
 

 
 

 The common whelk (Buccinum undatum L.): 
Life history traits and population structure 

 
 
 
 

 
 
 
 
 
 
 
 

Hildur Magnúsdóttir 

 
 

Faculty of Life and Environmental 
Sciences 

University of Iceland 
2010 





 

 

 
 
 

The common whelk (Buccinum undatum L.):  
Life history traits and population structure 

 
 
 

Hildur Magnúsdóttir 
 

 
 
 
 

90 ECTS thesis submitted in partial fulfillment of a 
Magister Scientiarum degree in biology 

 
 
 
 
 

Advisor(s) 
Erla Björk Örnólfsdóttir 
Zophonías O. Jónsson 
Jörundur Svavarsson 

 
 

Faculty Representative 
Davíð Gíslason 

 
 
 
 
 
 
 
 
 
 

Faculty of Life and Environmental Sciences  
School of Engineering and Natural Sciences 

University of Iceland 
Reykjavik, October 2010 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The common whelk (Buccinum undatum L.): Life history traits and population structure 

90 ECTS thesis submitted in partial fulfillment of a Magister Scientiarum degree in 

biology 

 

Copyright © 2010 Hildur Magnúsdóttir 

All rights reserved 

 

 

Faculty of Life and Environmental Sciences 

School of Engineering and Natural Sciences 

University of Iceland 

Sturlugata 7 

101 Reykjavik 

Iceland 

 

Telephone: 525 4000 

 

 

Bibliographic information: 

Hildur Magnúsdóttir, 2010, The common whelk (Buccinum undatum L.): Life history traits 

and population structure, Master‟s thesis, Faculty of Life and Environmental Sciences, 

University of Iceland, pp. 53. 

 

Printing: Háskólafjölritun/Háskólaprent, Fálkagötu 2, 101 Reykjavík 

Reykjavik, Iceland, October 2010 



 

Abstract 

The common whelk (Buccinum undatum L.) is a subtidal gastropod widely distributed in 

the North Atlantic Ocean. It is fished commercially in both Europe and Canada. The 

species is known for its variation; in size distribution, maturation size and morphology.  

From a data series of monthly samples collected from June 2007 to December 2008 

the timing of copulation, size distribution and shell shape of the common whelk were 

studied at 10 stations across Breiðafjörður. Fragments of the mitochondrial genes 16S 

rRNA and COI were sequenced to study the population genetics of the common whelk in 

Breiðafjörður, Húnaflói and the Faeroe Islands. The genetic population structure of the 

common whelk in these areas was then compared with its morphological populations.  

The average size of whelks at the 10 sample locations in Breiðafjörður ranged from 

49 – 57 mm. Size distribution, average size and maturation size were different between 

stations. Whelks became mature at a shell height of 45 – 70 mm and at 4.7 – 7.5 years of 

age. Monthly comparison of testis weight vs. eviscerated weight of the whelk indicates that 

copulation of whelks in W-Iceland takes place in the period from September to February. 

This is consistent with the time of mating in European populations. Morphological 

variability was high as 4 – 6 of the six shell ratios tested were significantly different 

between stations. 

Allele frequencies for both 16S rRNA and COI, were significantly different between 

Icelandic areas and between Iceland and the Faeroe Islands, but not inside Breiðafjörður. 

The morphology of whelk shells was significantly different between Breiðafjörður and the 

Faeroe Islands; whelks from Húnaflói and the Faeroe Islands seem to have similarly shaped 

shells. The common whelk is a variable species, especially within Breiðafjörður. This 

morphological variability does not seem to be reflected in the mitochondrial allele 

frequencies between areas, indicating that environmental factors could affect the shape of 

the shell of B. undatum. 

 

 

 

 

 

 

 



 

Útdráttur 

Beitukóngur (Buccinum undatum L.) er snigill sem lifir frá fjöru að 1200 m dýpi og finnst 

víða í N-Atlantshafi. Hann er veiddur til manneldis í Evrópu og Kanada. Tegundin er þekkt 

fyrir mikinn breytileika í stærðardreifingu, kynþroskastærð og útliti.  

Mökunartími, kynþroskastærð, stærðardreifing og svipfar beitukónga á tíu stöðvum á 

sniði þvert yfir Breiðafjörð voru rannsökuð með gögnum úr mánaðarlegum sýnatökum frá 

júni 2007 – desember 2008. Til að rannsaka stofnerfðafræði beitukónga í Breiðafirði, 

Húnaflóa og Færeyjum voru svæði úr hvatberagenunum 16S rRNA og COI raðgreind og 

niðurstöðurnar bornar saman á milli svæða sem og við svipfarsdreifingu þeirra.  

Meðalstærð veiddra beitukónga var milli 49 – 57 mm og líkt og stærðardreifingin var 

hún mismunandi milli stöðva í Breiðafirði. Beitukóngar urðu kynþroska við 45 – 70 mm 

hæð skeljar, meðalaldur við kynþroska var á bilinu 4.7 – 7.5 ár, þetta var einnig misjafnt 

milli stöðva. Mánaðarlegur samanburður á hlutfallslegri þyngd eista af þyngd beitukóngs 

án helstu líffæra bendir til þess að tímgun beitukónga við V-Ísland eigi sér stað á haustin 

og fram á miðjan vetur, líkt og tíðkast í Evrópu. Svipfarsbreytileiki var mikill milli 

beitukónga frá stöðvunum 10, í flestum tilfellum voru 4 – 6 útlitsbreytur beitukónga 

marktækt frábrugðnar á milli svæða, af þeim 6 sem prófaðar voru.   

Marktækur munur á tíðni arfgerða var til staðar innan Íslands og milli Færeyja og 

Íslands en ekki innan Breiðafjarðar. Svipfar íslenskra og færeyskra beitukónga var ólíkt en 

þó aðeins marktækt ólíkt milli Færeyja og Breiðafjarðar; beitukóngar frá Húnaflóa og 

Færeyjum hafa svipað lagaðan kuðung. Beitukóngur er mjög breytileg tegund, sérstaklega 

innan Breiðafjarðar en þessi útlitslegi breytileiki virðist ekki endurspeglast í erfðafræðilegri 

aðgreiningu milli svæða sem gæti bent til þess að umhverfisþættir hafi áhrif á form 

beitukóngskuðunga.  
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1 Introduction 

1.1 Biology of the common whelk 

1.1.1 Distribution 

The common or waved whelk (Buccinum undatum L.) is a subtidal marine neogastropod 

which belongs to the Buccinidae family (Fretter and Graham 1994). It can reach up to 150 

mm in shell height and is most commonly found just below the tidal zone down to 50 m, 

while it is known to have been found at depths down to 1200 m (Óskarsson 1962; Golikov 

1968). The density of the common whelk is usually less than one whelk per square meter 

but has been known to reach 1.8 individuals per square meter in the Gulf of St. Lawrence 

in Canada where it was the most abundant invertebrate predator (Jalbert et al. 1989).  

The common whelk is found on both sides of the Atlantic Ocean and in the 

Greenland and Norwegian seas (Golikov 1968). Along the coast of Europe, the species 

inhabits an area from Spain to Svalbard and SW-Greenland (Golikov 1968). On the east 

coast of N-America the common whelk can be found from New Jersey to Labrador 

(Gendron 1991).  

1.1.2 Habitat and diet 

Being a predator and a scavenger, the whelk feeds on polychaetes, bivalves, echinoderms, 

small crustaceans, fish eggs and can thrive on various bottom substrates, e.g. sand, mud, 

gravel or rocks (Nielsen 1975; Jalbert et al. 1989; Himmelman and Hamel 1993). Stomach 

contents of whelks collected in sandy habitats in Canada consisted most frequently of sea 

urchins, polychaetes and amphipodes while whelk stomachs from rocky habitats most 

frequently contained pieces of decapod crustaceans and fish eggs (Himmelman and Hamel 

1993).  

 Even though the whelk can move relatively fast (11.4 cm min
-1

) when alerted to 

possible prey, studies of the common whelk in Canada found that during different diving 

observations it was rarely actively searching for food suggesting that active predation is not 

a primary means of obtaining food for whelks (Himmelman 1988; Jalbert et al. 1989; 

Himmelman and Hamel 1993). 

1.1.3 Reproduction 

The whelk is gonochoric and has internal fertilization. Female whelks lay masses of egg 

capsules which they attach to a substrate, e.g. rocks, sea grass, seaweed or other solid 

surfaces. An average egg mass laid by one female contains 140 capsules but on many 

occasions more than one female lay eggs together in one mass (Martel et al. 1986a). Due to 

the absence of a planktonic larval stage, the offspring go through the trochophora and 

veliger stages inside the egg capsule and then crawl out as tiny fully developed whelks 
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(Martel et al. 1986b). In each capsule there can be up to 3200 whelk embryos but only 

about 1% complete their development, these individuals feed on their sibling eggs (Martel 

et al. 1986a, Fretter and Graham 1994, Valentinsson 2002). 

In Canada copulation of whelks takes place from mid-May to the beginning of July 

and egg laying takes place from the end of May to the end of August while in Europe 

copulation takes place from autumn until mid-winter (Martel et al. 1986a; Martel et al. 

1986b; Kideys et al. 1993; Valentinsson 2002; Henderson and Simpson 2006). Length of 

development is also different between the continents as juvenile whelks in Canada emerge 

from their capsules 5–8 months after egg-laying, whereas in Britain this takes place after 

only 3–5 months (Martel et al. 1986a; Kideys et al. 1993). According to this, recruitment of 

whelks takes place in spring and summer in Europe while in Canada it takes place from 

October to April. Martel et al. (1986) postulated that since the winter sea temperature in 

Europe is higher than the average summer temperature in the Gulf of St. Lawrence, a 

northern species such as the the common whelk might find the warm summer temperatures 

in Europe unfavourable for its embryonic development (Martel et al. 1986b).  

1.1.4 Whelk fisheries 

For centuries the common whelk has been used for human consumption in Europe, e.g. the 

British Isles, Belgium and Netherlands (Gunnarsson et al. 1998). In S-England and eastern 

Canada the common whelk has been fished commercially since the 1940‟s (Hancock 1963; 

DFO 2009). Whelks have been exploited as bait for fisheries for decades in the Faeroe 

Islands and historically it was also used as bait in Iceland. However, in both countries the 

history of commercial fisheries of whelks is relatively short as it expands over less than a 

decade. In Iceland experiments have been made with commercial fishery of whelks in 

various locations and in Breiðafjörður, W-Iceland, it has been fished since 1996 

(Gunnarsson et al. 1998). 

 Low mobility of adult whelks and lack of pelagic larval stage increase the probability 

of formation of localized subpopulations (Behrens Yamada 1989; Gendron 1992). Local 

overfishing could lead to loss of genetic diversity within the species if population structure 

is evident, and it would take a long time for other subpopulations to recolonize the extinct 

area (Himmelman and Hamel 1993; Weetman et al. 2006). Therefore it is very important to 

be aware of life history characteristics of fished whelk populations as well as its density. In 

Canada and Shetland regulations of whelk fisheries in the form of a minimum landing size 

(MLS) have been implemented based on local biology (DFO 2009; Shelmerdine et al. 

2007). MLS is 70 mm in Canada and 75 mm in Shetland contrasting with the European 

Union MLS which is based on a general minimum size of 45 mm (DFO 2009; Shelmerdine 

et al. 2007). 
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1.2 The common whelk in Breiðafjörður and 
Iceland 

The common whelk is abundant in coastal areas all around Iceland and has been used for 

food and bait for centuries, hence its name in Icelandic; beitukóngur “bait king” (Óskarsson 

1962; Gunnarsson et al. 1998).  

 The biology of the common whelk in Breiðafjörður was studied in 1993 by Karl 

Gunnarsson and Sólmundur Einarsson (1995). They set traps in May and again in 

September and the length, weight, age and sex of whelks was evaluated (Gunnarsson and 

Einarsson 1995). The shape of the whelk‟s size distribution varied between stations as well 

as size of whelks at sexual maturity which ranged from 45 to 80 mm (Gunnarsson and 

Einarsson 1995). Growth of whelks in Breiðafjörður was fast until the age of 5 years when 

it started to slow down and the average size of ten year old whelks was 65 mm 

(Gunnarsson and Einarsson 1995).  

 

1.3 Objective 

The aim of this study was to compare life history traits and morphology of the common 

whelk between and within areas in Breiðafjörður, Iceland. Furthermore the objective was to 

determine the genetic population structure of the common whelk in Iceland and the Faeroe 

Islands and contrast this structure with morphological differences between areas. The 

hypothesis was that both morphological and genetic differentiation would be evident 

between areas in Breiðafjörður and between areas in Iceland and the Faeroe Islands, caused 

by limited gene flow between the areas as a combined result of the whelk‟s lack of a 

pelagic larval stage and its sedentary life style.  

 

1.4 Contribution of the student 

The two main chapters of this M.Sc. thesis are based on the draft of two different papers 

that will be submitted to peer-reviewed journals. The first paper is the study of biology and 

morphology of the common whelk in Breiðafjörður and the second paper focuses on the 

study of population genetics of the common whelk in Iceland and the Faeroe Islands. These 

papers are written together with my supervisors and collaborators, Erla Björk Örnólfsdóttir, 

Zophonías O. Jónsson and Karen Olsen.  

I have been involved in this study on the common whelk since June 2007. I dissected 

whelks and analysed data from June – Desember 2007. In the beginning of April 2008 I 

started to work on DNA extraction from whelks and PCR amplification of the 

microsatellites we intended to use for determination of population structure. The 

microsatellites however proved very difficult to amplify and after a lot of unsuccessful 

optimizations of the amplification protocol I turned to mitochondrial DNA. Thus the period 

from April 2008 until January 2010 I spent on DNA extraction, PCR amplification and 

DNA sequencing along with data processing. Sigrún Reynisdóttir assisted with DNA 

extractions, amplifications and sequencing to complete the data sets.  
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2 The common whelk (Buccinum 
undatum L.) in Breiðafjörður, W-
Iceland: Life history traits and 
morphology 

2.1 Introduction 

The common or waved whelk (Buccinum undatum L.) is one of the most abundant subtidal 

invertebrate predators in the North Atlantic ocean (Jalbert et al. 1989). The species is 

known to be very variable between areas in the North Atlantic both in life history and 

morphology (Golikov 1968).  

Some life history characteristics of the common whelk, such as fast early growth, 

high age at sexual maturity, low fecundity, lack of pelagic larval stage, long life span and 

limited adult dispersal abilities suggest that strong genetic structure could be expected for 

the species (Valentinsson et al. 1999; Weetman et al. 2006). The presence of locally 

adapted whelk populations is supported by the fact that size at sexual maturity and average 

height and size distribution of the common whelk have all been found to be spatially 

heterogeneous in coastal areas of off Canada, Iceland, Shetland and Sweden (Gendron 

1992; Gunnarsson and Einarsson 1995; Valentinsson et al. 1999; Shelmerdine et al. 2007). 

The whelk is gonochoric and has internal fertilization. There is no planktonic larval 

stage, instead the whelk‟s offspring go through the trochophora and veliger stages inside 

the egg capsule and then hatch as tiny fully developed whelks (Martel et al. 1986b). Female 

whelks lay masses of egg capsules which they attach to a substrate, e.g. rocks, sea grass, 

seaweed or other solid surfaces and on many occasions several females lay eggs together in 

one egg mass (Martel et al. 1986a).   

As the gonads of the common whelk undergo seasonal growth it is possible to 

determine its breeding period using gonadosomatic indices, i.e. compare monthly changes 

in the ratio of gonad weight to eviscerated weight (Martel et al. 1986b). Gonadosomatic 

indices for whelks in the Gulf of St. Lawrence in Canada have revealed that mating takes 

place from mid-May to the beginning of July and egg-laying begins in late May and 

continues until late August (Martel et al. 1986b). In Britain mating takes place in the 

autumn until mid-winter and the egg-laying occurs between December and January (Kideys 

et al. 1993; Henderson and Simpson 2006). Swedish whelks mate a little earlier, or from 

August into the autumn and egg-laying takes place between October and December 

(Valentinsson 2002). Juvenile whelks in Canada emerge from their capsules 5–8 months 

after egg-laying, while in Britain this takes place after only 3–5 months (Martel et al. 

1986a; Kideys et al. 1993). The time and duration of the breeding season of Icelandic 

whelks is not known. 

For decades the common whelk has been harvested in Europe and Canada for bait 

and human consumption (DFO 2006). In 1996 whelk fishery was initiated in Breiðafjörður, 
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West Iceland. When exploiting the common whelk it is necessary to know its growth rate, 

its size at sexual maturity and to be aware of its copulation time, as its life history 

characteristics cause local populations to be vulnerable to overfishing (Himmelman 1988; 

Valentinsson et al. 1999). Knowledge of size at sexual maturity of whelks in the fishing 

grounds is especially important for a sustainable fishery, as a minimum landing size (MLS) 

should allow individuals time to contribute their offspring to the population before they are 

fished (Gendron 1992; Henderson and Simpson 2006; DFO 2009).  

The goal of this study was to investigate population structure, morphology, growth, 

and reproductive cycle of the common whelk in Breiðafjörður and to compare life history 

traits of the whelk between areas. The life history traits to be determined were; size at 

sexual maturity, time of copulation and time of egg laying and growth rate.  

In this paper we present data that supports that B. undatum in Breiðafjörður is 

variable, both in life history traits and morphology. Furthermore sexual maturity in 

Breiðafjörður is reached at a larger size than that which had previously been established as 

the minimum landing size for the common whelk in Iceland.  

 

2.2 Materials and methods 

2.2.1 Sampling 

Samples were collected in five areas in the inner part of Breiðafjörður in the west of 

Iceland; Brjánslækur, Prestaflaga, Oddbjarnarsker, Elliðaey and Hempill/Hrútey (Fig. 1). 

As the study was linked to the utilization of the common whelk in Breiðafjörður, the areas 

chosen for the study had been fished either before or during the time of the study. Samples 

were taken at two stations in each area in order to compare life history traits and 

morphology within areas (Fig. 1). Whelks were sampled monthly from June 2007 to end of 

the year 2008, however, weather conditions did not always permit all stations to be 

sampled monthly (Table 1). In the first year all ten stations were sampled but during the 

last six months of the study in 2008 the sample effort was reduced to six stations; one 

station in each area except for the Hempill area where both stations were included. In the 

Hempill/Hrútey area the bottom type was sand while in the remaining areas the substrate 

was mud.  

Every month baited traps were deployed at sampling stations and left for a few days, 

depending on weather conditions. The traps were thick plastic cylinders with a thick metal 

plate in the bottom and a net on top with a hole in the middle so that the whelks could 

crawl inside but not back out (Fig. 2). Holes in the bottom of the cylinder were 25 mm in 

diameter. From the catch at each station a random subsample of 150 snails was taken from 

one or more traps, depending on the size of the catch and the snails frozen at -20°C until 

dissected.  
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Table 1. Location of sample stations, depth and number of individuals collected in the course of 

the study 

 

Station 
Latitude  

(N) 

Longitude 

(W) 

 

Depth 

 (m) 

 

Bottom type 

 

Number of 

months sampled 

Brjánslækur 1 65°30 99 23°01 05 30 Mud 9 

Brjánslækur 2 65°29 52 23°07 84 37 Mud 14 

Prestaflaga 1 65°25 27 22°49 26 24 Mud 11 

Prestaflaga 2 65°24 03 22°54 34 54-60 Mud 15 

Oddbjarnarsker 1 65°18 50 23°14 01 43 Mud 14 

Oddbjarnarsker 2 65°18 00 23°10 30 35 Mud 9 

Elliðaey 1 65°09 56 22°45 14 38 Mud 11 

Elliðaey 2 65°12 62 22°42 01 30 Mud 16 

Hempill 65°03 06 23°12 51 22 Sand 13 

Hrútey 65°01 34 22°56 20 36 Sand 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.   The sample area in Breiðafjörður in the west of Iceland. 
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Fig 2. Top view of the whelk traps used in the study. 

 

2.2.2 Dissection and measurements 

Prior to dissection the snails were thawed for 14-16 hours in a refrigerator. Monthly 75 

randomly selected snails from each station were dissected. The total weight of the snail was 

recorded to the nearest 0.01 g. Length and width of the shell and length and width of the 

shell aperture (Fig. 3) were measured with vernier callipers to the nearest 0.05 mm. The 

operculum was removed, labelled and stored for age determination. Then the snail was 

removed from the shell by gently pulling at the foot with forceps, if this was unsuccessful 

the shell was broken with a hammer. The shell and the snail were then weighed separately. 

Once out of the shell the sex of the snail was determined and signs of parasite infections 

noted.  

During dissection infected animals were identified by the colour and cell structure of 

the gonad and/or the digestive gland in the case of infection with the digenean Neophasis 

sp., and in the case of the protozoans Merocystis kathae and Piridium sociabile by the 

presence of white spots on the surface of the kidney and under the ventral surface of the 

foot, respectively (Patten 1935; Patten 1936; Køie 1969).  
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Fig 3. Shell measurements taken in the study for morphological analysis. A) Shell height; B) Shell 

width; C) Aperture height; D) Aperture width 

 

Sexual maturity was determined by measuring the length of the penis of the male 

whelks. A male whelk was considered sexually mature when the length of the penis equals 

or exceeds half the height of its shell (Køie 1969). Size at sexual maturity for the common 

whelk was determined as the size interval of 5 mm where 50% or more of the males were 

sexually mature. The testicle, seminal vesicle and digestive gland were removed and the 

snail weighed after each organ had been removed. For female whelks the pallial oviduct, 

the ovary and digestive gland were removed and the snail weighed after each organ had 

been removed.  

The age of the whelks was determined by dyeing the operculum with methylene blue 

and counting the striae in the operculum on its inner side (Santarelli and Gros 1985; Ilano 

et al. 2004).  

 

2.2.3 Data analysis 

Microsoft Excel and R (v2.6.2) were used for data analysis and drawing of graphics. Size 

distribution, average age and size at sexual maturity were determined for all 10 sample 

locations while the reproduction cycle of sexually mature individuals was determined for 

the six stations with the longest data series. These stations were Brjánslækur 2, Prestaflaga 

2, Oddbjarnarsker 1, Elliðey 2, Hempill and Hrútey.  

 For the determination of growth curves of the whelk in Breiðafjörður we intended to 

use length frequency analyses based on the von Bertalanffy equation, but the age data was 

too variable to attempt a fit to the model. The von Bertalanffy equation (Kideys 1996) is 

based on the asymptotic length (L∞ ) of the shell of the whelk and Ford„s growth 

coefficient (k) found from a Ford-Walford plot:  

     Lt = L∞ - (1 – e
-K(t-t

0
)
) 

A 

D 

B 

C 
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Lt is the estimated length at age t and t0 is the hypothetical age at which the whelk would 

have been at zero length.   

 Eviscerated weight, i.e. the weight of the whelk when gonads and digestive glands 

have been removed, was used to evaluate the reproduction cycle and shell and body ratios. 

This was done to eliminate any uncertainties caused by the varying weight of the digestive 

gland, similar to the work of Martel et al. (Martel et al. 1986).  

Morphological differences of whelks in Breiðafjörður were tested based on six shell 

and body ratios with single factor ANOVA and TukeyHSD for post hoc analysis (Quinn 

and Keough 2002). The tested variables were: 1) log shell height/log eviscerated weight; 2) 

log shell height/log shell weight; 3) shell height/aperture height; 4) shell height/aperture 

width; 5) shell height/shell width; 6) aperture height/aperture width (Thomas and 

Himmelman 1988).  

Individuals infected with the trematode Neophasis sp., were excluded when size at 

sexual maturity and reproduction cycle were determined as the parasite is known to cause 

infertility in most cases and infection has been associated with a marked reduction in the 

mass of the penis (Tetreault et al. 2000).  
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2.3 Results 

2.3.1 Size and growth 

A total of 9556 whelks were analyzed, thereof 4534 males, 5009 females and 13 

individuals with imposex. The average shell height of whelks at the sampling stations 

ranged from 49.3 mm to 57.1 mm (Table 2), with the smallest whelks on average at 

Oddbjarnarsker 1 and the largest at Prestaflaga 2. 

The size distribution of captured whelks was variable between stations. At 

Brjánslækur 2, Prestaflaga 2, Elliðaey 1 and 2, the size distribution was symmetrical (Fig. 

4). The majority of whelks at these four stations were in the size range from 30 – 75 mm, 

whelks outside this range were presented by very few individuals. At Prestaflaga 1 the size 

distribution was bimodal and the size of whelks ranged from 25 – 80 mm with two distinct 

peaks between 40 and 60 mm and 60 and 80 mm respectively. The size distribution of the 

whelks at Hempill as well as Oddbjarnarsker 1 and 2 was negatively skewed. Hempill had 

the widest size range with whelks ranging from 20 – 95 mm whereas Oddbjarnarsker 1 and 

2 both had a size range from 20 – 70 mm. At Brjánslækur 1 and Hrútey the distribution 

was positively skewed, with a size range from 30 – 75 mm at Brjánslækur 1 and from 35 – 

85 mm at Hrútey.   

Age of whelks ranged from 3 – 12 years, with the oldest snails found at Hempill and 

Hrútey (Fig. 5). The whelks grew rapidly in the first years of their life but growth slowed 

down around the age of 6 – 8 years (Fig. 5). 
 

Table 2. Average shell height of whelks with standard deviation and number of individuals 

analysed at each sampling station 
 

Station Average height (mm) 

Stdev. of  

average height 

(mm) 

Number of individuals 

(N) 

Brjánslækur 1 49.33  8.96 725 

Brjánslækur 2 56.19  9.14 1100 

Prestaflaga 1 54.62 11.51 840 

Prestaflaga 2 57.07   8.86 1175 

Oddbjarnarsker 1 49.30   6.76 1100 

Oddbjarnarsker 2 52.78   9.16 725 

Elliðaey 1 52.48   8.55 749 

Elliðaey 2 53.00   8.53 1250 

Hempill 54.84 11.64 964 

Hrútey 55.55   9.37 928 
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Fig 4. Size distribution of B. undatum caught on the sample stations in Breiðafjörður. Brjánslækur 

1, Elliðaey 1, Oddbjarnarsker 2 and Prestaflaga 1 show data from June 2007 - May 2008, while 

the remaining stations show data from June 2007 – December 2008 

 

Fig 5. Average length at age for B. undatum caught at the sample stations in Breiðafjörður 

(vertical lines indicate standard error). Brjánslækur 1, Elliðaey 1, Oddbjarnarsker 2 and 

Prestaflaga 1 show data from June 2007 to May 2008, while the remaining stations show data 

from June 2007 to December 2008 
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2.3.2 Size at sexual maturity and reproduction cycle 

Whelks in Breiðafjörður reached sexual maturity at the shell height intervals ranging from 

45 – 50 mm to 65 – 70 mm (Table 3). Average age of whelks in the 5 mm interval where 

they reached sexual maturity was lowest 4.7 years at Elliðaey 1 and highest at Brjánslækur 

1 at 7.5 years (Table 3).  

Data for sexually mature healthy individuals from the six stations with the longest 

data series was pooled in order to plot the monthly changes in gonad weight to eviscerated 

weight. The total number of sexually mature, uninfected males in each month ranged from 

28 to 170 and for females from 31 to 127 individuals. The ratio of testis weight/eviscerated 

weight reached a maximum in August 2007 and in July/August in 2008 (Fig. 6). Similarly 

the seminal vesicle weight/eviscerated weight ratio reached a maximum in August 2007, 

but in 2008 the series did not follow the same trend as in 2007 and only reached a 

maximum in November after a minimum value in July (Fig. 7). In both years the ovary 

weight/eviscerated weight ratio reached a peak in November (Fig. 8). The pallial oviduct 

weight/eviscerated weight attained its 2007 maximum in August with a maximum in 

May/June in 2008 (Fig. 9).  

  

 
Table 3.  Size at sexual maturity and average age at sexual maturity for B. undatum caught at the 

sample stations in Breiðafjörður 

Station Size at sexual maturity (mm) Average age at sexual maturity (yrs.) 

Brjánslækur 1 65-70 7.5 

Brjánslækur 2 60-65 6.9 

Prestaflaga 1 65-70 7.2 

Prestaflaga 2 65-70 7.0 

Oddbjarnarsker 1 50-55 6.0 

Oddbjarnarsker 2 50-55 5.9 

Elliðaey 1 45-50 4.7 

Elliðaey 2 60-65 6.6 

Hrútey  60-65 6.6 

Hempill 55-60 6.1 
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Fig 6. Ratio of testis weight to eviscerated weight of male whelks in Breiðafjörður. The squares  

indicate the average for each month and the vertical bars the standard deviation 

 

Fig 7. Ratio of seminal vesicle weight to eviscerated weight of male whelks in Breiðafjörður. The 

squares indicate the average for each month and the vertical bars the standard deviation 
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Fig 8. Ratio of ovary weight to eviscerated weight of female whelks in Breiðafjörður. The squares 

indicate the average for each month and the vertical bars the standard deviation 

Fig 9. Ratio of pallial oviduct weight to eviscerated weight of female whelks in Breiðafjörður. The 

squares indicate the average each month and the vertical bars the standard deviation 
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2.3.3 Parasite infections 

Three types of parasite infection were observed in whelks in Breiðafjörður, the digenean 

Neophasis sp. and the two protozoans Merocystis kathae and Piridium sociabile. 

Neophasis sp. was found in the gonad and/or digestive gland of the whelk while Merocystis 

kathae was found in the kidney and Piridium sociabile in the ventral surface of the foot.  

The most abundant parasite was P. sociabile which was found in 42 – 93 % of 

individuals (Table 4). M. kathae was present in 5 – 83 % of individuals and 2 – 32 % 

exhibited signs of a Neophasis sp. infection (Table 4). Prevalence of Neophasis sp. 

increased with shell height of whelks (Fig. 10).  
 

Table 4. Percentage of parasite infected whelks at the sample stations in Breiðafjörður. Sample 

areas are arranged in the table in a north to south gradient, from Brjánslækur in the north to 

Hempill/Hrútey in the south 
 

Stations Neophasis sp. (%) Merocystis kathae (%) Piridium sociabile (%) 

Brjánslækur 1 2 38 89 

Brjánslækur 2 4 70 93 

Prestaflaga 1 9 61 66 

Prestaflaga 2 11 39 82 

Oddbjarnarsker 1 10 76 68 

Oddbjarnarsker 2 13 83 42 

Elliðaey 1 32 21 70 

Elliðaey 2 24 30 76 

Hempill  25 5 72 

Hrútey 25 8 72 
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Fig  10. Prevalence (%) of the digenean Neophasis sp. in the common whelk in Breiðafjörður in 

relation to shell height. Numbers in brackets refer to sample size 

 

2.3.4 Morphology 

All morphological characteristics of the common whelk tested, revealed significant 

differences between stations (single factor ANOVA) with P<0.001 for log shell height/log 

eviscerated weight; P<0.001 for log shell height/log shell weight; P<0.001 for shell 

height/aperture height; P<0.001 for shell height/aperture width; P<0.001 for shell 

height/shell width and P<0.001 for aperture height/aperture width.  

TukeyHSD was used for post hoc comparison of shell characteristics and revealed 

that between all stations and even inside areas, four to six ratios were significantly different 

(Table 5, Appendix A). Log shell height/log eviscerated weight was significantly different 

between all stations except for between Brjánslækur 2 and Hempill; Brjánslækur 2 and 

Prestaflaga 2; Elliðaey 1 and Prestaflaga 1; Elliðaey 2 and Hrútey; Elliðaey 2 and 

Oddbjarnarsker 1; Hempill and Hrútey; Hempill and Prestaflaga 2; Hrútey and 

Oddbjarnarsker 1. For this ratio Brjánslækur 1 had the highest value (3.060) and 

Prestaflaga 2 the lowest value (2.196).  

Log shell height/log shell weight, which is an indicator of shell thickness, was 

significantly different between all stations except for between Brjánslækur 1 and Elliðaey 

1; Brjánslækur 2 and Hempill; Brjánslækur 2 and Hrútey; Brjánslækur 2 and Prestaflaga 2; 

Hempill and Hrútey; Hempill and Prestaflaga 2; Hrútey and Prestaflaga 2. For this ratio 

Oddbjarnarsker 1 had the highest value (4.928) and Brjánslækur 2 the lowest value (0.624).  

Shell height/aperture height was significantly different between all stations except for 

between Brjánslækur 1 and Brjánslækur 2; Brjánslækur 1 and Elliðaey 1; Brjánslækur 1 

and Hrútey; Brjánslækur 2 and Elliðaey 1; Elliðaey 1 and Hrútey; Prestaflaga 1 and 
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Prestaflaga 2.  For this ratio Prestaflaga 1 had the highest value (2.020) with Prestaflaga 2 

coming close with a ratio of 2.011, while Hempill had the lowest value (1.890). 

Shell height/aperture width was significantly different between all stations except for 

between Brjánslækur 1 and Brjánslækur 2; Brjánslækur 1 and Elliðaey 2; Elliðaey 1 and 

Prestaflaga 2; Elliðaey 2 and Hempill; Hrútey and Prestaflaga 1; Oddbjarnarsker 1 and 

Oddbjarnarsker 2. For this ratio Hrútey had the highest value (4.144) and Oddbjarnarsker 1 

had the lowest value (3.864). 

Shell height/shell width, an indicator of shell shape, was significantly different 

between all stations except for between Brjánslækur 1 and Elliðaey 2; Brjánslækur 1 and 

Hempill; Brjánslækur 2 and Elliðaey 2; Brjánslækur 2 and Oddbjarnarsker 2; Elliðaey 1 

and Prestaflaga 1; Elliðaey 2 and Hempill; Elliðaey 2 and Oddbjarnarsker 2. For this ratio 

Elliðaey 1 had the highest value (1.771) and Oddbjarnarsker 1 the lowest value (1.645).  

Aperture height/aperture width, an indicator of aperture shape, was significantly 

different between all stations except for between Brjánslækur 1 and Brjánslækur 2; 

Brjánslækur 1 and Oddbjarnarsker 1; Brjánslækur 1 and Oddbjarnarsker 2; Brjánslækur 1 

and Prestaflaga 2; Brjánslækur 2 and Oddbjarnarsker 1; Brjánslækur 2 and Oddbjarnarsker 

2; Elliðaey 1 and Elliðaey 2; Elliðaey 2 and Prestaflaga 1; Oddbjarnarsker 1 and 

Oddbjarnarsker 2.  For this ratio Hempill had the highest value (2.140) and Oddbjarnarsker 

1 and 2 the lowest values (2.001 and 2.000).  

Distinct differences in shell texture and colour and banding of whelks were also 

observed between areas in Breiðafjörður (data not shown).  

 
Table 5. Results of TukeyHSD post hoc test. Significance level was P<0.05. Each column contains 

six symbols, composed of (*) or (-). The asterisk (*) indicates significant difference while the 

hyphen ( –) indicates no significant difference. The order of statistical tests was: Ratio 1: Log shell 

height/log eviscerated weight. Ratio 2: Log shell height/log shell weight. Ratio 3: Shell 

height/aperture height. Ratio 4: Shell height/aperture width. Ratio 5: Shell height/shell width. 

Ratio 6: Aperture height/aperture width. See Appendix A for tables for each ratio.  

Brj: Brjánslækur;Ell:Elliðaey;Hem:Hempill;Hrey:Hrútey;Odd:Oddbjarnarsker;Prfl:Prestaflaga 

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1  **--*- *--*** ***--* ****-* **-*** *****- *****- ****** *****- 

brj2   **-*** ****-* --**** *-**** *****- ****-- ****** --**** 

ell1    *****- ****** **-*** ****** ****** -***-* ***-** 

ell2     ***--* -***** -*-*** **-*-* *****- ****** 

hem      --**** ****** ****** ****** --**** 

hrey       -***** ****** ***-** *-**** 

odd1        ***-*- ****** ****** 

odd2         ****** ****** 

prfl1          **-*** 

prfl2           

 

2.4 Discussion 

Our observations reveal that the common whelk is variable between areas in most aspects 

of its life history examined in the Breiðafjörður area. The size distribution of the whelk in 

Breiðafjörður from June 2007 to December 2008 was variable between stations and similar 
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variability was observed in a previous study of whelk populations in NE-Breiðafjörður and 

in whelk populations along the West Coast of Sweden, the coast of England and the 

northern Gulf of St. Lawrence (Jalbert et al. 1989; Gunnarsson and Einarsson 1995; 

Valentinsson et al. 1999; Shelmerdine et al. 2007).  

In Breiðafjörður whelks became sexually mature at the shell height intervals of 45 – 

50 mm to 65 – 70 mm. This is lower than for whelks in Shetland but similar to the range 

found previously for the whelk in NE-Breiðafjörður as well as for Canadian and Swedish 

whelks (Gendron 1992; Gunnarsson and Einarsson 1995; Valentinsson et al. 1999; 

Henderson and Simpson 2006). The great variability in size at sexual maturity in 

Breiðafjörður has been proposed to be related to differences in shell thickness, i.e. some 

whelks put more energy into the growth of shell thickness and thus become mature at a 

lesser height than others (Gendron 1992). This does not seem to be the case in 

Breiðafjörður as the whelks with the thickest shells were from Hempill where sexual 

maturity was reached at 55 – 60 mm while the whelks with the thinnest shells come from 

Oddbjarnarsker where sexual maturity was reached at 50 – 55 mm.  

The age data were too variable to be considered eligible for a fit of the Von 

Bertalanffy equation, thus they were represented by graphs of the mean shell length at age. 

Growth appeared to be fast for the first few years while slowing down around sexual 

maturity at some stations. 

In addition to varying size at sexual maturity and dissimilar size distribution, the 

common whelk in Breiðafjörður also revealed variable shell ratios and shell colour and 

texture. All six shell ratios tested were found to be significantly different between stations, 

independent of the distance between them, which was from 2.8 km (Oddbjarnarsker 1 and 

2) to the maximum of 14.2 km (Hempill and Hrútey). Thomas and Himmelman (1988) 

postulated that increased shell thickness and elongated apertures of Canadian whelks are 

adaptations to lobster and crab predation while thinner shells reflect negligible crustacean 

predation. Many predators of the whelk are found in Breiðafjörður, such as spider crab 

(Hyas araneas), starfish and Atlantic wolffish (Anarhichas lupus) but their density at the 

sample stations is not known.  

The data series of testis weight vs. eviscerated weight taken every month for 18 

months at six stations indicates that mating of whelks took place in autumn until mid-

winter. It appears that whelk populations in West Iceland follow the European pattern of 

autumn to mid-winter reproduction contrasting with the timing of reproduction in eastern 

Canada where whelks mate from mid-May to the beginning of July (Martel et al. 1986b; 

Kideys et al. 1993; Valentinsson 2002). According to Martel et al. (1986a) whelks lay their 

eggs up to eight weeks after copulation and thus egg-laying should take place in mid-winter 

until early spring (Martel et al. 1986a). The ratios of the seminal vesicle, ovary and pallial 

oviduct to the eviscerated weight of the whelk were very variable which further underlines 

the variation in life history traits of whelks in Breiðafjörður. Examination of the contents of 

the bursa and seminal receptacle of female whelks for presence of sperm to determine the 

breeding period of B. undatum could eliminate the uncertainty about timing of copulation 

generated by these highly variable measurements (Martel et al. 1986a).   

Individuals smaller than 25 mm were generally absent from the samples; this could 

have been caused by the trap selection, slower movements of smaller whelks or different 

food or habitat preferences of smaller individuals. Jalbert et al. (1989) studied whelks in 

the northern Gulf of St. Lawrence and found that although in general size distribution was 

similar throughout the subtidal zone, densities of juvenile whelks (10 – 30 mm) showed 

significant variations with depth where the density of juveniles dropped markedly at 16 – 
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20 m. Densities of whelks also varied significantly on different substrates in the same area 

where both juveniles and mature individuals (70 – 120 mm) were most abundant on 

sand/mud and immatures (30 – 70 mm) most abundant on bedrock and boulders (Jalbert et 

al. 1989; Rochette and Himmelman 1996). No such definite trend was observed for the 

whelk in Breiðafjörður, yet the stations with the largest individuals, Hrútey and Hempill, 

are the only two stations where the bottom type is sand.  

Individuals longer than 85 mm were very rare in the sampled areas. Infection with the 

digenean Neophasis sp. could be taking its toll on the larger individuals as Tétreault et al. 

(2000) showed that prevalence of this infection increases rapidly with whelk size. 

Digenean infection was observed in the common whelk in Breiðafjörður and its prevalence 

increased in relation to shell height. 

The prevalence of parasite infections in whelks in the bay had a clear north-south 

shift with the Neophasis sp. parasite being more prevalent in the south of the bay while M. 

kathae and P. sociabile were more prevalent in the north of the bay. This could indicate the 

presence of distinct populations of whelks in northern and southern Breiðafjörður 

(McClelland et al. 2005) or that distribution of other parasite hosts in the bay differs from 

north to south. The most harmful parasite of these three is Neophasis sp. which infects the 

gonad and/or the digestive gland of the whelk to such an extent that hardly any of the tissue 

is left intact (Køie 1969). The protozoan M. kathae infects the kidney and P. sociabile 

infects the foot (Patten 1935; Patten 1936; Køie 1969). Neither M. kathae nor P. sociabile 

cause much damage to the host, while infection with Neophasis sp. results in infertility for 

both sexes and ultimately death (Køie 1969). This was reflected in the prevalence of the 

parasite infections with Neophasis sp. having the lowest prevalence and P. sociabile the 

highest.  

From the size at sexual maturity it is clear that the 45 mm minimum landing size 

(MLS) of whelks in Iceland is below the minimum to maintain sustainable fisheries of the 

whelk population based on the maturation criteria. At this MLS barely one station out of 

the ten sampled would be able to contribute recruits to the whelk population before being 

fished. The minimum landing size for the common whelk in the European Union is 45 mm, 

in Shetland however this has been changed to 75 mm because of concerns that 45 mm is 

too small to sustain a whelk fishery around Shetland (Henderson and Simpson 2006). In 

Canada the MLS is 70 mm and the fishing area in the Gulf of St. Lawrence is divided into 

15 areas where the number of fishing licences, size and number of traps are controlled 

(DFO 2009). Moreover some areas have a total allowable catch according to the capacity of 

the respective area and all areas are only fished for six months every year, from April/May 

to October/November (DFO 2009). The vessels fishing in Breiðafjörður have efficient gear 

aboard to sort whelks by size and should be able to change that sorting according to a new 

MLS. 

Future research on the common whelk in Iceland should look into further 

determining the environmental factors affecting shell development. A detailed study of 

bottom type, bycatch and current conditions at the stations would be desirable, 

complemented with common garden experiments exposing siblings to different 

environmental factors to determine which part of the observed morphological variation is 

genetic compared to induced by the environment.  
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3 Population genetics of the common 
whelk (Buccinum undatum L.) in 
Iceland and the Faeroe Islands 

3.1 Introduction 

Widely distributed in the North Atlantic as well as the Greenland and Norwegian seas, the 

common or waved whelk (Buccinum undatum L.) is a subtidal gastropod predator with 

variable shell morphology (Golikov 1968; Jalbert et al. 1989).  

Thomas and Himmelman (1988) found that almost all measured morphological 

characteristics and shell ratios of three B. undatum populations in Eastern Canada differed 

greatly. They postulated that this variation in morphology was an adaptation to the different 

predation pressures in the respective study areas (Thomas and Himmelman 1988). Other 

studies focusing on the general biology of the common whelk rather than its morphology, 

have revealed that size distribution and size at sexual maturity are different between 

locations in areas of study in Canada, Iceland, the United Kingdom and Sweden (Gendron 

1992; Gunnarsson and Einarsson 1995; Kideys 1996; Valentinsson et al. 1999; Henderson 

and Simpson 2006; Shelmerdine et al. 2007; Magnúsdóttir et al. unpublished).  

Weetman et al. (2006) delineated the population structure of B. undatum in the North 

Atlantic using five microsatellite loci. B. undatum was found to be divided into five 

groups: Canada; Iceland; Swedish Skagerrak; the European continental shelf; and the 

Solent, with the Canadian and Icelandic clusters being highly divergent from the rest of the 

samples while the other three were less distinct (Weetman et al. 2006).  

In Iceland the common whelk has long been known to have a very variable 

morphology, as well as life history traits (Óskarsson 1962; Gunnarsson and Einarsson 

1995). During a study of the biology and morphology of the common whelk in 

Breiðafjörður bay in the years 2007-2009, statistical tests of shell ratios were found to be 

significantly different between areas and thus confirmed the presence of distinct 

morphological populations in Breiðafjörður (Magnúsdóttir et al. unpublished).  

This morphological separation of whelks could be caused by localised populations 

with little migration which could support the formation of genetically distinct 

subpopulations. The aim of this study was to test the hypothesis that limited migration of 

the common whelk, causing negligible gene flow between areas, has generated a distinct 

genetic population structure within Iceland, and between Iceland and the Faeroe Islands. 

Furthermore to test if the possible genetic structure is associated with the whelk‟s localised 

morphological populations. 

To test the hypothesis we analysed partial nucleotide sequences of two mitochondrial 

genes, 16S rRNA and COI from whelks collected at five stations in Iceland and the Faeroe 

Islands, the two closest only 47 km apart. Initially the plan was to delineate the whelk‟s 

population structure using the five microsatellite markers from Weetman et al. (2005). 

However, after months of unsuccessful optimization, it was decided to abandon these 
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efforts in favour of mitochondrial genes. It appears that the microsatellites concerned are 

very delicate and difficult to optimize. 

In this paper we present data that indicates extensive genetic differentiation between 

Icelandic and Faeroese whelk populations and moderate genetic differentiation between 

Icelandic whelk populations. Neither mitochondrial gene appears to be under selection 

pressure but although morphological characteristics were significantly different between 

areas they do not correlate with allele frequencies of these two genes in the whelk 

populations.  

 

3.2 Materials and methods 

3.2.1 Sample collection and DNA analysis 

Fig 1. Sample locations in Iceland and the Faeroe Islands 

 

Whelks were collected at five locations (Fig 1); Hempill (B1) and Oddbjarnarsker (B2) in 

Breiðafjörður in W-Iceland (about 47 km apart), Húnaflói (HF) in the northwest of Iceland 

about 340 km from Breiðafjörður, in Faxaflói (FA) in W-Iceland and Nólsoyarfjørður in 

the Faeroe Islands (F) about 1100 km away from Faxaflói, Iceland. Hempill and 

Oddbjarnarsker were selected out of ten stations in a parallel study on the biology and 

morphology of the common whelk in Breiðafjörður, as all six morphological variables 

tested were significantly different between these two stations. The station referred to as 

Oddbjarnarsker in this paper is designated Oddbjarnarsker 1 in the parallel study.  

    Oddbjarnarsker 

Iceland Hempill 

Húnaflói 

Nólsoyarfjørður 

Faeroe 

Islands 

Faxaflói 
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Baited traps were used for sampling and whelks for this project were collected in the 

autumn of 2008. The whelks were frozen at -20°C until dissection and DNA extraction. 

Prior to DNA extraction, height and width of the whelk„s shell and aperture were measured 

with vernier callipers to the nearest 0.05 mm and the whelk weighed both with and without 

the shell to the nearest 0.01g. DNA was extracted from about 0.15 g of the mantle of the 

whelk with phenol free CTAB/chloroform extraction (Weetman pers. comm.). DNA was 

isolated from 96 individuals per site, except for Faxaflói where the sample size was 20 

individuals.  

Initially the DNA analysis was based on five microsatellites specially designed for B. 

undatum from Weetman et al. (2005) and a considerable effort was put into this part of the 

research. However, after a long series of unsuccessful optimization attempts, where 

annealing temperature and time, magnesium concentration and other diverse ingredients of 

the original protocols were adjusted, it became clear that further attempts to use these 

microsatellites would be futile. Instead we decided to attempt amplification and sequencing 

of mitochondrial genes of the whelk to look for polymorphisms that could be used to 

delineate the population structure of the common whelk.  

Fragments of two mitochondrial genes, 16S rRNA and COI, were successfully 

amplified by PCR. An approximately 463 bp fragment of the 16S rRNA gene was 

amplified using a pair of primers from Iguchi et al. (2004), 16SF (5´-

CCGTGCAAAGGTAGCATAAT-3´) and 16Sbr (5´-CCGGTCTGAACTCAGATCACGT-

´3). The 530 bp fragment of the COI gene was amplified using a pair of primers from 

Iguchi et al. (2007), FCOI (5´-TTAGTTGGTACTGCTTTAA G-3´) and RCOI (5´-

CCAGCTAAGACCGGAAGGGA-3´). 

PCR amplification was carried out in 15 μl reactions comprising 75 ng DNA, 1x 

ThermoPol Reaction Buffer (20 mM TrisHCl, 10 mM (NH4)2SO4, 10 mM KCl, 2 mM 

MgSO4, 0.1% Triton X-100, pH 8.8), 10 mM of each dNTP, 1.88 mM MgCl2, 1.5 μg BSA, 

1.15% Tween 20, 0.14 μl Taq Polymerase (New England Biolabs) and 5.1 pmol each of the 

forward and reverse primers. PCR amplifications were conducted with the following 

protocols, 16S rRNA: (2 min at 94°C) x 1; (30 sec at 94°C, 1 min at 46.2°C, 1.5 min at 

72°C) x 30; (5 min at 72°C) x 1; and COI: (2 min at 94°C) x 1; (30 sec at 94°C, 2 min at 

47°C, 1.5 min at 72°C) x 30; (5 min at 72°C) x 1. 5 μl of each PCR product were used for 

electrophoresis in a 1.5% agarose gel stained with 2 μl ethidium bromide and 1x TAE 

buffer.  

To prepare samples for sequencing 5 μl of the PCR products were treated with 1 U 

Antarctic Phosphatase and 2 U Exonuclease I in 10x Antarctic Phosphatase Buffer (50 mM 

Bis-Tris-Propane-HCl, 1 mM MgCl2, 0.1 mM ZnCl2, pH 6.0) for 35 min at 38°C 

(incubation) followed by 20 min at 80°C (heat inactivation of enzymes). The samples were 

then diluted by adding 34 μl of purified water. Of the diluted and purified mtDNA 

fragments 5 μl were sequenced with Big Dye
TM 

Terminator v3.1 Cycle Sequencing Kit, 

using 0.48 μl of Big Dye
TM

 TRR, 2.76 μl of Big Dye
TM

 v1.1 sequencing buffer (5x) and 0.1 

pmol of primer. Precipitation of the sequenced fragments was conducted with a solution of 

5.72 μl 3M NaOAc and 0.28 μl of glycogen (20 mg/ml) along with 125 μl of 96% ETOH (-

20°C). The fragments were then rinsed 2x with 250 μl 70% ETOH (-20°C) and after air 

drying 10 μl of HiDi formamide were added. The DNA sequencing reactions were then run 

on an ABI PRISM 3100 Genetic Analyser.  
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3.2.2 Data analysis 

The sequences obtained were aligned using the BioEdit Sequence Alignment Editor. To 

study the molecular variation in Buccinum undatum in Iceland and the Faeroe Islands 

analysis of molecular variance (AMOVA) was conducted with Arlequin 3.1 (Excoffier et 

al. 2006). AMOVA partitions the total genetic variation into the variance components 

contributed to differences between areas and differences within areas, producing an 

estimate of F-statistics analogs; Φ-statistics (Excoffier et al. 1992). The significance of the 

variance components was computed using a permutation test with 1023 permutations.  

Pairwise differentiation tests based on FST were used to test for genetic differentiation 

between areas. FST is a fixation index that compares the least inclusive to the most 

inclusive levels of the population hierarchy and measures all effects of population structure 

combined (Hartl and Clark 2007). To lessen the risk of Type I error, i.e. the risk of 

rejecting the null hypothesis when true, the Bonferroni procedure was used to make the 

significance value in these tests more conservative.  

To estimate the effect of selection on the two mitochondrial genes, 16S rRNA and 

COI in the common whelk Tajima‟s D and Fu‟s FS were calculated. Tajima‟s test estimates 

the effect of selection using the difference between θ=4Neμ based on number of 

segregating sites and θ=4Neμ based on the average number of nucleotide differences to 

calculate a test statistic, Tajima‟s D, which is used to test the assumption that all mutations 

are neutral (Tajima 1989; Fu and Li 1993). Ne stands for effective population size and μ for 

mutation rate per sequence per generation and for a haploid locus such as mitochondrial 

genes θ would be defined as 2Neμ (Fu 1997). If the mutations are neutral the test statistic 

will not differ significantly from zero (Hartl and Clark 2007). A positive D, where the 

frequencies of polymorphic nucleotides are nearly equal, can indicate balancing or 

diversifying selection, or that the sampled population was formed from a recent admixture 

of two different populations (Hartl and Clark 2007). A negative D, where the frequencies 

of polymorphic variants are unequal, could be caused by selection against deleterious 

mutant alleles or by population growth (Hartl and Clark 2007).   

Fu‟s FS (Fu 1997) is a test statistic that uses the ˆθπ estimate of θ=4Neμ to define S´ as 

the probability of having no fewer than k0 alleles in a random sample and uses the logistic 

of S´ as a test statistic. ˆθπ in this case is the same as π, the mean number of nucleotide 

differences between sequences (Fu 1996). A negative FS value could mean that the 

population has undergone a recent expansion and a positive value of FS that the population 

had seen a recent bottleneck or undergone balancing selection.  

The pairwise differentiation tests, as well as the calculations of Tajima‟s D and Fu‟s 

FS were performed with Arlequin 3.1 (Excoffier et al. 2006). To show the genetic 

relationships among the super haplotypes of B. undatum from the study area a neighbour-

joining tree was drawn up in PHYLIP 3.69 (Felsenstein 2009) based on Jukes-Cantor 

distances.   

Morphological differences between whelks in four of the sample areas (Hempill, 

Oddbjarnarsker, Húnaflói and the Faeroe Islands) was tested based on four shell and body 

ratios with single factor ANOVA and TukeyHSD for post hoc analysis (Quinn and Keough 

2002). The tested variables were: 1) Shell weight/total weight; 2) Shell height/shell weight; 

3) Shell height/shell width; 4) Aperture height/aperture width (Thomas and Himmelman 

1988). These statistical analyses were conducted with R 2.10.1.  
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3.3 Results 

3.3.1 16S rRNA 

The mitochondrial 16S rRNA gene fragment was sequenced from 373 individuals, 85 

individuals at Hempill, 84 at Oddbjarnarsker, in Húnaflói 92, in Faxaflói 20 and in the 

Faeroe Islands 92. The partial 360 bp sequences of the 16S rRNA gene in the sequenced 

individuals contained three polymorphic sites including one deletion (Table 1). Based on 

the pattern of polymorphic sites these sequences could be classified into six different 

haplotypes, named BUsr1-BUsr6. The two substitutions were transitions from C to T and 

the deletion was a deletion of A.  

The most common haplotype was BUsr1, which was found in 163 individuals. 

Frequency of haplotypes was not the same at the five sample stations (Table 2; Fig 2), 

BUsr1 being the most common haplotype at all the Icelandic stations and BUsr2 the most 

common haplotype in the Faeroe Islands.  
 

Table 1. Nucleotide polymorphisms and their frequency in a 360 bp part of the 16S rRNA gene 

sequence of Buccinum undatum. Identity with the topmost sequence is indicated with an asterisk 

(*) and deletions with a hyphen (-). Position numbered with respect to the 3‘end of the 16SF2 

primer. Three polymorphic sites were found and six different haplotypes 

  Position   

Haplotype 157 176 324 Frequency 

BUsr1 C - C 163 

BUsr2 T * * 109 

BUsr3 T * T 69 

BUsr4 T A T 28 

BUsr5 * * T 3 

BUsr6 * A T 1 

Total    373 

 
 

Table 2. Haplotype frequency in a 360 bp part of the 16S rRNA gene sequence of Buccinum 

undatum at the five sample stations. B1: Hempill in Breiðafjörður; B2: Oddbjarnarsker in 

Breiðafjörður; HF: Húnaflói; FA: Faxaflói; F: The Faeroe Islands 

  Location    Frequency 

Type B1 B2 HF FA F  

BUsr1 43 53 36 9 22 163 

BUsr2 30 18 3 2 56 109 

BUsr3 11 11 37 9 1 69 

BUsr4 1 1 14 0 12 28 

BUsr5 0 1 2 0 0 3 

BUsr6 0 0 0 0 1 1 

N 85 84 92 20 92 373 
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Fig 2. 16S rRNA haplotype frequency (%) in four locations in Iceland and one in the Faeroe 

Islands. See table 1 for explanation of haplotypes 

 

Analysis of molecular variance (AMOVA) based on haplotype frequency revealed a 

significant difference in 16S rRNA haplotype diversity both between and within areas 

(Table 3). Most of the haplotype diversity (84.1%) was found within areas, but 15.9 % still 

separated areas. Total FST for B. undatum for Iceland and the Faeroe Islands was 0.159.  

According to pair wise tests of differentiation, genetic differentiation between whelks 

in the four areas was not significant for 16S rRNA between whelks in the two stations in 

Breiðafjörður or between whelks in Faxaflói and in other Icelandic areas (Table 4). On the 

other hand genetic differentiation was significant between whelks in Faroe Islands and all 

the Icelandic areas, as well as between whelks in Húnaflói and in the two Breiðafjörður 

stations. FST was above 0.10 between the Faeroe Islands and all the Icelandic areas; this 

indicates great genetic differentiation in the 16S rRNA gene between the two countries.   

Nucleotide diversity was highest in Húnaflói (0.4150) and Faxaflói (0.5211) but 

similar in the Faeroe Islands (0.2951) and Breiðafjörður (0.2582; 0.2511) (Table 5). 

Neither Tajima„s D nor Fu„s F were significantly different from zero for whelks from all 

sample locations.  
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Table 3. Results of AMOVA for genetic structure among populations based on the analysis of 16S 

rRNA sequences. Number of permutations: 1023. Significance level was P<0.05. Haplotype 

diversity between areas was significantly different 

Source of variation d.f. 
Sum of 

squares 

Variance 

components 

Percentage of 

variation 
P 

Among areas 4 17.518 0.05663 Va 15.93 <0.001 

Within areas 368 109.994 0.29890 Vb 84.07 <0.001 

Fixation index FST: 0.159    

 

 

Table 4. Pair wise genetic differentiation between populations based on the analysis of 16SrRNA 

sequences. Number of permutations: 1023. Above diagonal: FST  values , the fixation index; below 

diagonal: P-value. Level of significance was P<0.005 (according to the Bonferroni procedure). 

B1: Hempill in Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; HF: Húnaflói; FA: Faxaflói; 

F: The Faeroe Islands 

Location B1 B2 HF FA F 

B1  0.018 0.137 0.098 0.115 

B2 0.06934±0.0085  0.122 0.092 0.227 

HF <0.001 <0.001  -0.005 0.288 

FA 0.01172±0.0033 0.02246±0.0042 0.40918±0.0159  0.295 

F <0.001 <0.001 <0.001 <0.001  

 

 

Table 5. Number of individuals analyzed and 16S rRNA haplotypes detected at each station. 

Nucleotide diversity, π, with standard deviation, Tajima‘s D and Fu‘s F, referring to the test 

statistics of selective neutrality under the infinite sites model, and respective P-values. Level of 

significance was P<0.05. B1: Hempill in Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; 

HF: Húnaflói; FA: Faxaflói; F: The Faeroe Islands 

Location 
Number of 

haplotypes 

Nucleotide 

diversity (π) 
Tajima's D Fu's F N 

B1 4 0.2582±0.2111 1.4019(P=0.88) 0.6027(P=0.65) 85 

B2 5 0.2511±0.2072 1.3115(P=0.88) -0.4604(P=0.42) 84 

HF 5 0.4150±0.2937 2.3528(P=0.98) 1.1051(P=0.88) 92 

FA 3 0.5211±0.4039 1.9900(P=0.95) 1.3211(P=0.90) 20 

F 5 0.2951±0.2308 0.9841(P=0.83) 0.0628(P=0.59) 92 

 

3.3.2 COI 

The mitochondrial COI gene was sequenced in 346 whelks, 75 at Hempill, 85 at 

Oddbjarnarsker, 81 in Húnaflói, 18 in Faxaflói and 87 from the Faeroe Islands. The partial 

437 bp part of the mitochondrial COI gene sequence contained three polymorphic sites and 

gave rise to four haplotypes; BUcoi1, BUcoi2, BUcoi3 and BUcoi4 (Table 6). All three 

polymorphisms were transitions between A and G. The most common haplotype was 

BUcoi1 which was found in 166 individuals.  
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Frequency of haplotypes was not the same at the stations (Table 7, Fig 3), as BUcoi1 

was the most common haplotype at all stations in Iceland, whereas BUcoi2 was the most 

common haplotype in the Faeroe Islands. Haplotype BUcoi3 was not found in the Faeroe 

Islands and haplotype BUcoi4 was only found at Oddbjarnarsker.  
 

Table 6. Three polymorphic sites were found with four different haplotypes. Nucleotide 

polymorphisms and their frequency in a 437 bp part of the COI gene sequence of Buccinum 

undatum. Identity with the topmost sequence is indicated with an asterisk (*). Position of the 

polymorphic site is numbered with respect to the 3‘end of the FCOI primer 

  Position   

Haplotype 77 117 435 Total 

BUcoi1 G G A 166 

BUcoi2 * A * 119 

BUcoi3 * A G 59 

BUcoi4 A * * 2 

Total    346 

 

Table 7. Haplotype frequency in a 437 bp part of the COI gene sequence of Buccinum undatum at 

each of the sample stations. B1: Hempill in Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; 

HF: Húnaflói; FA: Faxaflói; F: The Faeroe Islands 

   Location   Frequency 

Haplotype B1 B2 HF FA F  

BUcoi1 35 50 31 8 42 166 

BUcoi2 33 21 18 2 45 119 

BUcoi3 7 12 32 8 0 59 

BUcoi4 0 2 0 0 0 2 

Total 75 85 81 18 87 346 
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Fig 3. COI haplotype frequency (%) in four locations in Iceland and one in the Faeroe Islands. See 

table 6 for explanation of haplotypes 

 

AMOVA based on haplotype frequency revealed a significant difference in COI 

haplotype diversity both between areas and within (Table 8). More than 90% of the 

haplotype diversity (91.6%) was found within each area, but a significant amount (8.4%) 

still separated areas. Total FST for B. undatum in the combined areas of Iceland and the 

Faeroe Islands was 0.084, which indicates moderate genetic differentiation between areas.  

Pairwise tests of differentiation revealed that the genetic differentiation was 

significant between Húnaflói and the two areas in Breiðafjörður as well as between 

Faxaflói and Hempill (Table 9). Genetic differentiation was significant between the Faeroe 

Islands and each of the Icelandic stations, except for Hempill. The FST was highest between 

Faxaflói and the Faeroe Islands (FST = 0.238) and between Húnaflói and the Faeroe Islands 

(FST = 0.172), however all other FST values were below 0.15 and suggested little to 

moderate genetic differentiation and between Húnaflói and Faxaflói differentiation was 

almost nonexistent.  

Nucleotide diversity was highest in Faxaflói and Húnaflói (Table 10) and lowest in 

the Faeroe Islands. Neither Tajima„s D nor Fu„s F were significantly different from zero.  
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Table 8. Results of AMOVA for genetic structure among populations based on the analysis of COI 

sequences. Number of permutations: 1023. Significance level was P<0.05. Haplotype diversity 

between areas was significantly different 

Source of 

variation 
d.f. 

Sum of 

squares 

Variance 

components 

Percentage of 

variation 
P 

Among areas 4 8.299 0.02671 Va 8.39 <0.001 

Within areas 341 99.380 0.29144 Vb 91.61 <0.001 

Fixation index FST: 0.084    

 

 
Table 9. Pair wise genetic differentiation between populations based on the analysis of COI 

sequences. Number of permutations: 1023. Above diagonal: FST  values, the fixation index; below 

diagonal: P-value. Level of significance was P<0.005 (according to the Bonferroni procedure). 

Genetic differentiation of the COI gene from B. undatum was significant between some areas.    

B1: Hempill in Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; HF: Húnaflói; FA: Faxaflói; 

F: The Faeroe Islands 

Location B1 B2 HF FA F 

B1  0.033 0.094 0.138 0.001 

B2 0.03613±0.0059  0.070 0.072 0.078 

HF <0.001 0.00195±0.0014  -0.020 0.172 

FA 0.00488±0.0025 0.03809±0.0061 0.66895±0.0158  0.238 

F 0.28027±0.0162 0.00195±0.0014 <0.001 0.00098±0.0010  

 

Table 10. Number of individuals analyzed and COI haplotypes detected at each station. Nucleotide 

diversity, π, with standard deviation, Tajima‘s D and Fu‘s F, referring to the test statistics of 

selective neutrality under the infinite sites model, with their respective P-values. Significance level 

was P<0.05. B1: Hempill in Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; HF: Húnaflói; 

FA: Faxaflói; F: The Faeroe Islands 

Location 
Number of 

haplotypes 

Nucleotide 

diversity (π) 
Tajima's D Fu's F N 

B1 3 0.2253±0.1932 1.0620(P=0.84) 1.3219(P=0.77) 75 

B2 4 0.2575±0.2107 0.5385(P=0.65) 0.5949(P=0.69) 85 

HF 3 0.3208±0.2449 2.2263(P=0.97) 2.4035(P=0.95) 81 

FA 3 0.3486±0.2715 1.9486(P=0.97) 1.2198(P=0.84) 18 

F 2 0.1684±0.1600 1.8231(P=0.98) 2.2778(P=0.86) 87 

 

3.3.3 Morphology 

Morphology was studied based on pooled data from the whelks sampled in Húnaflói, 

Breiðafjörður and the Faeroe Islands. Morphological differences of whelks between 

haplotypes were tested with single factor ANOVA (Analysis of variance). The analysis 

revealed no significant difference in shell and body ratios between haplotypes for either 

gene (Table 11).  
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 Morphological differences between B1, B2, Húnaflói and the Faroe Islands were 

tested with single factor ANOVA on pooled data from the 16S rRNA and COI data series, 

a total of 357 individuals. Significant differences were found between areas in all shell and 

body ratios tested (Table 11). Post hoc analysis with TukeyHSD revealed that the shell 

weight/total weight ratio was significantly different between all areas, except for between 

Húnaflói and the Faeroe Islands (F) (Table 12). The shell height/shell weight ratio, an 

indicator of shell thickness, was significantly different between all areas except for 

Húnaflói and the Faeroe Islands, and Hempill and the Faeroe Islands (Table 13). The shell 

height/shell width ratio, which is an indicator of shell shape, was significantly different 

between all areas except for Hempill and Oddbjarnarsker, and Húnaflói and the Faroe 

Islands (Table 14). The aperture height/aperture width ratio, an indicator of the aperture 

shape, was significantly different between Hempill and each of the other areas (Table 15).  

   
Table 11. Results from ANOVA of shell and body ratios between haplotypes and areas. Shell and 

body ratios did not differ significantly between 16S rRNA haplotypes or between COI haplotypes. 

Significance level was P<0.00417 (according to the Bonferroni procedure) 

Ratios 
16S rRNA  

P-values 

COI  

P-values 

Areas 

P-values 

Shell weight/total weight 0.532 0.169 <0.001 

Shell height/shell weight 0.471 0.340 <0.001 

Shell height/shell width 0.260 0.136 <0.001 

Aperture height/aperture width 0.330 0.641 0.037 

  

Table 12. Results from TukeyHSD, P-values. According to post hoc tests the shell weight/total 

weight ratio differed significantly between all areas, except for one comparison. B1: Hempill; B2: 

Oddbjarnarsker; HF: Húnaflói; F: Faeroe Islands.  Level of significance was P <0.05 

 B1  B2 HF F 

B1  <0.001 <0.001 <0.001 

B2   <0.001 <0.001 

HF    0.852 

F     

 

Table 13. Results from TukeyHSD, P-values. According to post hoc tests the shell height/shell 

weight ratio differed significantly between areas, in four out of six comparisons. B1: Hempill; B2: 

Oddbjarnarsker; HF: Húnaflói; F: Faeroe Islands. Level of significance was P <0.05 

 B1  B2 HF F 

B1  <0.001 0.014 0.729 

B2   <0.001 <0.001 

HF    0.184 

F     
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Table 14. Results from TukeyHSD, P-values. According to post hoc tests the shell height/shell 

width ratio differed significantly between areas in four out of six comparisons. B1: Hempill; B2: 

Oddbjarnarsker; HF: Húnaflói; F: Faeroe Islands. Level of significance was P<0.05 

 B1 B2 HF F 

B1  1.000 <0.001 <0.001 

B2   <0.001 <0.001 

HF    1.000 

F     

 

Table 15. Results from TukeyHSD, P-values. According to post hoc tests the aperture height to 

aperture width ratio differed significantly between areas in three out of six comparisons. B1: 

Hempill; B2: Oddbjarnarsker; HF: Húnaflói; F: Faeroe Islands. Level of significance was P 

<0.05 

 B1 B2 HF F 

B1  <0.001 0.037 0.024 

B2   0.100 0.143 

HF    1.000 

F     

 

3.3.4 The superhaplotype 

It was possible to sequence both gene fragments in 343 individuals, while in 30 individuals 

only 16S rRNA was sequenced and in 3 individuals only COI was sequenced. Since both 

genes reside on the mitochondrial chromosome a „superhaplotype“ was constructed from 

the two partial gene sequences, 360bp from 16S rRNA and 437 bp from COI with the data 

from these 343 individuals. Six polymorphic sites and 13 haplotypes, BU1-BU13, were 

found in the combined gene sequences (Table 16). BU1 was the most common haplotype at 

all the Icelandic stations (Table 17) while in the Faeroe Islands BU2 was the most common 

haplotype. The haplotypes did not follow any clear geographical pattern (Fig 4), although 

haplotypes BU3, BU8 and BU13 grouped together and occurred only in the Icelandic areas.  
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Table 16. Nucleotide polymorphisms and their frequency in the combined sequences of the 437 bp 

part of the COI and 360 bp part of the16S rRNA gene sequence of Buccinum undatum. Identity 

with the topmost sequence is indicated with an asterisk (*) and deletions with a hyphen (-). 

Position numbered with respect to the 3‘end of the FCOI primer and 16SF primer. Six 

polymorphic sites were found with thirteen different haplotypes 

    Position    

 COI   16S rRNA    

Haplotype 77 117 435 157 176 324 Total 

BU1 G G A C - C 141 

BU2 * A * T * * 81 

BU3 * A G T * T 55 

BU4 * A * T A T 24 

BU5 * * * T * * 20 

BU6 * A * * * * 8 

BU7 * A * T * T 3 

BU8 * A G * * T 3 

BU9 * * * T A T 2 

BU10 * * * T * T 2 

BU11 A * * * * * 2 

BU12 * A * * A T 1 

BU13 * A G T * * 1 

Total       343 

 

Table 17. Haplotype frequency in the combined sequences of the 437 bp part of the COI and 360 

bp part of the16S rRNA gene sequence of Buccinum undatum at each of the sample stations. B1: 

Hempill in Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; HF: Húnaflói; FA: Faxaflói; F: 

The Faeroe Islands 

  Location    Frequency 

Haplotype B1 B2 HF FA F  

BU1 34 49 28 8 20 141 

BU2 25 18 2 2 34 81 

BU3 6 11 30 8 0 55 

BU4 1 1 12 0 10 24 

BU5 1 0 0 0 19 20 

BU6 2 2 4 0 0 8 

BU7 3 0 0 0 0 3 

BU8 0 1 2 0 0 3 

BU9 0 0 1 0 1 2 

BU10 0 0 1 0 0 2 

BU11 0 2 0 0 0 2 

BU12 0 0 0 0 1 1 

BU13 1 0 0 0 0 1 

Total 73 84 80 18 85 343 
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Fig 4. A neighbour-joining tree showing the genetic relationships among the 13 super haplotypes 

of Buccinum undatum from the study area. The tree is based on the analysis of mitochondrial 

sequences with Jukes-Cantor distances. Buccinum tsubai is used as an outgroup. B1: Hempill in 

Breiðafjörður; B2: Oddbjarnarsker in Breiðafjörður; HF: Húnaflói; FA: Faxaflói; F: The Faeroe 

Islands. Numbers on the branches indicate the number of times the species partitioned into the two 

sets which are separated by the branch out of 1000 trees tested  
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3.4 Discussion 

Life history characteristics of the common whelk, such as direct development and limited 

adult movement, suggest that individuals may become adapted locally as a result of limited 

mixing between adjacent populations (Janson 1983; Behrens Yamada 1989; Gendron 

1992; Himmelman and Hamel 1993; Kyle and Boulding 2000; Lee and Boulding 2009). 

Our mitochondrial genetic results are in line with this hypothesis; they showed significant 

genetic differentiation between Iceland and the Faeroe Islands, and moderate or little 

genetic differentiation within Icelandic waters.   

Analysis of the two partial mitochondrial sequences should be a strong basis for the 

study of common whelk populations. Mitochondrial DNA is often used as a genetic marker 

in population studies because of its maternal inheritance and relatively rapid evolution 

(Moritz et al. 1987). Due to the maternal inheritance, population genetics of the 

mitochondrial genome are determined by an effective population size (Ne) that is one-

fourth as large as that of a nuclear-autosomal gene, enhancing the effects of random genetic 

drift (Moore 1995, Kyle and Boulding 2000). The smaller the effective population size the 

faster alleles become fixed or lost as a result of random genetic drift in the population.  

There was no significant genetic differentiation of B. undatum within Breiðafjörður 

although whelks there are diverse in morphology and previous research of the whelk„s 

biology, as well as the current study, has revealed significant differences in shell ratios 

between Hempill and Oddbjarnarsker (Magnúsdóttir et al. unpublished). Hempill (B1) and 

Oddbjarnarsker (B2) in Breiðafjörður are separated by 47 km and it appears that this 

distance has not been enough to obstruct gene flow between whelks in the two areas. It is 

possible that the whelk is capable of more movement than has previously been observed 

and thus gene flow is maintained between areas within the bay. Studies of the common 

whelk in Canada have shown that it can move at an appreciable speed (11.4 cm min
-1

) 

when attracted by bait, however during different diving observations of the whelk it was 

rarely found to be actively searching for food which indicates that it has a relatively 

sedentary lifestyle (Himmelman 1988; Jalbert et al. 1989; Himmelman and Hamel 1993).  

The egglaying and copulation of B. undatum could be an important factor in its lack 

of genetic population structure within Breiðafjörður contrasted with morphological 

variability in the bay. Whelk females often lay eggs together in an egg mass (Martel et al. 

1986a), increasing the probability that embryos in one egg mass are genetically diverse. All 

the embryos in the same egg mass are then reared in the same environmental conditions, 

which could elicit the same phenotypic response despite this genetic diversity, as a result of 

phenotypic plasticity. In addition female whelks often mate with more than one male 

(Martel et al. 1986a) which could increase the genetic diversity within each area but will 

not affect mitochondrial genetic diversity as the mitochondrion is maternally inherited.   

The distance between Breiðafjörður and Húnaflói (about 340 km) and the distance 

between the Icelandic stations and the Faeroe Islands (more than 1080 km) is sufficient to 

have reduced gene flow between these areas to the extent that genetic differentiation in 

neutral genes was detectable. There was no relationship between morphological differences 

and genetic differences between these areas. Two of the most genetically differentiated 

areas, Húnaflói and the Faeroe Islands, showed no significant differences in morphology, 

indicating that the morphological variability of B. undatum is affected by environmental 

factors rather than genotype.   
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Morphological analysis of a related species, Buccinum tsubai, in the Japan Sea 

divulged that this species exhibits significant morphological differences dividing the 

population into four morphological subpopulations (Iguchi et al. 2005). Previous genetic 

studies of B. tsubai, using the mitochondrial genes 16S rRNA and COI, defined four 

genetically distinct subpopulations (Iguchi et al. 2004). As B. tsubai is mainly distributed 

on the bottom from 200 – 1000 m, these genetically distinct populations likely result from 

restricted gene flow caused by submarine canyons and deep bottoms separating the of the 

populations (Iguchi et al. 2004; 2005). The genetic populations and morphological 

populations in these studies had the same geographical pattern (Iguchi et al. 2004; 2005). 

This could be the result of natural selection of nuclear genes visible in the mitochondrial 

DNA and/or natural selection of phenotypic characteristics.  

The observed morphological differences of the whelk are not reflected in the 

population structure observed in its mitochondrial genes. This could indicate phenotypic 

plasticity or be a result of natural selection of nuclear genes linked to these phenotypic 

characteristics. Selection of nuclear genes is not neccessarily reflected in the mitochondrial 

genetic structure, as mitochondrial genes are maternally inherited whereas nuclear genes 

are inherited from both parents. Future research should focus on studying and comparing 

various environmental factors in the study areas. To determine if the morphological 

variation is affected by genetic or environmental factors it would be interesting to look at 

the morphological trend in whelk embryos, juvenile whelks and adult whelks and set up 

common garden experiments under controlled environmental conditions and study the 

relationship of nuclear genetic population structure to the tested morphological 

characteristics. 
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4 Conclusions 

The main conclusions are that B. undatum in Breiðafjörður is very variable, both in life 

history traits (i.e. size at sexual maturity, growth) and morphology. This variation could not 

be explained by mitochondrial genetic structure within the bay and the observed 

differences in morphology were not linked to certain haplotypes. Thus it appears that the 

common whelk is mobile enough to allow gene flow within an area the size of 

Breiðafjörður. The whelk is sedentary and localised to a certain degree though, as there is 

significant difference in haplotype frequency between bays and fjords in Iceland as well as 

between Icelandic and Faeroese areas.  

The localised morphological populations found in Breiðafjörður could be the result 

of environmental factors. It still remains to be seen whether there is an underlying 

population structure of nuclear genes linked to these morphological populations of whelks 

in Breiðafjörður or the differences in morphology are a result of phenotypic plasticity. 

Also, there is no clear explanation of the North/South trend in parasite infections in 

Breiðafjörður and it would be interesting to see whether the population structure of whelk 

nuclear genes follows the same pattern.  

It is not certain that local genetic whelk populations exist within Breiðafjörður, 

however, it is important to consider the varying size at sexual maturity in order to avoid 

fishing down areas of whelks by diminishing their recruitment possibilities. Significant 

reduction of the whelk density in a confined area might not affect genetic diversity of 

whelks within the bay but could lead to adverse effects on the environment as the common 

whelk is an abundant and important predator and scavenger. As the common whelk 

matures at a relatively high age it would take a long time for overfished areas to recover. 
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Appendix A: Tukey HSD results 

Results from individual Tukey HSD tests on shell and body ratios for B. undatum collected in 

Breiðafjörður from 2007-2008. The asterisk (*) indicates significant difference while the hyphen  

(–) indicates no significant difference. Brj: Brjánslækur; Ell:Elliðaey; Hem:Hempill; 

Hrey:Hrútey; Odd:Oddbjarnarsker; Prfl:Prestaflaga 
 

Ratio 1: Log shell height vs.  

Log eviscerated weight       

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1   * * * * * * * * * 

brj2     * * - * * * * - 

ell1       * * * * * - * 

ell2         * - - * * * 

hem           - * * * - 

hrey             - * * * 

odd1               * * * 

odd2                 * * 

prfl1                   * 

prfl2                     

 

 

 

Ratio 2: Log shell height vs.  

Log shell weight       

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1   * - * * * * * * * 

brj2     * * - - * * * - 

ell1       * * * * * * * 

ell2         * * * * * * 

hem           - * * * - 

hrey             * * * - 

odd1               * * * 

odd2                 * * 

prfl1                   * 

prfl2                     

 

 



52 

 

Ratio 3: Shell height vs.  

Aperture height        

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1   - - * * - * * * * 

brj2     - * * * * * * * 

ell1       * * - * * * * 

ell2         * * * * * * 

hem           * * * * * 

hrey             * * * * 

odd1               * * * 

odd2                 * * 

prfl1                   - 

prfl2                     

 

 

 

Ratio 4: Shell height vs. 

 Aperture width        

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1   - * - * * * * * * 

brj2     * * * * * * * * 

ell1       * * * * * * - 

ell2         - * * * * * 

hem           * * * * * 

hrey             * * - * 

odd1               - * * 

odd2                 * * 

prfl1                   * 

prfl2                     
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Ratio 5: Shell height vs.  

 Shell width        

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1   * * - - * * * * * 

brj2     * - * * * - * * 

ell1       * * * * * - * 

ell2         - * * - * * 

hem           * * * * * 

hrey             * * * * 

odd1               * * * 

odd2                 * * 

prfl1                   * 

prfl2                     

 

 

 

Ratio 6: Aperture height vs.   

Aperture width       

 brj1 brj2 ell1 ell2 hem hrey odd1 odd2 prfl1 prfl2 

brj1   - * * * * - - * - 

brj2     * * * * - - * * 

ell1       - * * * * * * 

ell2         * * * * - * 

hem           * * * * * 

hrey             * * * * 

odd1               - * * 

odd2                 * * 

prfl1                   * 

prfl2                     
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