch territory , and  a “platform ” will allow an

all b u t 360° circular view. Even the Royal villa is due to yield 
space for the  new  “n a tu re  education  eco-tourism  Zw in”. 
According to local au thorities the existing n a tu ra l reserve is to 
be tu rn ed  into a  crown-jewel of a diadem  of nature-experiencing.
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□  RÉSUMÉ □
Des artistes originaires des XVII Provinces ont largement contribué à la cartographie. Parmi eux le peintre Pierre Pourbus a dressé, e.a., des cartes de la Zélande et 
de la region du Zwin, aire que l’empereur Charles-Quint voulait protéger contre toute invasion ennemie venant de la mer. Les régions côtières de la Flandre et de la 
Zélande ont été sporadiquement envahies par la Mer du Nord au cours des périodes proto-, pré- et historiques. L’invasion du 13e siècle ouvrit une telle brèche et d’une 
telle profondeur qu’un chenal, baptisé le Chenal d’Or, fut créé reliant Bruges et la mer; des bateaux purent pénétrer jusqu’à Hoek, Damme et L’Ecluse, qui devinrent 
les avant-ports de Bruges. Hélas, l’enlisement graduel du chenal ruina le commerce mondial brugeois, qui périclita au profit d’Anvers et donc la ville la plus riche de 
l’Europe du nord-ouest s’effaça devant la ville qui fut pour une longue période la plus grande ville du monde. Quant au Zwin il se réduit à un chenal étroit faisant 
office aujourd’hui de piscine naturelle et de voie pour canoës. Mais, d’autre part il devint un refuge ornitho-, phytologique de réputation. Bruges, elle-même, renaquit 
de sa somnolence séculaire, devint un centre touristique de renommée et grâce à des travaux gigantesques ayant créé un port artificiel sur la côte, à une vingtaine de 
km du Zwin, a regagné une place primordiale en tant que port polyvalent. Sur la côte les jeux d’érosion et de sédimentation ont engendré des modifications 
géomorphologiques qui ont entrainé des conséquences faunales et même peut-être une tempête politique dans un verre d’eau.

□  SAMENVATTING □
Kunstenaars afkomstig uit de XVII Provincies hebben merkelijk toegedragen tot de cartographie. De vermaarde kunstschilder Pieter Pourbus is o.a. de auteur van 
kaarten van Zeeland en van de Zwinstreek, een gebied dat Keizer Karei wou vrijwaren van een van de zee komende vijandelijke inval. The kuststreken van 
Vlaanderen (B) en Zeeland (NL) zijn herhaaldelijk het toneel geweest van Noordzee doorbraken gedurende de proto-, voor- en historische periodes. De 
overstromingen van de 13e eeuw openden zulke geul, die de bijnaam kreeg van Gouden Geul, dat schepen plotselings de oorden Sluis, Hoek en Damme konden 
bereiken, en die dan ook de rol van voor-havens van Brugge opnamen. Brugge was verbonden met de zee en handel bloeide in de streek. Alaas, de geul verslibte 
gelijdelijk, de economische activiteit daalde ten voordeel van Antwerpen: de rijkste stad van noordwest Europa moest het opgeven aan die voor een langere tijd de 
grootste stad ter wereld werd. Het Zwin vernauwde tot een smal “kanaal” dat heden een natuurlijke zwemkom geworden is en biedt een kort ritje, bij hoge tij, aan 
kano’s. Tevens, echter, groeide het uit tot een wereldbefaamd beschermd centrum voor planten en vogels. Brugge ontwaakte wederom en dankzij gigantische werken 
ondernomen op een twintigtal km ten zuiden van Het Zwin, werd het verbonden met een artificiële haven, op de kust gelegen en is opnieuw een polyvalente haven. 
Op de kust zelve zorgden erosie en sedimentatie voor veranderingen die leidden tot modificatie van de dierenbezetting en misschien ook wel tot een politieke storm in 
een glas water.
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