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Abstract. Octopuses (Octopus vulgaris) landed from commercial fishing were sampled and the
concentrations of lead, calcium and strontium, in digestive gland, branchial heart, gills, mantle and
arms, were determined using PIXE (particle-induced X-ray emission). Lead was detected in all tissues,
although not in samples from all animals analysed. Female octopuses accumulated more lead in
digestive gland than did males. The digestive gland index, an indicator of nutritional status, showed a
negative correlation with lead concentration in both sexes. There were positive correlations between
the concentration of lead and those of calcium and strontium in digestive gland and a negative
correlation between lead and calcium in branchial heart tissue. Concentrations of calcium in arms
were lower in autumn and spring than in winter and summer. Lead content increased with increasing
body weight and mantle length so we can conclude that lead continues to accumulate during the
animal’s life. Concentrations of lead in two samples were higher than the maximum legally permitted
concentration of lead in food.
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1. Introduction

Lead is a non-essential metal and is poisonous at very low concentrations. Amounts
in the environment have increased substantially during the past 200 years (NAS,
1991). Many countries now restrict the use of lead; one example is the adoption of
unleaded petrol. Studies in 1983 in the north Atlantic revealed that the concentration
in seawater was between 1 and 15 ng/L (Stum, 1983 in Buffle, 1994).

Aquatic animals take up and accumulate lead from water, sediment and food.
In bivalve molluscs, lead in seawater is fixed by lysosomes when the water crosses
the branchial epithelium. The uptake of lead from water and sediment is influenced
by various environmental factors such as temperature, salinity and pH (WHO,
2000). When lead in food arrives in the digestive tract there is immobilization
by interstitial cellules and capture by amoebocites (Amiard, 1988; Galdies and
Axiak, 1992). Animals that consume food contaminated with lead often have high
concentrations of lead in their tissues, although there is no biomagnification (WHO,
1995). Sydeman and Jarman (1998) noted that concentration of lead have been
reported to decrease with increasing trophic level.
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In animals, lead affects numerous enzymes and physiological systems, provok-
ing deleterious effects at the cellular level (WHO, 1995). In the nucleus, it forms a
lead–protein complex that affects the promoter systems which regulate DNA (Duc
et al., 1994).

Calcium is essential to many bodily functions including nerve transmission,
muscle contraction, renal function and respiration. Calcium ions have a ubiqui-
tous role as intracellular messengers, transducing electrical and hormonal signals
(NAS, 1993).

Lead perturbs calcium-regulated and calcium-mediated bodily functions
(Fullmer, 1992; Pounds, 1984) and interferes with calcium metabolism, due to
the physico-chemical similarity between Pb2+ and Ca2+. Pb2+ substitutes for Ca2+

in many cellular processes and interferes with reactions that require Ca2+ (Barton
et al., 1978; Kerper and Hinkle, 1997). Lead interferes with Ca2+ transport, synthe-
sis and with the release of neurotransmitters. Lead toxicity in the nervous system
seems to be related to specific effects on calcium metabolism and, in particular,
calcium transport (Rius et al., 1986; Duc et al., 1994).

Strontium is an essential element for the cephalopods, it was demonstrated
that statoliths did not develop when strontium was absent (Hanlon et al.,
1989).

Strontium mimics calcium in the body. Studies on squid axons showed that
strontium seems to be handled on an essentially similar manner to calcium (Baker
and Singh, 1982). Physiological and nutritional variables that affect strontium
metabolism are similar to those that affect calcium metabolism and usually operate
in the same direction. One of the differences that is observed between calcium and
strontium is that the rates of most calcium-mediated processes, including muscular
contraction, are slowed when strontium is substituted for calcium (NAS, 2000),
this was observed in squid giant fibre lobe neurons (Amstrong and Palti, 1991). In
cephalopod statoliths (functionally equivalent to fish otoliths), strontium/calcium
ratios showed tare affected by environmental conditions (Biemann and Piatkowski,
2000) such as water temperature (Yatsu et al., 1998) and salinity (Zumholz
et al., 2004).

Cephalopods are known to accumulate high levels of heavy metals and it has
been argued that the digestive gland of cephalopods constitutes a good potential
indicator of heavy metal concentrations in the marine environment (Miramand and
Bentley, 1992). At least in the case of cadmium, cephalopods have been shown to
represent an important route for the transfer of heavy metals to higher predators
(Bustamante et al., 1998). Seixas et al. (in press a) analysed levels of mercury
in octopus (Octopus vulgaris) tissues. However, very few studies have looked at
lead levels in cephalopods. In a previous preliminary study, Seixas et al. (2002)
summarised lead levels in octopus from two locations on the Portuguese coast,
while Seixas et al. (in press b) surveyed levels of a range of trace elements in the
edible parts (arms) of octopus sampled from the Portuguese coast in spring 2002
and 2003.
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The octopus Octopus vulgaris is an important fishery resource throughout south-
ern Europe. It is a target species for some fishing fleets in Portuguese waters. As
such, it is important to monitor the levels of potentially harmful metals in octo-
pus tissues. Since lead interferes with biological systems that use calcium we also
measured calcium concentration, as well as the concentration of strontium, an-
other element that interacts with calcium metabolism. The present study is based
on samples collected over four seasons in 1999–2000. In addition to quantifying
concentrations of these elements in various body tissues, we examine whether there
is seasonal, maturity, sex or size-related variation in concentrations.

2. Material and Methods

2.1. SAMPLING AND SAMPLE PREPARATION

Animals landed by commercial fisheries were sampled in Cascais, which is situated
mid-way down the coast of Portugal, with a strong influence of the Tagus River
(the largest river in Portugal).

Animals were sampled in the four seasons of the year, autumn (November,
1999), winter (January, 2000), spring (May, 2000) and summer (July, 2000). In
each season, 10 animals (5 males and 5 females) were collected.

Total length, mantle length, total weight, sex and maturation state were deter-
mined for each animal. The maturation state was determined by direct observation
of colours of reproductive structures (Gonçalves, 1993). The maturity index used
was adapted for use on octopus by Guerra (1975).

To provide an indicator of condition, we determined the digestive gland index
(DGI), which is defined as:

DGI = Weight of digestive gland

Body weight
× 100

This index has previously been used in studies of biology of Octopus vulgaris
(Silva et al., 2002) and in many other studies on cephalopods. Regoli (1998) called
this index the condition index.

The tissues collected for analysis were digestive gland, branchial heart, gills,
mantle and arms. Tissue samples were stored frozen between −20 and −40 ◦C
prior to analysis. Samples of branchial heart and mantle from winter and summer
were lost due to problems that occurred during the storage of the samples.

2.2. ANALYTICAL PROCEDURE

The concentration of lead was determined using PIXE (particle induced X-ray
emission). Samples were freeze-dried, followed by microwave acid digestion with
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9:1 v/v HNO3 and H2O2, 4 min at 300 W. We used yttrium (Y) as the internal
standard. Three aliquots of 10 µL of sample from each animal and tissue were
then analysed. The technique of PIXE was available in a Van der Graff accelerator
at the Technological and Nuclear Institute of Portugal (ITN). The sample was
irradiated by a sheaf of protons (2.2 MeV, 5 mm diameter, 6.5 nA mm−2) in a
vacuum. A MylarTM of 350 µm thickness was used to eliminate the contribution of
X-rays of low energy (lower than potassium). The crystal where the emitted X-rays
were detected was made of Si(Li). For each X-ray detected one electrical signal
is produced, which is processed in a multi-channel system (MCA). The spectra
were analysed with AXIL software (Van Espen et al., 1986) and calculations of
thick target concentration were performed using DATTPIXE software (Reis and
Alves, 1992). The methodology was validated using certified reference materials
(Barreiros et al., 2001). The results for each tissue are given relative to the dry
weight (mg/kg dry weight). Total lead content in each tissue was estimated as the
product of concentration (mg/kg wet weight) and organ weight.

2.3. STATISTICAL PROCEDURES

Statistical analysis of the data was carried out using STATISTICA (StatSoft, Inc.,
2001). Gender and seasonal differences in concentrations were analysed using
ANOVA (factors: sex and season). Student’s t-tests were used to identify which
pairs of seasons differed from each other. For analysis of data from branchial heart
and gills samples, when the level was below the detection limit it was assumed to
be zero.

To analyse the correlations between state of maturation (an ordinal variable) and
concentration of elements we used Spearman rank correlations. For quantifying
relationships between other parameters, such as total length, mantle length and
total weight and concentrations of elements we used the Pearson coefficient of
correlation.

3. Results

The weight, total length and mantle length of the females and males studied in
the four seasons are shown in Table I. There were significant differences between
females and males in spring in weight (t = 4.79, N = 40, P = 0.00), total length
(t = 3.42, N = 40, P = 0.01) and mantle length (t = 4.39, N = 40, P = 0.00).

3.1. LEAD

Lead was detected in all digestive gland samples analysed; concentrations are shown
in Figure 1 and the estimated total amounts are shown in Figure 2. Lead was detected
in branchial hearts of 12 animals (8 out of 10 females analysed and 4 out of 10 males
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TABLE I

Weight, total and mantle length of the animals studied in different seasons

Season Sex N Weight (g) Total length (mm) Mantle length (mm)

Autumn Females 5 1266 ± 660 872 ± 123 154 ± 26

Males 5 1524 ± 628 892 ± 120 166 ± 29

Winter Females 5 1393 ± 259 796 ± 75 149 ± 12

Males 5 1374 ± 95 794 ± 15 154 ± 7

Spring Females 5 2183 ± 424 914 ± 61 192 ± 16

Males 5 1052 ± 414 746 ± 91 146 ± 17

Summer Females 5 1760 ± 719 950 ± 111 188 ± 35

Males 5 1663 ± 772 933 ± 93 165 ± 23

Figure 1. Concentration of lead in digestive gland, branchial hearts and gills, calcium and strontium
in octopus tissues analysed in the four seasons.

analysed) (Figure 2). Lead was detected in six gills samples (3 out of 20 females
and 3 out of 20 males analysed), while lead was only detected in one mantle of 20
analysed, and one arm of 40 analysed.

The highest concentrations and quantities of lead were mainly found in digestive
gland. Maximum values for concentration and quantity of lead in the digestive
gland were recorded in females, in winter and summer respectively. There were no
significant correlations between concentrations of lead in different tissues.
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Figure 2. Total quantity of lead in digestive gland in females and males in the four seasons of the
year.

Correlations of concentrations of lead in digestive gland and branchial hearts
with weight, total and mantle length were mainly non-significant, the exception
being the correlation between concentration in branchial hearts and total length
(r = −0.59, N = 12, P = 0.04).

Correlations of total amounts of lead with weight, total and mantle length were
significant only in the case of the amount in digestive gland, in relation to both
weight (t = 0.40, N = 40, P = 0.02), and mantle length (t = 0.42, N = 20, P =
0.01). There were no correlations between maturation state and the concentration
of lead or total amount of lead, in either females or males.

There were negative correlations between DGI and lead concentrations in diges-
tive gland, for both females and males (Figure 3). Two possible explanations can

Figure 3. Correlation between DGI and concentration of lead in digestive gland, in female (left): Pb =
(22.913−2.713)DGI (r = −0.53, P = 0.03); and male (right): Pb = (9.108−0.926)DGI (r = −0.53,
P = 0.02).
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TABLE II

Results for two-way ANOVA for effects of sex and season on concentrations of Pb, Ca and Sr

Tissue Factor Pb Ca Sr

Digestive gland Sex 6.84 (40, 0.01) 3.22 (40, 0.08) 2.32 (40, 0.14)

Season 0.42 (40, 0.74) 1.87 (40, 0.16) 0.80 (40, 0.51)

Branchial heart Sex 0.48 (20, 0.81) 0.33 (20, 0.57) 2.56 (20, 0.13)

Season 1.80 (20, 0.34) 1.35 (20, 0.26) 3.50 (20, 0.08)

Gills Sex 0.43 (20, 0.73) 1.36 (40, 0.25) 1.12 (40, 0.30)

Season 2.31 (20, 0.10) 0.90 (40, 0.45) 2.47 (40, 0.08)

Mantle Sex – 0.84 (20, 0.37) 1.63 (20, 0.22)

Season – 1.34 (20, 0.27) 9.82 (20, 0.01)

Arm Sex – 0.39 (40, 0.54) 1.57 (40, 0.22)

Season – 5.06 (40, 0.01) 2.30 (40, 0.10)

The table shows the values of F , followed by the sample size (N ) and associated probability (p) in
parentheses. Significant correlations are shown in boldface. Empty cells represent analyses for which
insufficient data were available.

be suggested: lead is simply more diluted in the animals with high DGI or animals
with a good reserves concentrated lower quantities of lead. To analyse this we de-
termined the concentration of lead in relation to wet weight and then calculated the
quantity of lead in each digestive gland. There was no significant correlation be-
tween the total quantity of lead in digestive gland and DGI (r = −0.17, P = 0.31),
so the hypothesis of reduced accumulation can be ruled out, and the dilution effect
remains plausible.

The concentration of lead in digestive gland samples differed significantly be-
tween sexes but not between seasons (ANOVA, Table II). Females accumulated
more lead in digestive gland than males (females: 9.51 ± 6.78 mg/kg, males:
4.34 ± 3.22 mg/kg).

3.2. CALCIUM AND STRONTIUM

Calcium and strontium were detected in all samples analysed in all tissues, although
concentrations of calcium were almost two orders of magnitude higher than those
of strontium (Figure 1).

Most correlations between body size and concentrations of calcium and stron-
tium were non-significant, the exception being with the concentration of calcium
in digestive gland and total length (r = −0.34, N = 40, P = 0.04; Figure 4).
In relation to maturation, only the concentration of strontium in mantle tissues of
females was correlated with maturity stage (R = 0.72, N = 10, P = 0.02).

Concentrations of calcium in arm samples in winter and summer were
higher than in autumn and spring (Tables II and III; Figure 2). There was
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TABLE III

Results of t-tests for between-season comparison of calcium concentrations in octopus arms (values
of t and P in parenthesis)

Seasons Winter Spring Summer

Autumn −2.37 (0.03) Aut < Win 0.64 (0.53) Aut = Sp −2.22 (0.04) Aut < Sum

Winter 2.76 (0.01) Win > Sp 0.87 (0.39) Win = Sum

Spring −2.95 (0.01) Sp < Sum

Significant correlations are shown in boldface.

Figure 4. Correlations between (a) concentration of lead in branchial hearts and total length (TL) Pb
= (17.997−0.0158)TL, (b) concentrations of lead and calcium in digestive gland Pb = (−2.903 +
0.0246)Ca, (c) concentrations of lead and strontium in digestive gland Pb = (−2.405 + 0.697)Sr, and
(d) concentrations of calcium and lead in branchial hearts (Pb = (22.19−0.018)Ca. The graphs show
the fitted lines with 95% confidence limits.

no significant seasonal variation in calcium concentration in the other tis-
sues (Table II). The concentration of strontium in mantle tissue differed sig-
nificantly between seasons (Table II), levels being higher in spring than in
autumn.
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TABLE IV

Results of Pearson correlation between the elements analysed in the different tissues

Tissues Pb/Ca Pb/Sr Ca/Sr

Digestive Gland 0.63 (0.00) 0.58 (0.00) 0.72 (0.00)

Branchial heart −0.60 (0.04) −0.38 (0.22) 0.57 (0.04)

Gills 0.07 (0.90) 0.32 (0.53) 0.84 (0.00)

Mantle – – 0.60 (0.01)

Arms – – 0.74 (0.00)

Values of the correlation coefficient (r ) and associated probability (P) are shown in
parentheses. Significant correlations are shown in boldface.

3.3. RELATIONSHIPS BETWEEN DIFFERENT ELEMENTS

Concentrations of calcium and strontium were significantly positively correlated
in all tissues (Table IV, Figure 4). In digestive gland tissue, there were positive
correlations between concentrations of lead and those of calcium and strontium,
and there was a negative correlation between concentrations of lead and calcium in
branchial heart samples (Table IV, Figure 4).

4. Discussion

4.1. LEAD

Lead was detected in many of the samples analysed, most consistently in the diges-
tive gland, perhaps because this tissue is a short-term storage location for digested
food. Several authors note that, in molluscs, toxic metals are stored in the digestive
gland, in lysosomes (Marigomez et al., 1986; Reico et al., 1988; Domouhtsidou
and Dimitriades, 2000; Iriato et al., 2003).

Seixas et al. (in press b) recorded lead concentrations of 3–4 mg kg−1 for arm
samples collected from the Portuguese coast in spring of 2002 and 2003 (mea-
sured using inductively coupled plasma – atomic emission spectrometry). This is
somewhat lower than most values recorded for octopus tissues in the present study.

The highest single value for lead concentration recorded in the present study was
in a mantle tissue sample but generally the highest concentrations were recorded in
digestive gland and lowest concentrations in arms, where the values were usually
below the detection limit for the technique. This result is consistent with previous
studies, although Seixas et al. (2002) also recorded high lead levels in branchial
heart samples of Octopus vulgaris.

Values from the present study were generally high when compared with pub-
lished values for lead concentrations in cephalopods (Table V), with the exception
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zá
le

z
et

al
.(

19
98

)

To
da

ro
de

s
pa

ci
fic

us
Pa

ci
fic

co
as

t,
Ja

pa
n

0.
24

c
0.

04
0b,

c
Ic

hi
ha

sh
ie

ta
l.

(2
00

1b
)

Se
a

of
Ja

pa
n

0.
64

c
0.

04
2b,

c
Ic

hi
ha

sh
ie

ta
l.

(2
00

1b
)

N
em

ur
o

St
ra

it,
Ja

pa
n

0.
14

c
0.

04
4b,

c
Ic

hi
ha

sh
ie

ta
l.

(2
00

1b
)

L
ol

ig
o

fo
rb

es
i

W
es

tc
oa

st
of

Sc
ot

la
nd

,U
K

64
.3

c
0.

6c
C

ra
ig

an
d

O
ve

rn
el

l(
20

03
)

L
ol

ig
o

op
al

es
ce

ns
M

on
te

re
y,

U
SA

1.
4

±
0.

6c
1.

1
±

0.
5c

0.
86

±
0.

44
c

Fa
la

nd
ys

z
(1

99
1)

Sq
ui

d
Fr

as
er

bu
rg

h,
U

K
0.

02
b,

c
M

A
FF

(1
99

8)

Sq
ui

d
N

ew
ly

n,
U

K
0.

01
b,

c
M

A
FF

(1
99

8)

Il
ex

ar
ge

nt
in

us
A

rg
en

tin
a

0.
24

–0
.6

0c
Fa

la
nd

ys
z

(1
98

8)

St
en

ot
eu

th
is

ou
al

an
ie

ns
is

Ir
io

m
ot

e
Is

la
nd

,
Ja

pa
n

0.
44

c
Ic

hi
ha

sh
ie

ta
l.

(2
00

1a
)

Se
pi

a
of

fic
in

al
li

s
E

ng
lis

h
C

ha
nn

el
,

Fr
an

ce
1.

10
±

0.
06

0.
99

±
0.

06
0.

39
±

0.
06

0.
17

±
0.

07
M

ir
am

an
d

an
d

B
en

tle
y

(1
99

2)

N
ot

e:
V

al
ue

s
ar

e
in

m
g/

kg
dr

y
w

ei
gh

t.
a N

ot
de

te
ct

ed
in

al
la

na
ly

se
d

sa
m

pl
es

.
b
M

us
cl

e.
c W

et
w

ei
gh

t.
d
O

nl
y

de
te

ct
ed

in
on

e
an

im
al

.



BIOACCUMULATION OF LEAD, CALCIUM AND STRONTIUM 147

of lead in the mantle of the octopus Vulcanoctopus hydrothermalis (González et al.,
1998). This species inhabits hydrothermal vents, which are characterised by high
concentrations of heavy metals (e.g. Ruelas-Inzunza et al., 2003).

The high lead levels in animals in Cascais may be related to the proximity of
the estuary of Tagus River, as well as other smaller river basins, to the fishing
grounds. The level of lead in seawater in Cascais region ranged from 0.7 to 1.7
µg/L (Costa et al., 1999). These high values are probably the consequence of high
lead concentrations in the estuaries of the rivers Tagus (7 µg/L) and Sado (up to
19 mg/L); data from INAG (National Institute of Water). Of these two estuaries,
the Tagus is probably the more influential as it is both nearer to and north of the
sampling site and the prevailing ocean currents in this area are from north to south.

Octopus vulgaris feeds mainly on crustaceans and fishes, although it occasion-
ally includes gastropods and other cephalopods in its diet (Quetglas et al., 1998). In
the Tagus estuary, levels of lead in these organisms are likely to be elevated because
of the high quantity of lead in the water.

The legal limit (for human consumption) set by the European Commission for
the lead content of cephalopods (without viscera) is 1.0 mg/kg fresh weight (EC
rule no. 466/2001). These values correspond, in terms of dry weight, to approxi-
mately 5 mg/kg. We found, in one arm, a value of 8.7 mg/kg dry weight (out of
40 arms tested), and in one mantle sample a value of 44.8 mg/kg dry weight (out
of 20 mantles tested), concentrations that are higher than the levels allowed by EC
law. The number of arms and mantle that contained detectable amounts of lead
was low when compared to the number of samples examined but, if our samples
are representative, lead concentrations could be dangerously high in a significant
proportion of octopus. At very least, more extensive data are needed. It is possible
that, in future, lead pollution must be controlled or consumption of octopus from
certain localities restricted. Furthermore, in Portugal, families of fishermen and
sellers of fresh cephalopods in the market habitually eat the gills of octopus. This
is a particular cause for concern because levels found in gills were generally higher
than the legal limits.

Another problem related to the high values of lead found in some tissues of
cephalopods arises when marine mammals consume octopus. In marine mammals,
lead tends to accumulate in bone tissue, following a similar metabolic path to
calcium (Becker, 2000). Lead was found in livers of seals, porpoises and dolphins
from waters around British Isles in concentrations up to 4.3 mg/kg wet weight (Law
et al., 1991). Blubber and skin samples of monk seals from Greece exhibited con-
centrations of lead that reached 65.2 mg/kg dry weight (Dosi, 2000). Cephalopods
(although usually not coastal octopods) are also important in the diets of some of the
larger Odontocete cetaceans, such as beaked whales and the sperm whale (Santos
et al., 1999, 2001a,b,c).

The present study found that lead levels in different tissues of octopus were
uncorrelated. Furthermore, there was no consistent relationship between lead con-
centrations and size or maturity, although lead concentrations in the branchial



148 SÓNIA SEIXAS AND GRAHAM PIERCE

heart samples decreased at larger size. However, total lead content increased with
increasing body size so we can conclude that lead continues to accumulate during
the animal’s life, for example due to dietary intake.

Female octopus accumulated more lead than did males in digestive gland. This
may be because digestive gland is an organ where lipids are accumulated (Mangold
and Bidder, 1989). Females need higher levels of lipids to incorporate in ovocytes
during the maturation process. A study in Sepia officinalis found that, in digestive
gland, females (13%) have higher quantities of lipids in relation to males (9%)
(Blanchier and Boucaud-Camou, 1980). This accumulation of lipids could also
indicate higher metabolic rates in females, hence a higher dietary intake of lead.

The negative correlation between the DGI, which may be thought of as a feeding
or condition index, and lead concentration, in both sexes, was also found by Regoli
and Orlando (1993) for mussels Mytilus galloprovinciallis in the North Tyrrhe-
nian Sea. These authors suggested that this was an effect of maturation: as the
gonads grew, DGI diminished. If lead remains in the digestive gland as reserves
are mobilised, its concentration would increase as DGI decreased. Certainly, in the
present study the total lead content of the digestive gland was not related to the
DGI.

In the clam Ruditapes decussates, the presence of lead reduced the growth
rate of the post-larvae significantly (Seixas, 1995). In relation to octopus we have
no information about effects of lead on growth, and future studies are required.
However, some insights concerning the action of lead may arise from studying the
relationships between lead levels and those of calcium and strontium.

4.2. CALCIUM AND STRONTIUM

In relation to calcium, in the present study the highest levels were found in arms,
probably because each arm has a longitudinal nerve, which contains nerve fibres
and ganglions (Mangold et al., 1989). The next highest values were recorded in
gills, which may be related to the presence of muscular fibres that contract during
ventilation (Wells and Smith, 1987).

Calcium concentration in Octopus cyanea is 0.9% of dry weight, of the whole
animal, and in the squid Loligo sp. it is 0.1% (Goodman-Lowe et al., 1999). A
report from MAFF (1998) indicated that concentrations of elements in relation
to fresh weight of the edible portion of squid were 220 mg/kg for calcium and
2.2 mg/kg for strontium. Given that figures for octopus in the present study are
given in terms of dry weight, and assuming a 5:1 ratio of wet to dry weight, it
appears that concentrations in octopus and squid tissues were rather similar.

In the present study, calcium concentrations in arms were lower in autumn and
spring than in winter and summer. There was no significant correlation between
maturation and concentration of calcium in arms but the seasons during which the
levels were lower are those when the octopus reproduces (Silva et al., 2002).
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4.3. RELATIONSHIPS BETWEEN DIFFERENT ELEMENTS

In the digestive gland there was a positive correlation between levels of lead and
calcium. At present, we can only speculate as to the possible significance of this
relationship. In humans, an increase in the concentration of lead appears to result in
an increase in intracellular calcium stores, in every tissue studied by NAS (1993). In
branchial hearts of octopus there was a negative correlation between concentrations
of lead and calcium.

In digestive gland, branchial heart, gills, mantle and arms there were positive cor-
relations between concentrations of calcium and strontium. This can be explained
because the action of strontium is closely related to that of calcium and mimics
its effects (Sukhanov et al., 1990). In statoliths of neon flying squid, Sr/Ca ratios
gradually increased with age from juveniles to adults (Yatsu et al., 1998).
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