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Levels of total mercury were determined n the mantle muscle tissue of 184 cephalopeds
belonging to four species. Mean levels were significanuy bigher n Laoligo forbesi (108
ng.g = 7].7 S.E.) than in @cropus vulgaris (64 ng.g” = 6.0 .S'.TE,}. Ommastrephes bartrami
(47 pa.g”’ + 8.2 S.E) and Todarodes sagirtarus (5@ ng.g + 85 S.£.). Intra-specific
variability in mercury levels was invesligated in relation to size, seX, locality and season of
caphure. The mercury concentrations increased exponentially withb cephalopod size. There
was a significant difference in the mercury-tengihh and mercury-weight relationships between
the sexes in L, forbesi. Lhe slopes being higher in females than in males. Mercury levels in
O. vulgaris wererelated to locality. being significantly higher at coastal stations under urban
influence than in cemote ceastal stations. Significant seasonal variations in mercury levels
were detected 10 small w medium sized L. forbesi.

MONTEIRO, LUIS R.. FILIPE M. PORTEIRO & JOAD M. GONGCALVES 1992. Variaggo
inter- e intra-especifica dos niveis de meretrio no muisculo de cefaldpodes dos
Agores. - Arguipélagoe. Ciéncias da Natureza 10: 13-22. Angra de Heroismo. [SSN
0870-6381.

Os niveis de meredno totzl em tecido muscular do manto foram determinados em 184
cefaldpodes periencentes a quaifo esp?cies, Os niveis médios foram significativamente mais
elevados em Loligo forbesi (108 ng.2' + 7.7 S.E.) do que em Octopus vilgaris (64 ng.g" 4
6.0 S.E.), Ommastrephes bartrami (47 02,2 + 8.3 S.E.) e Todarodes sagistatus {50 n‘g.g‘I +
8.5 S.E). A variabilidade ‘ptra-especifica dos niveis de merctinio fo1 estudads em relacio
com o tamanho e sexo dos individuos, a localidade e data de capiura. As concentragSes de
merciirio awmentam exponencialmente com o tamnanho dos cefalépodes. Os declives das
relagGes metciirio-compnirento e merctiio-peso diferem significativamente enwe sexos de
L forbesi, sendo mais elevedos nas {&meas do gue nos macbos. Os aiveis de merctirio em O.
vulgaris diferem significativamente entre localidades. sendo mais elevados em estacGes seb
influéncia de aglomerados urbanos do que em estacdes de regides remotas. Os niveis de
merclirio vaitam sazonalmente de foima significat.va em especimens de tamanho pequenu a
médio de L. forbesi.
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portion of their life cycle (FORSYIHE & VAN
HEUKELEM 1987: MANGOLD 1989). Cephalopods

Molluscs are we!l known for their ability to
concentrate trace elements (PHILLIPS 1980).
However, most research has been limited to
bivalves and gastropods with comparatively little
on members of the class Cephalopoda (squids,
octopuscs and sepias). Cephalopods are active
carmivores exhibiting rapid growth and short life
spans (see BOYLE 1983, 1987). They are unique
among muluceflular organisms in their ability 10
sustain true exponeniial growth for a significant

play an important role in oceanic and coastal food
webs (AMARATUNGA 1983) and in some parts of
the world are important as food resources (see
RATHIEN & VOSs 1987).

Cephalopods have been suspected of concen-
trating mercury (e.2. STOEPPLER & al. 1979: Ga-
JEWSKA & NABRZYSKI 1980; BARSKA & al. 1988;
FaLaN®YSZ 1988, 1989) and other biologically
non-essenitial and highly toxic heavy metals (PHIL-
LiPs 1980). In general the knowledge eof intrinsic
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biouc (c.g. hody size and sex) and cxtrinsic envi-
ronmemal (e.g. season and zamphng locality)
variables on the accumulation of mercury in ce-
phalopods, remains inadeguate.

The deternmination of mercury levels in muscle

tissue of squid (Loligo forbesi, Ommastrephes
bartrami, Todurodes sagittaius) and octopus (Oc-
topus vuligaris) from Azorean waters were in-
itiated as part of a study on the levels of meials in
edible marine organisms. Levels of mercury were
examined with respect 0 species, size, sex, lo-
cality and scason. Elucidating these aspects is
necessary Lo be able to interpret the results of ba-
setine and/or trend-monitoring studies ot pollu-
wnts in the marine environment.

MATERIAL AND METHODS

The cephalopods were caught in the waters of the
Azores Archipelago. Central North  Atlantic
Ocean (Fig. 1). Loligo ferbesi specimens were

caught by jigging at depths between 215t0 270 m,
from November 1990 to December 1991; Octopus
vulgaris specimens were caught by hooking at
depihs between 0 to 10 m, from Januvary to
December 1990 (GONCALVES 1991); additionally
some specimens of the squid Ommastrephes
bartrumi and Todarodes sagitratus were caught hy
jigging machines at depths between 0 10 50 m, in
June 1990. Sampling was specifically designed to
ensure a complete range of sizes so that the
mercury versus size 1elationships could be
examined. Therefore a minimum of 4 specimens
for each sex-species-lengih interval category
(interval range: 5 cm for L. ferbesi, 3 cm for O.
vulgaris) were obtained. Additional samples
contzining the modal mantie length class of O.
vidgaris {11-12 cm) were also obtained to study
locality und seasonal effects on mercury levels in
standard size specimens.

Freshly caught squid and octopus were frozen
at -20C. When required, specimens were de-

32°W 30° 28 26° 24'W
] T . T T T T 40.0°N
c\ CORVE® A
]
> o
FLORZE GRAC|OSA
[A) -
S W4ORGE TERCEIRA
) .
FAIAL =
I 'OQ‘:\ J 25
)
2150
38.7 ) P S MIGUEL
t1-F| Oclepus vulgorts ST MARIA
® Lztiso teroest QR
Crmoziropheos darsteemi, Todarodes sagiletus
] | | ] 36.5°N
38.4°
28.6'W 28.1°W

Fig. | - Geographicu! disteibution of sampling localitics within the (A) Azores Archipelago and in (B) Faial [sland.
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frosted and dorsal mante length (DML) was
measured to the nearest ] mm (0.5 cm for O. vul-
garis) and total weight (TW) was measured to the
nearest (.1 g. The animals were dissected, sexed
and a minimum of 10 g of mantle muscle tissue
removed and sealed in a plastic hag and stored at -
20°C.

For total mercury analysis the skinless muscle
sample was macerated in a food cutter to produce
a fine homogenous paste. An aliquot (1 © 2 g) of
the homogenate was digested and mercury deter-
mined by cold vapor atomic spectrophotometry
(ANON. 1975), using a Perkin-Elmer mercury ana-
lyzcr system Coleman 3)A. The detection limit of
the method was 1 ng.g’l. Precision and accuracy
were lower than 10% (MONTEIRO & LoPES 1990)
dand were monitored through the study with repli-
cate samples and standard reference materials of
similar nauix (NBS, tuna muscle RM30; [AEA.
fish muscle MA-A-2/TM). Samples weight loss,
causcd by dehydration in relation to the frostv/de-
frost processes, was quantilied: whole O. vulguris.
mean=2.1% +0.01 S.~.. n=368: O. yvulgaris sam-
ples. mcan=8.2% +05() S.E., n=65. L. forbest
samples, mean=9.0)% +(0.45 S.E., n=61. However.
conceniration correction factors were not used, as
iy usual in these types of study. Mercury concen-
tration values are in nanograms per gram vn a wel
weight hasis (ng.g’| ww),

Prior 10 a full statistical analyses. mercury.
length and weight data were tested for both nor-
mality (Kolmogorov-Smimov onc sample lest)
and homogeneity of vanances (Bartlett box £
test). Nonparameuic single factor analyscs of
variance (Mann-Whitmey and Kruskal Wallis

tests) were used to invesugate lactor effects on
mercury levels, length and weight. Total mercury
concentrations were regressed against dorsal
mantle length and totai weight of cephalopods,
using type I regression analysis fitted by the least
squarcs method on logarithmically transformed
data.

RESULTS

A summary of the statistics on mercury levels,
length and weight for the four species of
cephalopods studied is shown in Table I. Highly
significant  inter-specific  differences  were
dpparent in mercury levels, length and weight
(Kruskal Wallis tests, P<0.001), being higher in
the specimens of L. forbesi than in the spccimens
of Octopus vulgaris, Ommastrephes bartrami and
Todarodes sagirtarus. However, the mercury
levels observed in O.vuigaris showed the greatest
intra-speciftc variability (sce Tabte [).

Mercury levels in Loligo forbesi were not sig-
nificantly different betwecen males and females
(Mann-Whitney U-test. P=().189), despite a highly
significant difference in size belween sexes
{Mann-Whitney U-tests, P<0.081). with males
being farger and heavier than females (Table 2).
Also in ). vulgaris sexual differences in mercury
levels were not detected (Mann-Whitney U-test,
P=0.356).

Highly significant differences in mercury le-
vels were detected in standard size O. vulgaris
from different stations (Table 3: Kruskal Wallis
test, <0.001). Since, mercury levels did not vary
significantly either among stations of urban origin

Table 1.
Mercury level {Hg). dorsal mantle length (BML) and tota) weight ! (TW) for Loligo forbesi. @ctopus vudgaris,
Omimastrephes bartrami and Todurodes sagitratus from the Azores,; X = mean: S.£. - standard error: Mn.-
mintmum value: Max.. maxunum value: CV - oefictent of variation.

species n Hy tug.g". ww) DML, (cm) TW (g)
X SE Min. Max. CV (%) X NE Min Maz X S  Min Max
Leliko forbesi 72108 7.7 5 338 4) 52 238 20 94 2438 202.6 261 8308
Ocropus vulgaris 96 64 60 2 248 9] 13 0.4 8 26 966 100.2 8 6110
Ommastrephes barnnami 14 47 83 19 22 &6 17 20 10 33 223 915 21 634
Todarodes sagittatus 2 30 B3 41 3% 22 17 23 1% 19 90 320 58 12




Table 2

Mercury level (Hg). dorsal mantle length (DML) and otal weight (TW) for Loligo forbesi. female and male. X =

mean ¢ 8 £, - standard error: Min.- minunum value: Max. -

maxiymum value.

sex n e (ngr’ ww) DML {cm) TW (g)
X &£ Min. Max. X 8.5 Min. Max. X S.E. Min. Max.
temuale 19 9 117 11192 33 162 20 46 1013 103.4 261 1537
male 52 18 95 5 33 60 264 24 94 2042 237.2 371 8208

(Kruskal Wallis 1est. £=0.634) or among stations
of remote origin (Kruskal Wallis test, 2=0.396).
dawa from each type of slation were pooled (see
Table 3). A ’locality” effect was apparent, witi
mercury levels 5 1imes higher occurring in sta-
tions under urban influence compared with sta-
tions from remote coastal regions (Mann-Whitney
U-test, P<0.001). The variability of mercury le-
vels is also higher in urban stalions than in remote
stations (sec Table 3).

There were seasonal differences in mercury ie-
vels which were significant in immature L. forbesi
(Mann-Whitney U-test test, #<0.03) and higbly
significant (Mann-Whitney U-test, P<€.001) in
small to medium sized L. forbesi (DML<47 cm).
The differences were caused by higher mercury

levels in winter samples compared with autumn
samples (Table 4). Mercury levels did no1 varied
significantly (Xeuskal Wallis test, £=0.489) dur-
ing a one year cycle in standard sized O. vul/garis
from urban stations (# 1, 2, 3: n=39).

The relationships between mercury level in
muscle tissue (Hg) and dorsal mantle length
{DML) or total weight (TW) conformed w0 a
power funcion: Hg=a (DML or TW)?, where a
and b are constants. Parameters, correlation coef-
ficients and significance of the In(Hg) versus
In(DML or TW) simple regression relationships
for L. forbesi female, L. forbesi male, O. vulgaris
(specimens from urban stations) and O. burtrami
are shown in Tablc 3. Plots of mercury level ver-
sus length relationships are given in Fig. 2. For L.

Table 3
Effect of locality on mercury levels (ng.g'l ww) in muscle tissue of standard size (DML = 1 [-12 ecm) Octopus
vulgaris. See Fig. 1 for location of stations. n= number of specimens analysed: X = mesn: S.E. - standard error;
Min.- minimum value: Max.- maximum value: CV . coeficient of variation.

station  type location (island) n X SE Min Max CV(%)
] urban Pasteleiro (Faial) 33 89 10.8 11 237
2 urban Porto Pim (Faial) 2 43 125 30 55
3 urban Porto da Horta (Faial} 3 67 14.7 39 72
4 remote Espalamaca (Faial) ] 8
5 remote Pedro Miguel (Faial} i 2
6 remote Ribeirinha (Faial) 3 19 3.0 13 22
7 remote Salao (Faial) ] 18
8 remote Varadouro (Faial) 6 16 39 S 29
9 remote Sia. Cruz (Flores) 3 17 3.8 13 25
10 remote Vila Nova (Corvo) 1 27
il remoic Mosteiros (S. Miguel) 2 24 1.5 »n 25
1-3 urban 39 85 9.7 11 237 60
4-11 remoie 18 17 19 2 29 &
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Table 4

Effectof seuson un mercury levels (ng.g-] ww) in muscle Ussue of small 10 medium s1zed Lotigo forbesi (DML <
47 ¢m). X =mean: S.E. - standard error; Min.- mipwmum value; Max.- maximum value.

season n X S.E. Min. Max.
Aulumn 12 39 8.1 5 109
Winter 22 95 93 38 187

forbesi the slopes of the relationships differ signi-
ficandy hetween sexes {InHg vs. InDML: t-test,
£<0.001; InHg vs. InTW: r-test, P<(0.02), keing
aboul twice as higb in females ax in males (Table
5. Fig 2).

DISCUSSION

{nter-apecific variation in mercury levels

The mean mercury levels in muscle tissue of the
cephalopods studied varied between species: 0.
vulgaris< O. bartrami ~ T. saginatus < L. forbesi.
For the purpose of this discusston the O.vulgariy
sammples of urban origin were excluded since they
reflect local environmental contwmination {sec
discussion below). The inter-specitic vanahility
may be due to differences in e.g. trophic level
(YOUNG & al. 1980), growth (MONTEIRO & al.

1991) and extent of habitat contamination (COSSA
& RONDEAU 1985), all of which are generally
assumcd to affect mercury levels in the tissues of
marine organisms.

Both the octopus and squid studied appear (0
accumulate mercury levels of the same order of
magnitude common (0 marine organisms from
medium trophic levels (III 0 IVYOUNG & al.
1980). Cephalopods feed mainly on fish, crusta-
cea and molluscs, but the relative tmportance of
these groups varies widely between species
(NIXON 1987). The existence of significant dif-
ferences in mean mercury levels between squid
and Q. vuigaris, {(which is almost a sixfold dif-
ference compared to L. forbesi), is probably duc te
a difference in diet. The rate of food ingestion dif-
fers widely between @ctopus (16h) and Loli-
go/Ommuxstrephes (3-6h)IN1Xox 1987). Squid are
nektonic with 1 diet based primarily on fish

Table 5

Values for a and & for the rezression equation Hg = a (DML or TWY for loligo ferbesi (female and male).

Ocitopus viigaris and @mmasirephes barirami.

variable specics n a b r #2

L. forbesi female 19 204x107 2980 0427  <0.0001

tength L. forbesi male 53 278101 1443 0698  <0.0001
(cm) 0. vulgaris 42 1.95 1.146 0.428 <0005
0. bartrami 14 201 1085 0.781  <0.001

L.forbesi female 19 1.49x107  1.245 0.28 < 0.0001

weighi L. forbesi male 53 4.03x107 0701 0705  <0.0001
(g) O. vulguris 42 2.25 0.424 0.477 <0.002
0. barirami 14 854 0827 0827 <0.00i

'Correlatien coefficients between Intmercury level) and In(length or weigho).
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Fig. 2- Relationships between mercury level in mantle muscle and dorsal mante length for (A) @cropus vilgaris,
(B) @mmasirephes bortrami, (C) Loligo forbesi Yemale and (D) L. forbesi male.

(NiXoN, 1987: relative frequency in L. forbesi
=82%, MARTINS 1982) and could be assigned to
the I'V trophic level. O. vuigaris 1s benthic and
preys primarily on crustaceans (relative fre-
quency=80%. GUERRA 1978) and molluscs
(GUERRA 1978) and could be assigned to the [il-
IV trophic level (MANGOLD 1983). Since mercury
content is positively correlated with trophic leve!
(YOUNG & al. 198@) the higher mercury levels in
L. forbest and the other squids can be interpreted
as a consequence of biomagnification through the
food web. The lower mercury fevels observed in
O. bartrami and T. sagittarus in relation 0 L. for-
best could not be attributed to inter-specific dif-
ferences in [eeding behaviour and related mescury
intake. In fact, fish predominates in the diet of the
three squid species and the rate of ingestion is
similar in Lofigo {(4-6h at 18 C) and Ommas-
trephes (3-4h) (NIXON 1987).

Differences in mercury leveis among the three
species of squid studied could be atiributed to the
lack of large specimens of O. bartrami and T. sa-
gitrarus (DML up te 7S cm, ROPER & al. 1984) in
pur sampling, since the slopes of the mercury ver-
Sus size relationships indicated similar rates of

IN

mercury accumulation in L. ferbesi female and @.
bartrami.

Habitat type had an impertant influence on the
variability of mercury levels observed in O. vil-
garis. Coastal benthic species are more likely to
come into contact with mercury contamination
from land-based sources thus producing a greater
range in contamination leveis. Mercury levels in
neritic (L. forbesi) and oceanic (O. bartrami and
T. sagintatus) species tend to reflect the evenly
distributed background levels, thus giving a low
variability.

Intra-specific vanation in mercury levels

The results from this study show that size, sex,
season and locality are vaiabies which
significantly determine the mercury levels in
cephalopods.

Mercury levels in mantie muscle of L. forbesi,
O. vulgaris and O. bartrami increase exponen-
tially with size and consequently age. Snidies con-
cerning the influence of size on mercury levels in
other molluscs are scarce (BOYDEN 1977) and
severa authors (cited in PHILLIPS 1980) refer to
the lack of consistency in the relationships of mer-



cury versus size and age in bivalves under field
conditions. Conversely. itis well known that mer-
cury levels in fish muscie nonnaily increase ex-
ponentially with fish size and age (e.g. WALKER
1977. MONTEIRO & LOPES 1990, MONTEIRO & al.
1991). Therefore, thhese results suggest that cepha-
lopods exhibit pollutant kinetics much more simi-
lar 10 those of fish 1han those of other moltuscs.
This strongly supporis the notion of biological
similarities between cephalopods and fish (PAC-
KARD 1972) rather than with other molluscs.

The higher rate of mercury accumulation in L.
forbesi females may be due 10 the existence of
some physiological and/or ecological inter-sex
differences. Sexual dimorphism is a characteristic
feature of this species (MARTINS 1982) but there
is no evidence that males outlive females (FOR-
SYTHE & VAN HEUKELEM 1987). FORSYTHE &
HAaNL®ON (1989) suggested thalt unmature females
and males have the same size-at-age, but as the
ovary of female stans 10 mature they gradually di-
vert more energy from somatic to seproductive
growth. Males, on the other hand. have a minor
investment in reproductive tissue and continue 10
grow somatically. This leads to the hypothesis that
the inter-sex differences in mercury accumulaiion
were possibly due to metal eoncentration in ma-
ture females caused by growth levelling off at the
onsel of maturity, following the general patiern of
metals being more highty concentrated in the us-
sues of the slower growing individuals (PHILLIPS
1980. MONTEIRO & al. 1991). Very little informa-
tion concerning possible sex-based differences in
mercury accumulason exists for motfuscs. Similar
sex-based differences in mercury versus Size or
age relationships have been observed in several
fish species with differences in growth rates be-
tween sexes (MONTEIR® & LOPES 1990. MONTEL-
RO & al. 1991), however, this cannot be solely at-
tributed to the higher growth rate of one sex with
respect o the other. [t must be emphasized that a
more delailed knowiedge of L. forbesi physiology
and ecology is required before sexual difference
in mercury accumulation kinetics may be fully in-
lerpreted.

Variability of mercury levels in standard ssze
0. vulgaris is primarily due 10 locality. The most
swiking fact is the fivefold difference in mean
mercury leveis between areas under urban in-
fluence and remote coastal areas. This difference

suggests (hat bioavailable mercury originated
from land-based anthropogenic sources in the city
of Horta reaches the species via food chain and/or
coastal sediments. The variability of mercury le-
vels in standard size O. vulgaris from areas under
urban influence is aiso remarkably high whean
compared with the same variability in specimens
from remete areas. This may be caused by indi-
vidual variations in foraging behaviour (MATHER
& O'DoR 1991), which possibly produces a wider
range of exposure to mercury under urban in-
fiuence compared t0 natural conditions.

Causes for seasonal variations in mercury le-
vels of immature and small-medium sized L. for-
hesi specimens were not clear. The levels were
lower in autumn than in winter, but the limited
period of sampling (October-March) did not atiow
the detection of any pattern. The factors involved
in seasonality of mercury and other pollutants in
aquatic biota are complex and three major ca-
tegories were identified (PHILLIPS 1980): /) pollu-
tant delivery « the aquatic environment; if) organ-
ism physiology, particularly the sexual cycle; iff)
changes in 1he prevaiiing walter quality parameters
such as temperature and salinity. Nevertheless,
1his field remains open to furtber work. The re-
sults from much of the studies of mercury and
other me:als in molluscs are unanimous in con-
cluding that seasonal variability in metal levels
within sites is irregular and unpredictable. How-
ever, COssA & RONDEAU (1985) detected a well
defined pattero of seasonal variation in mercury
conient of the mussel Mytilus edulis, over two
years, and argued that the discrepancies between
the vanous studies probably result from poor
sampiing design (short penods and low sample
sizes).

Pollution and monitoring

The mercury levels found in the cephalopods
studied suggest that the ievel of contamination is
low, both in the occanic and in the coastal
environments. All the mercury levels found were
well below the guideline limit (1 mg.kg’l ww) for
mercury in seafoed fixed by the Postuguese Food
Directorate. The metal ievels found in the three
squid species were similar 1o the levels reported
for other oceanic and coastal squids from
northeastern Allantic (FALANDYSZ 1989) and
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southwesler Atlantic (FALANDYSNZ 1988, 1989),
but were lower than the mercury fevels reporicd in
thc smaller Loligo vidgaris (mean weight=97
aramy) from the Mediterrancan Sea by STOEPPLER
& al. (1979)mean=320 ng.g". range=85-530,
=10). Only thc mercury ievels observed in (.
vildguris from urban areas indicaled a moderate
level of poliution in the coastil arca around the
city ol Horea {Fayal Island). Hewever, these were
considerably lower than the mercury levels in @.
vulguris from the Mediterranean {(mean=288

ng.g'l. range=80-710. n=35) (STOEPFLER & al.
1979).

Cephalopods have attracied Jeast aitention
amongst molluscs as indicators of environmenial
contzmination (PHiirs 198(). However, they
warrant further study as they can be casily sam-
pled and are abundant. Ccphalopods present bio-
concemmuon factors of mercury at about 107 to
10°* (cephalopod/waler concentration), which sug-
gests a jimiled ability to regulate such a poilutant.
Due to rapid growth and a short-iime span, regular
sampling will provide infortnation on short-term
variations in mercury contamination. Other mol-
luscs and Jish vsed in these studies tend 10 be
long-lived, ihcrefore results of potlutant levels are
averaged over longer time spans.

The worldwide distribution of . wudguris
(WELLS 1978, NEesis 1987, MANGOLD 1983)
makes this species suitable as the primary organ-
ism for the assessment and monitoring of mercury
conlaminalion in nearshore coastal cnvironments.
This s specially applicabie in arcas. like the
Azores. where the widely used mussels (Mytilus
spp.) are absenl. This species fulfill the basic re-
quitements of an indicator organisin (PHILLIPS
{980; DEPLEDGE & RAINBOW 199() and, as
shown 1n this study, was sensitive cnough to indi-
cate smal! scale differences in mercury environ-
mental contamination beiween remote and urban
areas. Tcmlonahly in this species (home ran-
2es=100-200 m~, up 10 six weeks; MATHER 1991),
allows point sources of contamination to be eluci-
daled and there are no problems with respect to
sexuval differences in mercury accumulation. We
suggest the usc of standard size specimens to n-
crease the sensivity m biomonitor studics of mer-
cury. Funcuonal relationships 1o describe the mer-
cury versus size dependence also provides an in-
teresting possibility o comparison and analysis
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using the slopes, provided that adequate sample
numbers and size ranges are used to develop salis-
factory predictive modets {BOYDEN 1977).

The occanic squid species which are widely
disuibuted in the open oceans, hike O. bartrami
and T. saginraius (ROPER & al. 1984, NESIS 1987),
were aliraclive for monitoring medium- 0 long-
tenn {(cmporal variatons and large-scale geo-
graphical variations of mercury levels in the
marine environment. They have attracted little at-
tention as indicators of environmental contamina-
tion and deserve further study.

CONCLUSIONS

This study presents the fust data on mercury
levels and their natural variability in cephalopods
from the Azores and Central North Atlantic. The
importance ol variables such as size, sex. locality
and season on the accumulation of mercury by
cephalopods s rcveated. The concept that
cephalopods exhibit pollutant Kinetics sumilar 10
fish s suggesied. Low (0 moderalc mercury
contamination was deiecied in the coas
environment close w a !ow level industrialized
city of 7 thousand inhabitants. An argument for
Octopus vuigaris as 4 bieindicator of mercury
pollution in ncarshore coastd) environments is
presented.
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