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1 &# : f Sixty-two barrier islands on the Pacific Coast of Colombia are reported and described. The islands. 
covered by tropical rainforest and backed by mangrove forests, line the seaward margin of a narrow. 

h extensive, deltaic plain formed from rivers draining the northwestern Andes. The islands are of interest 
because of a combination of factors including: their position on a leading-edge coast which contributes 
to relative sea-level rise through long-term subsidence; short-term seismic subsidence and tsunamis; their 
tropical setting where deltaic sedimentation and heavy vegetative cover influence island dynamics in 
terms of subsidence, river channel switching and quality and quantity of sand supply. the possible short- 
term influence of El Nifio events; and the lack of human influence .on island dynamics. 

Five genetic island groups are identified: two groups associated with straight stretches of coastal lowland 
and three delta lobe groups (Rio San duan, Rio Patia, and Rio Mira deltas). A few of the islands formed 
due to spit detachment. Initially the islands were probably transgressive. then became regressive for an 
indeterminate period before recent reinitiation of a transgressive phase. and severe island front erosion. 
Many of the islands are sand starved due to sediment supply loss when distributary switching occurred. 
or because they are in areas with little sand in the associated mangrove substrate and no fluvial sand 
supply. 

The recognition of the barrier island nature of this coast provides a new management tool to guide 
coastal hazard mitigation and future development. Future stratigraphic studies may provide a basis to 
identify the frequency of short-term events such as El Nina and tsunamis and to establish recent sea 
level history for specific island groups. 

ADDITIONAL INDEX WORDS: Barrier i.\lands. Colombia. Pacific, tropical, mangroce. delta. coastai 
subsidence, mesotidal. El Nirio. 

INTRODUCTION 

Five centuries of exploration, bathymetric 
charting, and coastal zone mapping have not ex- 
hausted the possibilities for discovery! Sixty-two 
barrier islands (Figure 1) are recognized and de- 
scribed for the Colombian Pacific coast; most for 
the first time in the periodic literature. These 
genetically related island systems occur through- 
out the 1,300 km Colombian coast between Pan- 
ama and Ecuador; most of the islands occurring 
along the southern 800 km and extending a short 
distance into Ecuador (not included in this study). 
These unique islands represent an important en- 
vironmental and economic asset to Colombia and 
require a new view of the country's coastal envi- 
ronmental management and development poli- 
cies. 

Only five of these islands previously bore the 
designation isla on old maps. WEST (1957) mapped 
these features as beach fringe along a mangrove- 
covered alluvial plain, and MCGILI. (1958) rec- 
ognized only a few of the islands in the vicinity 
of the Colombia/Ecuador border. The barrier is- 
land systems were not recognized in the Colom- 
bian literature or maps prior to the reports on 
which this paper is based. HERD et al. (1981, p. 
444) noted the coastline south of Buenaventura 
consisted of "low, broad alluvial plains, mean- 
dering rivers, barrier islands, and lagoons." No 
maps, elaboration on barrier island recognition or 
distribution were given, and it is assumed the term 
barrier islands was in reference to the same dis- 
tinct offshore islands noted by MCGILL (1958). 

Colombia's 1,300 km Pacific coast is divided 
between cliffed upland shores, such as the north- 
ern Baudo Range, and low alluvial plains. The 
latter coastal lowlands are the depositional prism 
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Figure 1. Index Map: the coasts of Colombia (inset) and It~ations o l  the 62 Pacific barrier islands. Locations of the 5 island groups 
are associated with larger river deltas or the alluvial plains of smaller streams. 
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of numerous rivers coming off the Western Cor- 
dillera of the Andes. The coalesced deltas of such 
rivers as the Baudo, San Juan, Micay, and Patia 
(Figure 1) form a constructional tropical coast 
covered by mangrove forest. Tumaco is the only 
major town located on a barrier island, but oc- 
casional small villages dot the island's ocean and - 
estuarine shores where fishing and subsistence ag- 
riculture support a population a t  risk from ex- 
treme coastal hazards. New construction of ports 
and roads, development of aquaculture, tourism, 
forestry, and potential mineral resource extrac- 
tion in these coastal lowlands are threatened by 
the same hazards (CORREA and LOPEZ-RENDON, 
1991). As a basis for future planning, the Instituto 
Nacional de Investigaciones Geologico-Mineras 
de Colombia (INGEOMINAS)' initiated a coastal 
mapping program in 1987 to produce a general 
atlas for Colombia's Caribbean and Pacific coasts. 
The atlas volumes comprise the first comprehen- 
sive evaluation of the entire coast in terms of 
environments, geomorphology, shore types, areas 
of erosion/accretion, and preliminary evaluation 
of coastal hazards. An outgrowth of the mapping 
of the Pacific alluvial plain coast is the recognition 
that the zones of mangrove coast fringed by 
beaches are dominated by barrier islands (Figure 
1). Sixty-two barrier islands were identified and 
their general environments and processes de- 
scribed (GONZALEZ and MARIN, 1989a,b; MAR- 
TINEZ and CARVA-JAL, 1990a,b). 

The purpose of this paper is to summarize the 
character of these barrier islands, their setting, 
evolution, and significance for the entire coast. In 
particular, these tropical barrier islands (1°25'N 
to 7'13'N Lat.) suggest that similar chains may 
have gone unrecognized in other tropical regions 
where obscured by mangrove cover. 

Previous General Studies 

The classic study by WEST (1957) defined the 
Pacific Lowlands of Colombia and subdivided their 
coast into mangrove coast, sand beach, and cliffed 
coast. Although he used the term barrier beach, 
recognized older beach ridges, and essentially di- 
agrammed a low barrier island (WEST, 1957:Fig- 
ure 4, p. 59) with a back-island mudflat and la- 
goon, he did not recognize barrier islands or define 
their associated processes (e.g. ,  inlet migration 
and tidal delta formation, build up by overwash, 
eolian processes. This work and associated reports 
(WEST, 1954, 1956) have stood as the definitive 

study for over thirty years, primarily for two rea- 
sons. First, the Pacific coast is largely inaccessible 
and definitely inhospitable. Only two roads cross 
the Western Cordillera to Tumaco and Buena- 
ventura, and coastal land access is nonexistent. 
High surf and poorly charted waters make small 
boat access difficult, and dense mangrove cover 
impedes profiling and field mapping. Second, fre- 
quent cloud cover, dense tropical rainforest and 
mangrove-swamp cover hinder standard photo- 
grammetric surveys. The islands probably were 
overlooked by conventional topographic mapping 
because their 1 to 2 m relief is not detected at  
conventional contour intervals (e.g., they are not 
shown on U.S. Department of Defense maps). 

Wave Erosion and Tsunami ~estruction 

WEST (1957) noted the presence of beach ridges, 
100 to 200 yards wide, that appeared to have been 
eroding for the past 50 years, a conclusion backed 
up by stories of old natives of the region and tree 
stumps in the surf. He also suggested that erosion 
could be rapid and due to catastrophic events, 
particularly tsunamis such as had occurred in 1836, 
1868, and 1906. Tsunamis affecting the Colom- 
bian coast typically result from earthquakes with 
epicenters off southwestern Colombia/northwest- 
ern Ecuador having a magnitude 27.5 and result 
in runup heights of 2.0 to 5.9 m (LOCKRIDGE and 
SMITH, 1984). 

The tsunami of January 31, 1906, destroyed 
several coastal villages, including part of Tumaco; 
killed from 500 to 1,500 people, and eroded beach- 
es and mangrove swamps along 100 km of coast 
in the vicinity of Tumaco (SZIERTES, 1911; WEST, 
1957; LOCKRIDGE and SMITH, 1984). Tumaco was 
damaged by a tsunami again on January 19,1958, 
but the most significant coastal alteration oc- 
curred in association with the Tumaco earth- 
quake and tsunami of December 12, 1979. Six 
villages were destroyed, including San Juan de la 
Costa (Figures 1 and 2) where at least 220 were 
killed (HERD et al., 1981; LOCKRIDGE and SMITH, 
1984). The highest tsunami wave was 2.5 m great- 
er than high tide a t  San Juan and 0.8 m greater 
than high tide at  Tumaco. The flood depth at  San 
Juan village was 2.0 m over the island; however, 
HERD et at. (1981) state that half of the flood 
depth was due to the pre-tsunami subsidence as- 
sociated with the 8.1 magnitude earthquake. They 
note that regional subsidence occurred along the 
coast from Ecuador to as far north as Guapi, and 
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Figure 2. (A) 1979 tsunami destruction at San .Juan de La Costa. Note the shoreline position relative to the circular, open church 
building. From the cover photo of Science Magazine. Volume 211.1981 by D. Herd. Copyright 1981 by the AAAS. (B) The circular 
church building at the beach line in 1989. Approximately 100 meters of shoreline retreat occurred over the 10 year interval. 

maximum subsidence was 1.6 m. Along 200 km of 
the coast, the resulting submergence killed trees 
and shrubs, flooded former beaches and mudflats 
that were previously exposed a t  high tides (e.g.. 
Isla Gorgona), and increased lagoonal areas. 
Ground shaking and liquefaction caused sand boils 
and ground cracks a t  San Juan village prior to 
the tsunami and contributed to building failure. 

Both HKRII  et  a/. (1981) and \%-I.:*.I. (1957) ob- 
served that tree kills along the ocean front were 
present prior to the 1979 earthquake. Our recent 
mapping shows that downed trees. ocean-tronr 
standing dead mangroves. beach scarping and 

ocean-front mangrove peat exposures are com- 
mon along many of the barrier island fronts. Fig- 
ure 2 illustrates approximately 100 m of shoreline 
retreat due to wave erosion a t  San Juan village 
since the 1979 tsunami. The question remains, 
h o ~  much of this erosion is due to the global sea- 
level rise. ongoing wave erosion. subsidence due 
to compaction of delta fill. subsidence due to di- 
astrophic dournwarping of the continental margin 
atop the subducting ocean plate. or earthquake- 
induced catastrophic subsidence to which the 
shoreline position is still adjusting.' Cer~ainly re- 
gional differences between the northern and 
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Figure 2. Continued. 

southern (earthquake subsided/tsunami flooded) 
barrier island chains may reflect these variables. 

General Setting 

This tide-dominated coast is mesotidal with av- 
erage tidal ranges increasing from 2.5 m a t  Tu- 
maco to 3.5 m a t  Buenaventura to the north, and 
crossing into the macrotidal range for spring tides 
(e.g., 3.9 m a t  Tumaco, 4.9 m a t  Buenaventura, 
and 4.3 m a t  Jurado) (Figure 1). Ebb tidal deltas 
are the dominant tidal delta form, extending for 
up to 3 km seaward, but small flood tidal deltas 
also are present. Inlet frequency is high, and is- 
land shape tends to be short and stubby, some- 
times of the "drumstick" form as in the mesotidal 
model of HAYES (1979). 

Dominant wave directions are from the west 
and southwest with the direction of the Colom- 
bian Current. Wave energy is moderate with ware 
lengths of 10 to 50 m and average wave heights 

of 0.5 to 1.5 m along the southern shores to 0.8 m 
along the San Juan River Delta, increasing to the 
north (e.g., 1.3 m at Bahia Humboldt). Storm wave 
heights range from 1.5 to 3.5 m, and most beaches 
are dissipative. Longshore drift is from south to 
north; however, local reversals occur in the vicin- 
ity of ebb tidal deltas. 

Wave erosion is dominant during high spring 
tide, and as much as 10 to 15 m of retreat occurred 
within a few days a t  El Choncho (Figure 1, Island 
19) during the perigean spring tide of April, 1989. 
As much as one meter loss occurred on each high 
tide (NEAI. and GOSZALEZ, 1990). Storm washover 
is common, but not a t  the scale seen on nontrop- 
ical barrier islands. Overwash deposits are diffi- 
cult to map due to the heavy cover of vegetation. 
Overwash fan accumulation is held to the back 
beach where such heavy cover exists, but pene- 
trates into and across narrow islands where they 
are cleared for subsistence agriculture or village 
development. The tradition of stilt-house con- 
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Figure 3. Transgressive beachldune ridge formation and vegetation zones (in island 4:i. Mangrove peat is exposed on fbreheach 
(left) in area of dead mangrove tree trunks. 

struction is probably derived as a means of mit- 
igating flood and overwash risk. 

River discharge is highest for the Rio San Juan 
(annual mean 2,580 m'/sec), and considerably 
lower for other delta rivers (Rio Mira 930 m -1sec: 
Rio Patia 340 m:'/sec) and alluvial plain streams 
(e-g., Rio Micay 280 m'lsec; Rio Anchicaya' 79 
m"/sec). No data is available for fluvial sediment 
load, however. sand supply generally appears to 
be low. 

Vegetation colonizes accreting beaches very 
quickly, and a strong plant zonation with distance 
from the fore beach characterizes tropical barrier 
islands (Figure 3). WFST (1957) defined three zones 
that characterize these islands: 1. the low cover 
of the upper foreshore consists of herbaceous hal- 
ophytes, mainly creepers and trailing vines (e.g., 
Ipomea pre-caprae, Cana~ialia rosea, Wedelia 
brasiliensis, and Rhabdadenia biflora) that give 
way to thickets of high reeds (Cjperu.~ sp.). tall. 
reedy grass (LJniola pittieri) and other grasses; 2. 

a dense thicket of woody shrubs covers the higher 
beach ridge (e.g.. Hibiscus tiliaceus, Dalbergia 
sp.), and patches of rain forest trees are found on 
older, wider beach ridges; and 3. the mangrove 
swamp forest on the backside of the island in- 
cluding low troughs between beach ridges. The  
prop roots of the red mangrove (Rhizophora) make 
the lagoon-swamp nearly impenetrable. The man- 
grove swamp has its own internal plant zonation. 

Dunes are not dominant or even significant fea- 
tures of these tropical barrier islands. Frequent 
rainfall and rapid establishment of' a dense veg- 
etative cover interfere with wind transport. and 
narrow beaches a t  high tide do not provide large 
dry sand-source surfaces for wind transport. Dune 
formation does occur along the somewhat drier 
southern island chains with the largest dunes (up 
to 2 m in height) forming on the west-facing is- 
lands of the Patia River Delta, and low dunes are 
present on the islands near the Mira River. 

No evaluation of El Niiio effects was made in 
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the present study, but records of ENS0 phenom- 
ena are recognized in other coastal areas of west- 
ern South America (ORTLIEB and MACHARE, 1992; 
WELLS, 1990). The barrier islands are potential 
loci for surficial (e.g., beach ridges) and strati- 
graphic records of El Niiio events (e.g., raised sea 
level, increased storminess, increased sediment 
supply due to riverine flooding). 

METHODS 

Base mapping utilized a variety of sources in- 
cluding U.S. Defense Department coastal quad- 
rangles, navigational maps, vertical air photos, and 
satellite imagery. Complete temporal sets of air 
photos for the entire Pacific coast a t  a specific 
tidal position are generally lacking, requiring re- 
liance on older photos which in some cases do not 
depict the present shoreline positions. The rarity 
of cloud-free days is partly responsible for the 
limited amount of imagery. Extensive field veri- 
fication included accessing all of the island fronts, 
foot transects across the islands, and boating 
through the esteros. 

Determination of directions of island elonga- 
tion and, hence, direction of dominant sand trans- 
port was based on island shapes, recurved spit 
and beach ridge orientation, and the course of 
estuarine channels behind the islands. Backbar- 
rier tidal channel recurvature reflects inlet mi- 
gration and island growth directions. Beach ridges 
were identified primarily on the air photos as re- 
flected in vegetation differences controlled by ridge 
elevation. Field verification of beach -ridges in- 
dicate that the multiple ridges are often less than 
one meter in relief, but this is sufficient to result 
in differences in vegetation. Interridge troughs are 
sometimes flooded on the back of the barrier, sup- 
porting stands of mangroves. Beach and recurved- 
spit ridges also are exposed in cross section on the 
eroding ends of some islands. 

Field mapping included identification of accre- 
tionlerosion, and classification of the erosion as 
slight, moderate, or severe (GONZAJ~EZ and MARIN, 
1989a; MARTINEZ and CARVAJAL, 1990a). Tree 
stumps, dead and fallen trees, mangrove peat and 
mud exposed on the beach (Figure 4), and pres- 
ence or absence of vegetation zonation on the front 
sides of the islands, and inlet banks, were useful 
indicators of erosion levels. Interviews with older 
local residents provided some anecdotal indica- 
tion of erosion/accretion history. 

No core data or stratigraphic information is 
available for the islands, so their regressivehrans- 

gressive nature is somewhat speculative. The larg- 
er islands and islands with extensive beach ridges 
suggest a regressive history. Local beach accre- 
tion, some frontal growth of active spits, and local 
formation of sand dunes, supports a regressive 
model, but the majority of the islands are narrow, 
and beach erosion often exposes mangrove peat. 
Mature stands of back-island mangrove are now 
on the front sides of some of these islands; all of 
which suggests that the present pattern is dom- 
inantly transgressive. 

Barrier Island Recognition 

Although previously unrecognized, the six ele- 
ments which define a barrier island (OERTEL, 1985) 
are present. These littoral sand bodies consist of 
a seaward shoreface, barrier platform, and asso- 
ciated tidal inlets and deltas. The islands are sep- 
arated from the mainland by backbarrier lagoons. 
OERTEL (1985) noted two lagoonal endpoints: 
open-water lagoons and expandable tidal lagoons 
like the Georgia coastal salt marshes. The'Colom- 
bian backbarrier water bodies represent the lat- 
ter, but, instead of being expressed as salt marsh- 
es, they are filled with tropical mangrove swamps. 
To the coastal observer, the rain forest-mangrove 
transitions are much less obvious than the mar- 
itime forest-saltmarsh transitions of temperate- 
zone barrier islands. Tidal creeks (esteros) join 
behind the islands isolating them from mainland 
freshwater swamps and rain forests even at  low 
tide. 

Interior beach ridges, as well as the upper beach, 
are covered with thick vegetation that continues 
into the impenetrable mangrove swamps, so 
ground definition of the backbarrier lagoon 
boundary is difficult except where the tidal creeks 
are navigable by small boat. Mapped boundaries 
also were determined by imagery tonal differences 
due to differences in vegetation. 

Island form, "drumstick" shape, and frequency 
of inlets are representative of mesotidal condi- 
tions (HAYES, 1979). However, some segments are 
sand starved or are in areas of abandoned, sub- 
siding deltas (e.g., the north Rio Patia Delta), 
resulting in very narrow, rapidly migrating islands 
and broad inlets in contrast to temperate barrier 
island systems with healthy sand supplies. 

ISLAND GROUPS 

For convenience, the islands are numbered from 
north to south (1 to 62) in Figures 1, and 5 through 
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