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The tropical environments prevalent on the islands of the Central Pacific is deleterious to the preservation of cultural 
materials. This is particular so for metal-based items, which make up the bulk of the extant material cultural associated 
with World War II sites. This paper views the impacts posed by the vegetation on the preservation of the remains of 
aircraft, guns and other equipment. 

 
The Pacific theatre of World War II saw the 
development of extensive fortifications on 
various Micronesian Islands by the Japanese 
forces. While Chuuk was developed into a ma-
jor naval base, several atolls of the Marshall Is-
lands were transformed into large-scale airbases 
for fighter, bomber and sea-plane operations.  

The following case study is derived from a 
study conducted by the authors assessing the 
conservation management needs of various 
World War II–era historical resources on vari-
ous atolls of the Marshall Islands (Look & 
Spennemann 1992; 1993; Spennemann & Look 
1998). The assessment showed that a number 
of plants had detrimental effects to the well-
being of the cultural and historical resources.  

Tropical areas are renowned for their lush 
and luxurious vegetation. The side effects of 
this vegetation, however, are direct and indirect 
impacts on cultural and historic resources. It is 
these impacts that cause problems for those 

charges with the management of a country’s 
cultural heritage. 

ENVIRONMENTAL BACKGROUND 

The Marshall Islands 
The Marshall Islands (Aelon Kein Ad), compris-
ing 29 atolls and 5 islands, are located in the 
north-west equatorial Pacific, about 3790km 
west of Honolulu, about 2700km north of Fiji 
and 1500km east of Pohnpei (Ponape). With 
the exception of the two north-western atolls, 
Enewetak and Ujelang, the Marshall Islands are 
arranged in two island chains running roughly 
NNW to SSE: the western Ralik Chain and the 
eastern Ratak Chain (figure 1). Not counting 
the five islands, Jemo, Jabwat, Kili, Lib and 
Mejit, the atolls of the Marshall Islands range 
from very small, with less than 3.5km2, such as 
Nadikdik (Knox) Atoll to very large. With 
2,173km2 lagoonal area, Kwajalein Atoll has 
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the distinction to be the atoll with the World’s 
largest lagoon. 

At no point in the Republic of the Marshall 
Islands is volcanic or sedimentary rock other 
than limestone or beachrock (=cemented sand) 
accessible at the surface. Coral growth, and 
correspondingly reef width, is most vigorous in 
areas in the general direction of prevailing 
winds, currents and waves. Since the Marshall 
Islands are in the zone of the north-eastern 
tradewinds, with predominant wind and swell 
direction from the south-east, the zone of most 
reef growth is the southern and eastern side. 
Conversely, deep passes through the reef plat-
form occur most frequently on the leeward 
side of the atolls.  

Climatic Patterns 
Climatic observations and some analyses have 
been presented by numerous authors and 
agencies, on whose results the following com-
pilation is based (Bryan 1972; OPS 1989; Stein-
bach 1893; Williamson & Sabbath 1982). The 
atolls of the Marshall Islands provide only little 
landmass, too small for distinct and stable mi-
cro-climates to evolve. Some of atolls, how-
ever, especially those with extensive shallow 
lagoons, have a micro-climatic pattern whereby 
during day-time the water of the lagoon warms 
up more than the water of the deeper sur-
rounding ocean, causing upwind draft and ev-
aporation (visible as stratocumulus clouds), 
resulting in some rainfall when cooling down 
occurs in the late afternoon. 

Precipitation  
So far, the number of meteorological stations 
on the Marshall Islands is limited. Longer data 
series only exist for Enewetak, Ujelang, Wotje, 
Kwajalein, Majuro and Jaluit Atolls. Due to a 
limited physical elevation and hence orographic 
rainfall patterns, the precipitation in the Mar-
shall Islands is solely governed by the general 
Pacific-wide climatic belts as well as by highly 
localised micro-climatic rainfall over the la-
goons. On the regional scale, there is a distinct 
precipitation gradient running from the equato-
rial zone in the south to the north. The further 
north the atoll is located, the less precipitation 

can be expected. Thus Jaluit, located at 5°47’N 
has a precipitation of almost 4000mm per an-
num, while Wake, located at 19°28’ receives 
less than 1000mm per annum (Figure 1). 

Intense tropical storms of short duration 
contribute to much of the total rainfall, The in-
cidence of the storms themselves is quite vari-
able from one year to the next for a particular 
island or atoll, with variations of up to 100% 
on record (figure 3 top). While there is seasonal 
variation, the magnitude of this variation is not 
uniform (figure 3 bottom). 
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Figure 1. Relationship between annual average precipitation 
and latitude in the Marshall Islands area (Source: William-

son & Sabbath 1982). 

Common are also variations in precipitation 
even among different parts of the same larger 
atolls. In many instances, especially during the 
drier season, rain-bearing clouds may be seen 
to pass over a particular stretch of land, while 
they may miss another completely. Thus rain-
water catchment is, to some degree, completely 
fortuitous. The lack of elevated land features 
that otherwise might control local weather and 
remote air circulation patterns contribute to the 
variability in the rainfall. On Wotje the lowest 
precipitation occurs in January with 1.9" 
(48mm), the highest in September with 11.8" 
(297.2mm) (Hawaii Architects & Engineers 
1972:8). The mean annual precipitation is 
about 1986mm (78”). 
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Temperature  
The temperature data available for Majuro sta-
tion show very little variation both in the long- 
and medium-term daily, monthly and annual 
temperature averages. According to the long-
term average (1959-1988), the mean annual 
temperature is 27.3oC (81.1oF), with an aver-
age maximum of 27.5oC (81.6oF) and an aver-
age minimum of 26.6oC (80.0oF). The annual 
daily maxima and mini-ma are marginally more 
pronounced, with a night-time minimum in the 
low 20’s and a day-time maximum in the mid-
30’s (figure 4). 

Humidity  
Relative humidity averages between 75% and 
85% over the year with little annual variation. 

Humidity approaches 100% during and after 
intense rainstorms (squalls). 

Wind patterns 
The Marshall Islands are located in the belt of 
the north-eastern trade winds. Hence, trade 
winds from north-easterly directions dominate 
most of the year but are strongest from No-
vember to June. Exceptions to this rule, how-
ever, are known. Summer winds tend to be 
weaker with some slack wind periods. The 
trade wind period is followed by a stormy sea-
son which commonly lasts from July to Sep-
tember. The trade winds tend to be stronger in 
the higher latitude atolls, but rarely do wind 
speeds exceed 35 knots except during the pas-
sage of severe squalls (figure 5). 

 
Figure 2. Annual (top) and monthly (bottom) rainfall at Majuro Island, Majuro Atoll, 1959-1988. Source of 

data: Majuro Weather Station. 
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Figure 3. Monthly variation in average temperatures for Majuro Island, Majuro Atoll, 1959-1988. Source of 

data: Majuro Weather Station 
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Figure 4. Wind direction and velocity at Wotje Island. Monthly average for March and September.  
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Figure 5. Vegetation patterns on islands of the Mar-
shall Islands: Coastal broadleaf forest, breadfruit and 

coconut on Jan Island, Maloelap Atoll.  

 
Figure 6. Vegetation patterns on islands of the Mar-
shall Islands: coconut monoculture revegetation of an 
island devastated by the impact of World War II 

(Taroa, Maloelap). 

 
Figure 7. Vegetation patterns on islands of the Mar-
shall Islands. Revegetation of an island devastated by 
the impact of World War II. Coastal scrub on the 

south-western shore of Mile, Mile Atoll. 

VEGETATION PATTERNS 
The vegetation patterns on the islands making 
up the atolls of the Marshall Islands are well 

defined by the parameters of soil and proximity 
to the ocean shores. The vegetation on any 
given island is set out in a clear zonation, the 
complexity of which depends on the island’s 
location within the atoll (windward or leeward 
side). 

On an island with traditional land use pat-
tern, the vegetation would show a clear zona-
tion of plants from the lagoon to the ocean 
shore that is correlated to the soils and the 
wind action. The vegetation on the ocean side 
commonly consisted of a mixed broadleaf for-
est, with a few tree species and a number of 
shrubs, usually utilomar (Guettardia speciosa), kiden 
(Tournefortia argentea), Pandanus, Pandanus tecto-
rius, kõno (Cordia subcordata), Piñpiñ (Hernandia 
sonora), kõñe (Pemphis acidula) and kõnnãt 
(Scaevola sericea). These plants would be very re-
sistant to salt-laden air the constant wind 
would bring in from the breaker zone at the 
reef. The soil at the ocean shore is also very 
gravelly with little humus content. The soil in 
this zone would consist of boulders and large 
cobbles, thrown up by the waves of the sea to a 
distinct strand wall, resembling the backbone 
of an island. 

Going inland, the soil would gradually be-
come finer, first gravel and then coarse grained 
sand, and the humus content would increase. 
In this zone an abundance of breadfruit trees 
would have been planted, providing food. In 
fact the trees were planted in such an abun-
dance that we can speak of a breadfruit forest. 
In the very centre of the island, there where the 
underlying ground water lens would be the 
thickest, taro patches, artificial depressions in 
the ground, would be present. These taro 
patches, in which swamp taro (Cyrtosperma 
chamissionis) would be grown, were surrounded 
by Pandanus trees, preferably the low growing 
variety, not used for food but for mat-weaving. 
These Pandanus would act as a windbreak for 
the large taro leaves, and would also act as 
screen to filter out any salt spray the winds may 
bring. We have to imagine that every piece of 
ground in the centre would have been taken up 
by taro patches, Pandanus plants and roads and 
tracks.  
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Figure 8. Schematic plan of the Japanese installations 

on Mile I., Mile Atoll. 
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Figure 9. Schematic plan of the Japanese installations 

on Taroa I., Maloelap Atoll. 
Going further towards the lagoonal shore 

the vegetation zonation would once again show 
a wide zone of breadfruit forests which would 
make way to utility and ornamental shrubs 
along the rear side of the household units. In 

this area we have to imagine the cemeteries. In 
view of the limitations on available land only 
the higher-ranking people would be buried, 
while the bodies of the commoners were 
pushed out to sea.  

On islands developed into airbases during 
World War II, the centre of the island, or large 
parts of the centre would be covered with 
runways as well as concreted revetments for 
planes and other military equipment (Figure 
10). 
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Figure 10. Schematic plan of the Japanese installations 

on Wotje I., Wotje Atoll. 

General observations 
The observations showed that a number of 
plants had detrimental effects on the cultural 
and historical resources. Even though there are 
differences between the amount of leaf fall 
generated by the plant species, we will for the 
purposes of this paper not be concerned with 
the overall build-up of leaf matter and, deriving 
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from this, soil. It will not address in any detail 
the effects of old trees falling over, or other 
trees being harvested in an improper manner. 

Before we address the impacts by the indi-
vidual plant specifies, there are a few general 
observations which need to be made. These 
can be grouped under the headings of i) dan-
gers inherent in plant cover, ii) damage caused 
by plant removal; and iii) obliteration of sites 
through intentional planting. 

 
Figure 11. A fallen coconut trunk astride the top of a 
Japanese 127mm dual purpose gun. Note that the co-
conut trunk provides additional surfaces for vine cover. 

(north-western gun battery, Mile I., Mile Atoll). 

Dangers inherent in plant cover 
Since many of the sites assessed are gun em-
placements or other military installations they 
were shelled by U.S. ships and bombed by U.S. 
aircraft. The areas around these sites abound 
with unexploded U.S. naval ammunition (even 
after 20 years of explosive ordnance removal) 
and unexploded Japanese ordnance left on site. 
Documentation or vegetation clearing of such 
sites exposes the cultural resource manager to 
hazards of hidden explosives, such as Japanese 
127mm shells which have not been fired 

(Figure 12) and U.S. naval shells. This ammuni-
tion is deemed so unpredictable by explosive 
ordnance disposal specialists that any major 
items of ammunition encountered are exploded 
on site, to the detriment of the cultural re-
source. 

 
Figure 12. Inherent dangers of vegetation removal. 

Japanese 127mm shell partially covered by vegetation 
and discovered before vegetation clearing commenced 

(Mile I).  

In addition, many of the sites have sharp-
edged components, which are often camou-
flaged by the vegetation cover and threaten the 
unwary visitor. Particularly dangerous are 44 
gallon drums which had been buried by the 
Japanese to function as as small foxholes. To-
day, the drums are heavily corroded and the 
jagged protruding edges pose serious health 
hazards (Figure 13). 

 
Figure 13. Dangers exerted by plants covering military 

remains. A sharp-edged heavily corroded 44 gallon 
drum is largely buried in the ground to the right of the 
empty U.S. naval shell. The edge of the empty barrel is 
camouflaged by leaf litter and Vigna marina. (Mile I). 

Plant Removal 
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The removal of large vegetation, such as trees, 
is extremely important but must be done very 
carefully so that the resources are not damaged 
or disturbed and that no-one is injured. If 
someone is severely injured on the outer atolls, 
it may be several hours or days for one may be 
able to receive medical attention. To begin 
clearing a site, it is important to start at the 
edge and carefully rake away fallen leaves and 
other vegetation being careful not to disturb 
objects in or on the ground. As sharp or dan-
gerous objects, such as live ammunition, are 
encountered, they should be marked so that all 
personnel are aware of their location. Removed 
vegetation should be mulched and allowed to 
decompose adding humus to the sandy soil and 
not burnt, because burning of the vegetative 
matter will: i) damage the resource; ii) explode 
live ammunition which may not be visible, and 
iii) return fewer nutrients to the soil. 

 
Figure 14. Inappropriate vegetation removal by burn-

ing. (Mile). 

All removal of vegetation should be under 
the supervision of trained personnel who are 
responsible to teach and to enforce safety pro-
cedures. Many of the trees are very large and, 
therefore, very heavy. The removal of large 
trees can be very dangerous to both personnel 
and artefacts. Rather than cut the tree off at the 
ground and let it fall, possibly injuring some-
one or damaging the artefacts, it is much better 
to remove in several stages. Tops of trees and 
large limbs can be sawn, or cut by axe or ma-
chete. Prior to removal, a rope can be tied 
around the member to control how and where 
it falls. 

Once the tree has been removed to the 
ground, the stump should be coated with a 
herbicide (poisoned) to prevent growth from 
the root (except coconut palms which do not 
grow up again from the roots). Since the atoll 
environment is very fragile the use of herbi-
cides should be abstained from whenever and 
wherever possible. An alternative method is to 
drill holes into the stump, fill them with kero-
sene or gasoline, and seal them with epoxy or 
putty to prevent the aeration of the kerosene. 
The stump will die off in two to three months. 
The stumps of coconut palms can be grooved 
in a grid pattern with the chain saw blade to 
encourage and accelerate rotting of the stump. 

 

 
Figure 15. A variety of plants engulfing a bulldozer left 

behind by the US Seabees on Enigu Island, Majuro 
Atoll. Before and after (partial) vegetation removal. 
The vegetation removal was incomplete and executed 

merely to determine the nature of the resource. 

Once the sites have been cleared of large 
trees and shrubs and trees it will be much eas-
ier to control future vegetation because the 
removal of young seedlings is much easier than 
removing mature trees and shrubs. The area 
can be raked to remove seeds and small seed-



480 Impact of Tropical Vegetation on World War II-Era Cultural Resources in the Marshall Islands 

 

lings can be pulled or cut off at the ground 
level. Both during the initial removal of vegeta-
tion and during routine maintenance, small 
hand brooms should be used to sweep away 
any soil, ferns, moss, seeds, or decaying matter 
from the metal surfaces. This is very important 
at the base of the large guns because contact 
with the soil also increases corrosion. 

Vegetation grows quickly in the warm, 
sunny, humid, and usually rainy climate of the 
Marshall Islands. Routine maintenance will 
consist mainly of cyclical removal of vegeta-
tion. If this is done on a regular basis, it will be 
manageable and facilitate inspection and moni-
toring.  

 
Figure 16. Erosion corrosion due to dripping rainwater. 
The dense foliage covers up the resources and generates a 

micro-climate by retaining water and moisture which 
keeps the surfaces of the resources wet long after the 

rainfall due to dripping. Since the same branches pro-
vide for the drip for a prolonged time, pitting and ero-

sion corrosion in the pitting is aided. (Mile I.). 

Vines should be cut and lifted rather than 
pulled off. Vines can be extensive and strong. 
If they are pulled off, there is always the chance 

that they may damage the resource, especially 
the thinner aluminium of aircraft fuselages and 
wing surfaces, and/or injure the maintenance 
worker. Rose clippers or other pruning shears 
are useful for cutting and removing vines. 

OBLITERATION THROUGH PLANTING 
Some sites, such bomb craters (Figure 17) as 
well as fox holes and personnel trenches are 
becoming gradually filled in with leaf litter, 
both due to natural processes as well as 
through artificial infill. As these larger depres-
sions make good plantation pits for banana 
plants as well as for swamp taro, it is not sur-
prising to note that secondary re-use of the de-
pressions occurs. In addition, modified land 
use with coconut groves (Figure 17) changes 
the appearance of these sites. 

 

 
Figure 17. Gradual obliteration of surface features. A 

coconut grove in an area riddled with bomb craters. 
(Taroa, Maloelap Atoll). 

PLANT SPECIFIC OBSERVATIONS 
The following section discusses in detail spe-
cific plants and their effects on cultural and his-
torical resources: 
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• Pandanus tectorius 
• Coconut (Cocos nucifera) 
• Breadfruit (Artocarpus altilis) 
• Scaevola sericea 
• Tournefortia argentea 
• Papaya (Carica papaya) 
• Wedelia biflora 
• Vigna marina 
• Polypodium scolopendria and other ferns 

Pandanus tectorius 
Of all food plants, Pandanus tectorius (Mar-
shallese: bob) has the greatest number of varie-
ties known. It is a staple food item on many 
outer islands. The fruit is eaten, while the 
leaves are used for mat weaving and thatch. 
The plant is salt spray resistant and can grow 
on gravelly, as well as sandy soils. In a not an-
thropogenically modified environment, the 
plant is restricted to the shorelines, both la-
goonal and ocean. In a modified environment, 
where the major trees have been felled and the 
scrub of the islands’ interior has been cleared, 
Pandanus can grow in almost any location, ex-
cept for permanently or repeatedly temporarily 
waterlogged areas. 

 
Figure 18. Example of damage caused by Pandanus 
tectorius aerial roots piercing through the aluminium 
skin of the wing of a Mitsubishi A6M (“Zero”) air-
craft. Also, note the accumulation of debris and fallen 

leaves. (Taroa, Maloelap Atoll). 

Effects of the plant 
The aerial roots of the plant can grow down-
ward from each of the limbs. The roots, which 
have a strong piercing tip, grow either straight 
or obliquely and have been noted to pierce 
through the aluminium of wings and fuselage 
of aircraft (see figures 21–22). Since the Pan-
danus trees have a spidery root system, a single 
tree can pierce an aircraft wing at numerous 
locations, leaving behind (when dead or de-
stroyed) a perforated wing resembling a sieve. 
Since the roots increase in thickness, and may 
ultimately grow into new trees, especially if 
they have been generated by off-branches, the 
damage to the historical resource is increased.  

Further, removal of these trees by improper 
means, such as felling or pulling over with a 
tractor, will increase the damage manyfold. Any 
vegetation removal of such trees from an af-
fected site needs to commence at the top of 
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the tree, working downward until all roots are 
separated. 

 
Figure 19. Damage caused by Pandanus tectorius 
aerial roots piercing through the aluminium skin of the 
wing of a Mitsubishi A6M (“Zero”) aircraft. Also, 
note the accumulation of debris and fallen leaves even 

though the plane has been cleared for inspection. 
(Taroa, Maloelap Atoll). 

The roots need to be cut as close to the re-
source as possible, and if at all feasible, also 
underneath the pierced resource. Then, unless 
indicated otherwise, it is advisable to let the 
roots rot in place, until they can be pushed out 
easily and the pierced holes of the resource can 
be cleaned. Further impact is caused by the 
seeds contained in the fruit capsules (“keys”) of 
the plant. These easily sprout into new plants 
with the initial fertilisation being provided by 
the keys themselves. These plants, when fallen 
into crevices of the resources, will create fur-
ther damage, mainly by widening the crevices, 
piercing thin aluminium and the like. 

 
Figure 20. Damage caused by Pandanus tectorius 
aerial roots piercing through the aluminium skin of the 
fuselage of a Mitsubishi G4M (“Betty”) aircraft. Also, 
note the accumulation of debris and fallen leaves even 

though the plane has been cleared for inspection. 
(Taroa, Maloelap Atoll). 

Coconut (Cocos nucifera) 
Next to grasses, coconut palms (Marshallese: 
Ni) are the most ubiquitous plant on the is-
lands of the atolls of the Marshall Islands. 
Originally a coastal fringe plant, economic ex-
ploitation of the resource led to the clearing of 
growth inhibiting lower story brush in the in-
land areas of the islands and the planting of 
coconuts. These plants, which can grow up to 
20-25m tall in the Marshalls, produce a bunch 
of flowers every three months. If pollinated, 
and not damaged by rats, high winds or 
droughts, an average eight to ten nuts from 
each flower stalk will reach maturity. Addi-
tional nuts will fall off during the maturing 
process. Further, about every three months, 
three to four new fronds will be produced, 
which result in the same number of fronds dry-
ing out and falling off the trunk of the tree. 

Effects of the plant 
The primary impact circle of a coconut tree, 
unless in times of high winds generated by 
storms and cyclones, is limited to a radius of 
about five to ten meters around the trunk, de-
pending on the height of the palm. The secon-
dary impact circle (10-15m) is caused by the 
nuts flying further away from the trunk in cases 
of wind and by nuts bouncing off the ground. 
We will exclude from this discussion the hor-
rendous impact flying coconuts can have when 
driven by 80 mph winds created by typhoons. 

 
Figure 21. Coverage of a resource by fallen coconut 
fronds and other leaf litter. The remains of a tanker 

truck (minus the tank which has been removed to serve 
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as a water catchment) are covered with fronds. The site 
then becomes a focal point for many landowners to move 
even more leaf litter “out of the way” to that location. 
Thus densely covering the resource the leaves create an 
ideal environment conducive to corrosion. (Mile Atoll). 

Given a weight of about two to five pounds 
per nut, and given the velocity of a vertically 
falling nut increasing with the height of the 
palm, the impact of a fallen coconut can be 
substantial and is know to have caused serious 
bodily injury to persons working or sitting un-
derneath older, mature coconut palms. 

The damages incurred will affect mainly 
fragile resources, such as thin objects and ob-
jects of materials such as glass, and resources 
where corrosion has rendered sturdy parts frag-
ile and susceptible to impact forces. Given the 
nature of the threat, predominantly vertically 
oriented resources are less at risk than pre-
dominantly horizontal resources. Weaker, hori-
zontally oriented resources, such as the wings 
of aircraft, can become dented by a falling co-
conut, allowing debris of all sorts, as well as 
water to accumulate in the depression created 
by the nut, and further speeding up the process 
of deterioration. 

Coconut fronds have an impact circle of 
about five to seven metre radius around a co-
conut palm. They tend to have a low velocity 
when impacting on the ground (being slowed 
down by the leaf matter), but have a greater 
weight. We have to take into account that co-
conuts and coconut fronds create repeated 
damages to resources, in view of their flower-
ing cycle every three months. Although the 
flower stalks (and fronds) will grow on loca-
tions of the trunk with different orientations, 
we can safely assume that the same orientation 
will be reached after less than two years. Thus 
cumulative damage needs to be considered. 

 
Figure 22. Revegetation of an area has established a 

coconut grove in the former Japanese dispersal area. Co-
conuts are growing among the remains of this Mitsubi-

shi G4M ‘Betty’ aircraft.(Taroa, Maloelap Atoll). 

In addition, collapsing coconut trees can fall 
on resources and cause severe damage, espe-
cially if the resources are already weakened by 
advanced corrosion (figure 24). Considering 
this potential, it is best to remove such trees 
before they can collapse and cause damage to 
historic resources. The recent replanting 
(1970s) of coconuts on the former Japanese 
bases has resulted in a number of palms 
planted in small bomb craters and on com-
pacted soil. The root system of these palms 
have a dramatically reduced ability to withstand 
the wind forces brought to bear by a typhoon 
and are thus very prone to fall over. This is 
based on own observations (DHRS) following 
typhoons on Majuro (Typhoon “Axel” January 
1992) and Wotje (Typhoon ‘Gay’ (November 
1992).  

Breadfruit  
(Artocarpus altilis/ A. mariannensis) 
Breadfruit (Marshallese mã) is on many outer 
islands of the Republic one of the staple foods. 
The tree comes in two varieties, those with a 
seed (Artocarpus mariannensis) and the more 
common unseeded variety (Artocarpus altilis). 
While the former can be propagated by both 
saplings and seeds, the propagation of the latter 
is restricted to saplings. Breadfruit trees are re-
stricted to the inland areas of the islands, as 
they are very susceptible to salt spray and are in 
need of very fertile and well watered soils, 
which are present in the centres of the islands 
only. 
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Figure 23. A Mitsubishi A6M aircraft covered in a 
variety of plants, ranging from coconut sprouting under 
the wings to ferns and Pandanus. (Taroa, Maloelap 

Atoll). 

Effects of the plant 
The effects of the plant on the historical re-
sources are largely restricted to falling fruit. 
Here we have to distinguish between the hard, 
unripe breadfruit, which will have a high veloc-
ity, high energy impact (depending on the size 
of the fruit and the height of the branch from 
which it fell), and the soft overripe fruit, which 
will have a high velocity, but low energy im-
pact. The former will result in damages not un-
like those described for the coconuts (above). 

The damage of the overripe, soft fruit is 
more indirect. A large overripe breadfruit fal-
ling on a surface will disintegrate on impact, 
covering a substantial area (about one square 
foot) with a wet, fermenting, slodgy mush. This 
mass will either disintegrate within a few days, 
or will dry up, only to be turned into a fer-
menting mass every time it rains and the mass 
gets wet. The heat created by the fermentation 
process, as well as some of the acidic fruit ma-
terial can cause chemical erosion to susceptible 
surfaces. If the breadfruit falls onto a resource 
with a highly reliefed surface, material will re-
main in the crevices, aiding the accumulation 
of fertile substrate ideal for moss and plant 
growth. 

In addition, collapsing breadfruit trees can 
fall on resources and potentially incur severe 
damage, especially if the resources are already 
weakened by advanced corrosion. The recent 
replanting (1970s) of breadfruit on the former 
Japanese bases has resulted in a number of 

trees planted in small bomb craters and on 
compacted soil. The root system of these trees 
is very shallow and thus they have a dramati-
cally reduced ability to withstand the wind for-
ces of a typhoon.  

 

 
Figure 24. Root matter of Scaevola sericea penetrat-
ing components of a 150mm gun leading to the destabi-

lisation of the basis. (Wotje, Wotje Atoll). 

Scaevola sericea 
Scaevola sericea (Marshallese: Kõnnãt) is a salt-
spray resistant shoreline plant with limited need 
for water. Thus it is common on all atolls and 
islands of the Republic, including the three dry, 
northern atolls of Bikar, Bokak and Eneen-
Kio. The plant is a low shrub, growing to a 
height of about 15 feet (4.5m), with stems of 
3/4 foot (20cm) in diameter and less. 

Effects of the plant 
The rapidly growing plant develops a very 
dense network of branches with a dense foli-
age. Since it is well adapted to grow on the 
coral boulder ridge on the ocean side, it finds 
opportunities to grow in the cracks of bombed 
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and damaged gun emplacements, pill boxes 
and other concrete structures. 

 
Figure 25. Scaevola sericea covering 150mm guns. 

Unmitigated growth can result in sizeable branches cov-
ering the gun. (Wotje, Wotje Atoll). 

The damages incurred by the roots and, to 
some extent, the branches, consist of the wid-
ening of existing cracks and crevices of struc-
tures and artefacts and the widening of 
weakened joints and rivet or bolt holes. The 

dense foliage covers up the resources and gen-
erates a micro-climate by retaining water and 
moisture which keeps the surfaces of the re-
sources wet long after the rainfall due to drip-
ping. Indirect damage is then caused by the 
acidic droppings of some sea-birds roosting in 
the shoreline scrubs. Since the same branches 
provide for the drip for a prolonged time, pit-
ting and erosion corrosion is aided. 

Tournefortia argentea 
Tournefortia (Messerschmidia) argentea (Marshallese: 
Kiden) is a salt-spray resistant shoreline plant 
with limited need for water. It is common on 
all atolls and islands of the Republic, including 
the three dry, northern atolls of Bokak and 
Eneen-Kio. The plant is a low tree, growing to 
a height of ~25 feet (6-7m), with stems of 1-
1.5 feet (30-40cm) in diameter and less. 

 

 

 
Figure 26. Scaevola sericea covering a 150mm gun. 
Before and after vegetation clearing. Indirect damage is 
caused by the acidic droppings of some sea-birds roosting 

in the shoreline scrubs. (Wotje, Wotje Atoll). 

 

 
Figure 27. Scaevola sericea covering a 150mm gun. 
Before and after vegetation clearing. The dense foliage 
covers up the resources and generates a micro-climate 

(Wotje, Wotje Atoll). 
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Effects of the plant 
The reasonably rapidly growing plant develops, 
when small, a very dense network of branches 
with a dense foliage. Since it is well adapted to 
grow on the coral boulder ridge on the ocean 
side, it finds opportunities to grow in the 
cracks of bombed and damaged gun emplace-
ments, pill boxes and other concrete structures 
along the ocean side. 

The damages incurred by the roots and, to 
some extent, the branches, consist of widening 
of existing cracks and crevices of structures 
and artefacts and of weakened joints and rivet 
or bolt holes. The initially dense foliage covers 
up the resources and generates a micro-climate 
by retaining water, reducing evaporation and 
thus concentrating moisture which keeps the 
surfaces of the resources wet long after rainfall 
due to dripping. Indirect damage, especially in 
the case of older trees, may then be incurred by 
the acidic droppings of some sea-birds roosting 
in the shoreline trees. Since the same branches 
provide for the drip for a prolonged time, pit-
ting and erosion corrosion in the pitting is 
aided. 

 
Figure 28. Large Tournefortia argentea growing in 
a 150mm gun emplacement (Taroa, Maloelap Atoll). 

Papaya(Carica papaya) 
Papaya (Marshallese: Kenapu) is a European in-
troduction to the Marshall Islands. The plant is 
heterosexual, with male plants only flowering, 
and female plants bearing large (American) 
football-sized and -shaped fruit.  

 

 
Figure 29. Leaf litter covering the barrel of a 150mm 
gun The decayed vegetation set ups corrosion cells and 

allows the accumulation of more vegetation by providing 
a fertile ground for the germination of seeds. (Mile, Mile 

Atoll). 

 
Figure 30. Leaf litter of a breadfruit tree covering the 
remains of a Japanese Amphibious tank. The decayed 
vegetation set ups corrosion cells and allows the accumu-
lation of more vegetation by providing a fertile ground 
for the germination of seeds. In addition, there are in-

trusive plants growing among the remains, such as 
pumpkin and Polypodium scolopendria (Mile, 

Mile Atoll). 
The plant is very easy to grow as long as 

there is any semi-shade available. While the 
plant is commonly distributed around house 
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sites and does not occur in the non-tended ar-
eas, it has been encountered in open, semi-
shaded areas in the interior of islands. The 
propagation of the plant is by seeds, which 
germinate very easily. Dispersal is aided by 
people and birds. 

Effects of the plant 
The rapidly growing plant can create two kinds 
of impacts on the resources: a covering up of 
surfaces, thereby increasing corrosion, and a 
widening of existing crevices. The effects on 
the historical resources are largely restricted to 
falling fruit. The damage of the overripe, soft 
fruit is indirect.  

 
Figure 31. remains of a Japanese hangar on Mile I. 

(Mile Atoll). The entire hangar structure id overgrown 
with Vigna marina and Ipomea sp. 

A large overripe papaya falling on a surface 
will, like the breadfruit discussed earlier, disin-
tegrate on impact, covering a substantial area 
(about one square foot) with a wet, fermenting, 
slodgy mush. This mass will either disintegrate 
within a few days, or will dry up, only to be 
turned into a fermenting mass every time it 
rains and the mass gets wet. The heat created 

by the fermentation process, as well as some of 
the acid fruit material can cause chemical ero-
sion to susceptible surfaces. If the papaya falls 
onto a resource with a highly relieved surface, 
material will remain in the crevices, aiding the 
accumulation of fertile substrate ideal for moss 
and plant growth. It needs to be kept in mind 
that papaya propagate easily, so that it is very 
likely that some of the seeds of the fallen fruit 
will germinate and develop into new plants. 
The new plants can grow through crevices, 
gaps and holes in the resource. When the plant 
grows and the stem thickness increases, these 
crevices can be widened, and on occasion, the 
resource can be split. In view of the limited 
height of papaya the impact circle of falling 
fruit is limited to a radius of 7 feet (2m) or less. 

 

 
Figure 32. Vigna marina and Wedelia biflora cov-

ering part of an Aichi D3A (“Val”) dive bomber. 
The pliable, but woody stems of the plant can grow 

through holes and crevices of the resources, creating an 
intertwined solid mass of stems and stemlets. Plant re-
moval in such instances is complicated, as they cannot 

be pulled out easily (Mile, Mile Atoll). 
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Wedelia biflora 
Wedelia biflora (Marshallese: Markubwebwe) is a 
weed, which grows large leaves with serrated 
edges. The plant rapidly produces leaf stalks 
and has the ability to grow to any height neces-
sary (up to 5 feet) to choke any of the compet-
ing vegetation. Commonly, Wedelia often oc-
curs in thickets, where it is the sole plant 
species. 

Effects of the plant 
The effective dispersal of the plant, combined 
with its dense growth pattern, result in micro–
climate development over small resources cov-
ered by the plant. The dense foliage generates a 
micro-climate by retaining water and moisture 
which keeps the surfaces of the resources wet 
long after the rainfall due to dripping. Further, 
the pliable, but woody stems of the plant can 
grow through holes and crevices of the re-
sources, creating an intertwined solid mass of 
stems and stemlets. Plant removal in such in-
stances is complicated, as they cannot be pulled 
out easily. Although the most convenient, and 
locally most commonly employed method is to 
jerk at the vines and to try and tear them off 
their “substrate”, this is the most likely source 
of damage. What is required, is repeatedly cut 
the vines with rose clippers and to gently pull 
the plant off the resources, cutting it with clip-
pers as required. 

 
Figure 33. Stand of Wedelia biflora showing the 
height of the vegetation (Taroa, Maloelap Atoll). 

Vigna marina 
Vigna marina (Marshallese: Markinojojo) is a vine 
belonging to the bean family. Although in large 
areas it is a ground covering plant, it will climb 

on any objects of medium height (up to about 
10 feet). It forms a dense foliage, unless in 
competition with other plants. 

 
Figure 34. Vines of Vigna marina and Ipomea spp. 
and another plant covering part a 127mm Dual pur-

pose gun and emplacement. (Mile, Mile Atoll). 

 

 
Figure 35. Vigna marina covering a 150mm gun. 
Before and after vegetation clearing. The dense foliage 

covers up the resources, retains moisture and thus keeps 
the surfaces of the resources wet long after the rainfall. 

(Taroa, Maloelap Atoll). 

Effects of the plant 
The main threat is caused by the virulent 
growth of the plant and with its ability to work 
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its way through very tiny crevices. It creates a 
very dense foliage, which, is located very close 
to the surface of the resource, thereby creating 
a special micro-climate with a very high rate of 
humidity retention. As with Wedelia biflora the 
plant can be intensely intertwined with several 
parts of the resource, other plants, as well as 
itself, forming a formidable problem when it 
comes to removal. Again, rather than jerking at 
the vines it is required to repeatedly cut the 
vines with rose clippers and to gently pull the 
plant off the resources. 

 
Figure 36. Windblown sediment collects in the crevices 
of this 127mm gun and provides fertile ground for the 
colonisation of Polypodium scolopendria. (Wotje, 

Wotje Atoll). 

 
Figure 37. Ferns growing around the rear pontoon of a 

Japanese Amphibious tank. Note that some plants 
have penetrated small corrosion holes and are sprouting 

now from the inside. (Mile, Mile Atoll). 

SUMMARY 
Tropical vegetation can have a widespread de-
leterious effect on cultural resources. Table 1 
summarises the plant impacts discussed in this 
paper. Given the zonation of plants into eco-
logical zones on a given island (see Figure 38), 

that impact will differentially affect cultural re-
sources depending on the location.  
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Table 1. Overview on the damage caused by local vegetation 

Plant species Plant part Type of Type of Type of resources affected 
(Marshallese 
name) 

involved impact damage Directly Indirectly 

Pandanus tectorius 
(Bob) 

Aerial 
roots 

Perforation 
 

Holes, widening of 
crevices, joints and 
rivet/bolt holes 

Aircraft, Vehicles, 
Buildings, Em-
placements 

 

 Seeds  Widening of crev-
ices, joints and 
rivet/bolt holes 

  

Cocos nucifera 
(Ni) 

Coconuts Impact Concussion of thin 
horizontal surfaces 
and  

Aircraft, Vehicles, 
Exposed parts of 
guns, 

 

 Fronds Impact Shattering of fragile 
objects 

Small objects, 
Bottles 

 

Artocarpus altilis 
A. mariannensis 
(Mã) 

Fruit, un-
ripe 

Impact Concussion of thin 
horizontal surfaces 
and shattering of 
fragile objects  

Aircraft, Vehicles, 
Exposed parts of 
guns, Small ob-
jects, Bottles 

 

 Fruit, ripe Coverage Coverage of sur-
faces 

 Oxidisation 
and substrate 
build-up 

Scaevola sericea 
(Kõnnãt) 

Roots, 
branches 

 Widening of crev-
ices, joints and rivet 
or bolt holes 

Any  

 Leaves Micro-climate Increased corrosion Metal objects  
Tournefortia argen-
tea 
(Kiden) 

Roots, 
branches 

 Widening of crev-
ices, joints and 
rivet/bolt holes 

Any  

 Leaves Micro-climate Increased corrosion Metal objects  
Carica papaya Seeds, 

stems 
Widening of 
crevices, joints 
& rivet/ bolt 
holes 

Any   

(Kenapu) Fruit, ripe Coverage Coverage of sur-
faces 

 Oxidisation 
and substrate 
build-up 

Wedelia biflora Leaves Micro-climate Increased corrosion Metal objects  
(Mãrkubwebwe) Stems Widening of 

crevices, joints 
and rivet/bolt 
holes 

Any   

Vigna marina 
(Merkinejojo) 

Vines Widening of 
crevices, joints 
and rivet/bolt 
holes 

Any   

 Leaves Micro-climate Increased corrosion Metal objects  
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Ocean Lagoon

Humic
soil

Cobbly
soil

Fine
Sand

Cocos Pandanus

VignaArtocarpus

Wedelia Scaevola

Carica

Messerschmidia

 
Figure 38. Schematic distribution of various plant species on a given sand cay on an atoll 
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