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Brood pouches o f periwinkles belonging to the Littorina 
Saxatilis’species complex usually contain, in addition to 
the five normal stages in development, a proportion of 
embryos that are morphologically abnormal. The 
frequency of adults with a high percentage of abnormals 
in their brood pouches reflects to a great extent the 
degree of environmental stress, natural and anthropo
genic, to which the adult population has been exposed.

Collections of this gastropod from coastal populations 
along the Gower coast, in South Wales, disclosed higher 
frequencies of abnormal embryos from sites exposed to 
pollutant-laden, residual water currents in Swansea Bay, 
than was recorded from a clean, coastal population at 
Rhossili, 26  km west of Swansea, where frequencies were 
similar to those recorded from other unpolluted, coastal 
populations elsewhere in the British Isles.

While environmental water quality is probably a domi
nating factor in determining this effect, the presence of a 
low frequency of high scoring individuals in clean envi
ronments points to this phenomenon having a complex 
aetiology. It is suggested that the underlying causal 
factor may be one of disease, which is present in all L. 
isaxatilis, populations, and which is triggered by factors 
related to reduced environmental water quality.

The reproductive cells and tissues of m arine inverte
brates are very sensitive to the effects of environm ental 
contam inants (C alabrese et a l ,  1973; Staveland, 1979) 
and consequently may be used as sensitive indicators of 
environm ental perturbation  (Âkesson, 1983; D ixon, 
1983). In the rough periw inkle, Littorina ‘saxatilis’- 
species com plex (James, 1968; Heller, 1975; Smith,
1981), em bryonic developm ent takes place in a special
ized b rood  pouch bo rne  dorsally on  the first body whorl 
of the female. A pproxim ately 60 days are required for 
developm ent from the egg to the juvenile snail (Berry, 
1956; F re tter & G raham , 1962; Dixon, 1983). D uring 
the period in the b rood  pouch, the  em bryonic L. ‘saxa
tilis’ passes through five, readily distinguishable stages, 
corresponding to the gastrula (0 -2  days), unshelled 
veliger (3 -8  days), shelled veliger (9 -2 0  days), late veli
ger (2 1 -3 6  days), and pre-em ergent young (3 7 -6 0  days) 
(Berry, 1956). In  addition  to  these norm al stages in deve

lopm ent, the b rood  pouch m ay also contain a proportion  
o f abnorm ally developed em bryos. It is the frequency of 
these abnorm als which can be related directly to  the 
degree of environm ental stress, natural as well as an thro
pogenic, to which the adult population has been  exposed 
(D ixon & Nugegoda, in preparation).

Results are presented fo r a  field study of em bryonic 
abnorm alities in different L. ‘saxatilis’ populations from 
the south coast of the G ow er Peninsula, which extends 
into the Bristol Channel from  the southern  coast of 
Wales. This area is exposed to a w ide variety o f pollu t
ants, m ost o f which em anate from the industrial centre of 
Sw ansea—P ort Talbot, leading to the presence of a 
pollu tion  gradient in a westerly direction tow ards cleaner 
w aters at the m outh  of the Bristol Channel (A bdullah & 
Royle, 1974; C hubb et a l, 1980). Recognized pollutant 
inputs in the region include dom estic sewage and indus
trial wastes containing petroleum  com pounds, heavy 
m etals and organochlorines (Chubb et a l, 1980; 
Kadhim , 1983), m any of which have both  m utagenic and 
teratogenic properties.
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Fig. 1 M ap of the G ow er Peninsula, on the south coast of W ales, great 

Britain, show ing the localities referred to in the text. M h =  
M um bles H ead, Ls =  Lim cslade Bay, LÍ =  Langland Bay, Ox =  
Oxwich Bay, Pe =  Port Eynon, Rs =  Rhossili. Inset show s the 
study area in relation to the rest o f southern  Britain.
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Materials and Methods

T he L. ‘saxatilis’-species com plex occupies a zone on 
the upper part of the sea shore coincident with the one 
characterized by the brow n alga, Pelvetia canaliculata 
(Lewis, 1978). M ature periwinkles were sam pled from 
six coastal sites on the G ow er Peninsula in June 1981. In  a 
westerly direction from Swansea Bay these were 
M um bles (M iddle H ead), Lim eslade Bay, Langland Bay, 
Oxwich Bay, Port E ynon and Rhossili (Fig. 1), respect
ively 3.3, 3.9, 5 .5 ,1 6 .2 ,19 .5  and 26.3 km from the docks 
at Swansea (West Pier).

Betw een 70 and 100 gravid females were collected 
from  each of the six sites. In the laboratory the snails were 
housed tem porarily  in tanks containing artificial sea
w ater (Instant Ocean). Shell length m easurem ents were 
m ade with vernier calipers. The shells were cracked open 
in a small bench vice, and the sex of each individual adult 
was determ ined on the basis of the presence of either a 
penis o r  a brood  pouch containing embryos. In  these 
collections, because very small specimens were excluded 
from  the sam ples, no  neuter individuals were found.

T he bodies of the females were detached from  the shell 
by separating the large colum ella muscle and rem oved to 
individual Petri dishes containing seawater. T he brood 
pouches were then teased open with m ounted needles. 
T he em bryos were exam ined under a binocular m icro
scope and the frequency of em bryo abnorm ality was 
determ ined. Only females containing 100 o r m ore 
em bryos in total were included in the analysis.

In  addition to unfertilized, undersized or otherwise 
non-viable eggs, th e  brood  pouches of L. ‘saxatilis’ can 
contain  several types of em bryonic abnorm alities. These 
include twins an d  other form s of m ultiple embryos, 
em bryos with abnorm al shells (straight-shelled, sinis- 
trally coiled), a n d  early-stage em bryos which are 
characterized by the physical disruption of their soft 
tissues, often resulting in the  presence of a num ber of 
separate, floating, cell m asses within the egg capsule (Fig. 
2). This chaotic p a tte rn  of developm ent was the most 
regular response to changes in environm ental water 
quality (Dixon & N ugegoda, in preparation).

Data analysis
T he K ruskal-W allis one-way analysis of variance by 

ranks (Siegel, 1956) was used to com pare the median 
levels of em bryo abnorm ality  at the different sites. The 
M ann-W hitney  V -test at the 0.05 significance level was 
em ployed to test for differences betw een individual 
m edian abnorm ality  frequencies. A  Chi-square test 
(Siegel, 1956) was applied to the data  to disclose any dis
tributional differences that the sam ples might display 
w ith respect to the frequency of abnormality.

Results

Figure 3 shows percentage abnorm ality histograms 
based on the data fo r the six sites, M um bles H ead , Lime- 
slade Bay, Langland Bay, Oxwich Bay, Port Eynon and 
Rhossili. W hile th e  P ort E ynon results are included here

Fig. 2 T h e  type o f em bryonic abnorm ality  which featured most 
com m only in environm entally stressed populations o f peri
winkles along the G ow er Peninsula. T h is stage corresponds to 
that of an unshelled veliger.
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fo r the sake of com pleteness, they were om itted from  all 
the  statistical treatm ents as the animals were o f small size 
(average shell length 7 mm, against 9 mm elsewhere) 
com pared to all the o ther sites, and had correspondingly 
low fecundity (only 11 individuals out of a total sample 
size of 72 contained 100 or m ore embryos). Since abnor
mal em bryos have a tendency to b e  retained in the brood 
pouch for a longer period than is usual for norm al deve
lopm ent [escape from the brood pouch is entirely a result 
o f the activity of the juvenile (Berry, 1956)], and 
recognizing the cyclical nature of reproductive activity in 
this organism  (Berry, 1961; Raffaelli, 1976; Faller- 
F ritsch, 1977), the inclusion of low fecundity individuals 
in these analyses would have led to the over-estim ation of 
the p roportion  of individuals with a  high frequency of 
abnorm als. The sm aller form  sam pled from  P ort Eynon 
could be tentatively identified as L. saxatilis-tenebrosa, 
while the larger form  elsewhere was L. saxatilis-saxatilis 
(Jam es, 1968). L. ‘saxatilis' is actually a large species 
com plex com prising several subspecies (Heller, 1975; 
Smith, 1981).

The K ruskal-W allis test show ed a significant differ
ence at the 0.01 level of probability betw een the m edian 
percentage abnormality at the five sites. Paired com pari
sons conducted  on the sam e param eter for the different 
sites, using the M ann-W hitney  ¿/-test, revealed signifi
cant differences at the 0.05 level (0.01 and  0.001 for 
Oxwich and M um bles, respectively), betw een the m edian 
percentage abnorm ality for Rhossili and  all the rest. The 
only o ther significant difference betw een sites was for 
M um bles and L im eslade (at the 0.05 level); the result for 
Langland Bay was significant at the 10%, but no t the 5% 
level, from  that at M um bles H ead.

T he chi-square com parison of all 5 sites show ed that a 
significant difference existed at the 0.001 level of signifi
cance, with respect to the distributional characteristics of 
the data  presented as histogram s in Fig. 3. Rem oval of the 
Rhossili data from  this com parison had the effect of 
rem oving any significant site difference. T hese findings 
com bine with those of the other two tests to show that 
Rhossili was typified by a m uch low er frequency of 
abnorm alities com pared to  the o ther four sites which 
were closer to the polluting influence of Sw ansea-Port 
Talbot.
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Fig. 3 Percentage abnorm ality-frequency histogram s show ing the 
distribution of em bryo abnorm alities in the G ow er coast collec
tions of Littorina  'saxatilis’. T h e  shaded region indicates that 
portion  of the Port E ynon sam ple that was m ade up of individuals 
containing 100 o r  m ore embryos.

Discussion
D evelopm ental abnorm alities have been  described 

from  the brood  pouches of L. ‘saxatilis’ from  several 
coastal populations on the G ow er Peninsula, and from  a 
num ber of o ther coastal and estuarine localities about 
the British Isles (Dixon, 1983: D ixon & Nugegoda, in 
preparation). Thorson (1946) described finding embryos 
with abnorm ally developed shells in sam ples taken from 
0 re su n d  Sound (D enm ark), which he attribu ted  to poor 
w ater quality (low salinity) in the region, w here the 
anim al survives “under conditions so near its extrem e 
limit fo r life that it is approaching total degeneration”. 
T he variety and frequency of em bryo abnorm alities is 
actually considerably greater than  T h orson  described, 
since he concentrated only on  the later, hard-bodied 
developm ental stages and twins. In  fact, the earlier, soft-

bodies stages are considerably m ore sensitive to 
environm ental perturbation, and in some populations the 
individual load of abnorm ally developed em bryos may 
regularly exceed 60%  of all those contained in the brood 
pouch. Sexually m ature individuals contain upw ards of 
100 em bryos, with a maximum of ̂  900  em bryos in large 
specim ens (Pelseneer, 1911;Linke, 1933). W here the fre
quency of abnorm ality is high, this must represent a 
serious reduction in reproductive potential (M onk eta/., 
1978; Staveland, 1979).

T hese results indicate that differences exist between 
populations with respect to the frequency of abnorm ali
ties. A lthough there was no clear evidence of a gradient in 
effect betw een M um bles H ead and Rhossili, the latter 
site was characterized by a much low er overall frequency
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of em bryonic abnorm alities than was typical of the other 
four sites tested. This is in keeping with the reported dis
persion of pollutants in the area, recognizing Sw ansea- 
Port Talbot to be a point source for a variety of different 
pollutant types (Abdullah & Royle, 1974; Chubb et al., 
1980). These pollutants include som e which are capable 
of inducing abnorm al developm ent in em bryos (terato
genic effects), e.g. heavy m etals (Ni, Cd, Hg), petroleum  
hydrocarbons and organochlorine pesticides such as 
gam m a H C H , lindane and dieldrin  (IARC, 1976; 
Wilson, 1976; Staveland, 1979; L éonard  et al., 1981).

Barnes & Parry (1983) explained the absence of a 
gradient in mutagenic activity in m arine algae along the 
sam e stretch of Gower coastline as being due to the tidal 
mixing that takes place in the Bristol Channel. The 
recorded distribution of trace elem ents in the Bristol 
C hannel (Abdullah & Royle, 1974) tends to suggest that 
any gradient in pollutant levels may occur over a greater 
spatial distance than was covered by the present study. 
T he site at Rhossili, apart from  being the furthest 
rem oved in term s o f distance from  the polluting influence 
of Sw ansea-Port Talbot, has the lowest frequency of 
abnorm alities. This may reflect the fact that it lies on  a 
prom ontory separating two hydrographically different 
w ater masses, and therefore may be m ore representative 
of the cleaner conditions in C arm arthen  Bay (a non
industrialized em baym ent), which is contiguous with the 
Celtic Sea.

T hroughout this discussion it has been  assum ed that 
the observed increases in the frequency of em bryonic 
abnorm ality are the result of contact betw een the organ
ism and pollutants. W hile this assum ption is bo rne  ou t by 
the findings of a num ber of separate  investigations at 
polluted localities in the British Isles (Dixon, 1983; 
Dixon & Nugegoda, in preparation), a variety of physical 
and infectious agents can also modify o r prevent the 
developm ent of genetically determ ined structures, leading 
to reduced em bryonic viability and  congenital m alfor
m ations (Tuchm ann-Duplessis, 1980). Consequently, the 
observed effect, which is assum ed to be related to 
pollutant stress, could arise through the interplay of 
several independent factors resulting in a com plex aetio- 
logy.

Salinity, which has been show n to influence the fre
quency of abnormality in L. ‘saxatilis’ em bryos (Thorson, 
1948; D ixon & Nugegoda, in preparation), shows little 
variation about a m ean of full strength sea w ater along the 
G ow er Peninsula (A bdullah & Royle, 1974). This can 
therefore be discounted as a contributory  factor in the 
present investigation.

A n alternative explanation is that the abnorm alities 
m ay be caused by a latent pathogenic agent which is acti
vated to a disease condition by environm ental stress. A  
num ber of pathogenic organism s, notably viruses, are 
know n to cause congenital m alform ations in the em bryos 
of higher vertebrates, in addition to their recognised role 
in disease conditions including certain  types of neoplasm  
(C ooper, 1966; Nilsson, 1978). Farley (1980) has con
sidered the case for the role of viruses in neoplastic 
d isorders in shellfish, while Jensen and co-w orkers 
(review by Jensen, 1983) have isolated an iridovirus from 
lesions in diseased cod which they believe may be

responsible for th e  ulcers recorded from  fish taken in 
polluted waters.

Physical features of the dom inant type of embryo 
abnorm ality reco rded  in environm entally stressed popu
lations of periw inkles are rem iniscent of the kind of 
uncontrolled b reakdow n in the processes associated with 
norm al growth an d  developm ent which one might expect 
from  a neoplastic  disorder, albeit in this case confined 
within the egg capsule  (Fig. 2). H istological examinations 
have so far failed to reveal any evidence of any patho
genic condition associated  with the som atic tissues of 
adult periw inkles containing a high incidence of abnor
mals (D ixon & L ow e, unpublished). Similarly, electron 
m icrographs have show n no evidence of virus particles in 
the cells of abnorm al em bryos (courtesy o f D r D. C. 
Kelly, N.E.R.C. Institu te  o f Virology, Oxford).
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Characteristics of Selenium in Marine 
Animals
W. A. M A H E R
Water Research Centre, Canberra College o f  Advanced Education, PO  Box 1, Belconnen, A C T  2616, Australia

The biochemical association and chemical form of 
selenium in the muscle tissues of four marine animals 
has been examined. Selenium was predominantly asso
ciated with soluble proteins (72-80% ), and not present as 
characterizable inorganic selenium species (SeO^- ,
S e O r ) .

Selenium enters the atm osphere during the com bustion 
of fossil fuels (B ertine & G oldberg, 1971) and is con
sidered to be a potential m arine pollutant (Fow ler & 
Benayoun, 1976a). Selenium is of interest as it is an 
essential elem ent fo r animals (Schwartz & Faltz, 1957), 
toxic at elevated levels (Schroeder & M itchener, 1971) 
and influences the accum ulation of o ther toxic elem ents 
such as m ercury (Koem an et al., 1973). Relatively little is 
know n about the behaviour of selenium  in m arine organ
isms (Lunde, 1970, 1972, 1973; Fow ler & B enayoun, 
1976a, b , c; W rench, 1979). The present investigation 
was undertaken  to identify som e of the properties o f the 
selenium  com pound(s) p resent in m arine animals.

Materials and Methods

Sample preparation 
A nim als were collected from  St Vincent Gulf, South 

Australia, during A ugust-D ecem ber 1981. M uscle tis
sues were separated , freeze-dried and ground (to < 2 0 0  
pm).

Selenium  analysis
Total. A fter digestion of organic m atter with nitric and 

perchloric acids selenium w as isolated by coprecipitation 
with lanthanum  hydroxide, then a piazselenol was 
form ed betw een selenium  and  2 ,3-diam inonapthalene at 
pH  1.0 and extracted into cyclohexane. Selenium was 
determ ined fluorom etrically (?̂ ex 377 nm; \ m 519 nm) in 
the extract. The accuracy of the  determ ination procedure 
has been previously assessed by recovery experim ents 
and the analysis of a standard  reference m aterial (M aher,
1982). Recoveries of selenium  added to selected m arine 
tissues (fish and scallops) were in the range 97-100% . 
T he selenium  concentration obtained by replicate analy
sis o f O rchard Leaves NBS SR M  15 71 was 0 .076+ 0.002  
pg g~‘ and in agreem ent with the certified value 
(0.08+0.01 p g g "1).

Inorganic species. Samples were extracted with 5 M 
hydrochloric acid to release inorganic selenium  species. 
Inorganic selenium was isolated by reduction to 
hydrogen selenide using sodium  tetrahydroborate (III) 
(M aher, 1983a) and concentrated in a liquid nitrogen trap 
(Cutter, 1978). Selenium was determ ined by decom posi
tion o f the trapped  hydride in a silica T  tube furnace and 
by m easurem ent of the atomic absorp tion  of selenium  at 
196.0 nm. T he detection limit was 0.001 pg and the  rela
tive standard  deviation at the 0.010 pg level was 1.8%.

Biochem ical fractionation  
T h e  sequential extraction schem e used for biochem i

cal fractionation is sum m arized in Table 1. Extractions 
were perform ed in centrifuge tubes with mechanical 
shaking and sonification to mix solutions. Following each
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TABLE 1

Sequential extraction p rocedure for tissue biochem ical fractionation

Nom inal fraction 
extracted Procedure

L ip ids/lipoproteins 2:1 v /v  C H C ly  C H 3O H , 2X 50 ml, 25°C, 
continuous agitation, 36 h. A ddition o f 0.2  v /v  
o f 0.5 M  KCl. Low er phase lipids, u pper phase 
non  lipids.

A m ino acids, organic 9:1 v/v C 2H 50 H / H ,0  2X 50 ml, 25°C,
acids, sugars continuous agitation 12 h.

Proteins 0.1 M Tris/’H Cl containing 0.1% w /v N aCl, 
1% w /v  sodium  dodccylsulphate and 0.05 M 
dithiothreitol, 3X30 ml, pH  7 .5 ,25°C; 
continuous agitation, 12 h.

extraction, the mixtures were centrifuged, the super
natants decanted  and the solvent removed under reduced 
pressure. T he residues were dissolved in nitric acid and 
selenium  determ ined as previously described fo r total 
selenium.

Results and Discussion

T he m uscle tissues of four m arine animals, a  praw n 
Penaeus latisulcatus, a scallop Pecten alba, a squid Sepio
teuthis australis and a  fish H em ir ham phus australis were 
exam ined. T he praw n muscle tissue contained 4.01 jig 
g-1 Se dry wt, the scallop tissue 1.24 gg g-1 Se dry wt, the 
squid tissue 1.74 gg g-1 Se dry wt and the fish tissue 1.49 
gg g-1 Se dry wt. T he selenium concentrations found 
were sim ilar to  those m easured in o ther organism s 
collected from  the sam e area (Maher, 1983b).

B iochem ical fractionation of the muscle tissues (Table 
2) revealed that 7 2 -8 0 %  of the selenium  present is 
extracted by tris/hydrochloric acid buffer solution. T he 
addition  of ethanol to the buffer extracts to precipitate 
protein also quantitatively precipitated selenium  (9 4 -  
98%). Thus a large fraction of the selenium  in the muscle 
tissues is associated with proteins.

Selenium  in the m uscle tissues was no t presen t as 
characterizable inorganic selenium species (SeO^- , 
SeO^- ). Inorganic selenium  species ionically com plexed 
by tissues will be  released by acid extraction. Selenium  
incorpora ted  into seleno amino acids would no t have 
been  released by the extraction procedure em ployed.

TABLE 2

Selenium associated  w ith biochem ical fractions 

F raction

E th a n o l/
Chloroform,- w ater T ris/hydrochloric 

T issue m ethanol Selenium  (%)* acid

Penaeus latisulcatus 5± 2 19±5 72 ± 4
Pecten alba 3+1 20± 6 80+5
Sepioteuthis australis 2+2 14±3 78+7
H em ir ham phus australis 4+1 17+4 76± 3

*Four extractions.

T he results repo rted  here suggest that selenium  in the 
m uscle tissues o f m arine animals is no t p resent as ionic 
inorganic species bu t incorporated  into proteins.
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