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THE IMPACT OF RECENT TROPICAL STORMS
AND HURRICANES ON DOMINICA'S BEACHES

Arlington James, Forestry k Wildlife Division, Dominica.

The impacts of nine tropical weather systems on Dominica between l979 and l995 are
documented, All of these storms impacted the island's beaches, although the most severe were
Hurricane Davidin 1979, Hurricane Xlausin l984, Hurricanes Gabrielle and Hugo in 1989,
and Hurricane Luf s in l995. Most beaches experienced severe erosio>r. Some sandy beaches
~ere replaced by boulders e,g. at Scotts Head, Rock-a-8'ay Beach, Belle Hall Beach and
'roucarie Beach. At only one site, Batali, the beach had widened as a result of the hurricanes.
The loss of coastal vegetation in many places has left the shoreline unprotected and more
vulnerable to subsequent storm events. Despite the erosion caused by the hurricanes, illegal
sand mining continues, Et is recommended that the effectivenes of the Beach Control Ordinance
be re-examined and that setback limi ts for developments close to the beach be enforced.

Dominica is the largest of the islands in the Organization of Eastern Caribbean States
 OECS!, and has an area of 750 km' �89.8 sq. miles!. The island is rugged and mountainous,
generally with very steep terrain and a narrow coastal plain, The island also has a large number
of rivers and streams. Most of Dominica's 75,000 inhabitants live near the coast. Merely 29 iniles
long and 16 miles at its widest, Dominica is located at 61'25' W Longitude and 15'25 N Latitude,
and is oriented generally in a north-south direction. The island has a very jagged coastline which
is 146 kilometres  91 miles! long.

Dominica is best known in the Caribbean as the Nature Island, for its tropical rain forests,
its many waterfalls, scenic beauty and varied wildlife, The island does not promote itself as a
beach destination in tourism circles. However, the island does have a number of sandy beaches
which help to make up its tourism product.

The beaches of Dominica are made up mostly of volcanic sand, with a few stretches of
coral sand on the north-east coast. Thus the colour of the island's sandy beaches varies from
black to grey to light cream. There are approximately fifty usually sandy beaches on Dominica,
with lengths varying from about 50 inetres to 1.5 kilometres. The beaches on the island are
generally narrow.

The uses of Dominica's sandy beaches are similar to those of other Caribbean islands. For
example, they are used for recreation, sports  e.g. volleyball!, tourism and hotel development,

pulling up of fishermen's boats and fishing nets, as turtle nesting grounds and habitat for shore
birds, and unfortunately a readily available source of sand for plastering.

Dominica's coastline has been subjected to severe impacts by hurricanes and other severe
tropical weather systems, and within recent times some of the uses of a few of the island's beaches
have been lost due to changes in the profile and material of these particular beaches. A very small
number of sandy beaches have actually accreted as a result of recent tropical systems which
simultaneously may have had devastating eQects on other beaches. This paper will examine the
impacts ofhurricanes and tropical storms on the beaches of Dominica over the last one and a half
decades. Beach profile measurements for Dominica are only available from 1987.

TROPICAL WEATHER SYSTEMS AFFECTING DOMINICA BETWEEN 1979 AND
1995

With co-ordinates of 61 25' W Longitude and 15'25 N Latitude, Dominica is situated in
the "hurricane belt" of the West Indies, and over the last two centuries the island has been hit on
several occasions by hurricanes and tropical storms.

It has been reported that hurricanes of varying intensity occur on Dominica on average
every 15 years. The first record of a hurricane hitting the island was in 1780, but the two most
destructive storms, named "David" and "Luis", hit the island in 1979 and 1995 respectively, i.e.
approximately two hundred and sixteen years later. Very destructive hurricanes had also hit the
island in 1806, when 131 people died  mostly in the capital!, and with the passage of the "Great
Hurricane" in 1834 which claimed 200 hundred lives  Honychurch, 1984; Caribbean Conservation
Association 1991!

For the seventeen hurricane seasons occurring from 1979 to 1995, Dominica was
impacted by no less than nine  9! tropical weather systems, eight of which were of hurricane
strength. However, the three hurricanes which had the most impact on the island were Hurricane
David at the end of August 1979, Hurricane Hugo in Septeinber 1989 and Hurricane Luis in early
September 1995.

Following the passage of a major hurricane much attention is usually focussed on the
impacts of the storm on the housing, agriculture, social, communications, utilities and tourism
sectors. However, there is usually equally heavy impacts on the environment, particularly on the
forests, terrestrial and marine wildlife, beaches, reefs and sea grass beds. Such impacts usually
do not make the news in the region.

A summary of the impacts of the nine tropical weather systems on Dominica from 1979-
1995 is presented in Table 1. It will be noted that the impacts of each storm varied, and this is
based on a number of factors, including the strength of the particular storm, the proximity of its
passage to Dominica, and the orientation of its strongest quadrant relative to the island at the time



%arne of Storm Main Sectors Im actedYear

 a! H. David

1979

Housing  minimal!; agriculture  localized!;
Environment: beaches minimal!

 b! H. Frederick

 a! H. Allen A iculture; beaches minimal!1980
Erosion of Beaches

Beaches; reefs; hos italit; shi in a! H Klaus

 a! H. Gabrielle

1984

1989

Agriculture; forests; beaches; reefs; shipping;
hos italit; housin  minimal

 b! H. Hugo

 a! TS Iris Beaches, forests, a iculture

 b! H. Luis
1995

! H, Marilyn Agriculture; housing; environment  beaches;
forests!
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of passage.

Table 1 Summary of Impacts of Hurricanes and Tropical Storms on Dominica, 1979- 1995

Housing; agriculture; hospitality; communications,
Social, Utility, Shipping, Environment  forest,
beaches, reefs, wildlife!. 39 lives claimed

Windward coast beaches; reefs; roads in south-
east, south and north-east

Housing; agriculture; hospitality; utility; social;
shipping; communications; environment  beaches;
reefs; forests; wildlife. One life lost

Two of these storms  Hurricane Klaus in 1984 and Hurricane Gabrielle in 1989! did not
make land fsH on Dominica, snd in fact, the island did not even experience strong winds from
these hurricanes. However, the heavy surges created by these large systems inflicted much
damage to the island's beaches and coastal roads in a few areas on the island. With the passage
of Hurricanes Gabrielle snd Hugo within s few days of each other in 1989, the first named storm
caused much damage on the beaches on the Atlantic or windward coast, whereas Hurricane Hugo
damaged most of the west coast beaches, snd had little or negligible efFect on the beaches on the
windward coast.

It will be noted from Table 1 that each of the nine storms which impacted Dominica
during the past sixteen years also afFected the island's beaches. However, the storms which had
the most impact were Hurricane David �979!, Hurricane Klaus �984!, Hurricane Gabrielle
�989!, Hurricane Hugo �989! and Hurricane Luis �995!. Unfortunately, no data on beach

changes or recorded observations of the impacts of the storms on the island's beaches occur for
the period before August 1987 when the Dominica Beach Monitoring programme was started as
part of a regional efFort to collect data on beach changes in the smaller islands of the region.

IMPACT OF THK STORMS ON DOMINICA'S BEACHES

The impacts of'hurricanes on some of Dominica's beaches have been as dramatic as the
impacts on some of the other aspects of the island's landscape, Narrowing of beaches, destruction
of the coastal vegetation in the tree line, and the conversion of sandy beaches  which are ideal
for picnics! into temporary or sometimes permanent narrow stretches of bouldery shoreline are
sll too common sights after a hurricane has left the island's shores.

Although beach profrle data does not exist for every beach on Dominica, it msy be safe
to say that most, if not all, of the island's beaches have been sAected by every tropical storm or
hurricane to impact Dominica. The intensity of the damage on a particular beach will of course
vary from storm to storm. Most beaches have experienced severe erosion, while in a few isolated
cases, some beaches have actually accreted from the passage of the storm.

The Scotts Head isthmus at the island's southern tip, which, prior to Hurricane David
supported a popular sandy beach snd a stand of Sea Grape and Manchineel  one of the most
effective plants against beach erosion!, was left as a relatively narrow rocky stretch as a result of
the passage of that storm in 1979. Only s short, narrow sandy area known as Tou Sable at Scotts
Head now remains and it is still used by villagers, other Dominicans and visitors.

The dramatic changes on another popular beach on the island can also be attributed to the
eRects of Hurricane David. The Rock-s-Way Beach, which on s Sunday or Public Holiday,
would be supporting several picnics, football and cricket games, friz-bee games, and other forms
ofbeach recreation, was turned into a stony beach with the passage of Hurricane David and has
not recovered since. That beach is located on Dominica's west coast within three miles from the
capital.

More recently, dramatic changes also occurred on Belle Hall Beach on the north-west
coast. This was also one of Dominica's most popular sandy beaches, and it was covered in
boulders with the passage of Hurricane Gabrielle in 1989. That beach showed remarkable
recovery following that storm and regained its popularity again until Hurricane Hugo when it
narrowed considerably. With the combined efFects of the passage of Tropical Storm Iris and
Hurricanes Luis and Marilyn in 1995, the beach was again changed to a narrow rocky stretch and
had not recovered one whole year after these storms.

Further along the island's north-west coast, the Toucsrie Beach also experienced severe
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erosion as a result of Hurricane Hugo in 1989. It had since recovered but was severely impacted
again by Tropical Storm Iris and Hurricane Luis in August and September 1995 respectively.
One year after the storms, only the southern half of that beach had returned to sand, but the
northern half was still covered in boulders and large pieces of corals. The Bout Sable Beach on
the island's east coast was also severely impacted with the passage of Hurricane David in 1979
and has never fully recovered.

Coconut Beach and Purple Turtle Beach, on the island's north-west coast also experienced
severe erosion, particularly with the passage of Hurricane Hugo in 1989 and Hurricane Luis in
1995. At Coconut Beach, for example, where the beach was washed away  at least temporarily!,
sections of the access road were also destroyed, leaving a Sft drop from the edge of the road to
the sand. There has been some recovery since the storms.

While it is known that most beaches erode as a result of storm swells, a different set of
changes may occur on other beaches. Because of their orientation, during a storm some beaches
may erode at one end, while they may accrete at the other. However, in a few cases some beaches
inay accrete along most of their width from the passage of the high intensity storm events. One
beach which has widened as a result of a hurricane within recent times is the Batali Beach on the
island's west coast. That beach widened by about 5 metres with the passage of Hurricane Hugo
in 1989, There was also lengthening of the sand bar on the southern side of the mouth of the
Layou River. Fishermen use that area for hauling their canoes.

With the passage of every major hurricane, the effect on coastal vegetation has been
significant. A variety of coastal shrubs e.g. Hoopwood  Dalbergia sp.! and herbaceous plants
including Seaside potato  Ipomea pes-caprae! are often destroyed. Coconut trees, Indian
Almond  Terminalia cartapa!, Seaside Grape  Coccoloba uvifera!, Seaside Mahoe  Thespesia
populnea! and Manchineel  Hrpponiane mancinela! trees are often undermined, uprooted and
even dragged offshore by the waves in some cases. The effect of these shrubs, herbaceous plants
and trees in reducing the rate of coastal erosion  both from wind and swells! cannot be over-
einphasized. Thus the net result of their loss will be a gradually retreating and unprotected
shoreline which is left more vulnerable to subsequent storm events.

Dominica's environment, including its beaches, are periodically affected by hurricanes and
tropical storms which affect the island from time to time. Some of the beaches recover to an
appreciable level during the first year aAer the storm, but in a number of cases, these beaches
remain covered in boulders.

And while the evidence of the erosion caused by recent hurricanes can still be seen on
many of the island's beaches, the removal of sand still continues on beaches which are adjacent
to roads. This occurs, despite notices put out by the Ministry of Communications and Works
warning against the removal of beach materials. One also sees buildings which were built close
to the shoreline and which were partly destroyed by storm swells being rebuilt ori the same spots.
One sees new buildings under construction near beaches without adequate setback limits.

There is optimism in some quarters that nature and time will repair the damage caused to
the beaches during the hurricanes, but such optimism may be unfounded, particularly iti light of
recent predictions of hurricane activity in the Atlantic Ocean and what has been happening to our
beaches. Thus, while Man may not be able to prevent the occurrence of hurricanes, actions can
be taken to reduce the overall impacts of these storms on coastal infrastructure.

In light of the impacts of recent hurricanes on Dominica's beaches, it may be an opportune
time for Dominica to re-examine the effectiveness of its Beach Control Ordinance and to
adequately enforce setback limits for developments close to beaches.

Cambers, G. and James, A. 1994. Sandy coast monitoring; the Dominica exainple �987-1992!.
UNESCO Reports in ~e Sciences No. 63. United Nations Educational Scientific and Cultural
Organization, Paris.

Cambers, G. 1994. Assessment of wave impacts on the stability of the Scotts Head isthmus.
ENCORE Project, Forestry Division, Dominica.

Caribbean Conservation Association. 1991. Dominica Environment Profile. Government of
Dominica.

Government of the Conirnonwealth of DonMnica 1994. National Environmental Plan, Dominica.
Government Printery, Dominica.

James, A. 1994. An inventory of the sandy beaches of Dominica. Forestry and Wildlife
Division, Dominica.

James, A. 1995. The impacts of Tropical Storm Iris, Hurricane Luis and Hurricane Marilyn on
Dominica's beaches. 27 August - 14 September 1995. Forestry and Wildlife Division, Dominica.

James, A. 1996. Where have all our beaches gone? The New Forester, Vol. viii, published by
the Forestry and Wildlife Division, Dominica.
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Audra Barrett, Fisheries Division, Nevis
Leonard Huggins, Physical Planning Unit, Nevis.

The effect's of Hurricane Hugo in 1989 and Hurricane Luis in l995 on the beaches of
Nevis are discussed. 8%de the pattern of erosion was similar in both hurri canes, with the west
coast' beaches being the most severely impacted, the magnitude of the erosion was greater in
1995. The combined impact of the two hurricanes has caused retreat of the coastline behind the
beaches and thi s is regarded as a permanent change. The damage to coastal infrastructure was
also more severe in 2995, almost every structure on the west coast within JOO feel of the high
water mark was destroyed. lt is recommended that exi sti ng setbacks should be revised to take
account of local variations so as to maximtze the use of land whi le at the same time providtng
coastal buffers to protect bui ldtngs durtng storms and hurrtcanes.

Nevis is an island of 36 square miles with a population of 8,794 persons, that is located
at Latitude 1T10' North and Longitude 62'3S' West, approximately 3 km � miles! southeast of
St. mitts. It is volcanic in origin with a central peak, Nevis Peak, and two smaller peaks in the
northwest and southeast. The hills slope gentley towards the coast which is dominated by sandy
beaches on the west and by cliffs and rocky shores on the east. The western sandy beaches
consist of a mixture of coral sand, foraminifera and volcanic sand, whereas the northeastern
beaches are predominantly of coral sand.

Beach erosion has been a major concern in Nevis for many years, Hurricanes are severe
natural disasters which have had considerable impact on beaches in Nevis particularly within the
last 8 years. This paper will cover the impacts of hurricanes in Nevis within the last 8 years.
Figure 1 highlights the passage of the major storms and hurricanes of 1989 and 1995, and the
geographical location of Nevis in the Eastern Caribbean Island chain, In 1988, a beach monitoring
programme was established with assistance from UNESCO and the Sea Grant College Program
of the University of Puerto Rico. Seventeen sites were initially set up, and the data recorded from
these sites over the past 8 years forms the basis of this paper.

The beach monitoring programme in Nevis is conducted by the Fisheries Division, the
Physical Planning Unit and members of the Nevis Historical and Conservation Society.

Figure 1 Tracks of Major Storms and Hurricanes of 1989 and 1995 through the Eastern
Caribbean



There are seventeen sites around the island where quarterly surveys are done. Figure 2 shows
the beach monitoring sites around Nevis. At each site the beach profile is surveyed from a fixed
reference point. The profile area and profile width are calculated.

Figure 3 shows the dominant current patterns and coastal features of Nevis. It is very
noticeable that the northern beaches are protected by a band of fringing reef and a large area of
sea grass beds, very much unlike the western beaches.

HURRICANES

The hurricane season extends from June 1st to November 30th each year. Several climatic
factors influence the formation and activeness of hurricanes and tropical storms along their
journey westwards across the Atlantic Ocean. September has been identified as the most active
month of the hurricane season for the Eastern Caribbean. Hurricanes and tropical storins can
have devastating impacts on lives, the environment and infrastructure. They are categorized
according to intensity on the Sabir-Simpson scale as follows:

Tropical Storms winds 35 - 74 mph

EFFECTS OF HVRMCANK HUGO ON THE BEACHES IN NEVIS

The center of Hurricane Hugo passed 20 km �3 miles! southwest of Nevis on September
19, 1989. In analyzing the impact of Hurricane Hugo on beaches in Nevis, the beach profile data
of July 1989 was compared to that of October 1989  one month after the hurricane!. It is quite
noticeable from Table 1 that the most severe erosion occurred on the western coast. Pinney's
Beach  the prime tourism beach! retreated an average of approximately 17 metres with an average
percentage change of 50'ro in the area under the profile. At least one row of palms at the dune's
edge was completely destroyed by wave action. On the northern and eastern beaches however,
the erosion was less severe, and in fact a few of the beaches accreted. Nisbett Beach and
Newcastle Beach  both protected by fringing reefs! are two noteworthy exainples.

On average however, the area under the profile was reduced by 17'10 and the beach width
by 5.2 metres. The results are summarized in Table 2. This reflects a considerable amount of
erosion of the beaches in Nevis.
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Hurricanes:

Category 1
Category 2
Category 3
Category 4
Category 5

winds 74- 95 mph
winds 96 � 110 mph
winds 111 � 130 inph
winds 131 - 155 mph
winds greater than 155 mph.

Figure 2 Location of Beach Profile Sites in Nevis



Figure 3 Dominant Current Patterns and Coastal Features of Nevis Table 1 Beach Changes in Nevis Following Hurricane Hugo in 1989  Cambers, 1996!

ND means no data

It is very diScult to calculate beach recovery on any one beach because of the number of
factors that will need to be considered. These may include the efFect of winter swells and other
seasonal changes, the impact caused by sand mining and activities on other beaches, as well as
the interrelatedness of beaches. However, for the purpose of this report, beach recovery was
analyzed throu+~ the most simplistic approach The pre-hurricane data for July 1989 is compared
to the data one year later  July 1990!, This is just a short term assessment, for there will
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Tropical Storm Iris  August 26-27, 1995!
Hurricane Luis  September 4 - 7, 1995!
Hurricane Marilyn  Septeinber,l 5 - 16, 1995!.

Average change in profile area  '/0!

Average change in profile width  m!

-17'/0

-5.2 m

Average change in dune/land edge position
 m!

-3.9 m

No. of beaches showing erosion

No. of beaches showing accretion

12

The three beaches showing the most severe
erosion in order:

1. Pinney's Hotel
2. Cotton Ground

3. Gallows Bay North
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obviously be some longer term impacts of the hurricane. Table 3 shows that one year later there
had been some considerable recovery of the beaches. The percentage recovery of the profile area
was approximately 71/0 while that for the profile width was 81'/0. However, it must be noted
that the original area and width was never attained. Compared to the July 1989 profile width, the
average width of the profile had come within 6.4 metres of the July 1989 width. This is still a
significant amount of sand loss. Many of the beaches continued eroding even one year
immediately after the hurricane.

Table 2 Summary of Beach Changes in Nevis following Hurricane Hugo in 1989  Cambers,
1996!

Table 3 Beach Recovery in Nevis after Hurricane Hugo  Cambers, 1996!

EFFECTS OF THE 1995 HURRICANES ON BEACHES AND NKARSHORK MARINE
KCOSYSTEMS

The 1995 hurricane season was the most active and devastating one for Nevis for the
century. Three main storms affected the Eastern Caribbean and in particular, Nevis, over the

period August 26, 1995 to September 17, 1995. They were:

Figure 1 shows the tracks of these hurricanes. Tropical Storm Iris passed to the west of Nevis
and caused little damage to property, but may have accelerated the process of erosion. Hurricane
Luis which came only two weeks later and whose center passed 90 km �6 miles! to the east of
Nevis caused severe coasta1 damage. Hurricane Marilyn which came one week after Luis, caused
widespread flooding. There was very little !eft by Hurricane Luis on the coast for Marilyn to
destroy, and so coastal damage by Marilyn was minimal.

Table 4 shows the immediate effect of Hurricane Luis on the beaches in Nevis. The data
are based on a comparison of the beach profile measurements for June 2, 1995 and September
11, 1995.

Like Hurricane Hugo in 1989, Hurricane Luis  a category 4 hurricane as was Hugo!
caused tremendous damage to the west coast beaches of Nevis and lesser damage to the north
and east coast beaches. Wilson, 1995, reported that this pattern shows a remarkable concordance
with the distributions of sand blanket facies  west coast! and backreef facies  north and south
coasts! respectively. Erosion was most severe on the west coast, this may have been due to the
predominantly westerly winds causing greater wave energy, while the fringing reefs had a
sheltering effect on the east coast. Erosion was most severe at Pinney's Beach and Gallows Bay.
Table 5 summarizes the overall average impact of Hurricane Luis on the beaches in Nevis.

The average change in profile area was almost twice that experienced after Hurricane
Hugo, thereby suggesting a higher percentage loss of sand. Reference to Tables 2 and 5 shows
that more beaches were eroded in 1995 than in 1989. Erosion was so severe in some areas of the
beach that "beachrock", a solid, mostly calcareous sand grade rock that develops at depth below
sandy beaches below the sediment water/interface, was exposed. This is an indicator of extensive
erosion. In the marine debris examined, it was discovered that on the western coast beaches, there
was a high percentage of roots of sea grasses as opposed to the eastern coast. On the western
coast, the majority of sea grass was of the type 5. filiforme which suggests that much dainage was
caused to marine ecosystems some distance out to sea, as S. ji liforme does not grow for at least
several hundred metres from shore.



Change in
Profile

Width  m!

Change in
Profile

Area  '/o!

Site

-12.8-56.3Gallows Bay South

-5.4-594Gallows Bay North

Pinney's Hotel

Pinney's 3A

-17.5-76. 4

-64.6 -4.2

-9.2-46. 1Pinney's Golden Rock

Pinney's Jessups

Pinney's Cotton Ground

-23. 9 -5.5

-10.8-48.1

+5,9 +12.4

-63.4 -8,2

-14.0 +0.9

-11,2-56.8

Newcastle West

Newcastle Jetty +125 5 +10.8

-8.3Nisbett West

Nisbett East -66.5

+3. 7+14. 1Longhaul Bay
-16.2-22.4White Bay

Indian Castle

Mean

-2.7-14,1

-29.9 -5.7

ND means no data
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Table 4 Beach Changes in Nevis after Hurricane Luis

Mariners Cades Bay

Gillies

Mosquito Bay

Hurricane Hill

Table 5 Overall Effects of Hurricane Luis on Beaches in Nevis in 1995  Cambers, 1996!

As for Hurricane Hugo, the beach recovery aAer the 1995 storins and hurricanes was
calculated by comparing the most recent data before the storm to that about one year after the
storm. In this case, the June 1995 data is compared to March 1996, as the data for August 1996
was not available, see Table 6. Cambers, 1996, reported that seven months after the hurricanes
of 1995, the beaches had recovered on average to approximately 90% of their pre-hurricane
levels. Recovery of the area under the profile was about 86% and that of profile width was
almost perfect. The net change in profile width was reduction by 1.5 metres. It must be noted
however, that factors such as the dredging of approximately 12,000 cubic metres of sand by the
Four Seasons Resort to replenish the section of Pinney's Beach immediately adjoining their
property may have contributed to this significant recovery.

Table 6 Beach Recovery in Nevis after 1995 Storms and Hurricanes  Carbber, 1996!

EFFECTS OF THE 1995 HURRICANES ON COASTAL INFRASTRUCTURE

The overall infrastructural damage caused by Hurricane Luis was less severe than
Hurricane Hugo of 1989. However, the damage caused to coastal structures was more severe,
as these structures were more exposed to wave damage because of narrower beaches. The area
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of Pinney's Beach � km long! was hardest hit. Almost every structure within 100 feet of the high
water mark was damaged or destroyed. The scouring effect of the waves was so severe in some
areas that along Pinney's Beach, the ruins of a historic fort  once buried! were exposed. Some
beaches where structures were completely destroyed included Pinney's Golden Rock, Pinney's
Jessups and Pinney's Cotton Ground. The areas north from Fort Ashby around to Nisbett
Plantation did not experience severe structural damage from the sea. The primary reason for the
damage caused to the beach front facilities on Pinney's Beach is attributed to the close proximity
of these structures to the high water mark. In all cases, this is in contravention of the regulations
of the Nevis Zoning Ordinance, 1991 which states that:

1. No development shall be nearer than 120 feet from the high water mark.
2, No building shall be nearer than 300 feet from the high water mark,

Humcanes are serious natural phenomena which often cause serious disruption of lives.
In Nevis, this has implications for the social, economic and environmental well being of the island.
It is important therefore for careful planning and development to be done to avert the widespread
devastation that can occur. As exemplified in the experiences of Hurricane Hugo in 1989 and
Hurricanes Luis and Marilyn of 1995, damage to property and the environment can be
unrepairable. In analyzing the effects of the aforeinentioned hurricanes on Nevis, it is important
to point out that none of the beaches have recovered to pre-hurricane levels. Figure 4 shows the
retreat of the beach at Pinney's Golden Rock after the two hurricane seasons, 1989 and l 995.
This coastline retreat is likely to be a permanent change.

Beach profile changes at Pinney's Beach Cotton Ground since 1989 emphasize this
statement in showing how the area under the profile has significantly decreased, thereby indicating
loss of sand from the system, Figure 5. The patterns of impact for Hurricane Hugo and Hurricane
Luis were remarkably similar. The west coast beaches were severely eroded, whilst the north and
east coast beaches suffered less erosion and in some cases accretion. It is difficult to attribute this
to any one factor, however, it is thought that the presence of an extensive living fringing reef in
th rth coupled with well established patches of sea grass beds may be a contributing factor.t eno coup
In fact, Hurricane Hugo passed west of Nevis whilst Hurricane Luis passed east of the is an,
with both having different areas of concentration of force.

It is can be deduced from the data and the beach recovery calculations that the major
beach recovery takes place in the months immediately after the hurricane. Overall profile areas
remain at a lower level after the hurricane,

Figure 5 Beach Profile Changes at Pinney's Cotton Ground, 1989 - 1996
 Cambers, 1996!
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In totality, the serious effects of hurricanes on property can be mitigated for. Planners and
other agencies will have to revise the existing beach setbacks and make them beach specific so
as to maximize the use of land, and at the same time provide realistic setbacks for buildings
against wave damage. However, it will be very dificult and costly to mitigate against damage
to beaches. The experiences of the hurricanes described herein suggest that there will be
permanent loss of land during a hurricane. Therefore, one will have to provide coastal burrs
to alleviate land conflict issues that may arise.

Cambers, G. 1996. Hurricane impacts on beach changes in the Eastern Caribbean Islands  Draft!.
COSALC report, UNESCO and the University of Puerto Rico Sea Grant College Program.

Caribbean Conservation Association. 1991. St. Kitts and Nevis country environmental profile.

Nevis Island Administration. 1995. An environmental assessment of Nevis: post Hurricane Luis
 highlight on western coast!.

Wilson, B. 1995, An assessment of the impact of Hurricane Luis on the coastal environment of
Nevis.

Hugh Thomas, Grenada National Museum, Grenada.

The origin and type of sediment, whether terrtgenous or pelagic, organic or inorganic,
provide important indi cators regarding sediment transportation routes and the resultant beach
erosion and accretion. The geological characteristics of a coasthne can provide an
understanding of the history and processes that have taken place. This information, together
with knowledge of more recent pr ocesses taking place today, are necessary for effective beach
management programmes.

From a geological standpoint beach accretion or erosion is normal. Knowing where and
why it is happening is more important. For an efFective beach management programme to be
established, knowledge of the source, transportation as well as depositional areas of the sediment
must be available.

The sediments on the beaches originate from either terrigenous  land! or pelagic  sea!
environments. Each of these sources is then divided into either organic or inorganic, this is
determined by a percentage greater than 30'10 of its composition being organic or inorganic.

The terrigenous inorganic sediments are generally coarser - silicates, quartz and feldspar
minerals. The pelagic organic sources are coral, calcareous, and siliceous. Inorganic sources
come from volcanic and glacial materials, In the majority of cases the land is the major source
of the sediments on the beaches.

Agricultural development, cultivation of lands, has two basic effects:

�! Soil erosion, the soil particles end up in the streams and rivers and are consequently
transported to the sea. Fresh and salt water have different densities and therefore
diFerent abilities to carry sediment. The ever increasing sediment may accumulate, hence,
redirecting tidal flows.

�! Due to the increase in the use and abundance of diFerent fertilizers, increased nitrates
and sulphates reach the coastline. The organic life cycle is greatly damaged, leaving the
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The effects of the demise of the coral and shell life can be seen in two ways, Firstly, if the
reef was the major source of sediments on the beaches, then as the years go by, there will be a
decrease in the amount of sediments reaching the beaches. In reality these reefs take hundreds of
years to grow to the level where a significant supply of sediment can be obtained, but destruction
can take only a few years. Secondly, in some cases where the reef acts like a barrier to the force
of the incoming waves, the full force of these waves will reach the beach if the reef is no longer
intact.

Observations about the origin of sediments can be made from factors such as colour,
texture and chemical composition. It is very important to explain at this point that 'sand' as we
know it is not a type, but a size of particle. Rocks are eroded and weathered removing the softer
elements from their structures leaving only the hardest minerals in the arrangement. Granulites
and schists break down into grains of quartz, feldspar and mica. Although to the naked eye, sand
on the beaches may all look ahke, its origin could be quite different, From the knowledge of the
types of sediments, the source or sources of these particles can be located as well as the
transportation method and route. Thus it is important to look at the origin as well as the final
resting place of the particles.

Different types of landforms present interesting contrasts. A simple example is the case
where the coastline has alternating layers of rocks. This means that for years the softer layers
have been exposed, so that the processes involved in the breaking down of the sediments happen
at a faster rate. After 50 or 100 years this soA layer is finally worn away leaving the harder layer.
The rate of erosion of this harder layer is much slower than that of the softer layer. Therefore,
the supply of sediments is severely reduced. To the casual observer, not much has changed in the
coastline in the last few years, and the sudden decrease of the width of the beach may be
inexplicable.

It is important to know the strength and direction of the major and minor tidal currents.
The strength of these currents determines the size and quantity of sediments which can be
transported. Once these currents are slowed, as for instance through meeting another current
flow or meeting some sort ofbarrier, man made or otherwise, some of the energy in the currents
will be lost which means that the currents cannot carry as much sediment as before, As a result,
deposition takes place.

Why would tidal patterns change? This can be caused by the destruction of natural
barriers or construction of artificial ones e.g. jetties. The destruction of natural barriers, such as
reefs, cannot always be seen. The incoming waves and tidal currents now have more energy.
Instead of these waves and currents depositing silt, they are now eroding. The sediment may be

moved offshore or alongshore to another part of the coastline. Artificial barriers cause wave
diffraction, wave energy may be distributed over a narrower area and the waves become more
powerful, thus causing greater erosion.

HURRICANES AND TROPICAL STORMS

The action of very powerful forces such as tropical and extra-tropical storms and
humcanes have lasting effects on the beaches. The beaches may never recover during a person' s
life span. The damage that could be done from a few hours of a storm or hurricane could destroy
decades of accretion,

The angle and width of the berm play some part in how it will be eroded. To a lesser
extent the composition of sediments and their grain size on the beach also helps determine the
erosion. As a result of the strong winds and pressure gradients of severe storms, surges occur
such that water levels rise several feet. The volume of water reaching the shore increases. Strong
waves therefore reach the loosely packed sand at the back of the beach. This sand, which may
have taken as long as 100 years to build up, is now lost forever. Different storms and their winds
may come &am a variety of directions. Thus the effects of one storm on a particular beach may
be very different to the next storm.

In the first place, the origins of the beaches must be examined. Coastal forms may result
from one or several processes, these include land erosion, river deposition, wind deposition,
vo1canic forces, wave erosion and marine deposition. Different coastal forms have a different
rates of erosion given the same conditions.

A wind deposited beach, for example, will have sediments of very similar size usually fine
enough to be transported through the air. The cementation of such a coastline would be different
from that of a volcanic coastline. An increase in the number of storms will leave permanent
damage to the coastline. The rate of erosion also depends on the degree of exposure to the higher
energy wave action. Broader beaches have a smaller tidal range because of the wider distribution
of energy.

As long as there is no change in the elevation of the landmass relative to the ocean
surface, cliffs wi11 continue to retreat, until the beaches widen sufficiently to prevent waves from
reaching the base of the cliff. The eroded material will be carried from the high energy areas and
deposited in low energy areas.

One of the currents along the coast is called the longshore driA. The longshore current
moves the sediment that is stirred up by wave action along a beach or coastline. This increases
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with increasing beach slope. To a lesser degree, the raising of land levels and/or sea levels has
an efFect on the slope of the coast, hence changing the erosional and depositional environment.
This process is somewhat slower than the others mentioned before,

While all these processes are taking place, some quicker than others, sand mining is the
most damaging process of all for a beach. Whereas in ail the previous cases examined the
sediments eroded from one area are deposited in another, in the case of sand mining there is no
balancing of the equation, The sand is constantly removed to the permanent detriment of the
coast. If sand mining takes place at such a fast rate as to remove this first barrier for the waves,
the beach, then in times of storms, massive erosion occurs of the land behind the beach.

It is important to realize that erosion and accretion are natural phenomena. Thus erosion
in some areas is inevitable.

LAND BASED POLLUTION, REEF HEALTH AND NEARSHORE
SEDIMENT PRODUCTION ON OCEANIC ISLANDS:

A BARBADOS CASE STUDY

Robert I. Bateson and Malcolm D. Hendry,
Marine Resource and Environmental Management Program,

University of the West Indies, Barbados.

Between the 1970's and the l990's, deterioration in the ambient nearshore water quality
resulted in changes in the benthic ecolo~ of west coast Pinging reefs of Barbados, Reduction
in the abundance of reef forming organisms, namely corals and coralline algae, as well as mass
mortali ty of the grazing urchin  Daidema anti llarum!, and increases in macroalgal cover has
resulted in dramatic changes to the sediment budget. Calculations suggest that on the north
Bellairs fringing reef, calcification has declined to l 7% of its l970's level, whilst bi oerosi on has
remained at a constant level, This has resulted in bioerosion now exceeding calcification, a
reversal of the l9 70's situation. Data from other west coast fringing reefs suggests that this is
indicative of the condition along that coast. 3 sustainedimbalance between reef bi oerosion and
construction will lead to a decline in sediment generation, the potential loss of reef structure and
increased hydrodynamic activity at the shoreline. Medium to long-term changesi n associated
beach cells are expected, with accelerated modification if impacted by severe storm events.

 This paper will shortly be published in a peer reviewed journal!


