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INTRODUCTION

Common dab Limanda limanda are widespread
in the North Sea and live in direct contact with
sediments. Consequently, dab have been used as
an important sentinel species for assessing biologi-
cal effects of contaminants in international and
national monitoring programmes such as the UK
Clean Seas Environmental Monitoring Programme
(Lyons et al. 2010). Selected diseases of common
dab from the North Sea and adjacent areas have
been monitored on a regular basis by laboratories
in Germany, Denmark, The Netherlands and the

UK, using methodologies according to the Interna-
tional Council for the Exploration of the Sea (ICES)
standard guidelines (Bucke et al. 1996, Lang 2002).
Several macroscopic external conditions are
recorded, including skin ulcers, lymphocystis and
epidermal hyperplasia/pa pilloma, as well as hyper-
pigmentation. In combination with the occurrence
of parasites and the presence of contaminant-
related liver pathology, an overall assessment is
made of the health status of individual fish and in
combination for the population at particular sites
(McVicar et al. 1988, Lang & Wosniok 2008, Sten-
tiford et al. 2009).
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ABSTRACT: An increasing trend in the prevalence of hyperpigmentation in the common dab
 Limanda limanda from the North Sea prompted us to investigate the potential role of infectious
agents as causes or contributing factors to the condition. Dab representing 3 severity grades of hy-
perpigmentation were sampled for virology, bacteriology, histopathology and ultrastructure assess-
ments. No cytopathic effect was recorded during virology testing, and bacteriological results
showed no differences between normal and hyperpigmented dab. Histopathological assessment
showed that the most significant changes occurred in the dermis as a result of chromatophore hy-
perplasia, namely melanophores and iridophores, alongside loose melanin granules. Dermal lym-
phocytic infiltration occasionally expanding into the epidermis and the underlying musculature was
more frequent in highly pigmented dab than in normal fish, suggesting an active immune response.
Ultrastructure studies showed additional disruption of the epithelial layer, with loose melanin gran-
ules between cells and a number of single or aggregated melanocytes. Dab representing different
grades of hyperpigmentation kept in the laboratory alongside normal fish for a monitoring period of
18 mo showed no changes in their pigment distribution pattern, nor occurrence of new pigment in
the normal fish. The current investigation found no association of hyperpigmentation in the
common dab with infectious agents; therefore, understanding the cause of the condition remains a
challenge which can now more reliably focus on a non-infectious origin hypothesis.
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In the UK, annual long-term health monitoring sur-
veys of common dab have been conducted since the
1980s by Marine Scotland Science (formerly Fish-
eries Research Services) and the Centre for Environ-
ment, Fisheries & Aquaculture Science. Data on
hyperpigmentation have been collected since 1989
and recorded against 3 grades of severity. Similarly,
studies in other areas of the North Sea have demon-
strated that prevalence levels of hyperpigmentation
of common dab populations have also risen and have
provided information on statistical analysis of the
spatial and temporal patterns of the condition, sug-
gesting a tendency for lower condition factor, partic-
ularly among fish in the highest severity grade (Grüt-
jen et al. 2013, this issue)

Hyperpigmentation is defined as the occurrence of
spots or diffuse patches of green to black pigment on
the ocular side, and occasionally, pearly-white spots
on the abocular side. This is different from pleuronec-
tid pigment abnormalities that have been described
since the late 1800s, including the development of
pigment on the underside under experimental condi-
tions (Cunningham & MacMunn 1893), or ambi-
colouration as reported in winter flounder Pseudo-
pleuronectes americanus (Gudger 1934) and Atlantic
halibut Hippoglossus hippoglossus (Burton 1988).

Despite an apparent increase in the occurrence
of hyperpigmentation, no investigation has been
carried out to identify or rule out whether infec-
tious agents play a role in the presence and the
increasing prevalence of the condition. We
examined the potential involvement of infectious
organisms in association with or directly causing
hyperpigmentation. The histopathology and
ultrastructure of the changes are described, and
other potential non-infectious origins are dis-
cussed (ontogenic disturbance, UV radiation,
nutrition and environmental factors). Grütjen et
al. (2013) provide information on spatial and tem-
poral characteristics of the phenomenon in the
North Sea and adjacent areas.

MATERIALS AND METHODS

Sampling

Fish were collected during a disease monitoring
survey in the northern North Sea in late May to
June 2007 using RV ‘Scotia III’. One hour trawls
with a BT101 (48’ [~14.8 m] Aberdeen trawl) were
used at each of 6 stations: Moray Firth (nominal
centre 58° 08.0’ N, 03° 01.0’ W), southeast of Fair

Isle (59° 13.0’ N, 01° 30.0’ W), Bell Rock (56° 25.5’ N,
02° 09.6’ W), St Abb’s Head (56° 04.5’ N, 02° 07.3’ W),
Wee Bankie (56° 16.25’ N, 02° 06.25’ W) and Marr
Bank (56° 25.0’ N, 01° 50.0’ W). After the total catch
was sorted by species, a process that took approxi-
mately 1 h, all common dab were sexed by the shape
of the gonads, but if there was any doubt, sex
allocation was verified through dissection. Total length
was rounded down to the nearest cm, and external
signs of disease were recorded using international me -
tho dology as specified by the ICES (Bucke et al. 1996).
Staff members were trained to an agreed level of com-
petence, and selected fish for this study were re-
checked by the most experienced staff member to limit
any bias due to inter-observer variability. Fish display-
ing hyperpigmentation were sorted into 3 groups rep-
resenting the different severity grades (Fig. 1; de-
scribed in Grütjen et al. 2013), based on the number
and spread of pigment spots on the ocular side accord-
ing to the Biological Effects Quality Assurance Moni-
toring Programme (BEQUALM; www. bequalm.org).

A sub-sample totalling 72 dab, which included 9
hyperpigmented (3 per category) plus 3 normal pig-
mented fish from each station, were subjected to a
complete necropsy for gross examination and bacte-
riological, virological and histological sampling. For

26

Fig. 1. Limanda limanda. Examples of common dab representing 
hyperpigmentation grades 1, 2 and 3
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consistency reasons, all samples were taken from
female fish measuring 20 to 24 cm. Additionally, 9
samples from selected individuals were made avail-
able for external disease assessment, liver pathology
and for histological and ultrastructural analysis, from
the North Sea north east Dogger Bank (nominal cen-
tre 55° 16.0’ N, 02° 54.1’ E) and north Dogger Bank
(nominal centre 55° 03.0’ N, 02° 03.5’ E) collected dur-
ing a 2006 cruise.

Bacteriology

Fish skin was swabbed with 70% ethanol, and
samples were taken aseptically from directly under-
neath the skin surface and internally from the kid-
ney. They were inoculated onto tryptic soy agar
plates with 2% NaCl and incubated at 15°C. In the
laboratory, plates were examined daily for bacterial
growth for up to 2 wk, and significant colonies were
examined biochemically including the standardized
identification system API 20E (bioMérieux).

Virology

A total of 1296 individual samples were taken to
the laboratory for analysis by virus culture. They rep-
resented individual samples of liver, muscle−skin
and gill from each fish which were either snap frozen
in liquid nitrogen (from the stations sampled early
during the trip) or placed directly into virus transport
media (samples collected on the last day at sea). Rou-
tine diagnostic virus culture was performed. In brief,
tissues were homogenised with 9 ml DMEM/20%
serum, stored at 4°C and centrifuged at 1900 × g
(15 min). Twenty µl of fluid from the homogenate
were inoculated into 2 ml of EMEM-10% foetal
bovine serum, 1% 200 mM L-glutamine. Six different
cell lines were examined for evidence of virus: TV-I,
turbot tail fin; FFN, flounder fin; TO, salmon head
kidney leucocytes; BF-2, bluegill fibroblast; CHSE-
214, Chinook salmon embryo; and SBL, sea bass lar-
vae. Each sample was processed individually and
passed 2 or 3 times on all cell lines and examined
regularly for up to 10 wk. Incubation was performed
at 15°C in a dark environment.

Histology

Tissues including gills, skin, liver, spleen, kidney,
gonad, heart, intestine and brain were taken from all

sampled individuals and represented both the 3 lev-
els of pigmentation and normal fish. Tissues were
fixed in 10% neutral buffered formalin, subsequently
embedded in paraffin and processed for light
microscopy. Sections were cut at 3 µm, stained with
Harris haematoxylin and eosin (H&E) and analysed
under an Olympus BX 60 microscope.

Archived histology samples from the North Sea
collected during 2006 at the north east and north
Dogger Bank were also re-assessed. The tissues were
fixed in the same manner as indicated above. A total
of 9 individuals showing the 3 grades of hyperpig-
mentation were examined. Digital images of repre-
sentative pathology were taken using a Nikon
Eclipse E800 and LuciaTM Screen Measurement Sys-
tem (Nikon).

Transmission electron microscopy

For electron microscopy, 2 mm3 blocks of skin tis-
sue from a single dab showing grade 1 hyperpigmen-
tation, 2 fish with grade 2 and 3 individuals with
grade 3 were fixed in a solution containing 2.5% glu-
taraldehyde in 0.1 M sodium cacodylate buffer
(pH 7.4) for 2 h at room temperature. Fixed tissue
samples were rinsed in 0.1 M sodium cacodylate
buffer (pH 7.4) and post-fixed in 1% osmium tetro x -
ide in 0.1 M sodium cacodylate buffer for 1 h at 4°C.
Specimens were washed in 3 changes of 0.1 M
sodium cacodylate buffer and dehydrated through an
acetone series. Specimens were embedded in Agar
100 epoxy resin (Agar Scientific Agar 100 pre-mix kit
medium). Semi-thin sections (1−2 µm) were stained
with toluidine blue for viewing with a light micro-
scope. Suitable areas were identified, and ultrathin
sections (70−90 nm) of these areas were cut and
mounted on uncoated copper grids. Sections were
stained with uranyl acetate and Reynolds lead citrate
and were examined using JEOL JEM1210 and JEOL
JEM 1400 transmission electron microscopes. Images
were recorded with an AMT XR80 camera system
using AMT Advantage V601 software.

Passive observation experiment

Mixed-sex dab (n = 32) of >18 cm with and without
hyperpigmentation were collected right after capture
and held in tanks while at sea with constant
exchange of sea water in order to keep them alive for
a time course study. The fish were moved to the lab-
oratory and divided into 3 groups according to their
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pigmentation level and held in 2 m diameter tanks
with an 80 cm water depth, totalling a volume of
2.5 m3 per tank; non-hyperpigmented fish were
added to each group. A natural source of flow-
through sea water of approximately 500 l h−1 at an
average temperature of 7 to 10°C was supplied, after
being filtered through a re-circulation system. The
lighting simulated the natural daylight cycle for the
year, combined with a low level of green light, with
dawn and dusk cycles. The tanks were provided with
a thin layer of sand and were constantly aerated. The
dab were fed wet feed (squid, white fish and prawns)
on average once every 2 d, and once a week they
were given a commercial marine pellet feed. At initi-
ation and approximately bimonthly intervals over a
period of 18 mo, the sand was siphoned away and the
water level reduced to 30 cm. Each fish was photo -
graphed in situ, and digital images were used to
compare individual fish to assess potential pigment
pattern changes.

RESULTS

Gross examination

Pigmented spots or areas are normally dark brown
to black with frequent fluorescent green spots. Upon
anatomical examination, these hyperpigmented
areas showed no obvious protrusion from the general
surface or a rougher feeling to the touch. Pigment
spots on the abocular side, when present, were
pearly-white and ‘whiter’ than the normal non-
pigmented blind side background (Fig. 1). Internally,
most fish from both hyperpigmented and normal
groups had low to moderate loads of parasitic nema-
todes within the body cavity, particularly on the liver
surface or encysted among viscera. Nematodes could
also be seen within the liver parenchyma during his-
tological sampling. Other observations included
ascites, guts devoid of food and moderate to severe
tissue adhesion reactions, occasionally involving the
heart.

Histology

Major differences between normal and hyper -
pigmented fish were observed in the dermal layer
followed by the epidermis. Normal fish showed
melanophores, frequently in clusters, as the only
obvious chromatophores in the dermal layer, with
very few or no granular cells in the epidermis

(Fig. 2). Conversely, architectural distortion was
observed in hyperpigmented dab as a result of
moderate to severe chromatophore hyperplasia,
namely iridophores and non-clustered melano -
phores with an increase in loose melanin granules
(Fig. 3). Dermal melanophores with melanosome
dispersion making evident their dendritic exten-
sions and resulting in darkening of the skin, were
more frequent in hyperpigmented dab, alongside
an increase in epidermal granular cells (Fig. 4).
Moreover, melanin-containing cells were observed
forming clusters in the epidermal layer in grade
3 dab (Fig. 5), a feature only occasionally re -
corded in normal pigmented fish. Hyperpigmented
fish showed moderate to severe dermal lympho-
cytic infiltration, sometimes involving the epider-
mis (Fig. 6, see also Figs. 3 & 5) and occasionally
deeper into the underlying muscle. The character-
istic compact multi-layered aspect of the normal
epidermis was lost in some of the highly hyper-
pigmented fish due to a lack of compact cell-to-
cell attachment and necrosis of Malpighian cells,
defining a line of epidermal detachment (Fig. 6).
A thickening and lack of clear definition of the
basement membrane was evident in the highly
pigmented fish (see Figs. 3, 5 & 6) in comparison
with normal fish (see Fig. 2). Occasionally, a com-
plete sloughing of the layer was seen, but due to
the catchment method, some mechanically induced
erosion cannot be discounted.

Histological observations of the 3 macroscopically
defined groups differed only in their level of severity.
The underside of affected fish showed mostly intact
epithelium with little sloughing and no obvious pig-
mentation. The colour spots in this surface were
mainly comprised of iridophore clusters, and al -
though melanophores were present, their melano -
somes were in the compact form. The presence of
lymphocytic infiltration in the dermis as described
for the upper surface could also occasionally be
recorded.

All other tissues were examined, and the nematode
larvae observed macroscopically were confirmed
histologically on the surface of the liver and pan-
creas, sometimes associated with an adhesion and
inflammatory reaction involving the heart. The
atrium consistently showed areas of focal necrosis,
with mild to moderate thickening of the endocardium
and lymphocytic infiltration, and the latter was some-
times also recorded in the ventricle (images not
shown). Overall however, all observations from inter-
nal organs were not specifically associated with
hyperpigmented fish.
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The ultrastructure of the upper surface of hyper-
pigmented dab showed disruption of the epithelial
layer where the normal desmosome connections
between epithelial cells were absent, with cells fre-
quently showing loss of normal architecture and
necrotic changes. The dermis of severity grade 3 fish
showed numerous degenerated iridophores, some

with distortion artefacts in the location previously
occupied by guanine crystals (extracted during the
processing of the tissue to epoxy resin) and numer-
ous melanin granules dispersed between the irido -

29

Figs. 2 to 6. Limanda limanda. Upper (ocular) surface skin
sections. E: epidermal layer; Ss: stratum spongiosum; Bm:
basement membrane; I: iridophores. H&E staining. Scale
bars = (Figs. 2 to 4, 6) 50 µm, (Fig. 5) 100 µm. Fig. 2. Normal
healthy fish. Epidermal and dermal layers are intact.
Melanophore (arrows) distribution is characteristically in the
upper part of the dermis, and cells are frequently observed
in clusters. No obvious iridophores are present. Fig. 3. Archi-
tectural distortion in hyperpigmented dab showing moderate
to severe hyperplasia of iridophores and non-clustered
melanophores (arrowheads). Note also loose melanin gran-
ules (*) and lymphocytic infiltration (arrow). Fig. 4. Cytoplas-
mic melanosome dispersion makes dendritic extensions of
melanophores become obvious, and consequently the skin
will appear darker. Note also granular cells (arrow) in the
epidermis. Fig. 5. Increase in clusters of melanin-containing
cells (arrow) in the epidermal layer of hyperpigmented dab.
Also note lymphocytic infiltration (*). Fig. 6. Moderate to se-
vere dermal lymphocytic infiltration (arrowheads) and loss of
epidermal multi-layered pattern due to a lack of compact
cell-to-cell attachment (*) and necrosis (arrow) of Malpi-

ghian cells, defining a line of epidermal detachment

2 3

4
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phores (Fig. 7). We were unable to discern whether
they were retained in melanophore dendritic pro-
cesses or intercellular in location (potentially both).
Degenerate cells (possibly macrophages) with nu -
merous mitochondria and large vacuolar structures
reminiscent of grossly dilated endoplasmic reticulum
were also present throughout the dermis; anchoring
fibril structures also appeared degenerated (Fig. 7).

Sections through the epidermis and partly the der-
mis of the underside of grade 3 fish instead revealed
mostly intact architecture, with a defined basal lam-
ina, tight intercellular junctions among the epider-
mal cells and presence of occasional granulocytes.
Dermal iridophores, the most common chomatophore
on the underside, were tightly packed together and
restricted to the upper layer of the dermis, immedi-
ately below the basement membrane which showed
intact anchoring fibrils (Fig. 8).

Overall, examination of the ocular and abocular
surfaces from normal and hyperpigmented dab
showed no evidence of associated micro-organisms
by means of light or electron microscopy.

Bacteriology and virology

Bacteriological examination of skin and kidney
resulted in the isolation of 3 types of organisms
recorded as type A, B and C both from normal and
hyperpigmented fish. All colonies comprised Gram
negative rods with growth recorded at 4, 15 and 22°C

but not at 37°C. Colony type B showed motility and a
fermentative reaction, was oxidase- and catalase-
positive and was identified as Vibrio vulnificus by
API 20E. Overall, there were no differences between
hyperpigmented and normal fish in terms of type or
frequency of the isolates.

Following examination for up to 10 wk, no evi-
dence of cytopathic effect was observed in any of the
cell lines.

Passive observation experiment

Observations of dab representing the 3 categories
held in aquarium facilities for 18 mo alongside nor-
mal fish did not show evidence of changes in the pat-
tern of hyperpigmentation or development of pig-
ment spots in the normal fish. However, overall
colouration of the entire fish changed slightly accord-
ing to season, hence the general appearance was
lighter in the winter and darker during the summer
months.

DISCUSSION

Light and electron microscopy as well as results
from bacteriological and virological testing showed
no evidence of association of micro-organisms or par-
asites with the hyperpigmented condition of common
dab from the North Sea. Histological assessment sup-
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Figs. 7 & 8. Limanda limanda. Ultrastructure of epidermal/dermal boundary of hyperpigmented dab (severity grade 3). Bm:
basement membrane; I: iridophores; *: anchoring fibrils. Scale bars = 2 µm. Fig. 7. Ocular surface showing degenerate dermal
cells interspersed with iridophores and numerous melanin granules (arrow). Degeneration is also evident in the anchoring fib-
rils of the basement membrane. Fig. 8. Abocular surface, showing intact epithelium, with tight cell–cell junctions (arrow), and
containing occasional small granulocytes (G). Proliferating iridophores are restricted to the dermal zone immediately under-

lying the basement membrane. Note intact basal lamina (triangle), and anchoring fibrils
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ported the macroscopically defined hyperpigmenta-
tion categories, showing differences between nor-
mally pigmented and hyperpigmented fish based on
an altered pattern in the number and distribution of
mostly normal chromatophores with no associated
major pathological changes.

The colours and skin patterns recorded in teleosts
are species-specific and determined by the neural-
crest-derived pigment cells (chromato phores) pres-
ent in the dermal and epidermal skin layers (Schliwa
1986, Reedy et al. 1997, Bolker & Hill 2000, Fuka-
machi et al. 2004). This ephemeral organ gives origin
to undifferentiated precursor cells (chromatoblasts),
which at later stages of development will migrate to
the final location in the tegument, differentiating into
3 types of pigment cells: melano phores (dark brown
and black colours), iridophores (reflective white or
silvery patterns) and xantho phores (yellow to orange
colours) (Schliwa 1986, Fujii 1993, Bolker & Hill 2000,
Bolker et al. 2005).

A change in fish body colouration is a phenomenon
described as a response to 2 basic mechanisms: phys-
iological or morphological colour changes (Schliwa
1986, Sugimoto 2002, Fukamachi et al. 2004). The
first is attributed to rapid motile responses of chro-
matophores which actively re-distribute the pigment
organelles (cells become more or less visible) and is
mediated by nerve stimulation. These cytological
adjustments are dynamic and reversible and can
induce prompt and dramatic pigment changes (adap-
tive background colouration, signalling mood or
physiological state), while the morphological mecha-
nism results from pigment cell density or amount of
pigment content variations and consequently is a
much slower and lasting process (Schliwa 1986,
Bolker & Hill 2000, Burton 2010).

Data from this study, including the histological
description and the long-term observational study,
suggest that the abnormal pigmentation in common
dab falls under a morphological colour change simi-
lar to that registered in the course of ontogeny, based
on differentiation or disappearance of chromato-
blasts (Bolker & Hill 2000), and therefore is generally
non-reversible. Adult fish skin contains factors that
affect the function of pigment cells, and therefore,
hyperpigmented areas of the skin could be the result
of a localized expression of intrinsic melanisation
stimulatory (MSF) or inhibitory factors (Zuasti 2002).
MSF were originally described for the integument of
channel catfish Ictalurus punctatus and later were
also found in marine species (Zuasti et al. 1992, 1993,
2000). Our observations over a period of 18 mo
showed the stability of the fish colour patterns, con-

firming the permanent nature of hyperpigmentation
within the length range examined. We are aware that
this observation might be biased, as a potential
‘external factor’ involved (such as environmental or
stressing factors) might have been completely absent
under laboratory conditions.

The chromatic asymmetry between the upper and
lower side of flatfish has been described for several
species (Burton 2010). The ability to vary pigment
patterns in response to their environment is not
uncommon, and the particular ability of flatfish to
adjust their ocular side to match the substratum is
widely described (Burton & O’Driscoll 1992, Iwata &
Kikuchi 1998, Healey 1999, Bolker et al. 2005). How-
ever, this represents physiological colour changes
based on local aggregations of melanosomes un -
masking the dense clusters of iridophores, thus mak-
ing them visible, versus melanosome dispersion
within melanophores inducing a general darkening
of the skin, which is likely what we observed during
the winter and summer months of the passive obser-
vation study.

Black spots, viz. hyperplastic and neoplastic cuta-
neous lesions involving dermal chromatophores, are
not uncommon in fish (Ozato & Wakamatsu 1981,
Masahito et al. 1989). However, among reported pig-
ment abnormalities, ambicolouration (pigmentation
on both ocular and abocular sides) and hypo -
melanosis (pseudoalbinism) are by far the most fre-
quently reported anomalies with an associated eco-
nomical impact (Harboe & Adoff 2005, Hamre et al.
2007, Martinez et al. 2007). A neoplastic condition
potentially associated with contaminants, such as
that described for Pacific rockfish Sebastes spp.
(Okhiro et al. 1993), is not suspected in the current
work, as the hyperplasia observed did not involve an
altered cell pattern. Similarly, a potential role of skin-
associated parasites, such as those that occur with
‘black spot disease’ where a strong epidermal mela -
nosis is induced by the host reaction to metacercaria
(Kent & Poppe 2002), was also ruled out based on the
histological assessment, where no skin parasitic
infection was observed in any of the fish analysed.

Under farming conditions, pigment abnormalities
are believed to be primarily the result of a disrupted
second phase of pigment development during meta-
morphosis, where a second wave of cell differentia-
tion occurs and additional melanophores and the full
complement of pigment cells develop, resulting in
the final skin pattern of mature fish (Matsumoto &
Seikai 1992, Bolker et al. 2005). This suggests that
colour pattern definition takes place at an early life
stage and that, once established, the aberrant colour
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patterns are maintained through life. However, when
Stentiford et al. (2010) investigated the age at first
occurrence of several disease conditions affecting
dab in the North Sea and the Irish Sea where the
smallest fish sampled were in the range of 10 to
14 cm (the majority of these being 1 yr old), the first
occurrence of hyperpigmentation in North Sea dab
was found to be at 3 yr (Stentiford et al. 2010). Simi-
larly, data from a different area of the North Sea
recorded the first occurrence of hyperpigmentation
in 2 yr old dab, the smallest with 12 cm but higher
prevalence observed in >15 cm fish (Grütjen et al.
2013). These results together with our own data,
where higher prevalence of hyperpigmentation was
always observed in individuals greater than ~15 cm
(data not shown), suggest that the factors involved in
the genesis of this condition must therefore be more
complex.

While some ambicolouration such as that reported
for Greenland halibut Reinhardtius hippoglossoides
has been attributed to a genetic mutation (Burton
1988), a variety of colour abnormalities in flatfish have
been largely and generally attributed to nutritional
factors at early life stages, with vitamin A, fatty acids
and thyroid hormones known to affect pigmentation
(McEvoy et al. 1998, Hamre et al. 2007). Light wave-
length also plays an important role, and fish skin is
very susceptible to ultraviolet (UV) damage due the
presence of living cells in all layers of the epidermis,
the lack of a keratinized outer layer and of protective
epidermal melanin-containing cells (Bullock et al.
1978, Bullock 1982). In this regard, however, common
dab in our study showed some epidermal melano -
phores. These have been reported in common dab
(Hewer 1927) as well as in other flatfish species, in-
cluding European flounder Pleuronectes (= Platich -
thys) flesus (Cunningham & MacMunn 1893), the
Gulf flounder Paralichthys albiguttus (Kuntz 1915)
and the winter flounder Pseudopleuronectes ameri-
canus (Burton 1988). Epidermal mela nophores ob-
served in our study were observed in normal and hy-
perpigmented fish, though more frequently in the
latter. Their structure did not match that described for
epidermal melanophores in other species (Obika &
Meyer-Rochow 1990, Ferrer et al. 1999), possessing
thin dendritic processes with a 3-dimensional distri-
bution between tightly compressed mid-epidermal
cells (Burton 2010). In our study, the epidermal pig-
mented cells were mainly large clusters of melanin-
containing cells which were morphologically very
compact, with no dendritic formation and different
from those in the dermal layer. The origin of
epidermal melanophores has not been fully resolved;

they could develop from other cells of the epidermis
and are reported to be degenerating dermal
melanophores in some teleosts (Stoumboudi et al.
2001), which could also be the case for flatfishes
(Kuntz 1915, Hewer 1927); however, in our case they
could also represent aggregates of migrated melano -
macrophages, as they were seen in conjunction with a
structurally distorted and infiltrated epidermal layer.

The thickening of the chromatophore dermal layer,
namely melanophores, particularly in the upper skin
surface of fish in grades 2 and 3 was a constant fea-
ture in the present study. Melanin pigmentation is
known to be an effective sunscreen, and, in general
terms, development of melanosis through light expo-
sure is thought to be a protective reaction. In larvae
of whitefish Coregonus spp. experimentally exposed
to moderate UV-B radiation, 30% more melanin was
recorded in the skin compared to the non-exposed
control group (Häkkinen et al. 2002). Data from our
study, analysing grade 2 and 3 fish, and from other
groups in different areas of the North Sea also sug-
gest that the higher pigmented categories are more
prevalent among larger fish (Grütjen et al. 2013).
Interestingly however, the data suggest that higher
pigmented fish have a lower condition factor (Grüt-
jen et al. 2013).

None of the fish in our study was found to be free of
some growth of bacteria from the skin, and a degree
of lymphocytic infiltration was also observed. Al -
though suggestive of an active immune response,
allocating significance to these findings has to be
balanced against the fact that lymphocytes can be
present in normal fish skin epidermis (Roberts et al.
1972, Bullock & Roberts 1974, Elliott 2000, Ferguson
2006), as also recorded in this study on some normal
fish. A certain degree of infiltration might represent a
relatively ‘normal condition’ for this bottom dweller,
where even mild damage can lead to the release of
cytokines and inflammatory reactions, a frequent
observation in early superficial damage (Ferguson
2006).

At present we have no data regarding hyperpig-
mentation in juvenile or pelagic common dab, as the
smallest fish we examined averaged 12 cm in length.
As only young dab larvae are pelagic and live in the
upper layers of the water column during the early
spring and summer, they are likely to be impacted
by UV-B radiation; however, after metamorphosis,
young dab living in shallow waters such as the Wad-
den Sea will still be potentially exposed. If the influ-
ence of UV-B radiation at an early life stage, or a
combination of light and nutritional factors, plays a
role, then either the anomaly persists in a way that is
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enhanced with time/age, or abnormal pigmentation
in larger fish also develops by other means, as dis-
cussed by Zuasti (2002) in relation to the influence of
stimulatory or inhibitory molecules.

Hyperpigmentation in common dab shows an
apparent increasing trend in areas of the North Sea
(Grütjen et al. 2013) and clearly involves hyperplasia
of dermal melanophores and iridophores. We found
no evidence of specific association with microorgan-
isms or parasites by light or electron micro scopy or by
standard bacteriological and virological assessment.
The cause of hyperpigmentation in the common dab
remains elusive, but ruling out the potential involve-
ment of pathogens allows further research to focus on
other, non-infectious, origins, including ontogeny
disturbances, influence of UV radiation, nutrition, as
well as environmental factors with the potential to
disrupt or influence the normal function of the skin
melanisation factors.
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