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Abstract The bluemouth, Helicolenus dactylopte-

rus, is a deep-sea scorpionfish widely distributed in

the Atlantic Ocean and the Mediterranean. It is a

common by-catch associated to many demersal

fisheries. However, there is little information about

the stock structure, stock dynamics and life history

parameters of the bluemouth. From the perspective of

stock identification, it is important to study growth in

fish populations to better understand the possible

morphological differences among populations and

when and why do they arise. Thus, the aim of this

study was to determine the growth (allometric)

trajectories of shape for several bluemouth popula-

tions in Northeast Atlantic and Mediterranean using

landmark-based geometric morphometric techniques.

In this study, ontogenetic allometry was present in all

of the bluemouth samples. Ontogenetic shape

changes were most evident in the head and pectoral

area, affecting the position of the snout, preopercular

spines and pectoral fins, but changes in body depth

and length were also important. However, the degree

to which these ontogenetic shape changes were

present in bluemouth from each of the studied areas

was different, indicating that their growth trajectories

are not homogeneous. The importance of this finding

for size-correction of the shape variables in morpho-

metric studies for stock identification is also

discussed.
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Introduction

The bluemouth, Helicolenus dactylopterus dactyl-

opterus (De la Roche 1809) (Teleostei: Scorpaeni-

dae), is a benthic scorpionfish widely distributed in

the Atlantic Ocean and Mediterranean Sea. It dwells

on continental shelf edges and upper slopes at depths

between 200 and 1,000 m (Whitehead et al., 1986).

Although there has been little commercial interest in

this species, partially due to its low level of

accessibility, it is currently of growing commercial

interest as new resources need to be found by fishing

fleets because of the depletion of traditional

resources. This species is caught by artisanal longline

and gillnet fisheries near the Strait of Gibraltar and

along the Portuguese continental coast and the Azores

(Esteves et al., 1997; Santos et al., 2002; Czerwinski
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et al., 2008). In the western Mediterranean, blue-

mouth are mostly caught as by-catch in bottom trawl

fisheries targeted at deep-sea crustaceans (Moranta

et al., 2000; Sánchez et al., 2004). However, in areas

such as the Catalonian coast, the bluemouth is the

most commercially viable scorpionfish species, with

important economic value (Ribas et al., 2006). In

other fisheries, such as the Irish demersal fisheries

that target prawns (Nephrops norvegicus) and/or

whitefish (e.g., cod Gadus morhua and haddock

Melanogrammus aeglefinus), bluemouth are caught

regularly by otter trawlers, but they are mostly

discarded (Borges et al., 2005).

Since the late 90s, the biology of the bluemouth has

been studied in the NE and NW Atlantic, the Mediter-

ranean and the North Sea, focusing mainly in the

distribution, age, growth, and reproduction of the

species (Heessen et al., 1996; Esteves et al., 1997;

White et al., 1998; Kelly et al., 1999; Muñoz et al.,

1999, 2000; Massutı́ et al., 2000, 2001; Allain, 2001;

Sequeira et al., 2003; Abecasis et al., 2006; Mendonça

et al., 2006; Ribas et al., 2006; Mamie et al., 2007; Vila

et al., 2007). From these studies, the bluemouth has

been characterized as a slow growing and long-lived

species reaching up to 30 years of age (Massutı́ et al.,

2000). The growth of male and female bluemouth has

been studied systematically in most studies with

respect to age and growth, but results among the

different reports are not consistent. In the western

Mediterranean, Massutı́ et al. (2000) and Ribas et al.

(2006) observed that males grew faster than females. A

study in the Azores was not conclusive about possible

differences in growth rates between sexes because

growth curves estimated using whole otolith readings

showed that males grew faster, but growth curves

estimated by sliced otoliths failed to show differences

between the sexes (Abecasis et al., 2006). Moreover, a

very recent study by Sequeira et al. (2009) on

bluemouth on the Portuguese continental slope found

no significant differences between sexes when com-

paring female and male growth curves.

At present, most reports regarding the growth of

bluemouth include only age–length growth curves

with no information on the morphological changes

that take place as fish increase in size. Body form in

fishes is a product of ontogeny (Cadrin, 2005). It is

affected by the genetic makeup of an individual, but

it also reflects adaptation to environmental factors

such as temperature, food availability, feeding mode,

swimming behavior, or habitat use (Barlow, 1961;

Wimberger, 1992; Swain et al., 2005). During the

growth of fishes, body proportions change as the

larvae and juvenile fish adapt to transitions in habitat

and diet until they reach adulthood. The change in

proportions related to variation in size (i.e., growth) is

termed ontogenetic allometry, and it has been studied

in fishes for quite some time (e.g., Barlow, 1961;

Strauss & Fuiman, 1985; Klingenberg & Froese,

1991). Traditionally, changes in proportion are rep-

resented as growth trajectories that describe the

growth of an organism from its inception to its

mature form (Alberch et al., 1979), and more

recently, the tools of geometric morphometrics have

allowed us to visualize shape changes to identify

what happens during the growth of fish and other

organisms (e.g., Loy et al., 1996, 1998; Frost et al.,

2003; Mitteroecker et al., 2004; Kouttouki et al.,

2006; Drake & Klingenberg, 2008). The study of

allometric growth also has an important application

for size correction of morphological variables when

comparisons of multiple groups of specimens with

different size compositions are made (e.g., Burnaby,

1966; Mosimann, 1970; Humphries et al., 1981;

Thorpe, 1983; Claytor & MacCrimmon, 1987;

Klingenberg & Froese, 1991; Klingenberg, 1996).

The aim of this study was to characterize the shape

changes that occur during the growth of bluemouth to

better understand the biology and ecology of this

species. Thus, we determined ontogenetic shape

trajectories for bluemouth from several geographical

areas in the NE Atlantic and western Mediterranean

and examined the variation of growth patterns in the

different environments of the study areas. Growth

patterns of males and females were also analyzed to

determine if sexual dimorphism exists. Finally, we

discuss the implications of our results in the context

of phenotypic identification of bluemouth stocks in

the NE Atlantic and western Mediterranean.

Materials and methods

Specimens and locations

For this study, a total of 1,012 specimens of

bluemouth were caught around the Iberian Peninsula

and the Porcupine Bank in Spanish bottom trawl

surveys (Table 1). The study areas were divided

6 Hydrobiologia (2011) 670:5–22

123



taking into account their oceanographic characteris-

tics. In the NE Atlantic, specimens were sampled

from the Galician shelf (from the Miño River to Cape

Finisterre), the Cantabrian Sea (from Cape Estaca de

Bares to the mouth of the Bidasoa River), the Gulf of

Cadiz and the Porcupine Bank (Irish continental

margin). Galicia and the Cantabrian Sea are consid-

ered to be divided by Cape Estaca de Bares, which is

described as a biogeographic limit (boundary effect)

and a larval retention area of mesoscale hydrographic

anomalies (i.e., anticyclonic eddies) (Sánchez & Gil,

2000). The other two locations in the NE Atlantic are

also interesting in terms of their oceanographic

characteristics. The Gulf of Cadiz is the first basin

where the dense (i.e., salty and warm) Mediterranean

outflow encounters the open ocean after crossing the

Strait of Gibraltar, and water mass circulation along

its continental shelf results in warm and biologically

productive waters that are particularly suitable for the

reproduction of many fish species (Garcı́a-Lafuente,

2006; Garcı́a-Lafuente et al., 2006). The Porcupine

Bank is a submarine shelf break bank that is partly

attached to the Irish continental shelf, and it has a

high productivity due to closed circulation patterns

around the bank that promote the retention of organic

matter over it. It is also worth noting that it hosts an

important number of deep cold-water ecosystems

(White et al., 2005).

Specimens from the Mediterranean were caught in

the Alboran Sea close to the coast of Alicante (south-

west of the Balearic Sea) and along the Catalonian

coast (Fig. 1). These locations were selected consid-

ering studies by Massutı́ et al. (2000) and Ribas et al.

(2006), which indicated several well-defined areas

that can be found in terms of oceanographic

conditions in the western Mediterranean: (1) the

southwestern basin (Alboran Sea), (2) the northwest-

ern basin (Catalonian coast) and (3) the transition

zone, from Cape Palos to Sagunto (Alicante sector).

Data acquisition

After collection, the fish were immediately frozen at

-20�C and stored in a horizontal position to avoid

any deformation of the body until the time of the

analysis. Thirteen homologous landmarks were

defined (Fig. 2) to provide an adequate coverage of

the body shape based on a previous study by

Garabana (2005) on similar species (Sebastes spp.).

To ensure an accurate localization of the selected

points, black-headed entomological pins were placed

on each landmark. Once the landmarks were located,

each fish was placed on its left side on a white

polystyrene board with a ruler with 1-cm gradations.

A photograph was taken with a Nikon D1X digital

camera (Nikon Corporation, Japan) using a focal

length of 35 mm to avoid optic distortions of the

images. The images were digitized using TpsDig

software version 2.10 (Rohlf, 2006) to obtain the

x,y coordinates of the landmarks.

Morphometric and statistical analysis

Size

To quantify the size of a specimen, centroid size (CS)

was computed from the raw coordinates of the

landmarks (Dryden & Mardia, 1998) using the

MorphoJ software package (Klingenberg, 2008).

Centroid size is a measure of geometric scale,

Table 1 Number of bluemouth specimens analyzed in each location

Study area N Size range (CS, cm) Mean ± SD (CS, cm) Source (research survey)

Mediterranean Sea

Alboran Sea 238 6.73–31.59 17.34 ± 5.70 Medits 2007

Alicante 134 6.61–26.14 13.09 ± 4.06 Medits 2007

Catalonian coast 73 5.30–20.13 10.71 ± 3.01 Medits 2007

NE Atlantic

Gulf of Cadiz 75 5.92–36.81 21.29 ± 6.35 ARSA 2009

Galicia 191 5.23–34.52 15.08 ± 4.42 Demersales 2007

Cantabrian Sea 119 9.42–39.58 18.65 ± 5.37 Demersales 2007

Porcupine Bank 182 8.54–35.02 24.25 ± 6.03 Porcupine 2008
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calculated as the square root of the summed squared

distances of each landmark from the centroid of the

landmark configuration. In the present study, CS was

highly correlated with total length of the specimens

(r2 = 0.9935, P \ 0.01) (Fig. 3).

Shape

Body shape was analyzed using landmark-based

geometric morphometric methods (Rohlf, 1990;

Bookstein, 1991). To remove non-shape variation, a

generalized Procrustes analysis (GPA) was carried

out using MorphoJ software (Klingenberg, 2008).

The first step of this procedure is to scale all of the

specimens to unit centroid size. The landmark

configurations are then superimposed to have a

common centroid and rotated to minimize the

distances between the corresponding landmarks of

all of the configurations. Once the specimens are

aligned, the mean configuration of landmarks is

Fig. 1 Map of the study area with the sampling sites in the Northeast Atlantic and Mediterranean
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computed, and the specimens are projected to a linear

shape tangent space. The mean configuration is

usually called the consensus or reference shape

because it is the configuration of landmarks that

corresponds to the point of tangency between the

exact curved shape space and the approximating

tangent space in which the linear multivariate statis-

tical analyses are performed (Rohlf & Slice, 1990;

Rohlf, 1999; Slice, 2001). The coordinates of the

aligned specimens are the Procrustes coordinates, and

they were used as shape variables in the statistical

analyses.

Growth trajectories

A multivariate regression of the Procrustes coordi-

nates on the logarithm of centroid size was used to

determine growth trajectories and characterize mor-

phological changes in response to size. The amount

of shape variation for which each regression

accounted was expressed as a percentage of the total

variation around the sample means. A permutation

test using 10,000 runs (Good, 1994) was used to test

the null hypothesis of independence between shape

and size.

To visualize the strength of the association

between size and shape, we calculated shape scores

according to Drake & Klingenberg (2008) and plotted

them against log centroid size. A shape score is

defined by projecting the shape data onto a line in the

direction of the regression vector for the independent

variable (centroid size). If the regression model is

written as y = bx ?e (where y is the row vector of

shape variables; b is the regression vector; x is the

independent variable; and e is the row vector of error

terms), the shape score s can be computed as s = yb0

(bb0)-0.5. This shape score is the shape variable

associated with the shape changes predicted by the

regression model, but it also includes the residual

variation in that direction in shape space (Drake &

Klingenberg, 2008). These analyses were carried out

with the MorphoJ software package (Klingenberg,

2008). The similarity of growth trajectories between

sexes and among areas was evaluated following the

approach explained in Zelditch et al. (2003a, b) using

the VecCompare program (IMP software) (Sheets,

2000). To compare each pair of regression vectors,

this program first calculates the angle between these

vectors (i.e., between-group angle). That angle is

obtained as the arccosine of the signed inner products

between normalized regression vectors. Then, the

between-group angle is compared with the upper 95%

confidence interval of within-group angle ranges

assessed by a bootstrapping approach with 900 runs.

The null hypothesis is that the observed angle could

have been produced by two independent samplings of

a single group (i.e., area or sex). If the between-group

angle exceeds the 95% confidence interval of the two

within-group angles, the difference is judged statis-

tically significant at the 5% level.

Visualization of ontogenetic shape changes

To visualize the shape changes associated with the

growth of bluemouth specimens, warped outline

drawings were made using the thin-plate spline

interpolation function (Bookstein, 1989). Visualiza-

tions were made in the MorphoJ software package

(Klingenberg, 2008).

Fig. 2 Schematic representation showing the location of the

13 landmarks used in the analysis

Fig. 3 Relationship between centroid size (CS) and total

length (TL) for all the specimens in this study (r2 = 0.9935,

P \ 0.01)
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Results

Growth trajectories by area

Ontogenetic allometry was present in all of the

bluemouth samples, as the multivariate regressions

were statistically significant (Table 2). Additionally,

the scatter plots used to visualize growth trajectories

show an association of the shape scores with centroid

size for all of the study areas (Fig. 4). However, the

amount of shape variation accounted for by the

regressions differed considerably among the studied

areas, ranging from 4.57% for the Catalonian coast to

24.13% for the Gulf of Cadiz. For the Catalonian

coast, the growth trajectory might not be accurately

represented despite the significant relationship

between shape and size (P = 0.0136) because the

sample for this area consisted mainly of small

specimens with a mean size of 10.71 cm CS. Thus,

the results for this area should be interpreted with

some caution. Additionally, some areas from the

Iberian Peninsula showed a considerable amount of

dispersion around the growth trajectory (e.g., the

Cantabrian Sea, the Alboran Sea and Alicante). We

examined these locations more closely to determine if

there was any pattern indicating a possible substruc-

ture of the bluemouth sample within these areas that

could explain the observed dispersion and, thus, be

considered in the study. In the case of the Alboran

Sea, it appears that there are two different growth

trends (Fig. 5), one exhibited by bluemouth speci-

mens caught mainly along the coastline (subarea A1,

N = 171) and another one characteristic of speci-

mens caught off the coast along the slopes of Alboran

Island at 35�58.440N, 2�49.530W (subarea A2,

N = 67). Thus, we carried out separate regressions

of shape on size for each of the subareas in the

Alboran Sea (A1 and A2), and both were statistically

significant (P \ 0.0001). However, the amount of

shape variation accounted for by the regressions was

noticeably different (7.77% for subarea A1 and

22.82% for subarea A2).

Growth trajectories for males and females

Multivariate regressions of shape on size were also

carried out for males and females separately within

the study areas (Table 3 and Fig. 6). Ontogenetic

allometry was detected for both sexes from all of the

NE Atlantic samples, since the relationship between

shape and size was statistically significant

(P \ 0.0001), but no statistical differences between

growth trajectories of males and females within these

locations were found at the 5% level (Table 4). In the

Mediterranean locations, the analysis could not be

done for the sample from the Catalonian coast

because the number of males and females present in

the sample was too low (6 males and 9 females). For

the Alboran Sea, the regressions for both sexes from

subarea A2 were significant (P \ 0.0001), but those

for subarea A1 were not (P = 0.2671 and 0.1036 for

males and females, respectively). In the case of

subarea A1, the growth trajectories were probably not

well defined (and therefore not significant) because

the size range of the sexed specimens was very

limited. From the 114 males and females in the

sample, there was only one specimen smaller than

15 cm CS or 2.7 log centroid size (Fig. 5). Thus, we

did not compare the growth vectors for males and

females from subarea A1, and we decided to use

sexed and unsexed specimens together (N = 171) to

determine the growth trajectory for comparison with

other areas. For subarea A2, the angle between the

ontogenetic vectors of males and females was of

44.8� and the 95th percentile of the ranges of the

within-sex angles, were 40.9� for females and 44.6�
for males. Although the inter-sex angle was signif-

icant at the 5% level, its value was very close to the

95th percentile of the range of angles for the males,

and this result should also be interpreted with caution.

As with subarea A1, we also used all of the available

specimens from subarea A2 (N = 67) to determine

the growth trajectory for comparison with the other

Table 2 Results of the multivariate regression of shape on

size for bluemouth specimens within the studied locations

Area N % Predicted P-value

Alboran Sea 238 9.0962 \0.0001

Subarea A1 171 7.7699 \0.0001

Subarea A2 67 22.8231 \0.0001

Alicante 134 11.2923 \0.0001

Catalonian coast 73 4.5719 0.0136

Gulf of Cadiz 75 24.1378 \0.0001

Galicia 191 8.9842 \0.0001

Cantabrian Sea 119 16.2398 \0.0001

Porcupine Bank 182 12.0634 \0.0001
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areas. For Alicante, the regressions of shape on size

for males (P = 0.0092) and females (P = 0.0130)

were significant, and the growth trajectories were

similar for males and females in this area (Table 4).

Comparison of growth trajectories between areas

Growth trajectories were compared pairwise by cal-

culating the angle between the regression vectors of the

Fig. 4 Ontogenetic allometry for bluemouth from the studied areas. The growth trajectories are represented with shape scores as a

function of log-centroid size
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studied areas (Table 5). We did not find any clear

pattern of geographical variation for the differences

between growth trajectories. The pairwise compari-

sons indicated that bluemouth from the Gulf of Cadiz

underwent similar ontogenetic shape changes to those

from Galician waters, subarea A2 in the Alboran Sea,

Alicante and the Catalonia coast, indicating that there

are no growth patterns specific to only the NE Atlantic

or the Mediterranean Sea. Interestingly, the growth

trajectories for the two subareas within the Alboran Sea

differed considerably. Only the growth trajectory for

bluemouth from the Cantabrian Sea was different than

all others.

Shape changes during growth

The patterns of shape changes during the growth of

bluemouth are shown in Fig. 7 for the Mediterranean

locations and in Fig. 8 for the NE Atlantic locations.

Fig. 5 Growth trajectories for bluemouth from the two

subareas in the Alboran Sea (A1 and A2). The trajectories are

represented with shape scores as a function of log centroid size.

Filled circles indicate sexed specimens (males and females)

and open circles indicate unsexed specimens

Table 3 Results of the

multivariate regression for

males and females within

the studied locations

The shape variation

predicted by each

regression is expressed as a

percentage of the total

shape variation. The

regressions for the

Catalonian coast were not

performed due to

insufficient sexed

specimens in the area

* Not significant at the 5%

level

Area Sex N Predicted shape

variation (%)

P-value

Alboran Sea Females 78 20.77 \0.0001

Males 89 12.35 \0.0001

Subarea A1 Females 54 3.17 0.1036*

Males 60 1.99 0.2671*

Subarea A2 Females 24 23.71 0.0001

Males 29 20.96 \0.0001

Alicante Females 35 9.48 0.0130

Males 27 11.94 0.0092

Catalonian coast Females 9 – –

Males 6 – –

Gulf of Cadiz Females 35 30.38 \0.0001

Males 31 11.33 0.0038

Galicia Females 87 9.69 \0.0001

Males 75 11.26 \0.0001

Cantabrian Sea Females 64 21.18 \0.0001

Males 48 15.64 \0.0001

Porcupine Bank Females 67 9.95 \0.0001

Males 108 15.26 \0.0001

Table 4 Angle between growth trajectories of males and

females by area

Area Angle

Alboran Sea–Subarea A2 44.8*

Alicante 28.8

Catalonian coast –

Gulf of Cadiz 34.1

Galicia 32.4

Cantabrian Sea 18.3

Porcupine Bank 32.8

Growth trajectories for males and females from the Catalonian

coast were not determined due insufficient sexed specimens.

The comparison between the growth trajectories of males and

females from subarea A1 was not performed because the

regressions for males and females were not significant at the

5% level

* Significant at the 5% level
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In general, the shape changes associated with

increases in size in bluemouth specimens consisted

of: (a) a relative expansion of the area comprised by

landmark 9 (midpoint of the insertion of the pectoral

fin), landmark 11 (tip of the second-preopercular

spine) and landmark 12 (midpoint of the end of the

jaw), (b) a contraction of the head area in relation to

body size accompanied in most cases by an upward

shift of the tip of the snout and (c) a dorsoventral

expansion together with a relative shortening of the

body. Thus, as expected, we observed a trend towards

a more robust body morphology as the fish become

larger. Still, some specific shape changes were

identified in bluemouth specimens from the Canta-

brian Sea. The estimated shape for large specimens

showed a considerable up-rightward displacement of

landmark 10 (end of the operculum), an up-leftward

displacement of landmark 5 (insertion of the hypural

plate) and a larger downward displacement of

landmarks 8 (insertion of the ventral fin) and 9

(insertion of the pectoral fin).

Discussion

Body form in fishes is a product of their ontogeny

(Cadrin, 2005). It is affected by the genetic makeup

of an individual, but it also reflects adaptation to

environmental factors such as temperature, food

availability, feeding mode, swimming behavior and

habitat use (Barlow, 1961; Wimberger, 1992; Swain

et al., 2005). During the growth of fishes, body

proportions change as the larvae and juvenile fish

adapt to habitat and diet transitions until they reach

adulthood. According to our results, bluemouth

specimens from both NE Atlantic and Mediterranean

locations seem to follow a pattern of ontogenetic

shape changes that is probably related to the changing

ecology of the species over the course of its life

history: bluemouth juveniles have a streamlined body

shape during their pelagic stage (Furlani, 1997 and

references therein), while adults have robust but

flexible muscular bodies typical of benthic sit-and-

wait predators (Webb, 1984; Uiblein et al., 2003). For

most of the studied areas, ontogenetic shape changes

were most evident in the head and pectoral area,

affecting the position of the snout, preopercular

spines and pectoral fins, but changes in body depth

and length were also important (Figs. 7, 8). Changes

in body depth and length are mostly related to

swimming capacity and locomotor adaptations to

food capture and escape from predators (Webb,

1984). Functionally, mouth shape changes also have

many repercussions in the life of fish because mouth

morphology plays an essential role in determining the

type of prey consumed, and morphological variations

can lead to changes in foraging/predation ability and

subsequently differential exploitation of food

resources (Karpouzi & Stergiou, 2003). Thus, the

observed changes in mouth shape and position are

very likely to be related to ontogenetic changes in the

diet of bluemouth. In general, their diet consists of

benthic decapod crustaceans (Natantia, Brachyura,

and Macrura), demersal fish and sometimes pyro-

somes, polychaetes and echinoderms (Macpherson,

1979, 1985; Nouar & Maurin, 2000; Serrano et al.,

2003), but the proportions of these prey types in their

diet vary according to the size of the fish. For

example, Macpherson (1979) reported that the diet of

small bluemouth individuals from 4 to 9 cm in the

Table 5 Results for the pairwise comparisons of growth vectors for bluemouth from the studied areas

Alboran Sea

(A1)

Alboran Sea

(A2)

Alicante Catalonian

coast

Gulf of

Cadiz

Galicia Cantabrian

Sea

Porcupine

Bank

Alboran Sea (A1) 0

Alboran Sea (A2) 62.5* 0

Alicante 57.9* 27.4 0

Catalonian coast 54.5 66.4* 51.1 0

Gulf of Cadiz 57.4* 20.5 20.9 57.0 0

Galicia 40.2* 38.8* 35.7* 45.1 34.7 0

Cantabrian Sea 76.1* 26.3* 29.7* 70.1* 29.3* 49.6* 0

Porcupine Bank 51.8* 30.9* 31.9* 60.9* 20.5 38.8* 41.8* 0

* Growth trajectories are significantly different at the 5% level
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Mediterranean consisted mainly of fish (51.9%) such

as silvery pout (Gadiculus argenteus argenteus) and

gobies (Deltentosteus quadrimaculatus and Lesueur-

igobius friesii) and decapods including Alpheus

glaber (20.9%), Calocaris macandreae (5.9%), and

Goneplax rhomboides (4.2%). In contrast, the main

prey of adult specimens (20–29 cm in length) was the

decapod crustacean Goneplax rhomboides (49.4%),

followed by other decapods, such as Calocaris

macandreae (17.6%) and Alpheus glaber (14.1%),

and a small percentage of pyrosomes (9.4%) and fish

(8.2%). In the case of Helicolenus percoides, onto-

genetic diet changes have been also observed, as the

proportions of Crustaceans and fish are inversely

related as length increases. For this species, Brachy-

ura were the single most important prey in fish of less

than 20 cm, but they were replaced by Pyrosoma

atlanticum and teleosts in larger size classes (Blaber

& Bulman, 1987).

However, the degree to which the above described

ontogenetic shape changes were present in bluemouth

from each of the studied areas was different, reflecting

the differences in growth trajectories that we found in

this study. The factors that cause these growth differ-

ences are likely to be complex. Phenotypic variation

can result from either genetic differentiation or

Fig. 6 Growth trajectories for bluemouth males (open black
circles and dashed line) and females (open black triangles and

solid line) for some of the studied areas in the NE Atlantic and

Mediterranean. The growth trajectory for the Alboran Sea is

shown separately in Fig. 5 (see ‘‘Growth trajectories for males

and females’’ section)
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phenotypic plasticity. Genetic information on blue-

mouth populations is still scarce. To our knowledge,

only one study has focused on the genetic population

structure of the bluemouth in the north Atlantic (the

Azores, Madeira and Cape Verde, the coast of Portugal

(Peniche) and the northwest Atlantic off the coast of

South Carolina, USA) (Aboim et al., 2005). In that

study, no significant genetic differentiation was

detected between populations within the NE Atlantic

region (Azores, Peniche, and Madeira).

Phenotypic plasticity is the ability of a genotype to

produce different phenotypes in response to different

environmental stimuli (Wimberger, 1992). In fishes,

as with most indeterminately growing organisms, the

influence of the environment on life history traits is

realized primarily through factors that affect body

size and the rate at which body size changes

throughout an individual’s life (Swain et al., 2005).

Therefore, fish growth and survival depend on many

components of the habitat in which fish live (i.e., prey

resources, predation risk, temperature, sediment type,

water depth, etc.) (Hayes et al., 1996). In addition to

environmental factors, growth in fish can be affected

by population density and fishing mortality (Rochet,

1998; Law, 2000; Sánchez Lizaso et al., 2000). In

general, size structure differences (and therefore

Fig. 7 Visualization of shape changes associated with growth

for bluemouth from the western Mediterranean. The mean

shape is shown in the center and is also represented as light
gray outlines drawn in the figures in the left and right columns.

Left column: the black outline shows the shape change for an

arbitrary decrease in log centroid size by 1.5 units, representing

the shape for a small specimen. Right column: the black outline
shows the shape change for an arbitrary increase in log centroid

size by 1.5 units, representing the shape for a large specimen
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differences in growth) of deep-sea fishes occur

between the NE Atlantic and the Mediterranean

(Tortonese, 1960; Stefanescu et al., 1992). More

recently, Massutı́ et al. (2004) compared the deep-sea

fish assemblages between these areas, and they also

found evidence that for almost all species, those in

the Mediterranean tended to grow to a smaller adult

size. As a consequence, these fish will have smaller

mouths and will, therefore, utilize a different com-

ponent of the available food resources (Massutı́ et al.,

op. cit.). The authors of that study suggested that the

primary cause of the differences they observed in size

structure were a result of adaptations at both the

species and ecosystem level to different trophic

relationships between these two areas. However, they

also indicated that a high temperature in the Medi-

terranean (*13�C, compared to *10�C in the

eastern Atlantic areas) could also play an important

part in explaining size structure differences. In the

same study, size differences between NE Atlantic and

Mediterranean bluemouth were found, as the mini-

mum size for locations in the NE Atlantic was at least

double than that found in the Mediterranean, and the

maximum size was found in the Porcupine Seabight

(west of Ireland, NE Atlantic). In our study, blue-

mouth from the NE Atlantic generally reached larger

sizes, but we did not find that NE Atlantic growth

patterns were clearly differentiated from those

Fig. 8 Visualization of shape changes associated with growth

for bluemouth from the NE Atlantic. The mean shape is shown

in the center and is also represented as light gray outline drawn

in the figures in the left and right columns. Left column: the

black outline shows the shape change for an arbitrary decrease

in log centroid size by 1.5 units, representing the shape for a

small specimen. Right column: the black outline shows the

shape change for an arbitrary increase in log centroid size by

1.5 units, representing the shape for a large specimen
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presented by bluemouth from Mediterranean loca-

tions. For example, bluemouth specimens from the

Gulf of Cadiz, which is located next to the Strait of

Gibraltar, exhibited similar ontogenetic shape

changes to bluemouth from Galicia and the Porcupine

Bank (NE Atlantic) but also to bluemouth from

subarea A2 in the Alboran Sea and Alicante (western

Mediterranean). In this study, bluemouth from the

Cantabrian Sea presented a unique growth pattern

that is probably caused by a combination of factors

(i.e., food availability along with a low fishing

mortality and unique environmental conditions).

The Cantabrian Sea is a well delimited area in the

Bay of Biscay with particular characteristics that

differentiate it from the rest of the Atlantic (Sánchez,

1993), and it also supports an important demersal

ecosystem (Le Danois Bank) where no regular fishery

operates, allowing for a well-preserved bluemouth

spawning stock (Sánchez et al., 2008). In the

Cantabrian Sea at the summit of Le Danois Bank

where bluemouth are more abundant (400–550 m

depth), some of the decapods that are considered to

be the main prey of adult bluemouth (i.e., the crab

Goneplax rhomboides, and the shrimp Calocaris

macandreae and Alpheus glaber) are scarce or even

absent due to the low proportion of mud in the

sediments, which is required by these burrowing

species (Cartes et al., 2007). Therefore, morpholog-

ical adaptations of the snout in bluemouth from the

Cantabrian Sea could arise as the fish use other food

resources in the area.

In contrast, these decapods are very abundant in

other areas considered in this study such as the

southern part of the Galician shelf and the upper

slope, where there are fine sediments due to outwel-

ling from the Rı́as Baixas (Fariña et al., 1997). On the

Mediterranean coasts of the Iberian Peninsula, the

abundance of Goneplax rhomboides, Calocaris mac-

andreae and Alpheus glaber also varies in the

different geographical sectors, with the most abun-

dant regions being found in the Alboran Sea and the

northern Catalonia (Abelló et al., 2002). In general,

the Alboran Sea has been described as an area with

particular hydrographical characteristics due to the

influence of Atlantic waters and with a high produc-

tivity within the general oligotrophic context of the

Mediterranean (Massutı́ et al., 2001; Abad et al.,

2007). Interestingly, the growth trend presented by

bluemouth from subarea A1 in the Alboran Sea was

different than the one exhibited by bluemouth from

adjacent areas. Massutı́ et al. (2001) have suggested

the existence of a well-developed bluemouth spawn-

ing stock in the Alboran basin, contrary to what they

found in areas with high fishing pressure north of the

Alboran Sea, where older fish are poorly represented.

In a more recent study, Abad et al. (2007) also found

a high abundance of bluemouth on the small

seamount Seco de los Olivos in the eastern Alboran

Sea, which is an area where trawled sandy bottoms

are interspersed with rocky bottoms, and food is

readily available due to strong localized currents and

upwelling. Thus, food availability on the continental

slope of the Alboran Sea in combination with a lower

fishing mortality and the oceanographic conditions in

the area are likely to produce a different growth

pattern than the patterns observed in adjacent areas.

Bluemouth caught in subarea A2 in the Alboran basin

showed a similar growth pattern to the ones observed

in contiguous areas (i.e., Gulf of Cadiz or Alicante).

There is a possibility that a group of individuals from

these areas migrated to subarea A2 because occa-

sional migrations of adult specimens may occur

(Aboim et al., 2005) or that especially particular

environmental conditions exist in that location that

affect the growth of these individuals. In any case,

further study is needed to determine the factors that

cause different growth patterns within the Alboran

basin, and the temporal and spatial stability of the

observed patterns has to be confirmed.

In this study, we also compared growth trajectories

between males and females. Information about sexual

dimorphism is required for understanding the ecol-

ogy, behavior, and life history of a fish species

(Kitano et al., 2007), and allometry has been

suggested to be a main component of sexual shape

dimorphism because it accounts for size dimorphism

(Gidaszewski et al., 2009). Up to the present, only

differences in sexual size dimorphism and growth

rates between sexes have been studied for the

bluemouth in the NE Atlantic and Mediterranean

(White et al., 1998; Kelly et al., 1999; Massutı́ et al.,

2000; Abecasis et al., 2006; Ribas et al., 2006;

Sequeira et al., 2009). However, both of these topics

are still being studied for bluemouth, as some of these

authors have found that females grow faster and

achieve a larger asymptotic length, while others have

found the opposite trend, and in some studies, no

differences in growth rates were detected at all.
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Recently, Sequeira et al. (2009) suggested that these

discrepancies in results could be related to differ-

ences in the length ranges sampled in the various

studies. For other species of the same genus, such as

Helicolenus percoides in southeastern Australian

waters, Withell & Wankowski (1988) found that the

growth rates of the sexes seemed to be comparable,

though females attained a larger size, but a recent

study found that males grew slightly faster than

females (Paul & Horn, 2009). In the case of

Helicolenus lengerichi, no differences in growth

rates were observed between males and females

(Petrova & Chekunova, 1979, as cited in Withell &

Wankowski, 1988).

Regarding ontogenetic shape changes, no differ-

ence in the growth patterns of males and females was

observed within any of the NE Atlantic locations.

However, in the Mediterranean, we could only

compare growth trajectories for males and females

from two of the four areas included in this study:

Alicante and subarea A2 in the Alboran Sea (see

‘‘Results’’ section). For Alicante, we did not find

differences in allometric growth between sexes.

However, our study was inconclusive about possible

differences between sexes for subarea A2 due to a

relatively low sample size and because the angle

between the regression vectors was marginally sig-

nificant. Perhaps in future studies, a combination of

the study of growth rates and allometric shape

changes between sexes can be used to better under-

stand sexual dimorphism in bluemouth populations.

In fisheries, differences in life history parameters

between groups of fish are assumed to be evidence

that populations are geographically and/or reproduc-

tively isolated and can be considered discrete stock

units for management purposes (Ihssen et al., 1981;

Begg, 2005). Thus, the information provided in the

present study can be used to complement further

studies regarding stock identification of bluemouth

around the Iberian Peninsula. Moreover, in the

context of stock identification, morphological dis-

crimination among groups of fish is often difficult

because samples may differ in size composition and

because allometric growth is taking place. This

situation implies the risk of confounding real differ-

ences between fish populations with accidental dif-

ferences in size composition of the samples. Thus, in

morphometric studies, it is necessary to eliminate

shape variation associated with size before we can

compare multiple groups (Burnaby, 1966; Mosimann,

1970; Thorpe, 1976, 1983; Humphries et al., 1981;

Rohlf & Bookstein, 1987; Klingenberg, 1996).

According to our results, bluemouth from around

the Iberian Peninsula and the Porcupine Bank exhibit

allometric growth. Therefore, this fact has to be taken

into account if morphological comparisons of blue-

mouth from different areas are to be made for the

purpose of stock identification in Iberian waters.

In geometric morphometrics, one of the preferred

methods for size-correction of variables is to use the

residuals of a pooled-within group regression as ‘size-

free’ variables (Klingenberg, 2008) because in this

way, we only remove shape variation that is due to

size variation, in contrast to what happens with other

methods, such as principal components analysis (PCA)

(Jolicoeur, 1963) or Burnaby’s method (Burnaby,

1966), where an entire dimension is removed from the

analysis. In addition to this issue, PCA may not work

well for geometric morphometric data because during

the generalized Procrustes analysis (see ‘‘Materials

and methods’’ section), isometric size is factored out

from the samples in the rescaling step. In this way,

only in cases where allometric growth is substantially

present will the first Principal component be associ-

ated with size (Slice & Stitzel, 2004). However, the

central assumption of all methods for size-correction

is that the groups in the analysis share the same

allometric trajectories (Klingenberg, 1996), and in

this study, we found evidence that the growth

trajectories for bluemouth among the study areas are

not homogeneous, representing a problem for size-

correction of the shape variables that should be

addressed prior to morphometric analysis. Another

way to avoid size effects would be to compare

samples with similar size compositions or to only use

fish of the same size (selective sampling). However,

for demersal species like the bluemouth, it is not easy

to obtain homogeneous samples from all of the study

areas because most of the time, sampling depends on

fisheries that target other species (e.g., European hake,

Merluccius merluccius, or Blue and red shrimp,

Aristeus antennatus), and the size range of the

captured specimens in each area can be affected by

factors such as depth and the type of bottom of the

fishing area and the fishing gear used (i.e., trawling

nets, long-lines or gill-nets) (Demestre et al., 2000;

Massutı́ et al., 2001; Santos et al., 2002). In addition,

bluemouth samples from trawling research surveys
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also vary in size composition, as in this study. In the

case of size selective sampling, shape variation

outside the chosen size range is ignored, the covari-

ance is reduced; and the ability to distinguish groups

is, therefore, weakened (Cadrin, 2000). Another

potential drawback of size selective sampling is that

if the growth rate is very different among putative

populations and it is uncoupled from shape changes,

we could be comparing specimens of very different

ages, thus resulting in confounding effects.

Conclusions

In this study, geometric morphometric techniques

allowed us to determine and visualize ontogenetic

shape trajectories for bluemouth specimens from

around the Iberian Peninsula and the Porcupine Bank.

The general pattern of ontogenetic changes seemed to

be related to the changing ecology of the species (i.e.,

ontogenetic diet and habitat adaptations) and consisted

of a relative expansion of the area between the second-

preopercular spine and the pectoral fin, a relative

deepening and shortening of the body and an upward

shift of the snout as the head becomes more compact in

relation to the body. However, the degree to which the

above described ontogenetic shape changes were

present in bluemouth from each of the studied areas

was different, indicating that the growth trajectories

are not homogeneous. The factors that cause these

growth differences are likely to be complex, but a

combination of factors such as food availability along

with a low fishing mortality and unique environmental

conditions is likely to produce distinctive growth

patterns such as the ones that we found in areas

including the Cantabrian Sea and the Alboran Sea. For

the purpose of fisheries management, these observed

differences in the way that bluemouth grow could be

an indicator that different populations exist and should

be further studied. However, if morphological com-

parisons are to be used as a tool to identify phenotypic

stocks, the fact that growth differences exist should be

considered because most size-correction methods

assume equal or parallel growth trajectories to remove

the effect of size from shape variables. Finally, this

kind of shape information could be also used to

complement traditional growth curves, showing what

shape changes occur and when they take place during

growth.
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Muñoz, M., M. Casadevall & S. Bonet, 1999. Annual repro-

ductive cycle of Helicolenus dactylopterus dactylopterus
(Teleostei: Scorpaeniformes) with special reference to the

ovaries sperm storage. Journal of the Marine Biological

Association of the United Kingdom 79: 521–529.
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Intraovarian sperm storage in Helicolenus dactylopterus
dactylopterus: Fertilization, crypt formation and mainte-

nance of stored sperm. The Raffles Bulletin of Zoology

14: 21–27.

Webb, P. W., 1984. Body form, locomotion and foraging in

aquatic vertebrates. American Zoologist 24: 107–120.

White, D. B., D. M. Wyanski & G. R. Sedberry, 1998. Age,

growth, and reproductive biology of the blackbelly rose-

fish from the Carolinas, U.S.A. Journal of Fish Biology

53: 1274–1291.

White, M., C. Mohn, H. de Stitger & G. Mottram, 2005. Deep-

water coral development as a function of hydrodynamics

and surface productivity around the submarine banks of

the Rockall Trough, NE Atlantic. In Freiwald, A. & J.

M. Roberts (eds), Cold-water Corals and Ecosystems.

Springer Verlag, Berlin: 503–514.

Whitehead, P. J. P., M. L. Bauchot, J. C. Hureau, J. Nielsen &

E. Tortonese, 1986. Fishes of the North-eastern Atlantic

and Mediterranean. UNESCO, Paris.

Wimberger, P. H., 1992. Plasticity of fish body shape. The

effects of diet, development, family and age in two spe-

cies of Geophagus (Pisces: Cichlidae). Biological Journal

of the Linnean Society 45: 197–218.

Withell, A. F. & J. W. Wankowski, 1988. Estimates of age and

growth of ocean perch, Helicolenus percoides (Richard-

son), in south-eastern Australian waters. Australian Jour-

nal of Marine and Freshwater Research 39: 441–457.

Zelditch, M. L., B. L. Lundrigan, D. H. Sheets & T. Garland,

2003a. Do precocial mammals develop at a faster rate? A

comparison of rates of skull development in Sigmodon
fulviventer and Mus musculus domesticus. Journal of

Evolutionary Biology 16: 708–720.

Zelditch, M. L., D. H. Sheets & W. L. Fink, 2003b. The

ontogenetic dynamics of shape disparity. Paleobiology 29:

139–156.

22 Hydrobiologia (2011) 670:5–22

123


	Ontogenetic allometry of the bluemouth, Helicolenus dactylopterus dactylopterus (Teleostei: Scorpaenidae), in the Northeast Atlantic and Mediterranean based on geometric morphometrics
	Abstract
	Introduction
	Materials and methods
	Specimens and locations
	Data acquisition
	Morphometric and statistical analysis
	Size
	Shape
	Growth trajectories
	Visualization of ontogenetic shape changes


	Results
	Growth trajectories by area
	Growth trajectories for males and females
	Comparison of growth trajectories between areas
	Shape changes during growth

	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


