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ABSTRACT: The density of the common whelk (Buccinum undatum L.) off Douglas, Isle of Man, was 
determined by four methods: (1) pot sampling, (2) diving, (3) mark-recapture experiment, and (4) 
underwater television. Although the values obtained by these methods were comparable, the last 
two methods yielded overestimations of Buccinum density. The results from diving survey and from 
pot sampling showed a good agreement, indicating that pot sampling can be used to determine the 
density of the common whelk, provided a good estimate of the pot attraction area is available. The 
range of whelk density between February 1989 and August 1990 resulting from pot sampling was 
between 0.08 and 0.38 individuals m -2. The temporal fluctuations of the whelk densities are 
discussed in detail. 

INTRODUCTION 

The common whelk Buccinum undatum L. is a potential fishery resource in Manx 
waters. Determination of populat ion density and spatial location of the resource is of 
great importance regarding the development  of a new fishery for this species. There  are, 
however, methodological difficulties in estimating the density of active benthic  animals  
such as Buccinum, which occur mostly at depths too great for direct observation. 

Pots have general ly been  used for fishing common whelks (Hancock, 1963; Santarelli  
& Gros, 1985; Gros & Santarelli ,  1986; Himmelman,  1988; Kideys & Hartnoll, 1991) and 
other whelks (Macintosh, 1980; Ito et al., 1981; Ito & Tachizawa, 1981; Davis & Sisson, 
1988). However, the reliability of this method for populat ion density studies should be 
taken into consideration and, if necessary, tested. Miller (1975) pointed out that catches 
in traps may provide relative densities, but  calculation of absolute densit ies requires 
knowledge of the area fished by the trap. Although there are some studies on areas fished 
by pots for B. undatum (Gros & Santarelli, 1986, off the Channe l  Isles; Himmelman,  1988, 
in the Gulf of St Lawrence) and  for other whelks (Ito & Tachizawa, 1981, and  Ito et al., 
1981, in Lagoon Kuren-Ho; Davis & Sisson, 1988, in Nantucket  Sound, Massachusetts),  
the importance of the differences in ambient  conditions (such as currents, seawater  
temperature etc.) and in the biology of the whelks studied in each region has been  
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emphasized. Therefore, any information on density (or population size) of B. undatum 

based on pot sampling needs verification by other methods. 
The importance of mark-recapture experiments in population size or densi ty studies 

of finfishes is well established (Jones, 1976). This method has been used to estimate 
growth and mortality rates of bivalves (see Murphy, 1986, for a review) and gastropod 
molluscs (Hancock, 1963; Forster, 1967; Sire, 1984; Kraeuter et al., 1989). It has also been 
utilized for the determination of the rate of movement and behaviour of gastropods 
towards a baited trap (Ito et al., 1980, 1981; Himmelman, 1988). However, there have 
been very few attempts to determine the population density of gastropods using the 
mark-recapture method (Hancock, 1963; Ito & Tachizawa, t981). 

Trawhng and dredging as methods of benthic research have always been 
approached cautiously in quantitative studies (Miller, 1975). However, subtidal studies 
carried out by direct censusing using underwater television, photography and SCUBA 
(Self-Contained Underwater Breathing Apparatus) diving have significantly increased in 
~ecent years, in particular, parallel to the development of  underwater technology and 
diving techniques (Machan & Fedra, 1975; Holme & Barrett, 1977; Chapman et al. 1977; 
Franklin et al., 1980; Mason et al., 1982; Bergstrom et al., 1987; Davis & Sisson, 1988; 
Peck et al., 1990). Censusing whelks using SCUBA diving is probably one of the easiest of 
these methods although there are certain logistical problems; namely depth (maximum 
safe depth, breathing compressed air, is 50 m), time, efficiency (at a depth of 30 m, a pair 
of divers can stay down safely for only 20 rain twice a day), as well as problems of cold, 
currents and visibility. 

The aim of this study was to estimate the population density of common whelk off 
Douglas, together with the determination of effective methods. 

MATERIAL AND METHODS 

The estimation of the density of Buccinum undatum off Douglas was a t tempted using 
several methods: pot fishing, mark-recapture experiments, direct census using underwa- 
ter television, and diving. 

Pot sa rnp l ing  

Pot sampling was carried out using two strings of seven pots each. However, one pot 
from each set was lost during the course of study. Therefore, it was necessary to record 
the number of pots used in each sampling (see Table I). The distance be tween  each pot 
on a string was approximately 10 m. Design of the pots was identical to that used for 
fishing common whelk in French coastal waters. The whelk pots consisted of 
40 x 25 x 25 cm high rectangular or cylindrical 5-gallon plastic drums with the top 
removed. These were weighted down by a cement layer (ca 15 kg) at the bottom of each 
drum, and holes (11 mm diameter) were drilled through the sides to allow diffusion of the 
bait 's smell into the surrounding water. Whelks entered the pots by crawling up the sides 
and failing through a circular opening, with a net tunnel on top. 

Pot sampling was carried out at monthIy intervals (February 1989-August 1990 
inclusively, except February and July 1990), normally using two sets of pots at the 
positions shown in Figure 1. Each set was normally left on the sea bed for approximately 
24 h. However, bad weather or other commitments for R. V. Cuma meant some fishing 
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Table 1. Catch data of Buccinum undatum using pots from February 1989 to August 1990 

Date Fishing period (d) No. of pots Catch/pot 

1989 

21/26 Feb. * 1/4 14 86.9 
1 Mar. 3 7 91.3 
7 Mar. 3 7 104.6 
19 Apr. 1 7 30.4 
25 Apr. 7 7 47.0 
28 Apr. 3 7 58.1 
18 May 1 7 86.1 
19 May 2 7 77.6 
6 Jun." 1 14 52.8 
27 Jun. 2 7 42.1 
29 Jun. 2 7 44.6 
26 Jul. 1 7 48.3 
26 Jul. 1 7 42.3 
28 Aug. 5 6 33.8 
31 Aug. 2 6 6.8 
28 Sep. 2 7 45.6 
28 Sep. 2 6 23.8 
13 Oct. 1 6 59.5 
13 Oct. 1 7 78.9 
24 Nov. 1 6 59.5 
24 Nov. 1 7 57.1 
12 Dec. 4 6 90.0 
12 Dec. 4 7 86.6 

1990 

8 Jan. 1 6 40.5 
8 Jan. 1 7 66.0 
12 Mar. *" 5 7 7.6 
12 Mar.* * 5 6 14.0 
10 Apr. 1 7 20.3 
10 Apr. 1 6 26.7 
1 May 1 6 22.8 
1 May 3 6 47.6 
1 Jun. 2 6 36.7 
1 Jun. 2 6 54.3 
1 Aug. 1 6 19.5 

�9 Two sets of pots combined 
�9 * Small amount of bait used 

p e r i o d s  w e r e  longe r .  T h e  f i sh ing  per iod ,  i.e. t he  t ime  p o t s  w e r e  left  on t h e  s e a  b e d  at  e a c h  

s a m p h n g ,  w a s  also r e c o r d e d .  Pots w e r e  g e n e r a l l y  left  1-2  days  in the  sea ,  m a x i m u m  

s a m p h n g  p e r i o d  b e i n g  7 days.  

Usual ly ,  e x c e s s i v e  a m o u n t s  of d e a d  dog f i s h  (Scyliorhinus canicula), sca l lops  (Pecten 
maximus a n d  Chlamys sp.), squ id  (Loligo forbesi) a n d  v e r y  ra re ly  h e r r i n g  (Clupea 
harengus) or o t h e r  f i shes  w e r e  u t i l ized  as  ba i t  d u r i n g  t h e  f i s h i n g  for B. undatum. It h a s  
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Fig. I. Study area 

been  obse rved  that  in labora tory  exper iments  dogfish and scallop offal were  p re fe r red  by  
whelks  to her r ing  and  plaice (Pleuronectes platessa) (C. J. Gilling, pers.  comm., Port Erin 
Mar ine  Laboratory,  Isle of Man). The advan tages  of these  two prefer red  bai ts  were  that  in 
summer  dogfish is often an unwelcome trash fish in trawl catches,  and  in winter  scal lop 
offal is often readi ly  available.  

M a r k - r e c a p t u r e  e x p e r i m e n t  

Animals  col lected in Apri l  1989 by  pots  from the sampl ing  a rea  were  used  for mark-  
recapture  exper iment .  

The whe lks  were  t agged  as soon as they  arr ived at the  laboratory:  A total  of 233 
animals  were  t agged .  The detai ls  of the t agg ing  are  given e l sewhere  (cf. Kideys, 1991). 
After  the tagging ,  the animals  were  also m a r k e d  with a f luorescent  m a r k e r  (oxytetracyc- 
line) to es t imate  their  growth rate  (see Kideys, 1991), They  were  held, unt i l  re lease,  in 
la rger  (ca 140 x 50 cm rectangular)  t anks  p rov ided  with aera ted ,  f lowing seawater .  
During this period,  the whelks  were  fed at t h r ee -day  intervals  with scal lops (Pecten 
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maximus and Chlamys opercularis). There were no deaths prior to release. They were 
released in May 1989 to a single position in the sampling area. 

The pots were utilized to recapture tagged individuals.  Other methods such as diving 
and dredging were tried out to recapture tagged animals; however, none of them was 
successful. The length, weight, and  position of the recaptured animals were recorded 
along with data on the other individuals caught. 

U n d e r w a t e r  t e l e v i s i o n  s u r v e y  

An underwater  television survey was carried out on 13th September 1990. The field 
of vision of the television camera was approximately 1 m 2. 

The equ ipment  consisted of a remote controlled television camera (MiniRover TM) 
and necessary ]fight sources mounted  on a sledge. Details of this equ ipment  are given 
elsewhere (Kideys, 1991). 

The MiniRover was towed over a three-hour period from 11.00 h to 14.00 h. Sea 
conditions (i.e. slack water, calm sea) were ideal during this work, The videotape was 
carefully analysed in the laboratory to count individual  B. undatum. However, the 
existence of G1ycymeHs and other dead shell material  made the counting of Buccinum 
difficult, probably leading to some misidentification. 

D i v i n g  s u r v e y  

An at tempt was also made to census the B. undatum populat ion in the study area 
using SCUBA diving techniques. The counting bar  used for these observations was 
des igned and  constructed by U. Wilson (Port Erin Marine Laboratory, Isle of Man) from a 
four meter  length  of plastic piping (diameter 4 cm). In the centre, there was a reel with 
50 m of line marked at 10-m intervals. Each diver took up position, with a recording 
board, on either side and was therefore able to monitor an area of 50 m x 2 m. The line 
was clipped to a sinker weight to provide a starting point. The survey line was along a 
compass bearing,  usually using tidal currents where  possible. The divers recorded all 
common whelks in their sampling area on the recording board. At the end  of 50 m, the 
l ine locked and  divers sent the bar  up on an inflatable buoy before proceeding with their 
own ascent. 

This survey was carried out on 1st June  1990. Initially, it was p l anned  to survey with 
five pairs of divers. However, only two pairs of divers were able to complete the task. 

RESULTS 

E s t i m a t i o n  of d e n s i t y  f rom po t  s a m p l i n g  

The pots used for sampling appeared to work very well. The cement  bottom layer of 
the pots always kept  them in an upright position. This was verified when  one pot which 
had been  lost for approximately six months was seen in an upright  position dur ing the 
underwater  television survey. This is an important  factor as it prevents  escape of the 
animals  from the trap. There were no field observations on the efficiency of pots for 
re taining whelks, but  an inability of whelks to escape the pots was observed several times 
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Fig. 2. Densities of Buccinum undatum in an area off Douglas according to pot sampling carried out 
throughout sampling period 

in the laboratory. Animals trying to escape  fell down to the bot tom from the  fringe of the 

net t ing at the top of pots. Only the animals with a maximum d imens ion  of less than 

11 mm were  able to escape from the pots through the holes on the wall  of  the pot, 

Pots were  never  observed  complete ly  full, so there did not a p p e a r  to be  gear  

saturation. A few other species (such as hermit  crab Eupagurus bernhardus; common 
topshell Calliostoma zizyphinum; red whe lk  Neptunea antiqua and Colus gracilis) in 

very low numbers  were  found to compete  for the bait in the pots. 

The numbers  ot animals caught  (pot -1) for each sampling are g iven  in Table  1. The  

range of the catch values was comparable  (being 104.6 individuals on 7th March 1989 to 

6.8 individuals on 31st August  1990). Mean  monthly catch per pot was obse rved  to be  

highest  in March  1989 with a value  of 98 individuals, and lowest  in A u g u s t  1989 with a 
value of 19.5 individuals (excluding March 1990 where  only a small a m o u n t  of bait was 

available for sampling). The next  lowest  value  was observed in August  1990. The number  

of individuals caught  per pot was lower in the sampling months of 1990 in  comparison to 

the respect ive months of 1989, which may suggest  a decrease  in the popula t ion  of the 

whelks. 
A pot was assumed to attract animals from 373 m ~ (from Gros & Santarell i ,  1986, for 

the Same species in Channel  Islands region). This gave  a ga ther ing area  of 1693 m 2 for 

seven pots  and 1473 m 2 for six pots, respectively.  
The est imated density of Buccinum from pot fishing was 0.36 individuals  m -2 in 

February 1989 (at the start of sampling) and decreased  to 0.08 individuals  m -2 in August  

1990 (at the termination of sampling) (Fig. 2). The highest  density for the sampl ing  period 

was obtained in March 1989 (0.40 individuals  m-2). There did not a p p e a r  to be  a 
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systematic change in catches as there was no significant correlation be tween  the density 
values of same months of 1989 and  1990 (Spearman's  rank  correlation, rs = -0 .1 ;  n = 5; 

p < 0.05). 

E s t i m a t i o n  of d e n s i t y  f rom m a r k - r e c a p t u r e  e x p e r i m e n t s  

Only 13 individuals from a total of 233 tagged individuals were recaptured by pots 
during more than 16 months samphng period. The majority of the returns occurred in 
June  1989, one month  after release. 

The area referred to for the density estimation of whelks was determined as follows. 
The greatest distance be tween  released animals and  captured animals was assumed to 
be the radius for the reference area. This gives an area of 80384 m 2. The n u m b e r  of 
whelks for this reference area was calculated using the equation 

N = (M x C/R) (Picker, 1975) 

where  N is the size of populat ion at time of marking, M is the number  of fish marked,  C is 
the catch or sample taken for consensus, and R is the number  of recaptured marks  in the 
sample. The total n u m b e r  of animals in the area ranged  from 39 202 in June  1989 to 
156 026 in January  1990 which gives density estimates from 0.49 to 1.94 individuals  m -2 
over these months (Table 2). 

E s t i m a t i o n  of d e n s i t y  f rom u n d e r w a t e r  t e l e v i s i o n  s u r v e y  

After three hours underwater  television survey in the study area, the video tape was 
carefully analysed, in the laboratory, for whelks. In general,  the study area was a uniform 
habitat  with occasional aggregations of shell material, probably caused by wave motion. 
The other recognizable fauna included starfish (Asterias rubens), que e n  scallop 
(Chtamys opercularis), hermit crab (Eupagurus sp.), sea urchin (Echmus escutaentus), 
hydrozoans, octopus, and flatfish. The smallest individual  of Buccinum was measured  on 
the screen as approximately 60 mm in shell length. A total of 1200 whelks were counted 
in the surveyed area. The total area covered was calculated from ship's speed, time of 
surveying and width of the viewed area. This gave a survey area of approximately 
3600 m 2. The numbers  of whelks counted in the first, second and  third 1200 m 2 were 428 
(0.36 individuals m-2), 432 (0.36 individuals m -2) and 340 (0.28 individuals m-2), respec- 
tively. This gives a mean  of 0.33 + 0.05 individuals m -2 for animals larger than  60 mm in 
September 1990. 

E s t i m a t i o n  of d e n s i t y  f rom d i v i n g  s u r v e y  

Only two pairs of the p rep lanned  five pairs of divers were able to count the whelks in 
the specified area because of worsening sea conditions and particularly strong tidal 
currents during the survey. 

The numbers  of Buccinum undatum counted from a direct census by these four 
divers are given in Table 3, together with estimates of density, There was a substantial  
difference (range 0.03-0.36 individuals  m -2) be tween  the four estimates (Table 3). A 
value of 0.36 individuals  m -2 was counted by myself and this gave a density of 0.36 
individuals m -2 for this species in the study area in June  1990. The mean  from the census 
results of four divers was 0.17 _+ 0.24 individuals m -2. 
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Table 2. The monthly densities of Buccinum undatum off Douglas, from mark-recapture  exper iment  
(233 whelks). The numbers  of animals (N) was referred to an  area of 80 384 m 2 to find density values. 

See text for the calculation of N 

Month Catch Recapture N Density (N. m -2) 

1989 

June  1346 8 39 202 0.49 
July 635 0 ? ? 
August  203 0 ~ ? 
September  706 2 79 425 0.99 
October 909 2 101 353 1.26 
November  753 0 ? ? 
December  1144 0 ? ? 

1990 

January  706 1 156 026 1.94 
March 136 0 ? ? 
April 302 0 ? ? 
May 470 I 103 400 1.29 
June  545 0 ? ? 
August  117 0 ? ? 
December  117 1 92 199 1.15 

? = no estimate, as there were no marked  animals in the samples 

Table 3. Direct census results of Buccinum undatum off Douglas, from diving survey on the I st of 
June  1990. (The other three pairs of divers were not able to dive because of unsui table  sea 

conditions). A.E.K. = Ahmet  E. Kideys 

Diver Count (ind. 200 m -2) Density (ind. m -2) 

1A (A.E.K.) 72 0.36 
1B 46 0.23 
2A 12 0.06 
2B 6 0.03 

Mean  3 4  ___ 31 0.17 _+ 0.15 

D I S C U S S I O N  

S tud i e s  o n  t h e  p o p u l a t i o n  d y n a m i c s  of b e n t h i c  f ish s tocks  h a v e  d r a w n  a t t e n t i o n  to t h e  

n e e d  to c o n s i d e r  t he  r e l a t i o n s h i p  b e t w e e n  p o t  i m m e r s i o n  t i m e  a n d  c a t c h  ( B e n n e t t ,  1974). 

T h e  e f fec t  of p o t  i m m e r s i o n  t i m e  o n  c a t c h e s  of she l l f i sh  h a s  b e e n  r e p o r t e d  ( B e n n e t t  & 

Brown,  1979; Skud ,  1979). Th i s  e f fec t  of v a r i a b l e  f i sh ing  t ime,  h o w e v e r ,  p r o v i d i n g  t h e  

po t s  a r e  i m m e r s e d  for  l o n g  e n o u g h ,  m a y  b e  i m m a t e r i a l  for v a r i o u s  she l l f i sh ,  i n c l u d i n g  

w h e l k s .  For  e x a m p l e ,  K e n n e U y  (1989), u s i n g  v e r y  s h o r t - t e r m  e x p e r i m e n t s ,  o b s e r v e d  t h a t  

w h i l e  s i g n i f i c a n t l y  m o r e  s p a n n e r  c r a b s  (Ranina ranina)were c a u g h t  a f t e r  60  m i n  a n d  120 

ra in  t h a n  a f t e r  15 min ,  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t r a p s  le f t  for  60 r a in  

a n d  120 rain.  Similar ly ,  B e n n e t t  & L o v e w e l l  (1977), u s i n g  pots ,  f o u n d  t h a t  t h e  c a t c h - p e r -  
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unit-effort (cpue) for periods of immersion be tween  I -5  days was almost constant  for 
lobster (Homarus gammams). Davis & Sisson (1988) also reported that catches of 
channeled  whelks, Busycotypus canallculatus, after forty-eight hours, were not  signifi- 
cantly greater than those after twenty-four hours. In the majority of pot samphng  of this 
study, the immersion time was one day. However, this period was longer on some 
occasions either because of bad  weather  conditions or other commitments  for R.V. 
Cuma. Since Hancock (1963) also stated that there was htfle change be tween  catches of 
pots hfted after one day, and those left on the bottom for longer periods, as long as 7 days 
for the same species, catch pot - t  values were used in this study in order to estimate 
population density of Buccinum from pot samphng.  However, al though gear saturation 
was an important  source of error in the estimation of populat ion density of B. unda tum in 
Hancock's  study, I did not consider it as a serious problem, since pots were never  
observed to be completely full. This is perhaps because  there is a much lower n u m b e r  
{and biomass) of competing animals for the bait  compared with Hancock's  study. The 
distance be tween  pots might be another reason, i.e. if there was a greater distance 
be tween  pots in his study (there is no information on this), this might effect pot saturation. 
Each pot was approximately ten meters apart in the present  study. 

Except in March 1990, excessive amounts  of scallops (Pecten max/mus and  Chlamys 
operculafis) and lesser spotted dogfish (Scy11orhinus canicula) or a combinat ion of these 
were always used as bait during the pot sampling. It has been  observed that scallops and  
dogfish were equally attractive as bait for Buccinum in comparison to herr ing and plaice 
(C. J. Gilhng, pers. comm.). Therefore, the effects of bait used in this study on seasonal 
catches could be disregarded. 

Fishing for whelks in the study area is certainly an important factor which would 
affect the seasonal catch. However, there was no commercial fishing in the sampling 
area, other than the collection of scallops us ing SCUBA diving by a few f ishermen 
{personal communicat ion with a local fisherman, B. Miles, Douglas, Isle of Man). The 
impracticabihty of fishing with dredges or trawls {due to high percentage of gravel, shell 
and stones) on this ground has been  pointed out (C. J. Gilling, pets. comm.). Even if there 
was some fishing, the whelks would be re turned to the sea together with other trash 
animals and materials as there is no market  for them in this area due to a lack of demand.  
However, in this study there was a decrease in the catch during 1990 in comparison to the 
same months of 1989 at the beg inn ing  of samphng.  This could be explained by consistent 
pot sampling causing a decrease in the common whelk populat ion in the study area, as 
over 12000 whelks were removed from an approximate area of 0.13 km 2 dur ing the 
sampling period (approx. 0.1 indiv, or 0.4 g m- i ) .  Similarly, the decrease from 762 tonnes  
in 1951 {where 7.47 g m - I  whelk removed from the fishing area) to below I00 tonnes  in 
1953 in the landings  of whelks was suggested to be due to fishing on the east coast of 
England (Hancock, 1963). 

There are several other factors which might  affect catch levels of whelks (Hancock, 
1963; Gros & Santarelli, 1986; Martel et al. 1986b; Himmelman,  1988). These can be 
grouped as follows: 

(a) biological factors; such as mating, spawning,  feeding, recruitment,  immigrat ion 
and/or emigration. 

(b) physical factors; such as ambient  temperature  and direction and speed of local 
currents, 
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Immigration to or emigration from the defined population, would be  an important  
factor which could affect the density estimation of whelks in this study. Whelks are 
general ly slow-moving animals. For example, a comparatively bigger-s ize whelk Busy- 
cot}pus canaliculatuscan travel at 20 cm rain -1 (Davis & Sisson, 1988). H immelman  
(1988) suggests that the common whelk may move at a maximum of 50 m day -1 (~ 3 cm 
rain -1) in the field. A maximum crawling rate of 7 cm min -1 has b e e n  measu red  for the 
same species in  the laboratory (C. J. Gilling, pers. comm.). However, the animal  may 
spend a large proportion of its time quiescent, sometimes partially bur ied  in bottom 
deposits (Hancock, 1963). With regard to the migrat ion of common whelk,  the most sound 
conclusion was probably drawn by Hancock (1963). In his study, he divided a total of 28 
square miles of fishing area into 9 equal  plots and  carried out a comprehens ive  mark-  
recapture study over a three-year period. From the recapture data, he  observed that 
practically no mixing occurred be tween  adjacent  plots, which sugges ted  that common 
whelk movements  were very limited. A similar suggestion, as a result of mark-recapture  
study, was made  for knobbed  whelk, Busycon car/ca (Anderson et al., 1989). However, it 
should be noted that a limited movement  in their habitat, particularly dur ing  copulation 
and  egg-laying, may occur (Martel et al., 1986a, b). For example, dur ing spawning,  there 
is a t endency  to come close inshore. 

There was a decrease in the catch through the summer months when  seawater  
temperatures  were at their highest. This is consistent with Hancock's  (1963) laboratory 
observation where  the feeding rate was lowest in summer. He ob ta ined  the largest 
catches be tween  April and May, in the field, on the east coast of England.  However,  in his 
study the largest catches occurred from late au tumn to spring (only for 1989; unfortu- 
nately, there was no sampling in February and a smaller quanti ty of bai t  was used in 
March 1990). Martel et al. (1986a) studied the reproductive cycle and  seasonal  feeding 
activity of B. undatum in the Gulf of St Lawrence. They found that feeding activity was at 
a maximum in late au tumn to early spring and decreased sharply in late May which is 
similar to the results in  the present  study. They suggested that the decrease in the feeding 
activity was caused by the onset  of breeding in late spring. This is interest ing,  as the 
reproductive cycles of B. undatum in the Gulf of St Lawrence and off Douglas are quite 
different (see Kideys et aL, 1992). In the Gulf of St Lawrence, egg- laying was  in late May 
to July, whereas off the Isle of Man  be tween  December  and  January.  Therefore,  seasonal  
changes in catch (i.e. high in winter  and low in summer) were p robab ly  due to (a) 
increased feeding activity in winter, probably to gain the energy which will be  converted 
to egg capsules, and, (b) movement  of whelks to the shore for copulat ion and  spawning.  

A knowledge  of the area fished by pots is necessary to obtain absolute  density of 
B. undatum in the study area. There are some studies on the attraction areas of pots for 
whelks. Using diving census methods, Davis & Sisson (1988) est imated a n  attraction area 
of 3300 m 2 per pot for channeled  whelk Busycotypus canaliculatus in Nan tucke t  Sound,  
Massachusetts.  An attraction area of 1678 m 2 was obtained for red whe lk  Neptunea 
arthr/tica using a mark-recapture method in Lagoon Huren-ko (Ito et al., 1981). The se  
two whelks are much  bigger than the common whelk. Himmelman  (1988) used a mark-  
recapture method to estimate the area of attraction of a pot for common whelk  in the 
northern Gulf of St Lawrence. The range  in attractant areas (111-585 m2), found u n d e r  a 
current  speed of 0.1-0.2 m s -1, was comparable with the value (373 m 2) given for the 
Channel  Isles region under  M2 tidal currents (max. speed 6 m s -1) for the same species 
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(Gros & Santarelli, 1986). Tidal currents to the southeast of the Isle of Man, which 
general ly run  along a NE-SW axis have a maximum speed of 0.93 m s -1 (Lyle, 1981). 
However, the study area is quite close to the shore (approximately 600-700 m) and has 
much stronger tidal currents. Therefore, the value of 373 m 2 from Gros & Santarelli  (1986) 
was assumed to be a reasonable estimate of the gather ing area for a pot in  this study. 

The common whelk has been  reported in the North Atlantic from low water  mark to 
depths greater than 1000 m {Nielsen, 1975). It is interest ing to note that densities 
measured in this study are similar to those from different regions for the same species 
using the same gear (namely pots). For example, a density of 0.40 ind. m -2 obtained in 
Channel  Isles in May 1984 (Gros & Santarelli, 1986) is similar to the density found here 
(0.33 ind. m -2) for the same month. The range  of densities found in this study for the 
summers 1989-1990 (0.08-0.20 ind. m -z) falls within those given for the Gulf of St 
Lawrence (0.05-0.24 ind. m-2; Himmelman,  1988) for summers of 1983-1984. This 
similarity in the density values among different regions may be related to the carrying 
capacity of similar grounds. However, relatively small Buccinum catches have been  
reported for some areas around the Isle of Man  (C. J. Gilling, pets. comm.). 

If we accept the idea that no substantial  migrations occur, the relative decrease in 
catch rate through the sampling period does not explain the dramatic decrease in the 
recapture rate 7-8 months after release. I do not think this was because  of a greater 
vulnerabi l i ty  of tagged animals when  compared to un tagged  animals. If vulnerabi l i ty  was 
affected, this would have been  obvious just after release rather than months later. In the 
laboratory, it was found that tagging mortality was negligible when  experimental  
conditions (especially space and seawater flow rate) were presumably optimal (see 
Kideys, 1991). Therefore, tagging mortality does not seem an important factor under  field 
conditions. However, oxytetracycline, used as a marker  in this study, which was observed 
not to cause acute mortality (Kideys, 1991), may affect the mortality rate of Buccinum over 
the long-term. If this is true, it could be the reason for the decrease in recaptures over 
time; Therefore, the density values estimated after a considerable interval following the 
release sh0uld be considered with caution. The density value of 0.49 individuals  m -2 for 
June  1989 was obtained one month after release. The highest  numbers  of recaptures 
(8 individuals) were also observed in this month. There were no recaptures in July and 
August  of i989; the next recaptures (2 individuals) were in September and  October of 
1989. These gave density values of 0.99 and 1.26 individuals m -2, respectively. Clearly, 
there is a substantial  difference be tween  the density estimates obtained f rom mark- 
recapture and  from pot sampling. The inefficiency of mark-recapture method in the 
density estimation of this species has been  reported in a recent investigation (SaLute- 
Marie, 1991). 

Three main  advantages  of underwater  television survey over diving are: (a) the 
former can cover larger areas than divers; (b) it can be operated in deeper water and for 
longer periods; and (c) it also provides a vast amount  of background information, 
including the general  structure of bottom type, which can be studied in detail later from 
tapes. Depend ing  on the bottom structure of the area and  on the size of animals  studied, 
this method can yield very usefuI information on populat ion abundance  (Franklin et al., 
1980; Bergstrom et al., 1987). However, an overestimation of the density of Buccinum 
from underwater  television survey was possible, because dead Buccinum or other shells 
could have been  included in the survey counts of live Buccinum. I suggest  this is the 
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r e a s o n  for a h i g h  overa l l  dens i ty  e s t ima te  (0.33 ind iv idua l s  m -2 for w h e l k s  > 60 m m  in 

length)  o b t a i n e d  f rom an u n d e r w a t e r  v ideo  s u r v e y  in S e p t e m b e r  1991. This  resul t  is 

s o m e w h a t  h i g h e r  t h a n  those  f rom po t  s amp l ing  a n d  diving.  

T h e  S C U B A  d iv ing  t e c h n i q u e ,  wi th  an  a r e a - r e p r e s e n t a t i v e  s a m p l i n g  s t ra tegy,  is a 

r e l a t ive ly  re l i ab le  m e t h o d  for e s t ima t i ng  popu l a t i on  dens i ty  e s t ima t ion  of m a n y  shel l-  

f ishes  (Mason  et  al., 1982), Pe rhaps  this is the  r e a s o n  w h y  it has  b e e n  u t i l i z ed  to m e a s u r e  
t he  e f f ic iency  of the  g e a r  (i.e. d r edge ,  trawl,  pot,  g rab  etc.) u s e d  for f i sh ing  the  an ima l  

(Al len & Cranf ie ld ,  1979; Davis  & Sisson, 1988). The  m e a n  v a l u e  of 0.17 i n d i v i d u a l s  m -2 

o b t a i n e d  f rom a d iv ing  s u r v e y  in J u n e  1990 shows  v e r y  good  a g r e e m e n t  w i t h  an  e s t ima te  
of 0.18 ind iv idua l s  m -2  f rom po t  s amp l ing  for the  s a m e  m o n t h  (Table  4). T h e  f ind ing  is 

t ha t  t he  resul ts  o b t a i n e d  f rom S C U B A  d iv ing  cor robora te  resul ts  f rom po t  s a m p l i n g .  Thus,  
it c an  be  s u g g e s t e d  that  w h e n  a g o o d  es t ima te  of pot  a t t rac t ion  a rea  is at hand ,  pot  

s a m p l i n g  can  be  u s e d  in the  d e t e r m i n a t i o n  of t he  dens i ty  of  B. u n d a t u m  par t i cu la r ly  

w h e r e  the  d i rec t  c ensus  of w h e l k s  is difficult  due  to logis t ic  p rob lems .  

Table 4. Comparison of density results using different methods 

Method Month Density (ind. m -2) 

Mark-recapture June 89 0.49 
Pot sampling June 89 0.18 
Pot sampling June 90 0.19 
Diving June 90 0.16 
Pot samphng Sept. 89 0.14 
Underwater television Sept. 90 0.33 
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