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A B S T R A C T  

The West Indian Top Shell pica) ('Top Shell" or "C. pica") is a large marine 
gastropod, which lives in the intertidal habitat zone through much of the Caribbean Basin 
The Islands of Bermuda are located some 800 miles north of the Caribbean and represent 
the northern limit of this species. The Top Shell was exterminated on Bermuda mainly 
by human over-collection prior to the mid-1800s but possibly also by unknown 
environmental factors. 

The Top Shell has been the subject of a re-introduction project since 1982, using stock 
imported from East Cay, Turks and Caicos Islands. The first comprehensive population 
survey of C. pica on Bermuda was carried out in 1989 and located a total of 28 1 Top 
Shells. A further survey carried out in 1993 confirmed a continued steady increase in the 
total numbers of C. pica on Bermuda. 

In the spring and summer of 2000, a more comprehensive survey of t h e w  
population was undertaken covering areas around the entire coastline of Bermuda. The 
purpose of the survey was to measure the extent of its dispersion along the coastline: to 
determine habitat requirements, and to obtain insight into population demographics. 
More than 4 miles of coastline were surveyed at 46 sampling sites around the Bermuda 
coastline. The presence of C. pica was confirmed on 34 of these sites, with a total of 
3673 Top Shells being counted. Of these, 1861 were accurately weighted and measured 
to determine the distribution of sizelage groups in the population. 

This 2000 survey confiied that C. pica is both expanding its range and growing in 
numbers on Bermuda. In particular, there appears to have been particularly heavy 
spawning and settlement of young Top Shelk during the last 2 to 3 years. Of the total 
number recorded, 37.4% were in the youngest, (less than t0mm) size category, 49.3% in 
the juvenile, (1Omm to 50mm) category and only 13.3% in the adult; (> 50mm) category. 
The preponderance of younger size classes indicates a growing population. 

Although the reintroduction project does appear to be a success based on the results of the 
2000 survey, there is increasing concern that illegal collecting by humans is occurring 
with increasing frequency, mainly for fishing bait or human consumption. The influence 
of native predators (mainly octopus and possibly some fish species) is thought to be fairly 
minimal. 

C. pica is a fully protected species on Bermuda and provisions for heavy fines andlor 
imprisonment are carried in law. Enforcement has, however, been difficult. Plans are 
being made to install warning signs in areas where illegal collection has taken place most 
frequently and to provide information through the local media. In the meantime, 
continuing surveys and protection of C. pica are warranted in view of evidence contained 
in this report that it is once again potentially vulnerable to extinction in Bermuda through 
human over-hanesting. 



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

The West Indian Top-Shell (Cittarium pica) or Whelk, is a large marine snail, which lives 
in the intertidal zone of exposed and partly sheltered coastlines subject to ocean surge or 
swell. They are algae grazers and have a range through the Caribbean Basin, the 
Bahamas and Turks and Caicos Islands, and formerly in southern Florida and the 
Bermuda Islands. Because of its value as an edible food resource in some locations, 
C. pica has tended to be overcollected and has been exterminated or severely depleted 
over much of its former range. 

History of C. pica in Bermuda 

The islands of Bermuda at 32ON, 64"W, are located some 800 miles north of the Bahamas 
and represent the northern limit of the range of C. pica. This species has been common 
on Bermuda for a considerable time, as evidenced by large subfossil deposits in marine 
limestone formations such as the Belmont Marine Terrace. This formation has been 
dated at some 120,000 years in age. Historic accounts confirm that it survived well into 
the human colonization of Bermuda which began in 1612, but it appears to have been 
heavily exploited by the early settlers who were kept so busy building fortifications and 
planting Tobacco that they at times faced near starvation. The immediate result of this 
was that they were forced to strip the islands of their natural resources in order to survive. 
The introduction of Black Rats (Rattus rattus) to Bermuda caused a general famine during 
1614-1 5 and made this situation worse. Captain John Smith told of one settler at this 
time who 'hid himself in the woods and lived only on wilks (Whelks) and landcrabs, fat 
and lusty, many months.' (Verril 1902) C. pita shells have been found in the kitchen 
middens or spoil-piles of some early fortifications such as the King's Castle on Castle 
Island, at the southern entrance to Castle Habour. (Bickley and Rand, 1982) 

Scientific documentation of Bermuda's flora and fauna began during the Victorian Era in 
the mid-nineteenth century, by which time living specimens of C. pica could no longer be 
found. Old, empty shells are still quite commonly found in sandy soils on Bermuda, often 
quite far inland, probably because of the action of the Land Hermit Crab (Coenobita 
clypeatus). These crabs become quite large in their adult stage and use the empty shells 
as a 'mobile home' to shield their soft, unprotected abdomens. One result of the 
extermination of the top shell is that the Land Hermit Crab has become extremely rare 
and localized, found only in one or two locations where subfossil deposits of C. pica 
shells are available. The Hermit Crab's dependence on C. pica shells stems from the fact 
that in contrast to the Caribbean area, Bermuda has few marine snails that grow to the 
size of C. pica or larger. 

The West Indian Top Shell was the subject of at least one reintroduction effort in 1901 by 
a Mr. Roberts, who placed all of the specimens in Hamilton Harbour. (Bickley and Rand, 
1982) This was a failure probably due to the shells being placed in unsuitable habitat, 
not exposed to ocean wave action. 



In 1982, another reintroduction project was initiated using 82 sub-adult C. pica collected 
by Mr. Teddy Tucker from East Cay in the Turks and Caicos Islands and transported to 
Bermuda in the live-well of his boat. Following quarantine procedures at the Fisheries 
Headquarters, Government Conservation Officer Dr. David Wingate introduced 70 young 
adult shells to the intertidal zone of the Nonsuch Island Living Museum in Castle 
Harbour. This 6-hectare (15-acre) Island is a protected Nature Reserve where a sample of 
Bermuda's pre-colonial ecosystem has been under restoration since 1962. (Wingate, 
1985) 

The Top-Shells were carefully monitored and survived well, with an annual mortality of 
some 8%, mainly through octopus predation. (Wingate 1987) Growth of the Top-Shells 
was fairly rapid, reaching full adult size of some 120mm width and 570gm weight on 
average within six years. (Wingate 1994) Reproductive capability is reached well before 
this at some three to four years of age. The first confirmation of successful reproduction 
was obtained in July, 1986. At this time, six juvenile shells were discovered in the 
intertidal zone of Nonsuch Island within l OOm of the original reintroduced colony, all in 
their first year - class of growth. These grew to a mean size of 35mm and 60rnm over the 
next two years, proving that they could still survive and grow in Bermuda's marine 
environment. 

At this time, it was realized that C. pica could well have spread beyond Nonsuch Island 
because the first stage in the life of the Top-Shell is a free-floating, planktonic 'veliger' 
stage, which drifts briefly before settling out in suitable intertidal habitat. This seemed to 
be confirmed when additional live shells were reported during 1988 and 1989 up to 
several kilometers from Nonsuch Island. 

On the basis of this encouraging evidence the Fisheries (Protected Species) Order 1978 
was amended in 1989 to include the re-estamished Top Shell in the list of fully protected 
species. 

As a result, a more comprehensive survey was carried out during the summer of 1989, 
mainly in the Castle Harbour area, to search for the presence of C. pica. A total of 281 
Top-Shells, representing up to six year-classes of growth were found during the course of 
this survey, mainly within a restricted access area of what was at that time the US.  Naval 
Air Station (now the Bermuda International Airport). These Top Shells were located in 
areas up to 5km distant from the original reintroduction site at Nonsuch Island. (Fig 1) 

Monitoring of the C. pica population continued within the restricted area of the U S .  
Naval Air Station and Coopers Island, confirming a continued increase in numbers. On 
27th August 1993, a total of 48 1 Top-Shells were counted along a 450m length of the 
northwest coast of Cooper's Island. Shell sizes in this population ranged from 1 lmm to 
103mm in width. It was correctly surmized by Dr. Wingate that with so many adult shells 
in close proximity, this colony must have been providing a new and major source of 
recruitment and increase in the number of C. pica. This was just as well, because the 
Nonsuch Island colony had by this time been decimated by an illegal harvesting incident. 
(Wingate 1989) 



My own involvement with the Top-Shell Reintroduction Project began during the mid 
and late 1980's when I participated in both the initial discovery of juvenile shells on 
Nonsuch Island in 1986, and in the first major survey during the summer of 1989. In 
January 2000, I began a new posting as Trainee Conservation Officer under Dr. Wingate 
and with his support and the help of staff and summer students from the Bermuda 
Biodiversity Project, I undertook to carry out a new survey covering a much larger area of 
Bermuda's coastline than that covered in previous surveys. It was hoped that this survey 
would help to determine the success (or failure) of the reintroduction project to date. 





The 2000 West Indian Top-Shell Survey 

AIMS OF SURVEY 

This survey was carried out between 15' June and the 30' September 2000, with the 
following aims; 

(1) To determine the approximate range of C. and to see if it has continued to spread 
along the South Coastline since the last survey was carried out. 

(2) To find what habitat is favoured for new settlement by C. pica. 
(3) To determine the sizelage ratio in the population in different areas. 
(4) To look for evidence of illegal collecting of -a, in particular on Cooper's Island. 
(5) To note the relative abundance of other marine mollusk species which are associates 

of m a  in the intertidal habitat of Bermuda. 

METHODOLOGY OF SURVEY 

Preliminary work on the C . a  survey involved mapping out areas of coastline around 
Bermuda where the shore was both accessible and likely to be potential settlement sites 
for Top-Shell spat. In addition, a variety of other survey points at different coastal 
habitats around the islands were also investigated. 

A total of 45 sites were thoroughly surveyed for the presence,of both -a and other 
associated mollusk species. These surveys were mainly carried out where access to the 
shoreline could be gained from public land roads or, in the case of privately owned land, 
with the permission of the owner. Fourteen (14) survey sites required access by boat, 
using the Conservation Division's 17' Boston Whaler. 

One of the main goals in carrying out this survey was that an accurate count of the total 
number of m a  be obtained from each survey site. On some areas of coastline, i.e. 
relatively smooth with few crevices, boulders or irregularities, it was quite easy for a 
trained eye to find all C. on a particular area of intertidal habitat. In others, 
especially those with steep coastal cliffs exposed to ocean surge, finding all -a 
present can prove difficult at best in all but perfectly calm conditions (which almost never 
occurred during the survey period). 

Almost all surveying was carried out during periods of low tide in order to make it easier 
to locate and work with the shells. Several sites were additionally surveyed during high 
tidal periods to determine whether some m a  shells were sheltering in inaccessible 
spaces between and under large boulders in man-made landfill areas. This needed to be 



determined because if a large number of shells retreat into areas where they could not be 
seen during low tidal periods, surveys carried out at these times would not be a true 
reflection of actual numbers. 

To assist in covering as many locations as possible in the course of the survey and to 
gather and compile much of the data involving size and weight ratios of all C. pica found 
on a number of survey sites, I was able to enlist the help of staff and summer students 
involved in the Bermuda Biodiversity Project, and based at the Bermuda Aquarium 
Museum and Zoo (BAMZ). They provided invaluable assistance and carried out this 
work with enthusiasm and professionalism, at times under difticult conditions 

RECORDING OF SIZE AND WEIGHT 

The Top Shells have a growth rate of 10-15mm per year, making it possible to age them 
fairly accurately. All Top-Shells encounted in the course of the survey were examined 
and sorted into the following size categories (by width of shells); 

(1) Less than lOmm 'spat' (up to 1 year in age) 
(2) SOmm to 50mm 'juvenile' (1 to 5 years in age) 
(3) more than 50mm 'adult' (more than 5 years in age) 

While most C. pica encountered were examined in situ and leftin place, on 11 of the 
survey sites a total of 1861 C. pica were carefully removed, from the rocks, weighed 
using Pesnet and Pelouze spring scales and measured for height and width using Vernier 
calipers. 

NOTE: The height is measured as the furthest distance between the apex of the shell 
spire and the bottom of the lowest shell whorl. The width is measured as the furthest 
distance across the bottom of the shell. 

Following measurement, the Top-Shells were then retumed to the same locations where 
they were found, taking particular care to ensure that they had reattached to minimize the 
chance of predation. Every precaution was taken to ensure that shells were not harmed or 
damaged during removal, weighing, measurement and replacement. 

The total length of coastline surveyed at each site was measured and noted. On most 
survey sites, a standard 200-foot length of coastline was thoroughly examined, although 
some areas required two or three 200-foot survey lengths at intervals. On a small number 
of survey sites it was possible or preferable to thoroughly survey a much longer 
continuous length of coastline. These included Cooper's Island, Nininger Road and 
Annie's Bay in St. David's Island, and Stonington Beach and Grape Bay in Paget Parish. 

Physical and geological features of each survey site were noted, along with the exposure 
of the site and presence, if any of ocean surge. The numbers or relative abundance of a 
number of associated mollusk species, which share the same intertidal habitat with 
C pica, were also noted during the course of the survey. 



SURVEY RESULTS 

During the course of the survey, a total of 22,500 feet of coastline, or more than 4 miles 
(7krn) length, was thoroughly surveyed at 46 different sampling sites. The presence of 
-a was confirmed on 34 of these sites. (Fig 2 - 4) A full list of survey sites including 
the total number of C. pica found and breakdown into size classes at each site is also 
included on pages 12 - 14 (Table 111). 

The total number of Top-Shells recorded from all survey sites was 3673. This number is 
broken down into spat, juvenile and adult size classes as follows: 

TABLE 1 

Total of C. pica from all survey sites: 

The 2000 survey has also revealed that the distribution of C. pica, especially young, recently 
settled shells are especially concentrated at promontaries or headlands, which jut out from the 
main coastline. This is probably because these act as 'traps' for the planktonic 'veliger' stage 
Top Shells which drift freely in the ocean currents. Areas of the coastline where the Belmont 
Rock Formation is exposed are also often thickly settled. This may occur because the Belmont 
Formation is a beach or shallow lagoonal sediment formation with horizontal or very gently 
sloping layers. As these layers erode they form a multitude of shallow intertidal rock and tide 
pools, which are favorite settlement sites for young C. pica. Most geologic formations on 
Bermuda are aeolian or fossilized sand dunes, which have steeply sloping layers and tend to 
erode back into coastal cliffs with few pools or niches for Top Shells. 

SIZE 
Less than lOmm 'spat' 
lOmm to 50mm 'juvenile' 
More than 50mm 'adult' 

The main threats to the continued success of the TOP Shell Reintroduction Proiect ., 
involved illegal harvesting by humans. There seem to be suitable penalties in place to 
discourage this practice, but both enforcement of the protective redations and education 

NUMBER 
1372 
1811 
490 

- - 
of the general public needs to be addressed and improved. 

% OF POPULATION 
37.4 
49.3 
13.3 



Figure 2 - West / Central Bermuda - results of 2000 C. pica survey 
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SIZEIAGE RATIO AT DIFFERENT POINTS IN RANGE 

The ratio of size classes comprising the m a  population at different survey sites varied 
greatly with generally a greater percentage of large, mature adult shells of breeding size 
represented at sites where C. pica first colonized in the early years of the reintroduction 
project. For example. at sites on Cooper's Island, along Perimeter Road at the airport and 
the Castle Harbour Islands, a relatively large percentage of adult shells were recorded. 
This is especially true of very large. adult shells more than 100mrn in size (or 10 years of 
age). However, on survey sites located progressively more and more westerly along the 
South Shore of Bermuda and where -a has only recently colonized, a higher and 
higher percentage of the population consists of the smallest, youngest sizelage classes. 

This trend is illustrated by the following results from five survey sites located 
progressively more distant from the original reintroduction site: 

T A B L E  I1 

Size Ratio With Increasing Distance From Reintroduction Site 



Intertidal Mollusk S~ec ies  Associated with C. ~ i c a  on Bermuda 

As previously mentioned a number of other marine snails share the intertidal habitat as C. plca on 
Bermuda's coastline. One charactenstic of most of these species is that they take up specific zones 
within the intertidal zone, &om the upper 'splash zone', upper and middle intertidal through to the 
lower intertidal. The mollusk species most often found in association with C. pica are listed below 
according to the particular niche they occupy: 

SPLASH ZONE 
Beaded Periwinkle (Tectarius muricatus) 
Prickly Winkle (Nodilittorina tuberculata) 
Zigzag Periwinkle (Littorina ziczac) 

STATUS 
locally common 
locally common 
fairly common/localized 

SPLASH ZONENPPER INTERTIDAL 
Bleeding Tooth Shell (Nerita peloronta) rare and localized 
Variegated Nerite (Nerita versicolor) uncommodlocalized 
Tessellated Nerite ( N e n t a a )  locally common 

MIDDLEILOWER INTERTIDAL 
'Chiton (Chiton tuberculatus) common to abundant 

The most common associate of C. pica is the Chton, which shares the middle to lower intertidal zone 
preferred by juvenile and adult Top Shells. The two often form intermixed clusters and the Chiton is a 
reliable indicator species that indicates areas where habitat conditions are suitable for the presence of C 
pica. The first-year 'spat' stage Top Shells usually are found higher in the intertidal than older 
individuals. Their most common associates are the Tessellated Nerite and Variegated Nerite, which 
often share tidepools and crevices in the upper intertidal. W e  Bleeding Tooth Shell is the largest 
intertidal gastropod of Bermuda after C. pica, reaching 40mm or more in width. It is, however rare and 
localized in occurrence, possibly through human over-harvesting. It was only detected on 14 survey 
sites and is senerally found only on the most remote and least visited islands and areas of coastline. 





LISL' O F  WESI' ISDI.\S TOP SHELL SIIH\.E1 SITES. 
(Junc - Sept~.mbcr. 2000) 

Less 
Than 
lOMM 

4" July Coopers' Island 
(NASA West 7 
Coastline) 

20th - 21'' June Cooper's Island 
Nature Reserve 112 

DATE 1 SURVEY SITE 

I 1 
21St, 26": 27" June I Cooper's Island 

SIZE CLP 

/ Oficers Beach i 48 

l0MM 

I 

27th, 28" June Goat Island 
Promontory 73 

- 
5" - 6th July Cooper's Island 

NASA East Coast 131 
I I 

1 1" J U I ~  Perimeter Road 
Castle Harbour East 29 

31d July Nininger Road 
(Landing lights - . 

/ Cleanvater) 19 
31d July ( Annie's Bay, 

/ St. David's 1 42 

12" August Long Rock, 
Cooper's Island 58 

10" July Red Hole Cove, St. 
David's 6 

I I 

!9" August Little Head Park, 
St. David's Island 15 

j" September Gates Fort - 
Buildings Bay, St. 

/ St. George's East I O 

. / George's 

TOTAL 
More than 
50MM i 

0 
dth September 1 Barry Road 



DATE 

!3rd September 

6" September 

12" July 

28" June 

1 9 ~  July 

1 2 ~  July 

2" September 

SURVEY SITE 

2" September 

SIZE CLASS TOTAL 

St. Catherine's 
Point, St. George's 

Ferry Point Park, 
St. George's West 

Coney Island Park 

pp 

Castle Harbour 
End of disused 
runway 
Civil Air Terminal 
Longbird Bridge to 
dump 

Walsingham 

231d September 

~ 5 ' ~  September 

Less 
Than 
lOMM 

1 

0 

0 

4 

0 

- J u l y - p  

lOMM More than 
- 50MM 

50MM 

1 0 2 

0 0 0 

0 0 0 

-- 

24 1 25 

16 6 22 

TrustIBlue Hole 
Park, Hamilton 

Nonsuch Island, 
Castle Harbour 

North Cock Rock, 
Castle Harbour 

Southampton 
Island, Castle 
Harbour 

Charles Island 
Castle Harbour 

--L 

Rushy Island 
Castle Harbour 

Howard Bay West, 
Tuckers Town 

13 

0 

17 

. 
10 

13 

9 

8 

18 

0 0 0 

2 1 22 60 

9 10 29 

4 4 2 1 

9 1 19 

2 1 11 

28 4 50 



DATE ' SURVEY SITE SIZE CLASS TOTAL 

LP(I 
Than 

More than 
50M 

1 lOMM 
Windsor Beach, 25" September 
Tuckers Town 1 1 

Nature Reserve, 
Smith's 

Spittal Pond Park 
East, Smith's 

2oth June 

18" September 

Spittal Pond Park 
West, 
Checkerboard, 
Smith's 
Captain Williams 
Bay, Smith's 

13" June 

13" July 

L 7th - 18" July 

!4" July 

Estate, Devonshire 

Hungry Bay East, 
Paget 

---l...-t, Paget 

StoningtonIGilbert 
Park, Paget 3 02 

!4" July 

~ 5 ' ~  July 4stwood Park, 
Warwick 4 



DATE SURVEY SITE SIZE CLP 
Less 1 10111112 

25''' July 

1 4'h September 

25" July 

25th July 

25& July 

27'- 

29'h September 

29th September 

28* September 

28m September 

Great Whale Point, 
Southampton 
Church Bay Park, 
Southampton 
Sea Swept Farm, 
Southampton 
Luke's Pond, 
Southampton 
West Whale Bay, 
Southampton -- 
Wreck Hill, Sandys 

King's Point Island, 
Sandy's 
Cobblers Island, 
Pembroke 
Gibbet's Island, 
Smith's 
Bailey's Bay, 
Hamilton 

Than 
lOMM 

3 5 

115 

30 

0 

0 
0 

- 
50MM 

6 

79 

10 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 



EVIDENCE OF RECENT POPULATION GROWTH AND EXPANSION OF RANGE 

One of the findings of this survey is that there has evidently been a large production of C. pica 
veligers or spawn during the last 2 to 3 years, as reflected in the numbers of young spat and 
juvenile sized shells. 'Spat' sized Top Shells less than 1Omm in size comprise 37.4% of the total 
number counted during the survey, while juvenile sized, immature shells between 10mm and 
50mm in size make 49.3% of the total population. Large adult Top Shell more than 5Omm in 
size total only 13.3% of the population. (Table 1) 

As shown previously in Table 2, the percentage of spat and juvenile size shells generally 
increases or makes up the whole population at more westerly survey sites increasingly distant 
from the original reintroduction point. 

These findings seem to indicate that C. has been expanding its range in Bermuda 
dramatically over the last few years and is settling new areas of coastline andlor filling in gaps in 
its distribution, where suitable habitat is present, further westwards along the South Shore of the 
island. There also seems to have been significant expansion in range eastward, to the eastern 
coastlines of St. David's and St. George's Islands. C _ a  populations in these eastern areas are 
however much more scattered and in lower overall numbers. 

This mainly westwards range expansion would seem to go against the prevailing winds in 
Bermuda, which mainly have southerly or westerly components. This is especially true during 
the spring and summer months in which spawning of C. is thought to take place. It is a 
possible indication that ocean and near shore tidal current direction, as opposed to wind 
direction, play the main role in determining dispersal distance and direction. . 
Using the occurrence of ocean surge as a guideline, it is thought that the potential range of the 
West Indian Top Shell extends roughly from the northern tip of St. George's Island at Fort St. 
Catherine, westwards to the Pompano Beach area in Southampton Parish. (Fig 4) 

Top Shells have already been found on the shoreline at Fort St. Catherine during the survey, and 
so far west as Sea Swept Farm in Southampton, only 2.5km distant from the Pompano Beach 
area. It therefore appears as if the Top Shell has expanded to fill its original range almost 
completely, although populations are still low and patchy and composed mainly of immature 
specimens over much of the areas only recently colonized. 



IMPORTANCE OF OCEAN SURGE TO COLONIZATION OF C. PlCA 

The survey has revealed a definite correlation between the presence of Ocean surge or swell and 
the ability of C_ to colonize a particular area of coastline. The survey sites where Top Shells 
were confirmed as being present were all located along the southern and eastern coastal areas of 
Bermuda and within Castle Harbour. These are all areas where the outer reefhe is located only 
a short distance offshore, allowing much of the ocean surge to reach the shoreline. Castle 
Harbour is unique among the many large inshore water basins on Bermuda in that it has several 
large channels opening to the south, including Castle Roads, which is deep enough to allow 
passage by ships up to several hundred tons displacement. Ocean swell therefore can penetrate 
well into the harbour and can be noticeable as far as the Civil Air Terminal, approximately 4 
miles across Castle Harbour. It is worth noting that the C.A.T. is the site furthest inside Castle 
Harbour on which Top Shells were found. 

In contrast, all survey sites on the northern and western coastlines are located within the shallow 
lagoon areas where the reefline extends out to 8 miles or more from shore, completely dissipating 
all trace of ocean swell. No -a were found at any of these sites during the course of the 
survey, although there have been at least three reports since 1990 of individual Top Shells from 
sites such as Somerset Island, Sandy's Parish and Bailey's Bay, Hamilton Parish. These can 
probably be attributed to chance settlement of individual planktonic veliger stage that had 
been carried by tidal flow into the North Lagoon area and are not typical of the normal settlement 
pattern. There is also the possibility that there has been some translocation out of habitat by 
humans, i.e. by individuals finding Top Shells in the South Shore area and moving them to other 
areas that they would not normally be found in. 

Related to ocean surge is the availability of certain intertidal rock-dwelling algaes upon which 
the Top Shells graze. The East and South Shore surge zones seem to support a very different 
community of algaes than that found in the sheltered lagoonal shorelines. C. pica may prefer to 
feed on the types of algaes found in high-energy surge zones, while algaes found on sheltered 
shorelines may be unpalatable to the Top Shell. Research on the intertidal alga communities on 
different areas of coastline would be well worth undertaking. 



EVIDENCE OF SPAWNING AGGREGATION BEHAVIOR IN ADULT C. PICA 

One interesting observation that has emerged from this survey is that mature Top Shells, which 
are normally scattered fairly widely on long areas of coastline, may actually seek each other out 
and forms 'spawning clusters' at certain times of the year. These aggregations seem to occur 
most often in narrow crevices and channels and protected rock pools where there is constant 
movement of water. This was observed at several times before and during the survey, mainly in 
May and June (Long Rock), where up to 18 mature Top Shells were piled on top of each other in 
a small tidal crevice and during early to mid July (Cooper's Island, Hungry Bay, Spittal Pond). 
These aggregations appear to last a relatively short time, and on subsequent visits had broken up 
with the individuals widely scattered again, although the total count for that area of coastline 
remained essentially the same. 



CONFIRMATIONOF ILLEGAL COLLECTING OF C. PICA 

During the course of survey work carried out during June to September, 2000 on the West Indian 
Top Shell Cittarium pica, it was noted that the greatest concentration of C. recorded 
anywhere on the coastline of Bermuda occurred on the northwest tip of Cooper's Island. This 
area used to be known as the Goat Islands prior to Cooper's Island being connected to St. 
David's Island with landfill dredged from Castle Harbour during the early 1940s. 

A large number of Top Shells in the medium to large size range was concentrated on this fairly 
short length of coastline and become very exposed to view during low tidal periods. This colony 
was one of the most important in terms of its value as a breeding colony, because of the numbers 
of large adult shells in close proximity to each other, which favours the reproduction method of 
this species. 

Because this colony was thought to be at risk from illegal collecting during the busy Cup Match 
Holiday period, the area was monitored at least once a day by boat during the 4-day holiday and 
weekend. The area was also observed occasionally at long range by binoculars during this 
period. 

The colony was observed during low tidal periods on Thursday, 3'* August, Friday, 4" August 
and the morning of Saturday, 5" August 2000. By the time that the next boat check was carried 
out on the afternoon of Sunday, 6" August, it was seen that most of the visible Top Shells had 
disappeared. This disappearance therefore took place between approximately 9:30 a.m. 5" 
August and 6:30 p.m. on 6th August 2000. 

As a result, a follow-up survey was taken of the area on the 12" August to compare with the 
previous survey taken on 28'" June 2000. . 
Survey results are given as follows, and are included with the aata from the original survey in 
June for comparison: 

TABLE IV 

SURVEY RESULTS - GOATS ISLAND PROMONTORY COOPER'S ISLAND 

The post Cup Match survey carried out on 12" August 2000 in company with Government 
Conservation Officer Dr. David Wingate and Dr. Sally Walker revealed significant differences 
compared to the initial survey canied out in June 2000 by students and staff of the Bermuda 
Biodiversity Project. 

SIZE CLASS 

Less than 1 Omm 
l0mm to 50mm 
More than 50mm 

TOTALS 

NUMBER 
281H JUNE 2000 

73 
486 
123 
682 

1 2 ' ~ ~  AUGUST 2000 
213 
97 
11 

32 1 



The increased numbers of small 'spat' stage Top Shells less than 1Omm in size found during the 
later, 12 '~  August survey is probably a result of more thorough examination of the numerous 
holes, hollows and undercuts of this area of coastline, which is heavily eroded and irregular in 
areas. It may also have been due to new settlement of planktonic 'veliger' stage Top Shells 
during the intervening two month period, as many of these shells were so small as to be nearly 
undetectable. 

There were however, very significant reductions in the number of medium to large individuals of 
-a in this area, especially among those shells more than 30mm or so in size. During the 
June survey and on subsequent boat inspections, highly visible groups of 30 to 40 individuals in 
the 30mm to 100fmm size range were easily visible at low tidal periods. After the 5" August, 
there were almost no Top Shells visible in this area, even under close inspection. Overall, in the 
Goat Island survey area there was a reduction of recorded individuals of m a  in the 1Omm to 
50rnm size class from 486 to 97, while in the more than 50mm, large adult size class, numbers 
fell from 123 to 11. These represent reductions of 389 and 112 individuals, respectively or a 
total of 501, a large number indeed. 

The only possible conclusions that can be drawn from the sudden disappearance of such a large 
number of m a  in this area are that they were: 

A) collected illegally by members of the public, or 
B) taken by some unknown natural predator 

Since Octopus are the only known significant natural predator of C. in Bermuda and since 
populations in other locations remained essentially unchanged, it is thought to he highly unlikely 
that natural predators are responsible for such a sudden and catastrophic reduction in numbers. It 
is almost certain that illegal collection by members of the public between the morning of 5" 
August and afternoon of 6" August 2000 was r;esponsihle for the decline in this monitored area. 

This conclusion is supported by two observations; the size classes that were decimated in 
numbers were just the size that would be most sought after for bait or human consumption; the 
smaller size classes were not substantially disturbed, presumably because they either did not 
contain enough meat to he worth collection or because they were harder to find. 

It was also observed that a large "fishing-type" boat anchored for some hours on Saturday 
afternoon (5" August) directly offshore of this area. It is possible that individuals on this boat 
may have observed the C. pica colony from the boat, as this occurred during a period of low tide, 
or came across them while swimming or snorkeling. This boat was observed by binoculars from 
Nonsuch Island in the evening but because of the distance and unavailability of a boat at that 
time, it was not possible to record the registration number. 

In addition to this incident, illegal collection of Top Shells was confirmed on at least three other 
occasions during the survey period. The first of these in June involved the collection of 18 small 
Top Shells, probably by children, on Cooper's Island and left to die under a picnic table at 
Cleanvater Beach. Another incident at Cooper's Island Nature Reserve involved Portuguese 
contract workers who were collecting Top Shells from the intertidal zone for consumption. They 
were observed by Dr. Wingate and when approached, indicated that they were not aware that the 



Top Shell was a protected species and rapidly replaced the shells hack into the areas from which 
they were collected. They were given a stem warning but were not prosecuted. The third 
incident involved the possible removal of live Top Shells at Hungry Bay, Paget and the smashing 
of some empty C. pica shells used by the endangered Land Hermit Crab, which is also a 
protected species. 



RECOMMENDATIONS FOR MANAGEMENT 
AND PROTECTION 

The West Indian Top Shell is obviously re-establishing itself on Bermuda, but is still at a 
vulnerable stage in the reintroduction process. In spite of a large and growing overall population, 
only a small percentage of these (13%, or 490 individuals) were of full adult size capable of 
spawning and maintaining the increase in population. It is worth noting that 1 12 of this number, 
or almost one-quarter of all adult, breeding Top Shells, were illegally collected during just one 
incident. 

It is quite obvious that if illegal collecting of Top Shells continues at this rate, the reintroduction 
project could fail just as it begins to show real promise. Almost twenty years have already been 
invested in the effort to bring back this species on Bermuda. 

The West Indian Top Shell was added to The Fisheries (Protected Species) Order 1978 list of 
fully protected shellfish in November 1989, due mainly to an understanding of the impact that 
human collecting could have on the population. Collecting of the Top Shell can result in a fine 
of up to $5000 andlor one year in jail. 
However, up to the time of this report there has never been a prosecution in this regard. In 
addition to being collected for human consumption, there is evidence that the Top Shell is being 
taken opportunistically for bait, as many of the coastline areas where C. is found are heavily 
used for fishing. In some areas, e.g. at Little Head Park in St. David's Island, areas of coastline 
with easy access and heavily used for fishing (evidenced by the large amount of bait boxes, trash 
and fishing line tangled around the shoreline rocks), were completely devoid of Top Shells, while 
adjacent areas more difficult to access, and little used, contained sizeable populations. . 
My recommendations concerning the management of the Top Shell are as follows: 

- Regular monitoring and surveys of Top Shell populations need to be continued on a regular 
basis to identify problems before they become critical and to assess the state of the 
population. 

- Areas where illegal collecting is taking place need to be identified and, where necessary, sign 
posted to inform people of the protected status of C. pica and the penalties involved in illegal 
harvesting. 

- Public knowledge and awareness of the Top Shell project needs to be increased through 'did 
you know' type information pieces carried by the local media, talks to schools etc. This 
should be carefully gauged, however as it could backfire and inform individuals intent on 
illegal harvesting where Top Shell populations are located. 

- Increased patrols at Top Shell concentrations, particularly those containing numbers of adult 
shells, which are driving the present increase in population. These need to be carried out 
with greater co-operation between relevant Government organizations. These include the 
Marine Police; Parks Department; Fisheries Department and possibly the Aquarium, Museum 
and Zoo. Volunteers may also be used to patrol some areas e.g. Cooper's Island. A more 
streamlined system of bringing individuals who are caught committing illegal harvesting and 
other marine violations quickly to justice may need to be considered. In addition, steps may 



need to be taken to convince the judiciary of the seriousness of such violations and the need 
for appropriately severe penalties. 

The West Indian Top Shell is an impressive and important part of Bermuda's intertidal fauna and 
a key component in the island's natural heritage; it also provides great promise of becoming once 
again a useable marine resource that could possibly be harvested in limited numbers and under 
strict management once the species has built up its numbers and has a more stable and robust 
population. It is obvious that if the ultimate survival of the Top Shell on Bermuda is to be 
assured then the general public will have to be involved and convinced of the importance of 
protecting and managing this species. 
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