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Iron status of adult dogfish (Scyliorhinus canicula) tissues
and sources of iron during embryonic development
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Concentrations of iron in embryos and yolk sacs of dogfish Scyliorhinus canicula (Elasmobranchii: Squali-
formes) reared in natural and artificial (iron-free and iron-augmented) seawater were measured and
compared with the iron content of adult dogfish tissues in order to investigate the iron budget of dogfish
embryos. No difference in iron concentration between sexes was observed in adult dogfish. Liver iron
concentration (89.6 £5.8 ugg™!) showed the highest value among the three tissues investigated and was
significantly higher than that measured in muscle (22.6 £2.1 ugg™"), or developing eggs from females
(40.5£2.5 ug g ™. The iron concentration in the entire contents of early eggcases (27.1 +4.8 ugg=!) was
lower, but not significantly different from that of eggs taken from the females. Dogfish yolk sacs from
eggcases maintained in (a) natural seawater, (b) artificial seawater, and (c) artificial seawater with supple-
mentary iron, for periods of up to six months, did not show any differences in iron content. Developing
embryos from the artificial seawater with supplementary iron treatment demonstrated elevated iron
concentrations (62.4 +12.0 ug g ') when compared with those from the remaining two treatments (35.8 +5.8
and 35.1 2.7 ug g~ respectively). The results identify maternal investment as the primary contributor to
the iron burden of juvenile dogfish, and demonstrate the ability of the embryos to supplement this supply

from their environment.

INTRODUCTION

The lesser-spotted dogfish (Seyliorhinus canicula, L.) is a
common demersal small shark found on muddy and sandy
substrata in Atlantic coastal European waters (including
the Mediterranean), at depths up to 400 m. Compared
with other marine fish species it has a low vitellogenic rate
and the nutritive demands of egg yolk production (vitello-
genesis) are distributed throughout the year (Craik, 1978).
Mature females lay large eggs surrounded by jelly contained
within a collagen eggcase and the embryo utilizes the yolk
within the eggcase prior to hatching, deriving its nutrition
from material provided by the mother (Lechenault et al.,
1993). The eggcase 1s closed during the first few months of
embryonic development but is open to the surrounding
seawater in the later stages (Diez & Davenport, 1987).

Despite the extent of information available on dogfish
reproductive biology, little attention has been focused on
maternal-embryonic nutrient transfer, although some inves-
tigations on yolk utilization have been carried out (Diez &
Davenport, 1990; Lechenault et al., 1993). The present
study set out to test the hypothesis that dogfish embryos
satisfy a proportion of their iron requirement from envir-
onmental sources. Iron is an essential trace element and a
constituent of haemoglobin and myoglobin and a key com-
ponent in many enzymes, being toxic to fish only at very
high concentrations (Alam & Maughan, 1992). Fish nor-
mally accumulate metals through the gills in respiration,
across permeable external surfaces (skin and gills), through
ingested food or by maternal transfer (Baker et al., 1997).
Trophic accumulation is the major pathway in the uptake
of metals found in low concentrations in seawater for most
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adult fish species, but in juveniles prior to exogenous
feeding, the gills, skin and maternal transfer provide the
primary sources of metals including iron. Trace metal
concentrations in aquatic animals have been well docu-
mented, due to their various positions in the aquatic food
chain (Alam et al., 2000) and also because of the risk they
may pose to humans when consumed as food (Kargin,
1996) and this work is confined, for the most part, to
adult fish. There has also been some interest to date in the
effects of elevated metal concentrations on elasmobranch
fish (Crespo et al., 1981; Vas, 1987), again with little work on
the early life stages. There is evidence, however, that juvenile
fish take up metals, including iron, from the surrounding
water (Alam & Maughan, 1992; Tsioros et al., 1996).

To investigate the iron budget of dogfish embryos we
measured the iron content of yolk and embryos reared in
natural seawater and artificial seawaters, either iron-free
or containing iron, and compared these with the iron
content of adult dogfish tissue (muscle, liver and individual
developing eggs).

MATERIALS AND METHODS

Adult dogfish (11 females and 4 males) were collected
from the south-west coast of Ireland during the summer
months. The fish were dissected and samples of liver,
muscle and whole eggs (from females) removed for analysis
of iron concentrations. Tissue samples were stored frozen
in clean, labelled polyethylene containers prior to analysis.

Dogfish eggcases were supplied by the Marine Biological
Station Millport, Scotland. Prior to establishment of the
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eggcases in the different treatment groups the contents of
four of the eggcases were stored for iron analysis. Eggcases
were maintained in groups of 20 for six months in 20-1
aerated aquaria, suspended by the case tendrils in one of
three seawater treatments. The first was natural seawater
(NSW) collected from the south coast of Ireland, with the
other two treatments being artificial seawater, one con-
taining additional iron (ASW Fe) and the other being
iron-free (ASW). The artificial seawater was made up in
the laboratory using deionized water, and each litre
contained the following salts (in order of addition): CaCl,
(1.2g), MgCl, (46g), MgSO, (5.8g), KCl (0.57g),
NaHCOj; (0.21g), NaBr (0.06 g) and NaCl (23.6 g). For the
treatment containing iron (ASW Fe) the iron was added
to the artificial seawater at the time of manufacture at a
concentration of 0.Img/l. Dissolved iron concentration
was subsequently monitored weekly using a HACH DR/
2010 portable datalogging spectrophotometer. Where
dissolved iron concentration was observed to have
reduced over time additional iron was added to maintain
a large excess of iron thus maximizing iron availability. The
lowest recorded iron concentration in seawater over the
course of the experiment was 0.04 mg 1~!. Oxygen, nitrite
and pH were also monitored on a weekly basis in all tanks.
KOH pellets were used when necessary to stabilize the pH
of the artificial seawater.

Four months from the beginning of the experiment a
sub-sample of eggcases was removed from each treatment
for analysis of iron concentrations in embryos and yolks.
The developmental stage of these eggcases was assigned
according to Ballard et al. (1993) and all were seen to be at
stage 30 or higher, 1.e. in the stages leading to pre-hatching
or later. After six months all remaining animals were
removed for analysis of iron concentrations. All embryos
and yolk sacs were frozen for subsequent analysis of iron
concentrations. A small number of animals were collected
as they hatched during the course of the trial and were
preserved for analysis of iron concentrations. During preli-
minary analysis no significant differences were found
between iron concentrations in embryos collected at the
four-month or six-month stages of the trial. For this
reason data for all yolks and embryos analysed for iron
have been pooled for each treatment.

Iron measurement

In the laboratory, the samples were prepared for wet
digestion by thawing at room temperature, rinsing with
deionized water and drying on absorbent paper before
weighing. Each sample was dried to a constant weight at
70°C and weighed into a glass digestor tube and digested
with 10 ml HNOj in a Tecator digestor for three hours at
100°C. Once cooled, the sample was diluted to 50 ml with
deionized water in a volumetric flask. The digested sample
solution was analysed specifically for Fe by acetylene-
air-flame atomic absorption spectrophotometry using a
SpectraAA-300 spectrophotometer. Working standard
solutions were prepared by successive dilution of the stock
standard solution, to the desired concentration, with 5 ml
HNOj; and deionized water. Procedural blanks were also
prepared in the laboratory and were treated in the same
manner as the samples and run concurrently with the
samples. Quality assurance was performed with standard
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reference materials from the National Research Council of
Canada (DORM-2, dogfish muscle reference material for
trace metals). The standards were digested and analysed in
the same manner as the samples with each analytical run.

Data Analysis

Results are expressed on a dry weight basis and data are
reported as means tstandard error (SE). Differences in iron
concentration between groups were investigated using a
T-test. Where the number of groups to be compared was
greater than two, a one-way ANOVA was used, and
where significant differences were observed this was
followed by a Tukey test to identify which means differed
significantly.

RESULTS
Adult dogfish

The concentration of iron and the moisture content of
adult muscle and liver tissue and of eggs from mature
females are shown in Table 1. Significant variation in iron
concentration was found amongst all five tissues analysed
(Fy34=41.74, P<<0.001), but no significant difference was
seen in iron concentrations between male and female
muscle tissue, or between male and female liver tissue
(Table 1). Significant differences were observed between
iron concentration in muscle and liver tissue, irrespective of
sex (Tukey P<0.05). Iron was found in the lowest concen-
tration in muscle tissue (both male and female), and liver
tissue was seen to have significantly higher concentrations
of iron compared to muscle tissue or the eggs from adult
females.

Fuvenile dogfish (embryos and yolks)

The mean weight of all dogfish embryos collected in this
study was 2.1 0.3 g, and the mean length was 7.9 £0.4 cm
(N=33). No significant difference in weight or length
between embryos from the three treatment groups was
observed (weight Fy4,=1.59, P>0.05; length F,;,=173,
P>0.05). The relationship between length and weight of
dogfish embryos in this study was described as follows:

W = 0.003 L*" (1)

where I 1s the weight (g) and L is the length (cm) of
embryos (Figure 1). This relationship indicates isometric
growth of embryonic dogfish up to the hatching stage.

Table 1. Iron concentration and moisture content of adult
dogfish tissue (mean xstandard error; N=number).

Iron content Moisture

Tissue N (ug g~'dry weight)  content (%)
Eggs 10 40.54 £2.50 52.52 +6.07
Female muscle 11 24.56 £10.7 79.96 £1.01
Male muscle 3 15.57 £1.23 77.61 £0.64
Female liver 11 84.61 £6.55 62.46 +2.42
Male liver 4 103.34 £2.36 54.12 £3.76
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Figure 1. The relationship between length (cm) and weight (g) of dogfish (Scyliorhinus canicula) embryos.
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Figure 2. Concentrations of iron (ug g~' dry weight, mean £SE) in dogfish embryos following maintenance for six months in
three different seawater treatments compared with the contents of a sample of eggcases taken at the outset of the experiment. NSW,
natural seawater; ASW, artificial seawater; ASW Fe, artificial seawater with added iron.

The mean moisture content of the dogfish embryos
collected in this study was 77.16 (£1.18)% (N=40), and
for the yolks was 42.75 (=£0.58)% (N=16). The iron
concentration in dogfish embryos reared in artificial
enriched with iron (624 +£120ugeg™" dry
weight) was significantly higher than in embryos from the
other two treatment groups (35.1 +2.7, 35.8 +5.8 ugg~!
dry weight) (Fy9;=4.41, P<0.05, Figure 2). No significant
effect of maintenance treatment on iron concentration in
the yolks was seen (Fy,=0.98, P>0.05, Figure 3). The
iron concentration of eggcase contents at the outset of the
experiment did not differ significantly from that of indivi-
dual eggs taken from mature females (=247, df=4,
P>0.05). It was not possible to compare total iron values
as the weights of individual eggs were not available
because the eggs were pooled to achieve a sample weight

seawater
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in which iron could be measured. The concentrations of
iron in all embryos and yolks were within the range
measured in the various adult dogfish tissues. The con-
centrations were not significantly different from the iron
concentration of the eggcase contents at the outset of the
experiment, with the exception of embryos from the treat-
ment group maintained in artificial seawater enriched
with iron. The iron concentrations of the embryos from
this treatment group were significantly higher than the
iron concentration of the eggcase contents (T=2.0, df=10,
P<0.05). Iron concentrations in embryos from the
remaining two treatment groups were higher, and iron con-
centratons in yolks from all treatment groups were lower
than the concentrations measured in the eggcase contents
at the outset of the study, although differences were not
statistically significant.
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Figure 3. Concentrations of iron (pug g~! dry weight, mean £SE) in yolk sacs of dogfish embryos following maintenance for six
months in three different seawater treatments and in the contents of a sample of eggcases taken at the outset of the experiment.
NSW, natural seawater; ASW, artificial seawater; ASW Fe, artificial seawater with added iron.

DISCUSSION
Adult dogfish

The observed inter-individual variation in iron con-
centration in adult dogfish tissue was high, as is common
in studies of this kind (Catsiki & Strogyloudi, 1999). Due
to the lack of studies on metal concentrations in dogfish it
is not possible to compare the iron concentrations observed
in this study with those of dogfish from different areas. In
the context of iron concentrations in other fish species, the
iron concentration in dogfish muscle observed in this
study is similar to concentrations previously reported for
a number of species (Catsiki & Strogyloudi, 1999; Alam
et al., 2000). High spatial and temporal variation in iron
concentration in fish tissue is reported and concentrations
considerably higher than those in this study have also been
reported. The iron concentration in dogfish livers in this
study was higher than values reported in the literature for
other fish species (Manera et al., 2000), but again large
inter-individual and inter-specific differences are charac-
teristic of iron concentrations in fish liver tissue (Chen &
Chen, 2001).

Sex differences in iron concentration of dogfish liver or
muscle tissue, were not observed in this study, and are not
common in shark species (Vas, 1987). Livers of females of
some fish species have, however, been shown to have sig-
nificantly higher iron concentrations than those of males
(Tsioros et al., 1996). For both male and female dogfish,
iron concentration variation between different tissues
showed that the concentration in the liver was significantly
higher than that in the muscle and that in the eggs
collected from mature females. Different concentrations
of metals in different fish tissues are commonly reported
(Catsiki & Strogyloudi, 1999; Wepener et al., 2001), and
depend on the particular metal being analysed, the fish
species under investigation and also upon environmental
factors (Avenant-Oldewage & Marx, 2000). Metal concen-
trations in fish species are most commonly measured either
in muscle (flesh) due to its importance as human food, and
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its position as a final target tissue for metal storage, or in
liver tissue which is widely accepted as an indicator organ
of metal pollution because of its storage and detoxification
functions. Lower concentrations of trace metals, including
iron, in muscle tissue compared to liver tissue are well docu-
mented (Kargin, 1996; Avenant-Oldewage & Marx, 2000;
Chen & Chen, 2001) and are primarily a consequence of the
important role played by the liver in metal metabolism.

There are few reports on the provision of iron to eggs by
female fish during vitellogenesis. The results of this study
demonstrate a clear transfer of iron from female dogfish to
the eggs that they produce. The concentration of iron in
eggs collected from gravid females was almost twice that
measured in adult female muscle tissue, yet lower than
that measured in adult female liver tissue.

Juvenile dogfish (embryos and yolks)

The iron concentration of early eggcase contents in this
study was not significantly different from that of the yolk
sacs of later eggcases, or from developing embryos from
the two treatments containing no supplementary iron
which supports the theory that during vitellogenesis the
mother provides the iron required for embryonic develop-
ment. Iron concentrations in whole embryonic dogfish
were within the range observed for adult dogfish tissue.
In this study yolk sacs from dogfish eggcases maintained
in all three treatments had similar iron concentrations
(Figure 3) with no significant effect of the iron concentra-
tion in the surrounding water. By contrast, the developing
dogfish embryos from different treatment groups did show
significant variation. The average iron concentration of
dogfish embryos was almost twice that observed in the
yolk. The iron concentration of embryos in artificial sea-
water with supplementary iron was almost double that
measured in embryos maintained in the other two treat-
ments (Figure 2). Taken together with the yolk data, these
findings indicate that embryos can take up iron directly
from their environment.
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The results indicate that dogfish embryos can in fact
accumulate iron from environmental sources to supple-
ment what maternal transfer provides, a phenomenon
also observed in embryonic sea lamprey (Petromyzon marinus)
(Tsioros et al., 1996). As this study was carried out in the
stages prior to exogenous feeding, the only environmental
source of iron available to the dogfish embryos was in the
seawater used in the study. It has been demonstrated that
external gill filaments of developing elasmobranch embryos
are capable of molecular uptake from external fluids
(Hamlett et al., 1985). External gill filaments develop in
Scyliorhinus canicula embryos in the stages immediately
preceding what is known as pre-hatching. Hamlett et al.
(1985) demonstrated that external gill filaments act as a
nutrient absorptive site in addition to providing a respira-
tory surface, the former being significant only in non-
oviparous species.

Although supplementary iron was added directly to the
seawater 1n this study, it is reasonable to assume that this
enhanced level became available within the eggcases them-
selves even during the early stages of embryonic devel-
opment. It has been demonstrated that fluids within the
eggcase are similar in composition to the surrounding
seawater (Mellinger et al., 1986), which is due to the per-
meable nature of the eggcase wall. Although a very strong
structure the eggcase wall is extremely complex and is
highly permeable to small molecules while remaining
impermeable to large molecules and microorganisms
(Knight et al., 1996). The results of this study suggest that
female dogfish supply an adequate amount of iron to eggs
during vitellogenesis, but that dogfish embryos may incor-
porate additional iron into their tissues as they develop, if
iron is available to them.
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