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Background. The greater forkbeard, Phycis blennoides (Briinnich, 1768), is a gadiform species, which has
economical value and its population is dwelling in a 60—800 m depth range throughout the Atlantic and the
Mediterranean. Along African north coast, there is a lack of information about the biology (age, growth, sex-ratio)
of this species. This study provides the first data on population parameters of P. blennoides in Tunisia.

Materials and methods. Specimens of Phycis blennoides were collected from the landings of the artisanal
fisheries between September 2007 and June 2010. The length—weight relations were determined according to the
allometric equation: W = aTL?. Growth parameters were estimated using the von Bertalanffy growth equation.
Results. Length (TL)-weight (W) relations were allometrically positive for the females (W = 22.10#TL34%),
males (W = 13.10°TL*%™), and both sexes (W = 19.10#TL3*%%), without significant differences between males
and females. The relation between otolith weight and age showed a significant difference between males and
females. The growth parameters were calculated as TL = 57.17 cm, K = 0.193 -year ', £, = —1.578 - year for the
females, and 44.74 cm, 0.313 -year™', and —1.210- year for the males, respectively. The females grew faster than
the males which did not exceed 45 cm. The growth performance index @' calculated for the females (2.80 cm-
year ') and males (2.79 cm-year!) yielded similar results.

Conclusion. Results reported in this work will contribute to the knowledge on the biology of P. blennoides in Tunisia,
with the aim of generating sufficient information to improve future stock management and sustainable fisheries.
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INTRODUCTION

The greater forkbeard, Phycis blennoides (Briinnich,
1768), occurs throughout the Mediterranean, Black
Sea, Adriatic Sea, and Atlantic Ocean, from Iceland to
Cap Blanc, and in the Faeroe Islands, Madeira, and the
Azores Islands (Whitehead et al. 1986, Fischer et al. 1987,
Cohen et al. 1990). This gadiform fish is found along the
continental shelf and the slope, on the bottoms from 60 to
800 m depth (Cohen et al. 1990, Campillo 1992, Quéro et
al. 2003) but reaches the depth of 1100 m in the eastern
Adriatic (Pallaoro and Jardas 2002), and 1200 m in the
Catalan Sea (Stefanescu unpublished™).

Bouhlel (1979) showed that Phycis blennoides has
a wide distribution along the northern-, eastern-, and
southern Tunisian coasts. Its abundance decreases from
the north east, to become rare in southern Tunisia. The
greater forkbeard is recorded between 60 and 436 m depth
in the north, while the maximum depth increases in the
south, reaching 700 m (Bouhlel 1979).

Several aspects of biology of Phycis blennoides have
already been studied: the feeding habits in the Bay of
Biscay (Sorbe 1977), Gulf of Valencia (Morte et al. 2002),
Island of Kastellorizo (Papaconstantinou and Caragistou
1989), northern Tyrrhenian (Sartor and Biagi 1992, Sartor
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et al. 1993), and Azores Islands (Morato et al. 1999); the
weight-length relations in the Mediterranean Balearic
Islands and Spanish coasts (Morey et al. 2003), in the
north of Aegean Sea (Filiz and Bilge 2004, Karakulak
et al. 2006), the west coast of Portugal (Mendes et al.
2004), and Adriatic Sea (Dul¢i¢ and Kraljevi¢ 1996); age
and growth in the Iberian Peninsula (Casas and Pifieiro
2000), and in the north-western Mediterranean (Gallardo-
Cabello 1986a, 1986b); and the reproductive biology in
the western Mediterranean (Gallardo-Cabello and Gual-
Frau 1984, Rotllant et al. 2002), north-western Ionian Sea
(Matarrese et al. 1998), and in Algeria (Benghali et al.
2014). On the Tunisian coast, the biology of this species
remains largely unknown.

The objective of this study was to provide some
information on the age and growth of Phycis blennoides
in Tunisia with the aim to provide information for
management and sustainable fishery of this species.

MATERIALS AND METHODS

A total of 496 individuals were collected monthly
between September 2007 and June 2010 from the artisanal
fishing (Tunis harbour; fishing gears and depth unknown).
In the laboratory, total length (TL) [cm], and the total
weight (W) [g] were measured for each specimen. The
length—weight relation was described by the equation
(Le Cren 1951, Froese et al. 2011):

W = aTL?

where W is the total weight, TL is the total length, a is
the coefficient related to body form, and b is an exponent
indicating isometric growth when equal to 3 and allometric
growth when different from 3 (the allometry is positive if
b >3 and negative if b < 3) (Froese 2006). The comparison
of slopes and intercepts of regression lines of the length—
weight relation was sought by a covariance analysis
(ANCOVA) (Zar 1999).

To estimate the age, the sagittal otoliths were removed
from the cranial cavity. Then, they were cleaned, dried,
weighed (W,, precision 0.001 mg), and stored in paper
envelopes. Otoliths of Phycis blennoides are opaque and
too thick to allow direct reading of the rings of growth,
and thin transversal sections of the otoliths through the
core (nucleus) were necessary. Whole sections were
viewed under a binocular magnifying glass, connected
to a digital camera coupled to a computer equipped
with software with image processing TNPC (digital
processing of the calcified pieces—a software developed
by IFREMER"). The observation of annuli was carried
out under reflected light. During the reading, the
alternations of opaque and translucent zones were
checked by two readers. To validate the periodicity of
increment formation, marginal-increment analysis was
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carried out on otoliths by calculating marginal increment
(MI) according to this following formula:

MI = (R - rn) ’ (rn_ rn— 1)7]

where R is otolith radius, », is the distance between the
edge and the last growth ring, and », _, is the distance
between the edge and the second last growth ring. Age was
estimated by interpreting growth rings on 409 otoliths.

Age and total length data were used to describe the
growth of Phycis blennoides using the von Bertalanffy
growth function (VBGF) according to the following
formula (Ricker 1975):

TL, = TL (1 — e*t-1)

where K is the rate at which the asymptote is reached,
TL, is the length at age ¢, TL  is the asymptotic length,
and ¢ is the theoretical age (in years) at zero length
(scaling factor). The value of ¢, does not have biological
significance (Knight 1968). To seek the statistical
significance of differences among growth parameters for
males and females, a multivariate analysis, the Hotelling
T2 test (Bernard 1981), was performed.

The fish growth performance was estimated using the
index (Pauly and Munro 1984):

@'=log K +2.log (TL )

This index is preferred for growth comparison rather
than comparison of L_ and K individually, because of the
correlation between these two parameters (Sparre 1987).

The determination of the parameters of the model (L,
K, and ¢)) and all the statistical analyses were conducted
using the open-source statistical package R™ and the text

ok

editor R™".

RESULTS

Sampling and length—weight relation. A total of 496
individuals were sampled for this study, 70 were males
and 345 females. The sex of the remaining 81 individuals
could not be macroscopically determined because they
had very thin and translucent immature gonads. These
immature individuals ranged in size from 16.0 to 24.2 cm
TL; males ranged from 17.3 to 35.5 cm TL, females from
16.9 to 47.7 cm TL (Fig. 1).

As the relative growth is concerned, the statistical
analysis indicates a positive allometry for females
(W =22.10*TL**%), males (W = 13.10*TL*%), and for
the total sample (W = 19.10*TL3*#%) (Table 1; all P-values
of the #-test < 0.001). The weight—length relation showed
that there were no significant differences between males
and females (ANCOVA, P =0.151).

Otoliths. Fish total lengths (TL) were significantly
correlatedwiththeweightsoftheright-(W =1.64.10*TL*"";
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Table 1

Parameters of the length—weight relations for Phycis blennoides in the Gulf of Tunis

a b SE, n r? P Growth type
Males 13.10* 3.674 0.123 70 0.908 0.00 A+
Females 22.10* 3.409 0.047 345 0.936 0.00 A+
Total 19.10* 3.460 0.045 496 0.929 0.00 A+

a = intercept, b = slope, SE, = standard error of b, n = sample size, r° = coefficient of determination, P = P-value of the t-test (H; b = 3),

A+ = positive allometry.

n = 409; » = 0.624; P < 0.05) and left otolith (W =
1.61.10*TL*%; n = 409; 12 = 0.844; P < 0.05), and there
were no significant differences between right and left
otoliths (ANCOVA, P = 0.832; for the total sample, W =
1.50.10*TL*?%; n = 818; 2 = 0.702) (Fig. 2).

Age and growth. Opaque and hyaline zones were
detectable in the otoliths of both axes, and they were
clearest in the dorsal area of the otolith. The majority of
the otoliths showed several check rings and double bands
in the ventral area (Fig. 3). Marginal increments were
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Fig. 1. Length—frequency distribution of males, females,
and immature individuals of Phycis blennoides acquired
from the Gulf of Tunis
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Fig. 2. Linear regression between total length and otolith
weight (W) of Phycis blennoides from the Gulf of Tunis

measured for males and females. Yearly, only one annulus
appeared between August and December (Fig. 4).

The age—length relation was determined from the age—

length key (Table 2). Age estimates ranged from 0 to 6
years. Female (n = 342) and male (n = 67) growth was
higher during the first 2 years, until about 37 cm TL for
females and 36 cm TL for males. The VBGF parameters
were calculated as TL_ = 57.17 cm, K = 0.193 - year !, ¢,
= —1.578 - year for females, and respectively 44.74 cm,
0.313 - year!, and —1.210 - year for males. The greater
forkbeard did not show sexual dimorphism in growth
(Hotelling’s 7? test; P > 0.05). For sex combined, the
parameters were 65.73 cm, 0.134-year! and —2.050 - year,
respectively. The minimum observed length was 17 cm
TL, corresponding to age 1 group; the maximum length
recorded for females (47 cm TL at 3 years) and males
(36 cm TL at 2 years). The growth performance index for
females (@' = 2.80 cm - year™') was similar to the value
calculated for males (@' =2.79 cm-year™); for both sexes,
the index of growth was 2.76 cm-year™.
Age-W  relation. The relations between otolith weight
(W) and age were significantly different between males
(W, = —-0.0846 + 0.2616 Age; r* = 0.832) and females
(W, =0.011 + 0.1718 Age; r* = 0.869) (ANCOVA, P =
0.008). The otolith weight of males grew then faster than
that of females (Fig. 5).

Nucleus

Demersal check ring

Fig. 3. Otolith section from a four-year old specimen of
Phycis blennoides from the Gulf of Tunis, showing the
demersal check and the annual rings (R1, R2, R3, R4);
A = anterior, P = posterior
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Table 2

Length frequency of individual length classes, age groups, and sexes of Phycis blennoides from the Gulf of Tunis

Number of fish
3 4 6
F M F M F M F M F M F M
Length [cm]

16

17 1 1

18 1 13 3

19 29 9

20 3 37 6

21 2 35 8

22 3 57 4

23 44 3 1

24 1 25 8 2

25 18 5 3

26 12 4 3

27 7 4 4 2

28 8 1 2 1

29 5 2 1 1

30 5 2 1

31 3 1 2

32 2

33 1 1

34 1 1

35 1 1

36 1 1 1

37 1

38 1 1
39 1

47 1

m 21 22.62 23 28.25  30.8 37 34 38.5 30 43
SE, 0.52 0.19 0.47 0.76 1.96 5.51 0.5

n 10 302 60 24 5 3 1 2 1 1

0,1,2,3,3,5, 6 =individual age groups, F = female, M = male, m = mean values of length, SE = standard error of m, n = sample size.
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DISCUSSION

Phycis blennoides is an economically important
species as the other Phycidae family members. However,
relatively little information is available for P. blennoides
length—weight relation and growth parameters in the
southern Mediterranean. The weight—length relation
parameters for P. blennoides from different areas are
given in Table 3. In Tunisia, the slope coefficient varied
between 3.41 and 3.67, showing a positive allometry for
both males and females. In the studies reported by other
authors (Table 3), the calculated values of b were generally
lower than those in Tunisia (2.78 to 3.27; we did not
consider the study of Filiz and Bilge (2004) because of the
low number of sampled fish). These lower values can be
explained by the smallest TL . : 4 to 12.3 vs. 16 to 17.3 in
Tunisia). In spite of the sampling effort, samples were not
representative for the entire population size range (small
individuals <16 cm TL as well as individuals >48 cm
TL not sampled), probably as a result of the fishing gear
selectivity and the natural scarceness of larger individuals
in the population. The parameters of the weight—length
relation can be useful as practical index of the condition
of fish (Mouine et al. 2010). Changes in fish shape,
range of size (juveniles, adults), physiological or
biological parameters, and environmental conditions,
can all influence the growth exponent b (Bolger and
Connolly 1989, Lester et al. 2004, Froese 2006).

Age estimation for Gadiformes presents some
difficulties due to otolith thickness, which in most of
the species requires special processing methods to allow
growth increment reading (Morales-Nin et al. 1998,
Deree 1999). The transversal section has also been
used to interpret the otoliths of the forkbeard, Phycis
phycis (Linnaeus, 1766), which present morphological
similarities, namely the thickness, the numerous check
rings, and the clearly distinguishable demersal check ring,

which, as reported for this species, may be associated with
a change in diet and/or environment from a pelagic to a
demersal habitat (Matarrese et al. 1998, Costa Abecasis
et al. 2009). Sectioning has been considered, in fact, as a
suitable technique for gadiform dense otoliths, allowing
faster and better study (Carpentier et al. 1991, Morales-
Nin 1992). Ageing greater forkbeard by interpreting
growth increment structures in otoliths appears to be a
valid method, since monthly proportion of the marginal
increment supports the hypothesis of annual growth
increment deposition, with highly dense material being
deposited during spring and summer months.

The otolith weight (W) is significantly correlated to
the fish length and to age. These relations can then allow
estimating fish length and fish age from otolith weight.
A relation between otolith weight, or dimension, and fish
length has been used in identifying prey size from stomach
content samples (Ross 2005, Bilge 2013). Such relation may
be particularly relevant to age determination of fish, such as
Gadiformes—in which otolith structures can be difficult to
interpret (Morales-Nin et al. 1998). Because the technique is
based solely on measurable parameters (the otolith weight),
it may also have advantages over traditional age reading,
including an amenability to data processing, standardization
of ageing criteria, and avoidance of subjective judgements
by the personnel involved (Pawson 1990).

The VBGF parameters estimated in this study for the
greater forkbeard, Phycis blennoides, showed a relatively
slow growth. The greater forkbeard did not show sexual
dimorphism in growth, even though differences in growth
between sexes are a common feature among related
Phycidae such as Phycis phycis (see Casas and Pifieiro
2000). The estimated TL_ for females and males, and
for combined sex were 57.17, 44.74, and 65.73 cm,
respectively. The TL_ and TL__ reported by other authors
for females were greater than those for males and confirm

Table 3
Parameters of the length—weight relation of Phycis blennoides by author and study area
Area Sex n min L b SE I Reference
[em] [em] b

North Aegean Sea (Greece) T 505 6.4 50 3.23 — 0.97  Stergiou and Moutopoulos

T 532 6.4 46.4 3.19 — 0.97 2001
North-eastern Atlantic T 178 — — 3.23 — — Pérez and Contreras 1995
Balearic Islands T 343 5.5 53.8 3.27 — 0.99  Merellaet al. 1997
Western Mediterranean T 189 4 42 2.97 0.215 0.96  Morey et al. 2003
Northern Aegean Sea T 12 12.3 15 3.55 — 0.89  Filiz and Bilge 2004
(Turkey)
Portuguese west coasts T 39 17.3 55.5 2.84 — 0.94  Mendes et al. 2004
Strait of Sicily M — — — 2.81-2.91 — — Ragonese et al. 2004

F — — — 2.78-2.85 — —

T — 5 54 — — —
Gulf of Cadiz T 51 8.6 47.8 3.01 — 0.97  Torres et al. 2012
Gulf of Tunis M 70 17.3 35.5 3.67 0.123 0.90  Presently reported study

F 345 16.9 47.7 3.41 0.047 0.94

T 496 16.0 47.7 3.46 0.045 0.93

n = simple size, TL = total length (minimum or maximum), b = slope,
M = males, F = females, T = total (both sexes).

SE, = standard error of the slope b, 7* = coefficient of determination,
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the dimorphism in size (females larger than males), with
sex ratios weighted in favour of males as it is frequently
reported for gadiforms (see Rotllant et al. 2002). This can
be explained because many slope-dwelling fish females
become mature when they are reaching their maximum
total length and then somatic growth slows down (Gordon
et al. 1995). The lengths reported for Tunisia are lesser
than those reported by Casas and Pifieiro (2000) or Cohen
et al. (1990): 112.7 cm (TL_; all samples) and 110 cm
(TL_, ), respectively. The L_ estimated for sexes combined
(65.73 cm) is rather in agreement with the asymptotic
length reported by Petrakis and Papaconstantinou (1992):
65.8 cm (Table 4). These variations in asymptotic size are
essentially the result of differences in sampling sizes and
size composition of populations. In fact, growth model
estimates are strongly affected by the lack of very young
or old individuals (Mouine-Ouesleti et al. 2015). The
maximum age observed in the presently reported study
was 6 years. Phycis blennoides of the Gulf of Tunis has
a smaller longevity than on the north and northwest of
the Iberian Peninsula (Casas and Pifieiro 2000) and on
the Strait of Sicily (Fiorentino et al. 2003, Ragonese et al.
2004). Differences observed can be due to the different
population size structures or even different fishing
pressures in these areas. The absence of 5 years specimens
is probably due to the limited sampling of both small
and large individuals in the presently reported study. The
value of growth performance index (@') indicates a lower
growth in Tunisia than Strait of Sicily and northwest of
the Iberian Peninsula (Table 4). Geographic location and
some environmental condition, such as the date and time
of capture, index of condition, disease and parasites loads
can affect age estimates (Bagenal and Tesch 1978).

Study of cross-sectioned otoliths of Phycis blennoides
from of the Tunisian coast shows that greater forkbeard
grow rapidly during the first two years of life, after which the
growth slows down. Fish growth can be influenced by biotic
factors related to the genotype or physiological condition
of the fish, by abiotic factors, or by a combination of the
two. Nothing being known on this issue for P. blennoides;
clear conclusions cannot be made regarding the relative

importance of environmental and genetic factors on the
growth rate variability observed in this study.

The greater forkbeard is a species regularly fished
along the coastal areas of the Tunisian coast. The
parameters reported in this study contribute to a better
knowledge of this species, but other parameters as total
and natural mortality have to be studied to propose a
rational management of the fishing stock in Tunisia.
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