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Background. The small red scorpionfish, Scorpaena notata Rafinesque, 1810, appears as a bycatch of
Portuguese fisheries. Bycatch species are likely to suffer the same declines as commercial species with which
they co-occur but information on those species for Portuguese waters does not exist. In order to increase the
knowledge for the Portuguese continental-shelf waters several aspects of the species growth were investigated.
Materials and methods. Age and growth of Scorpaena notata from Portuguese continental-shelf waters were
studied using 379 otoliths. A subsample of 70 otoliths, covering all length classes, was read by three of the
authors to establish a reading and interpretation pattern. The von Bertalanffy growth model was fitted to sex-spe-
cific age—length data. The likelihood ratio tests were used to evaluate the significance of differences on growth
parameters between sexes and with the parameters estimated in different areas.

Results. Females dominated in smaller length classes while males prevailed in larger ones, although overall sex
ratio did not deviate from 1 : 1. Females ranged from 10.5 to 18.8 cm total length (TL) and from 1 to 6 years;
males ranged from 11.4 to 20.7 cm TL and from 1 to 7 years. The von Bertalanffy growth parameters estimated
for the Portuguese shelf waters showed significant differences between sexes and were: L,, = 18.23 cm TL,
k=0.43yr"!, ty=—-0.99 yr for females and L,, = 21.17 cm TL, k = 0.28yr! and #, = —1.73 yr for males. The age
range found in the Portuguese shelf waters was similar to that found in the Balearic Islands but about half of that
found for the Adriatic Sea. Significant differences between growth parameters from the Portuguese coast and
those from the Balearic Islands and Adriatic Sea were found.

Conclusion. Estimates of L, in the presently reported study were the highest but rather consistent with the max-
imum length given for the species.
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INTRODUCTION

Marine fisheries stock assessment plays an essential
role in ensuring the sustainability of marine resources.
Several species, which are not targeted by the fishery, are
also caught as bycatch. The role that these fish species
may play as prey, competitors, predators, and herbivores
make them potential key members of communities and
key determinants on how other populations fare (Foster
and Vicent 2010).

Bycatch species are typically not the focus of stock
assessment efforts because of their limited economic
importance, but they may suffer the same population

declines as species with which they co-occur (Gertseva
and Cope 2011) and life history knowledge of these
species is also fundamental to manage their sustainability.
Information on the age of individual fish species signifi-
cantly enhances the quality of studies on population char-
acteristics such as growth, recruitment, mortality, and
reproduction, and it is often a prerequisite for more
detailed studies on life history strategies and stock assess-
ment (Labropoulou and Papaconstantinou 2000, Cailliet
et al. 2001, Stewart and Hughes 2007). The majority of
the studies on age and growth of fish involve the determi-
nation of age of specimens by counting of growth incre-
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ments in hard body parts, usually otolith. Otoliths are
small calcified structures found in the head of fish that
record information in their microstructure and chemistry
at different temporal scales related to their growth and
environment (Campana 1999).

The small red scorpionfish, Scorpaena notata,
Rafinesque, 1810, is a benthic and small-sized scorpion
fish found in the depth range of 30-700 m (Hureau and
Litvinenko 1986). It occurs in the Mediterranean Sea and
in the eastern Atlantic from the Bay of Biscay to Madeira,
the Azores, the Canary Islands, and the north-western
coast of Africa as far south as Senegal (Eschmeyer 1969).
It is also present in the Black Sea as the subspecies
Scorpaena notata afimbria Slastenenko, 1935 (see
Hureau and Litvinenko 1986).

The small red scorpionfish is generally shorter than
20 cm of total length (TL) and inhabits preferably rocky bot-
toms inside crevices or sea grass meadows, but it is also cap-
tured by trawlers operating on sandy bottoms in the proxim-
ity of hard substrates (Hureau and Litvinenko 1986,
Harmelin-Vivien et al. 1989, Morte et al. 2001). In
Portuguese waters it appears as a bycatch of several fisheries
(Erzini et al. 2006, Gongalves et al. 2007, Batista et al. 2009).

The presently reported study investigated sex ratio,
weight—length relation, and age and growth of Scorpaena
notata from the Portuguese continental-shelf waters.
A model of the growth of the species for this area was for
the first time estimated.

MATERIAL AND METHODS

Sampling. A total of 400 individuals of small red scorpi-
onfish, Scorpaena notata, were monthly collected on
board a trawl fishing boat operating on rocky bottoms
along the western Portuguese coast (39°03'20.4"'N,
9°39'54.2"W-38°00"32.7"N, 8°55'30.7"W) between July
2011 and October 2012 (excluding April due to bad weath-
er conditions). Total length (TL, to the nearest 0.1 cm),
total weight (TW, to the nearest 0.01 g), and sex of each
fish were recorded, and the sagitta otoliths (hereby
referred as otoliths) were removed, rinsed with water, air
dried, and stored in labelled plastic tubes.
Length—weight relation. Significant departs from 1 : 1
sex ratio were investigated using the chi-square test
(Legendre and Legendre 1998). The relation between TL
[em] and TW [g] was calculated using a power function:

TW =a x TL?

where « is the intercept and b is the slope.

The Student’s #-test was used to verify the existence of
significant differences between sexes and to test the
allometry in growth (Zar 1996).

Ageing methodology and validation. Right otoliths were
immersed in a 50% mixture of glycerine and ethanol and
read with a binocular microscope (magnification: 12x)
under reflected light against a dark background. Annual
growth increments were counted with the sulcus side
down, and from the nucleus towards the posterior region
edge. A representative subsample, consisting of 70
otoliths (5 for each length class and sex), was read by

three of the authors to establish a reading and interpreta-
tion pattern and to ensure consistency (Campana 2001).
The average percentage error (APE) (Beamish and
Fournier 1981), the coefficient of variation (CV) (Chang
1982), and the index of precision (D) (Chang 1982) were
used to compare age readings between readers. Bias eval-
uation was based on age bias plots (Campana et al. 1995)
which allow visualizing deviation of the age readings from
the 1 : 1 equivalence line, and systematic differences on
the ages assigned between readers were investigated with
the Bowker-type test for symmetry (Hoenig et al. 1995).
As good agreement between readers was achieved, the
remaining otoliths were read twice by the first author.
When readings differed by one or more growth increment,
a third reading was made; if the third reading differed
from the previous two, the otolith was discarded. Age
readings were compared as above. To validate the season-
ality of growth increment deposition, the relative frequen-
cy of an opaque zone on the otolith margin was plotted by
month (Beckman and Wilson 1995, Panfili and Morales-
Nin 2002).

Growth model. Once the age estimates were validated,
the von Bertalanffy growth model (von Bertalanfty 1938)
was fitted to sex-specific age—length data. The likelihood
ratio tests (Kimura 1980) were used to evaluate the signif-
icance of differences on growth parameters between sexes
and with the parameters estimated in different areas by
other authors. The von Bertalanffy growth model and the
likelihood ratio tests were estimated with the Fishmethods
package (Nelson 2013) in R software v.3.0.2.

RESULTS

Length—weight relation. A total of 400 specimens were
sampled: 209 females (52%) and 191 males (48%). The
overall sex-ratio (F : M) did not differ significantly from
1:1(2=081,df=1, P=0.3681). However significant
differences were present when length classes were ana-
lyzed (Fig. 1). Females were dominant in TL classes below
16 cm (5.1: 1, 2= 64.0, df =1, P<0.0001) and males pre-
vailed in TL classes above 17 cm (1 : 4.1, 4> = 53.9,
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Fig. 1. Length frequency distribution of small red scorpi-
onfish, Scorpaena notata, from Portuguese continen-
tal-shelf waters (females: white; males: grey)
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df=1, P <0.0001). For the 1617 cm TL class, sex ratio
did not differ significantly from 1: 1 (1.24 : 1, *>=1.29,
df = 1, P = 0.2568). The equations that express the
length—weight relation for the small red scorpionfish
were: TW = 0.0150 x TL3!1%4 » = 0.94 for females and
TW = 0.0167 x TL3998 = 0.93 for males. Both sexes
showed positive allometric growth (paired #-test, females:
t-test = 19.39, df = 208, P < 0.0001; males: z-test = 9.85,
df = 190, P < 0.0001). The allometric coefficient of the
regression in females was significantly higher than in
males (z-test = 5.63, df = 388, P < 0.0001).

Ageing methodology and validation. Small red scorpi-
onfish otoliths showed the typical pattern for teleosts: alter-
nations of translucent and opaque increments laid down
around an opaque nucleus, although two or more opaque
zones often appear forming false increments adding some
difficult to determine the age of this species (Fig. 2). The
analysis of the incidence of opaque and translucent zones at
the otolith margin suggests that the growth increments are
formed annually with the opaque ones occurring more fre-
quently in spring and summer months, and translucent
edges dominating during autumn and winter (Fig. 3).

The three readers determined the age of 70 small red
scorpionfish right otoliths, and reader 1 read all right
otoliths twice. Indices of precision for age readings with-
in and between readers are presented in Table 1, and the
age-bias plots in Fig. 4. The estimates of APE, CV, and D
within and between readers reflected a good precision of
age readings. Age-bias plots (Fig. 4) and the test of sym-
metry (XlevSRZ = 11, df = 7, P= 01386, X2R1VSR3 = 867,
df = 5, P = 0.1231; y’rovers = 8.33, df = 7, P = 0.3041)
showed that age disagreement was due to simple random
error and not to a systematic difference between readers.
Growth model. For ageing estimate 194 females (10.5 cm
to 18.8 cm TL and 1 to 6 years), and 185 males (11.4 cm to
20.7 ecm TL, 1 to 7 years) were used. The remaining indi-
viduals (6.2%) showed broken or non-interpretable
otoliths. Female and male age—length keys are shown in
Table 2 and 3, respectively. Significant differences

Fig. 2. Sagittal otolith of small red scorpionfish,
Scorpaena notata, from Portuguese continental-shelf
waters, showing the annulus deposition pattern for
a 4-years-old female, 14.6 cm total length

between males and females growth parameters were found
(likelihood ratio test: y*> = 18.26, df =3, P <0.0001) and the
von Bertalanffy growth curves are presented in Fig. 5. The
estimated von Bertalanffy growth parameters obtained are
presented in Table 4, as well as a summary of the parame-
ters and the results of Likelihood ratio test performed with
other published works on small red scorpionfish.

DISCUSSION

Bycatch and discarding have numerous, generally
undesirable consequences which affect marine ecosystem
structure and function Furthermore they offer no obvious
economic benefit to fishers and therefore represent addi-
tional unintended mortality (Bellido et al. 2011).
Decreasing discards has been put forward as one of the
main reform challenges of the Common Fisheries Policy
(CFP) of the European Union (Morandeau et al. 2014),
but designing effective bycatch mitigation programmes
requires, among others, an understanding of the life histo-
ries of target and non-target species (O’Keefe et al. 2014).

One of the species caught as bycatch of several fish-
eries operating in the Portuguese coast is the small red
scorpionfish. Unlike other regions such as the Balearic
Islands (Ordines et al. 2009), in Portugal this species has
no commercial value and is immediately discarded
onboard. However information on such species is also
essential to assess the ecosystem condition and therefore
manage fisheries properly.

Results from this study indicate the bias of females
towards smaller lengths and of males towards larger ones
as already reported for other scorpaenid species such as
Scorpaena maderensis Valenciennes, 1833 (see La Mesa
etal. 2005), Scorpaena loppei Cadenat, 1943 (see Ordines
et al. 2012), Pontinus kuhlii (Bowdich, 1825) (see Paiva
et al. 2013), Helicolenus dactylopterus (Delaroche, 1809)
(see Massuti et al. 2000), and also for Scorpaena notata
of Balearic Islands (Ordines et al. 2009). The reproductive
strategy showed by several species within the scorpaenid
family such as the development of a gelatinous matrix
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Fig. 3. Monthly variation pattern of the percentage of
opaque (grey) and translucent (white) edges in the
otolith of small red scorpionfish, Scorpaena notata
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within the ovary (Mufloz 2010) imply that females have
a higher energetic cost during reproduction than males
and can justify the growth differences between sexes.
Despite this length class bias, the majority of the pub-
lished works showed no deviation from an overall sex
ratio of 1 : 1 (Massuti et al. 2000, Ordines et al. 2009,
2012, Sequeira et al. 2009, Paiva et al. 2013). Curiously,
for the small red scorpionfish, Scarcella et al. (2011) and
Mufioz et al. (2005) reported a sex ratio biased in favour
of males but no significant differences in length classes by
sex. However only 6 females larger than 17 cm were
caught in the Adriatic Sea and the larger specimen used
by Muiloz et al. (2005) had 16.7 cm, suggesting that males
are probably larger than females.

Age data is one of the most influential biological vari-
ables (Campana 2001), and otoliths are widely accepted as
the best ageing structure for many teleost fish. However,
the process of estimating fish age incorporates several
sources of error, mainly a process error associated with the
structure being examined and error due to the element of
subjectivity required of all age estimations (Campana
2001). Although several authors suggest the use of cross-
sections as a more reliable ageing method, Worthington et
al. (1995) advocate the use of ageing methods that are
uncomplicated and cost effective, so long as they provide
reliable data. Also, the cross-section method is fundamen-
tal for long-lived, slow-growing species, since differentiat-
ing closely spaced growth increments near the edge is very

Reader 3
O N b OO

difficult in whole otoliths. Even so, in some long-lived
scorpaeniform species (e.g., Helicolenus dactylopterus;
see Sequeira et al. 2013) studies were made to compare
direct readings with cross-sections and no advantages were
found using the latter methodology.

The otolith structure of the small red scorpionfish per-
mits a fairly easy identification of growth increments (as
shown by the low percentage of rejected otoliths) and since
the precision indices obtained both within and between
readers (two of them with large experience in age assign-
ment even for this family) were lower than those referred in
most literature (CV < 7.6% and APE < 5.5% (Campana
2001)), and much lower than those referred for this species

Table 1
Indices of precision for age readings
of small red scorpionfish, Scorpaena notata,
from the Portuguese continental-shelf waters,
within and between readers

Index comparison

Index
Reader 1 Between readers
APE [%] 2.477 5.267
CV [%] 2.480 6.842
D [%] 1.754 3.95

APE = average percentage error, CV = coefficient of varia-
tion, D = index of precision.

Reader 2

Reader 3
O N b OO

Reader 2
O N M OO

Reader 1
Fig. 4. Age bias plots for the readings comparisons between readers for small red scorpionfish, Scorpaena notata,
from Portuguese continental-shelf waters; The 45° line represents 100% agreement
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Table 2
Age-length key for females of the small red scorpionfish, Scorpaena notata,
from the Portuguese continental-shelf waters for the period of 2011-2012
TL [em] Age class [year] .
1 2 3 4 5 6
10-11 2 2
11-12 4 1 5
12-13 2 2
13-14 2 9 11
14-15 4 16 5 26
15-16 23 37 3 63
16-17 6 37 16 59
17-18 9 11 2 22
18-19 1 2 1 4
n 2 12 56 88 33 3 194
Mean 10.60 13.00 14.99 16.03 16.68 17.40
SD 0.14 1.06 1.09 0.75 1.04 0.53
TL = total length, n = number of individuals, Mean = mean total length, SD = standard deviation.
Table 3
Age—length key for males of the small red scorpionfish, Scorpaena notata,
from the Portuguese continental-shelf waters for the period 2011-2012
TL [em] Age classes [years] ,
1 2 3 4 6 7
11-12 1 1
12-13 3 6
14-15 3
15-16 5 13
16-17 14 27 9 50
17-18 4 23 25 58
18-19 9 11 1 26
19-20 2 6 12 1 21
20-21 4 3 7
n 1 3 32 66 51 27 5
Mean 11.40 12.73 15.69 17.08 17.69 18.95 19.84 185
SD 0.15 1.41 0.86 0.89 0.94 1.02
TL = total length, » = number of individuals, Mean = mean total length, SD = standard deviation.
Table 4
The von Bertalanffy growth parameters for the small red scorpionfish,
Scorpaena notata from different areas
Area Method Reference Sex L, [cm] k year! 1, year n [}éegai] [Scl éﬁ Chissomze;rison P
Balearic . WO Ordines et al. 2009 F 17.9% 0.19 -2.27 471 0-6 4-17 38.82 3 <0.0001
M 0.24 -1.74 476 0-8 5-18 45.98 3 <0.0001
N Adriatic WSO Scarcella et al. 2011 F 15.57 (0.33) 0.35(0.5) —2.06(0.43) 225 0-16 4.7-19.9 31.97 3 <0.0001
M 16.32(0.30) 0.46 (0.5) —1.17(0.21) 285 0-14 6.5-19.8  40.52 3 <0.0001
portugal WO This work F  1823(0.61) 0.43(0.08) -0.99(0.43) 194  0-6  10.5-18.8
M 2L17(L11) 028(0.08) —1.73(0.77) 185  0-7  11.4-20.7

L,, = asymptotic length, k = growth rate, #, = hypothetical age when size is zero, n = number of specimens, Comparison =
results of the likelihood ratio test comparison between areas, chisq = Likelihood ratio chi square statistic value, df = degrees
of freedom, P = probability; WO = whole otoliths, WSO = whole and sectioned otoliths; F = female, M = male; (asymptot-
ic standard errors of the estimates are shown within brackets).
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Fig. 5. The von Bertalanffy growth model for females
(black) and males (grey) of small red scorpionfish,
Scorpaena notata, from Portuguese continental-shelf
waters; TLM: males total length, TLF: females total

(CV =11.6% and APE = 8.12%; Scarcella et al. 2011) the
ageing method used in this study seems to be adequate.

The age range found in the Portuguese continental-
shelf waters (1 to 6 years for females and 1 to 7 years for
males) was similar to that found in the Balearic Islands by
Ordines et al. (2009) but about half of that found by
Scarcella et al. (2011) in the Adriatic Sea. These authors
used sectioned otoliths to estimate the age of larger indi-
viduals and obtained a maximum age of 16 years for
a 16 cm female. Nevertheless these authors aged approx-
imately 76% of the individuals with 1—4 years old and less
than 12% were aged with more than 7 years. They also
showed a large age range for each length class above 15 cm
(e.g., between 2 and 15 years for females with 15 cm). It is
known that thin otolith section may add difficulty in
locate true increments since false rings became more evi-
dent (Morales-Nin et al. 2002).

Other species of the genus Scorpaena seem to have
a similar age pattern to that found in this study. The two
smaller species of the genus, S. maderensis and S. loppei
which reach about 13 cm TL, have age estimations of
a maximum of 5 years (La Mesa et al. 2005 and Ordines et
al. 2012, respectively). For Scorpaena porcus Linnaeus,
1758, a species which attain slightly larger length than
Scorpaena notata, a maximum of 11 years was estimated
(Jardas and Pallaoro 1992) but the majority of the studies
refer a maximum of 8 years (Bilgin and Celik 2009,
Demirhan and Can 2009, La Mesa et al. 2010).

Significant differences between the growth parameters
for the Portuguese coast and those for the Balearic Islands
and Adriatic Sea were found. Estimates of L, in the
presently reported study were higher than those found by
the other authors, although the maximum length observed

for females was slightly higher than the asymptotic length
estimated. One possible reason lies with the available
material for this study since we worked with samples
from commercial fishery and therefore a lack of smaller
individuals is notorious due to the gear selectivity.
Regarding the growth rate, specimens from the
Portuguese coast were the ones that presented the highest
growth rate, specially the females. Abiotic factors and
temperature in particular have been considered to influ-
ence growth rate, with the specimens from warmer waters
showing a faster growth rate (Silva and Gordo 1997) but,
in the present case, all specimens in comparison were
caught in warm waters. Other explanations may lie in the
specific life history parameters from each population, and
sampling issues such as the range of length used.

This is the first reference for the small red scorpionfish
growth in Portuguese shelf waters. Since a larger impor-
tance is being given to discards in fisheries (Malaquias et
al. 2006, Catchpole and Gray 2010, Bellido et al. 2011,
Campos et al. 2014) information on such species plays an
increasingly important and essential role for the correct
management of fisheries and environment. The informa-
tion given by this study will need to be complemented by
reproductive and mortality data in order to properly doc-
ument the species life history patterns. However accord-
ing to the knowledge gathered about the species, one pos-
sible action to mitigate this bycatch fishery is to make an
effort, using a marketing strategy, to introduce this
species in the diet of consumers since other members of
the family Scorpaenidae attain high prices in the
Portuguese market.
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