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Background. The African armoured searobin, Peristedion cataphractum, is a medium sized, gregarious, demer-
sal fish distributed in the Eastern Atlantic and the Mediterranean Sea. Once considered abundant in all the
Mediterranean basins, nowadays the species represents an appreciable by-catch of bottom trawlers only in limit-
ed areas. The aim of the present was to perform a synthetic analysis of the distribution, abundance, and biologi-
cal traits of this poorly investigated species.

Materials and Methods. This paper is based on the information recovered from the available “grey” data sources
as well as on new original data gathered in 13 experimental bottom trawl surveys carried out off the southern
coasts of Sicily from 1994 to 2005. Data recovering and processing regarded distribution, abundance, sex ratio,
maturity condition, length structure, and its evolution in time, and growth estimation.

Results. The specimens of P. cataphractum were present in all investigated areas, with highest abundance in the
eastern grounds, between 50 and 800 m, showing a preference for the upper slope (201-500 m). Sexed specimens
were almost equally distributed between females and males (overall sex ratio, Sr, between 0.49 and 0.54).
Recruits (80—130 mm total length, TL) occurred continuously from September to March, with a peak from late
December thru March. The size at onset of sexual maturity (L, at 50%) was achieved at 191 and 212 mm for
females and males, respectively. Growth was evaluated (sex combined) by applying length based methods
(LBMs); up five significant modal components were evidenced, the first 2-3 well distinguished. Two sets of the
special von Bertalanffy function were derived reflecting juveniles/adult (L., = 380 mm, Ky ' = 0.34 and tyy=-0.76)

and adults (L, =313 mm, Ky ' = 0.28 and tgy = —0.99) growth trajectories.
Conclusion. The review performed in the frames of the presently reported study helped to propose a plausible
life history of the investigated stock.

Keywords: African armoured searobin, Peristedion cataphractum, bottom trawl surveys, distribution, biological
traits, growth, Mediterranean Sea, Sicily

INTRODUCTION

The African armoured searobin, Peristedion cat-
aphractum L., 1758, which derives its specific name from
the Greek cataphractos (covered with an armour), is one
among the twenty-two valid species of its genus distrib-
uted in tropical and sub tropical deep waters worldwide
(Heemstra 1975, Hureau 1986, Myers et al. 2008, Froese

and Pauly 2009). The only representative of its genus in
the Mediterranean Sea (Quignard and Tomasini 2000), the
African armoured searobin is a medium sized (usually
200-300 mm, maximum 400 mm TL), gregarious, demer-
sal fish distributed in the Eastern Atlantic (from the British
Isles to Angola) and the Mediterranean Sea. It occurs
preferably on muddy bottoms of the shelf, 30-200 m,
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and upper slope, 201-700 m, occasionally on deeper (848 m)
waters (Bauchot and Pras 1980, Mytilineou et al. 2004,
Froese and Pauly 2009). Close to triglids (to which the
species was included for long time), the African armoured
searobin is now assigned to the family Peristedidae, given
the heavy scales covering almost all the body, the long
“rostra” (two expansions of the preorbital bones forming
a sort of shovel), only two free rays in the pectoral fins,
tufts of mandibular tactile barbels, and the lack of tongue.
Beside some variability in body proportions (such as the
longer rostrum in juveniles males; Mufioz-Chapuli and
Blasco-Ruiz 1980), clear evidences of sexual dimorphism
are limited in the adult specimens (larger than 140—150 mm)
mainly regarding the thin extensions of the first six rays of
the 1st dorsal fin and a darkish band on the anal fin in males
(Tortonese 1975, Muiloz Chapuli and Blasco Ruiz 1981,
Pizzicori et al. 1995, Pizzicori unpublished™).

Although the African armoured searobin possessed swim
bladder and able to swim in the water column (Bini 1969), it
likely prefers to stay and walk on the bottom with its free
pectoral fin rays. It uses the rostrum to root in the sedi-
ment since infaunal organisms like Crustaceans (mainly
Mysidacea, such as Lophogaster sp.) and Mollusca were
common dietary items. Once considered abundant in all
the Mediterranean basins (Baudorel 1948, Bini 1969,
Tortonese 1975), nowadays the species represents an
appreciable by-catch of bottom trawlers only in limited
areas. As other congeners (cf. Lekshmy-Nair et al. 1989),
the meat has been quite appreciated since long time
(Baudorel 1948) and recipe are presented in cook books,
but since the handling difficulties, the species is general
found only in local market. Scanty published information
exists on this species (Table 1): eggs and larvae
(Doderlein 1879, Emery 1886, Sparta 1947), general fea-
tures (Tortonese 1975) and growth estimations
(Mytilineou et al. 2004). As concerns the area off the
southern coasts of Sicily, the African armoured searobin
was historically considered as a common widespread find-
ings and most recurrent catch (Bourgois and Farina 1961,
Arena unpublished™), whereas Pizzicori et al. (1995),
highlighted higher concentration in the eastern side of the
area. Only a preliminary study of the Sicilian stock is
available after both grey (Pizzicori unpublished*) and
published (Pizzicori et al. 1995) contributes. Aim of the
present study is performing a synthetic analysis of the dis-
tribution, abundance and biological traits of this poorly
investigated species by using both recovered grey data
and direct collected information.

MATERIAL AND METHODS

Study area and sampling design. The study area
covers about 100 000 km? and is located between the
southern coasts of Sicily and the northern coasts of
Tunisia and Libya (Fig. 1). Morphologically, it comprises

different morphologic units: continental shelf and slope,
seamounts (“guyots”), and “banks” (Arena unpub-
lished**). The slope shape is extremely irregular, incised
by many canyons, trenches, and steep declines.
Hydrological pattern of the depth interval explored by
both commercial fisheries and trawl surveys (10-800 m),
three main water layers are traditionally recognized
(according to Sarda et al. 2004):

a) The Atlantic (AW; down to 50—-100 m or to 150-250 m,
depending on locations) with a minimum water tempera-
ture of 14—15 °C in winter;

b) The Levantine (LW; down to 500-700 m), where
the temperature goes down to about 13—14 °C); and

¢) A deep transitional layer (below 600—-700 m; 12.8 °C).

The most striking recent modification consists in the
invasion of the so-called Transitional Eastern
Mediterranean Deep water (TEMDW or EMTW), a slight-
ly warmer (13.5°C) and much denser body of water, orig-
inated some years ago in the Eastern Mediterranean
(Briand 2000). Average sea water temperature at the bot-
tom, gathered by minilog during the most recent surveys
(Ragonese et al. 2008), denoted homogeneity
(13.8-14.8°C) at bottoms below 100 m, whereas a posi-
tive W—E gradient characterized the surface layers.

Data source and samples processing. Distribution,
abundance, and biological traits of the African armoured
searobin were based on the analysis of both official and
grey literature information. In particular, data were recov-
ered from old archives or unpublished report (Pizzicori
unpublished”), or directly gathered within bottom trawl sur-
veys carried out between 1994 and 2005 (Table 2) off the
southern coasts of Sicily (Levi et al. 1998). A depth-strati-
fied sampling design was adopted; five depth strata (limits
in meters) were identified: 10-50 (code A), 50-100 (B),
100-200 (C), 200-500 (D), and 500-800 (E). The sam-
pling hauls were randomly allocated within the strata
according to an area-proportional criterion (Table 2).

Samplings were always been conducted with the same
vessel, a commercial stern trawler harbored in Mazara,
the M/T SANT” ANNA (32.2 m length overall; powered
with a 736-kW engine). The gear employs rectangular
wooden boards and 20 mm-diamond stretched mesh size
codend; the vertical opening is ca. 0.6—1.3 m.

Daytime (30 minutes before dawn and after dusk)
hauls lasting 0.5-1 h was performed. The haul catch, once
on the deck, was sorted for the African armoured searobin
and overall abundance in weight and number recorded on
board. The corresponding biological material was proper-
ly packed in plastic boxes, and frozen at —40 °C. In labo-
ratory, each sampled specimen was defrosted overnight,
measured (TL, mm), and dissected in order to expose the
internal body cavity and evaluate macroscopically (i.c., by
naked eye) the gender (females, males, and unsexed).
Specimens were classified in five macroscopic maturity

* Pizzicori P. 1993. Determinazione dell’eta, riproduzione e distribuzione nel canale di Sicilia del pesce forca (Peristedion cataphractum L, 1758). [Age estimation, reproduc-
tion and distribution of the Africal armoured searobin (Peristedion cataphractum L, 1758).] (unpublished) Dissertation, University of La Sapienza, Roma, Italy. [In Italian.]
** Arena P. 1985. Studio sulla possibilita di razionalizzare e rendere pitl produttiva la pesca a strascico nel Canale di Sicilia e nel Mediterraneo Centro — Meridionale. ESPI,
Palermo[On the possibility to razionalize and make more productive trawling in the Strait of Sicily and in the South-Central Mediterranean Sea] (mimeo). [In Italian.]
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Table 1

Synopsis of the avialble information concerning Peristedion cataphractum

Parameter Value Reference
Egg diameter [mm] 1.52 Sparta 1947
Embryonic span [days] 2-3 Sparta 1947
Hatching size [mm] 4 Sparta 1947
Duration of larval period [months] Few Sparta 1947
Length of pelagic to benthic transition stage 40-70 Doderlein 1879
(trigloid or littoral) [mm] Emery 1886
Length of post larval stage
(scorpenoid or pelagic) [mm] 15 Emery 1886

49-733 Pizzicori et al. 1995
Depth range [m]

down to 800 Froese and Pauly 2009

Preferential depth range [m] 200-500 Pizzicori et al. 1995

Recruitment season (size range) [mm]

Juveniles/youngest of the year
(TL = 90-150mm) main location

Maximum size range [mm]
Sex ratio [F / M + F]

GI, Gonadosomatic Index (F; GW/EW; %)
Max GI at size class (F)

Gonads maturing/ripening

Spawning

Minimum size at sexual maturity [F; mm] 220 Pizzicori et al. 1995
Adulthood size in males [mm] > 150 Pizzicori et al. 1995
b>3; max b =3.4, in spring Pizzicori et al. 1995
L—W relation (F) b=3.03 Merella et al. 1997
b=2.97 Filiz and Bilge 2004
LR (rostrum excluded) L relation Linear Pizzicori et al. 1995
Growth, special VBGF; Eastern Ionian Sea L= 384;1:1[3;11%%;: 0.182; Mytilineou et al. 2004
) .

Start in Summer (45-52) peak in
autumn (65-75) completed in winter

Pizzicori et al. 1995

(84-103)
300-400 m NW Malta Island Pizzicori et al. 1995
310400 Pizzicori et al. 1995
0.54 Pizzicori et al. 1995

0.36 (winter)—0.55 (autumn)
3.22 (spring)—7.42 (summer)

146% at 270 mm

Pizzicori et al. 1995

Pizzicori et al. 1995
Tortonese 1975

Spring Pizzicori et al. 1995
Summer Tortonese 1975
Summer Pizzicori et al. 1995

Summer—Autumn

Mytilineou et al. 2004

F = females; M = males; GW = gonad weight; EW = eviscerated body weight; L—I¥ = length—weight; b = allometric coeffi-
cient; LR = rostrum excluded body length; L = total body length; L., = asymptotic total length; Ky~!: growth curvature param-

eter; ¢, : theoretical age when total length of fish is zero.

stages as follows: lst—immature; 2nd—imma-
ture/developing or recovering; 3rd—maturing; 4th—fully
mature; and Sth—spent or resting (Holden and Raitt 1974).

Data recovering and processing. Data recovering
(1994-1998) and processing (2000-2005) regarded distri-
bution, abundance, sex ratio, maturity condition, length
structure, and its evolution in time, and growth estimation.

Abundance Index (AI), mean Density Index (DI =7 - km 2;
n: number of specimens) and Biomass Index (BI = kg - km™2),
were estimated (for each stratum and overall area) accord-
ing to the swept-area principle (Gunderson 1993).
Frequency of occurrence (f) was also computed as percent-
age of positive hauls (presence of at least 1 specimen). The

temporal correlation in Al was evaluated (P < 0.05) by
computing the Spearman non-parametric rank coefficient
(ry) after log, transformation.

The DI by haul were interpolated and mapped for the
whole population in order to get an idea of stock spatial het-
erogeneity. In particular, the GIS software ArcMap™ 9.0
(ESRI, Environmental Systems Research Institute
Inc. 2004) was used to implement an “exact interpolator”
procedure (IDW, Inverse Distance Weighting) to render
back the exact value (or real value) in every sample site
of the studied area and supply an estimation based on the
average distance weighting for the other zones of the
studied area.
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The relation between length and depth was also
investigated. Minimum, maximum, and median lengths
were calculated by depth interval (50 meters each) and
graphically represented by box plots. To test the correla-
tion between median length and depth, a Spearman test
was applied.

The sex ratio (Sr), overall and by length class, was
defined as the proportion of females () on the total sexed
individuals (¥ + M). For the African armoured searobin,
Sr around 0.5 is expected (Pizzicori et al. 1995,
Mytilineou et al. 2004), hence data were not arc-sin trans-
formed and variance was computed as follows:

Sr-(1-Sr)
(F+M)

The significance of the difference between the esti-
mated and expected Sr were evaluated according to a y?
test (with 1 degree of freedom).

Maturity structure was analyzed according to the box
plot representation (medians by maturity stages), whereas a
“size at the onset of sexual maturity” (SOM), herein defined
as L,,, was derived according to the logistic approach;

_ 1
l+exp-g '(Lk - Lmso%)

Var (Sr) =

pak

where p, represents the proportion of the mature/adults
specimens (from 2nd to 5th stage) in length class &, g is
the steepness parameter, and L, 59, denotes the L, at 50%.

HOTE 1ZTTE 120
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A simple non-weighed least square regression was imple-
mented as fitting procedure.

As concerns the length based analysis, individual
lengths were combined by survey-time period in 10 mm
class width and the resulting length frequency distribution
(LFD) derived and converted in “FAO-ICLARM Stock
Assessment Tools” (FiISAT-II; Gayanilo et al. 2005) and
LFDA 5 (Hoggarth et al. 2006) files.

The published growth parameters (Pizzicori et al. 1995,
Mytilineou et al. 2004) were referred to sex combined,
hence F + M + Unsexed LFD were employed thru the
contribute. To get an idea of the likely incidence of the
sexual dimorphism in LFD shape and likely growth dif-
ferential, a Kolmogorov—Smirnov (K-S) test was applied
on the surveys gathered between 2000-2005 (where sexes
were directly registered). The K-S test revealed signifi-
cant (P < 0.05) sex effect only in the last year; conse-
quently, sex combined LFD were further maintained for
growth analysis.

Regards the direct LFD fit, a proper standard chrono-
logical time (0 < ¢ <1 plus 1 for successive years) was
assigned to each LFD on the base of the LFDA 5 proce-
dure (days elapsed from January 1 to median survey
day/365 days). Within FiSAT II, the LFD were firstly
analyzed to get an estimate of L,,,,, based on the theory of
extreme values and independent of any deterministic
growth model (Formacion et al. 1991). Secondly, the nor-
mal components of LFD were individuated (MPA proce-
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Fig. 1. The study area off the southern coasts of Sicily; spatial representation of the Density Index (DI = n - km™2);

of Peristedion cataphractum
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dures in FiSAT) following the method of Bhattacharya
(1967); in particular, the LFD were analyzed to figure out
the Representative-Well discriminated (RWd) groups,
herein defined as those including an arbitrarily fraction of
sample size (at least 10% in the specific case) and with
a separation index, SI, higher than 2.1 (2 is the minimum
requirement to allow an objective separation of two adja-
cent groups; Rosenberg and Beddington, 1988).
Smoothing (x3) was performed only when observed LFD
presented a high irregular shape.

A putative age (years) was assigned at each groups on
the base of an overall interpretation of the species biolog-
ical information (literature and ancillary results derived in
the present contribute). The great Mean modal lengths by
age class, and corresponding standard error, of the RWd
were hence tabulated.

The von Bertalanffy Growth Function (VBGF) was fit
to the size at age data derived after the Bhattacharya appli-
cation in order to identify objective seed values to be used
within the LFDA 5 package; in particular, the software
allows exploring the suitability of both a) non seasonal-spe-
cial (3 parameters; Pauly 1984) and b) seasonal (5 parame-
ters; Hoenig and Hanumara 1982) VBGF (see below).

Ly=L, [l —exp— K(t-1))]

where L, is the length at age ¢, L, is the maximum (asymp-
totic) length, K is a measure of the growth rate (the rate at
which L, is approached) and ¢, is the theoretical age at
zero length. It is worth remarking that two scenarios have
been proposed in fisheries literature for the relations
between L, and L, i.e., Ly, / L4 ~ 1.05 (for fish not
exceeding 500 mm; Pauly 1984) and L., / L, < 1 (con-
sidering L., under a probability density function, pdf, cri-
terion; Francis 1995).
The seasonal parameterization of the VBGF was:

et o [ (G5 s -0

where L, L, K, and ¢, are as above, and C and ¢, fix
the amplitude and position of the seasonality, respective-
ly; the ¢; parameter is related to the moment in which
growth starts slowing down and is related to the Winter
Point by WP = ¢, + 0.5 (Pauly 1984).

The Shepherd’s Length Composition Analysis
(SLCA, Shepherd 1987; special VBGF) and the projec-
tion matrix method (PROJMAT, Rosenberg et al. 1986,
both special and seasonal VBGF) were implemented start-
ing from two seed values sets reflecting the range of val-
ues derived by literature, the MPA results and the average
of the L,,,, intervals derived in the present contribute.

The best model was established on the base of the
LFDA score function, which measures the goodness of fit
of the length frequency distributions for each combination
of von Bertalanffy parameters. The higher value of the
score function—i.e., the better the goodness of fit—the
more consistent that set of von Bertalanffy parameters is
with the data.

* see footnote *on page 114

Given the paucity of data for the species, a comparison
with other Mediterranean searobins was performed pro-
ducing a synoptic table and an auximetric grid (Froese and
Pauly 2009) in order to judge the coherence among pres-
ent and other data. In particular, the synopsis was based on
the information gathered from Marano et al. 1999, Voliani
et al. 2000, ilhan and Togulga 2007, Cicek et al. 2008,
Boudaya et al. 2008, Froese and Pauly 2009, Ragonese
and Bianchini 2010.

RESULTS

Distribution and abundance. The African armoured
searobin occurred thru the whole investigated area,
although showing a marked preference for the eastern
sector (1). The species was never and occasionally sam-
pled between 10-50 m and 50-100 m, respectively. The
African armoured searobin occurred almost regularly in
the outermost shelf edge (100200 m), and preferentially
in the upper slope bottoms (200-800 m). The highest
abundance were observed between 200—500 m (f'= 90%;
DI = 343; BI = 22). The temporal evolution of the over-
all (all strata combined) survey mean Abundance Indexes
(DI = n - km™2 and BI = kg - km™2), for both recovered
and registered data (Fig. 2), showed an almost linear and
not significant trend (= 0.04 and 0.02 for DI and BI,
respectively).

The box plot representation of size at different depths
(Fig. 3) showed a slight decrease from the shelf break
(100200 m) until 350 m followed by stability in the
deeper waters. Linear interpolation of the median size vs.
depth (r= 0.204) confirmed the lack of any significant
depth-size effect.

Sex ratio, size at maturity stages, and maturity
condition. The analysis confirmed that sex can be clearly
macroscopically distinguishable above 120—140 mm TL.
The Sr ranged between 0.48 and 0.78 (Pizzicori unpub-
lished”) and 0.38 and 0.81 (original data). The overall
estimations resulted 0.54 and 0.49 respectively for grey
and direct data (Table 3). In general and when the sample
size is large, the Sr departed slightly from the expected Sr
of 0.5; however, differences from 0.5 resulted significant
for both the grey (y*= 20.1) and the direct estimation (with
the exception of 2004 survey). On the contrary, no size
effect resulted by analyzing Sr vs. size class (= 0.273).

As concerns the consistence of different maturity stages,
females were 53% immature, 24% immature developing or
recovering, 9% maturing, 3% fully mature, and only 1%
spent or resting. A similar pattern resulted in males: 34%
were immature, 27% immature developing or recovering,
14% maturing, 19% fully mature, and 6% spent or resting.

As concern the box plot representation of size at dif-
ferent macroscopic stages, in general adult stages (2 to 5)
show close medians and higher than the 1st stage (Fig. 4).
Slight discrepancy was detected comparing both males
and females; in particular, adult male’s medians (200-240
mm) were higher than adult females (200230 mm). The
same phenomenon was detected between juvenile males
(190 mm) and juvenile females (170 mm).
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Fig. 3. Overall (all years combined) length (median total length) by depth interval of Peristedion cataphractum

Females and males reached sexual maturity at 191 and
212 mm (Fig. 5), respectively. A slight precocious matu-
rity in females was observed.

Length frequency distribution, its evolution in time
and LFD based growth. The size of the specimens
ranged from 40 to 330 mm TL revealing a LFD shape
close to the C typology proposed by Gulland and
Rosenberg (1992): modes well distinguished among the
smaller size classes, reflecting discrete recruitment
(although not each mode necessarily representing an
annual cohort), and then merged at older ages (Fig. 6).
Although the typology is maintained between seasonal
surveys, it is worth remarking that the recruits component
is more evident and completed in spring making autumn
surveys less representative of the whole stock structure.

Implementing the FiSAT procedures, L, estimations fall
between 344 and 355 mm whereas the Bhattacharya analysis
allowed the identification of up to 5 modal groups. On the base
of the short embryo phase (2-3 days), few months of larval
phase (Sparta 1947) and the summer spawning peak reported
for the investigated stock (Table 1), the spring modal compo-
nents around 120-130 mm should correspond to about 7—8
months of age, hence the putative age classes assigned ranged
between 0.5 and 4.5 years (Table 4). Size at age fit integrated
with the literature data allowed the identification of two sets of
seed values for the LFDA procedures, corresponding to
a“faster” (310 ~ L, ~ 380 mm; 0.20 ~ K ~ 0.34) and “slower”
(430 ~ Loo ~ 470 mm; 0.14 ~ K ~ 0.2) growth scenario.

The LSCA routine resulted in growth performance
and index of fit better than those obtained with the



Distribution and biology of the African armoured searobin

119

350 +

(o] o] L

(=1 a (=1

o o o

Il Il Il
T

—

1

o
Il
T

Total length [mm]

(=]

o
Il
T

v
o
Il
t

o

Females

L L

350

300 +

Total length [mm]

— — (] [ o
o i Q i
o o o o
Il 1 } Il

La
o
Il
t

o

2 3 4 5
Marurity stage
Males

H

-

Marurity stage

Fig. 4. Overall (years combined) total length structure by maturity stage (according to Holden and Raitt 1974) for
females and males of Peristedion cataphractum; Asterisks indicate outliers

Females
o

1.00 0

) /

[ [

£ 075

:_f_J'

Z 050

< 1

b= 1exp(-0 090241 190.847))

2025

=]

&

0.00 — ; ; . : . ! ;
100 120 140 160 130 200 220 240 260 230 300 320

Length class [TL; mm]

1.00 Males /

2 A

075 /

e

E

2 050

g 1

g 9 1+exp(-0.0825%(1;: 211 868))

5025

oy

0.00 ; . . ' . y . :

100 120 140 160 180 200 220 240 260 0 30 30

Length class [TL.; mm|

Fig. 5. Overall (years combined) proportions of mature/adults specimens by size class for Peristedion cataphractum

females and males with over imposed the logistic fit and corresponding estimated coefficients

* see footnote * on page 114
** see footnote ** on page 114



120

Bottari et al.

Projmat and Elefan procedures; the LSCA cannot be used
for the seasonal version, but Projmat has revealed almost
no gain in applying seasonal instead of the classic VBGF.
The scores were more or less the same with the complica-
tion of more parameters to be included.

Hence the special von Bertalanffy growth function
was chosen resulting in estimations of L,, = 380 mm,
K =0.34, and ¢, = —0.764 in the 1994-1998 time series
and L, = 313 mm, K = 0.285, and 7, = —0.989 in the
2000-2005 time series (Fig. 7), the former set showing
a score quite higher than the second set (Table 5).

DISCUSSION

In the presently reported study we have supplied
areview of the available data about the distribution, abun-
dance and biological features of a poorly investigated
species, P. cataphractum in an area of the central
Mediterranean Sea.

Although any interpretation of present results is ham-
pered by the temporal discontinuity and sampling vari-
ability in data collection and scanty information available
for other conspecific stocks, some coherence is still
detectable (Table 6). First of all, the vertical distribution
between 50 and 800 m and the preference for the upper
slope (200-500 m) could be considered a characteristic
feature of the Mediterranean stocks.

More interesting appear the rarity in some geographical
areas and the highly asymmetric horizontal distribution
already highlighted by Pizzicori et al. (1995) for the present
stock, but also described at least for the Ionian populations
(abundant along the Hellas side but rare along the Ionian
coasts of Italy; Matarrese et al. 1996, Pizzicori et al. 1995).

Hydrological features do not seem to play a relevant
role since the preferential depth range is characterized by
a quite homoeothermic condition in Mediterranean Sea.

Table 2

Season and year of the sampling surveys carried out off
the southern coasts of Sicily from which Peristedion cat-
aphractum data were recovered (1994—1998) or directly
gathered (2000-2005); No survey was carried out in 1999

Survey No. .Of No. of
Season No. Year }\{ahd specimens
auls
Spring 1 1994 133 653
Autumn 2 1994 130 854
Spring 2 1995 127 556
Autumn 4 1995 123 1253
Autumn 5 1996 83 160
Autumn 6 1997 268 1296
Autumn 7 1998 266 984
Autumn 8 2000 86 604
Autumn 9 2001 92 1030
Autumn 10 2002 65 42
Autumn 11 2003 199 1464
Autumn 12 2004 172 609
Autumn 13 2005 170 2242

* see footnote ** on page 114
** see footnote * on page 114

Table 3
Sex ratio evolution by time for Peristedion
cataphractum, and corresponding > test results

Parameter 2000 2001 2002 2003 2004 2005 Total
No. of females 247 384 29 617 274 1328 2879
No. of males 356 637 7 843 299 908 3050
Sr 0.41 038 0.81 042 048 0.59 0.49
Variance Sr ~ 0.020 0.015 0.066 0.013 0.021 0.010 0.006
x2 value 19.7 627 134 350 1.1 789 49

x2 significance  * * * * ns * *

* = statistic significant y* (at P < 0.05); ns = not significant;
Sr = sex ratio.

Table 4
Great mean length (mm) at age class (year)

of Peristedion cataphractum (sex combined) according
to MPA analysis N denotes the number of groups

Age class 0.5 1.5 2.5 3.5 4.5
N 1 6 9 8 4
Great Mean 105.0 149.2 1923 2309 261.1
Standard error — 529 385 3.50 7.63
Table 5

Observed (ob) and estimated (es) maximum size (L),
and VBGF parameters of Peristedion cataphractum,
according to the length frequency distribution analysis
(FiSAT and SLCA — LFDA)

Surveys L ob L es [rﬁﬁl] K-1 -, Score
*1994-98 330 355 380 0.34 0.764 59.2
°2000-05 320 344 313 0.285 0.989 13.1

¢ slow growth trajectory;

* fast growth trajectory.

The edaphic factors (Pérés and Picard 1964), via bottom
typology and texture, could represent a more likely influ-
encing factor given the specialist feeding pattern of the
species, but no specific data exist to corroborate this
hypothesis. Instead, fishing intensity could play an
important role. As the other large sized triglids, the
species appears quite sensible to fishing pressure and the
rarity in some areas might reflect the interaction between
poor bottom quality and higher fishing intensity. In par-
ticular, the old reports (Bourgois and Farina 1961, Arena
unpublished”), the fishermen anecdotes (cf. Pizzicori et
al. 1995) and the higher catch rates (up 500 specimens
and 21 kg in 1 hour trawling) obtained on the western
side of the investigated area in the first surveys realized
in 1985 (Pizzicori unpublished™™) tend to suggest a previ-
ous wider horizontal abundance of the species. Further, it
is worth noting how the present higher abundance zone
on the eastern sector is located next to the Maltese exclu-
sive fishing zone (MEFZ), where bottom trawling is lim-
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Fig. 6. Length frequency distributions by season (all depths) of Peristedion cataphractum (both sexes combined)

ited (or almost nihil) and fishing impact is considered
less than the contiguous areas (Gristina et al. 2006,
Dimech et al. 2008).

As regard the depth wvertical distribution and
depth—length relation, present results tend to confirm that
both recruits/juveniles and adults share the preferential

depth range of 200-500 m although juveniles show
a slight preference for the outer shelf and upper slope
(around 200-300 m; Pizzicori et al. 1995). Similarly to the
other large sized Mediterranean searobin (Table 6), the
upper and lower depth limits might be individuated around
50 and 900 m, respectively. Unfortunately, no specific
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comparison can be done for the depth—size relation, but
among the other searobins it has been reported for 3 species
(Chelidonichthys Ilucernus, C. obscurus and Lepidotrigla
cavillone) (Papaconstantinou 1982, Campillo 1992,
Colloca et al. 1997, Faltas and Abdallah 1997, Serena
etal. 1998, Marano et al. 1999, Voliani et al. 2000, Ceriola
et al. 2004, ismen et al. 2004, Eryilmaz and Meri¢ 2005,

Ugkun 2005 , ilhan and Togulga 2007, Boudaya et al. 2008,
Cicek et al. 2008, Froese and Pauly 2009, Ragonese and
Bianchini 2010).

Sexual differentiation represents another matter of dis-
cussion, but also for this aspect both grey literature
(Pizzicori unpublished*) and published data (Pizzicori
et al. 1995, Mytilineou et al. 2004) indicate an overall
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similarity in the morphometric and reproductive features.
First of all, the sex ratio fluctuates around 0.5 according
to the season and the location, a pattern quite similar to
other triglids (Table 6 and Papaconstantinou 1981, 1983).
Further, neither sex ratio-size relation nor difference in
maturity stages have been detected (Pizzicori et al. 1995,
Mytilineou et al. 2004). For the other aspects, Pizzicori
(unpublished*) reported quite similar general allometric
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coefficients ranges, with some effects due to the matching
with the reproductive pattern:

a) total vs. rostrum length (0.888-0.918 in females and
0.878-0.905 in males), with only a slight higher slope in
adult females possess a longer rostrum than males at
a given size (cf. Mufioz Chapuli and Blasco Ruiz 1980);

b) otolith sagitta length vs. body length (0.017 in females
and 0.016 in males), without sex related differences;
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Fig. 8. Auximetric plot (sex combined) to compare Peristedion cataphractum stocks with the other Mediterranean
searobins average estimations (see Table 6 for the details) The data for Peristedion cataphractum are from

Table 1 (*) and 5 (° = slow and * = fast)

Table 6
Synopsis of the basic life history features of the Mediterranean searobins stocks
Depth [m] length [cm)] . Loo k 13
Mediterranean Stocks | [é‘g] Sr Reclr;él;kment SGd n ’ References
range l;;l;?( usual max [em] [/y] [y]
Aspitrigla cuculus (L.) 15400 200 N 25 50 18 1 S, A N 4 277 046 -04 2,5,13,16
Trigloporus lastoviza .
(Bonnaterre, 1788) 20-240 150 N 20 40 20 [I;<I Sp, S nd 3 362 025 -09 2,817
Chelidonichthys 1.3, 4.7,
i 50-300 200 Y 50 83 1832 1;>1 A,W,Sp,S M>F 8 581 020 -12 8, 10,11,
lucerna (L.) 19. 20
Chelidonichthys obscurus
(Walbaum, 1792) 10200 150 'Y 20 40 18 nd Sp-S nd nd 9
Eutrigla gurnardus (L.) 20400 200 N 40 60 1424 >1 Sp,S,A M>F nd 9
Lepidotrigla cavillone 2,5,12,
(Lacepéde, 1801) 30600 200 Y 15 20 812 1 S, W N 7 173 027 -15 15.18, 21
Lepidotrigla dieuzeidei
Blanc et Hureau, 1973 30600 200 N 15 20 12 nd S N I 175 0.69 -0 21
Trigla lyra L. 50-700 500 N 40 60 25-30 I;<I S,A N 3 612 016 -1.0 2,14,15

SDr = size—depth relations; N = not; Y = yes; L, = maximum sizes; L, = size at sexual maturity; Sr = sex ratio (F/total);
Sp = Spring; S = Summer; A = Autumn; W = Winter; SGd = sex related growth rate differential; M = males; F = females;
nd = no data; n = of VBGF set used; L., K, and ¢, average of the VBGF; Valid fish names according to Froese and Pauly
(2009) (may differ from those in cited references) References: 1 = Boudaya et al. 2008; 2 = Campillo 1992; 3 = Ceriola et al. 2004;
4 = Cicek et al. 2008; 5 = Colloca et al. 1997; 6 = Colloca et al. 2003; 7 = Eryilmaz L., Meri¢ 2005; 8 = Faltas and Abdallah 1997;
9 = Froese and Pauly 2009; 10 = flhan and Togulga 2007; 11 = Ismen et al. 2004; 12 = Marano et al. 1999; 13 = Marsan et
al. 1998; 14 = Papaconstantinou, 1981; 15 = Papaconstantinou 1982; 16 = Papaconstantinou 1983; 17 = Papaconstantinou 1986;
18 = Ragonese and Bianchini 2010; 19 = Serena et al. 1998; 20 = Ugkun 2005; 21 = Voliani et al. 2000.
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¢) whole body weigth—ungutted weight (0.842—0.920
in females and 0.912-0.942 in males), with a lower
somatic weight in females only in summer, a phenomenon
already described by Baron (1985) for Trigla lucerna;

d) length—weight relations (3.090-3.423 in females,
3.064-3.274 in males and 2.684-3.095 in indeterminate)
with again a seasonal effect in adult females which show
a better condition in spring summer.

The seasonal effect in the condition is maintained also
considering the relation derived on sex combined. The range
of the b allometric coefficient, in fact, was higher in
spring—summer (3.050-3.297) than autumn—winter
(2.812-3.160) surveys. That seasonal fluctuation might
explain the slight variation among published parameters:
2.970 and 3.030 for the north Aegean (Filiz and Bilge 2004)
and the Balearic Islands (Merella et al. 1997), respectively.

All these features along with the seasonal evolution of
the gonadosomatic index (in females; Pizzicori et al. 1995)
and consistence of the different macroscopic maturity
stages (in both sexes; Pizzicori et al. 1995, Mytilineou et
al. 2004) are in agreement with a prolonged matur-
ing/ripening period, and a spawning peak occurring in
spring—summer or summer—autumn depending on local
slight variation in population dynamic.

The logistic approach has evidenced a slight precocious
maturity in females (Z,, = 191 mm) than males (Z,, =212 mm),
maybe the only result in contrast with the general pattern
observed in triglids (Papaconstantinou 1984, Baron 1985,
McPhail et al. 2001, Boudaya et al. 2008). However, this
size differential in the African armoured searobin would
correspond to less than 1 year of age on the base of the aver-
age lengths at 2-3 years observed by Pizzicori et al. (1995)
(185225 mm; LBMs) and Mytilineou et al. (2004)
(176213 mm; otholits readings).

Regarding present VBGF estimations, it remains the
problem of the detected differences between the two data
sets analyzed. Given that the methodology employed is
the same, it is likely that the differential fit reflects the dif-
ferences in the samples in particular the fact that the more
recent autumn surveys do not cover the season where the
recruitment component is well defined and completed.
Consequently, the 1994—1998 estimations are likely more
representative as also supported by the high score, similari-
ty with the asymptic size in Mytilineou et al. (2004) estima-
tions and coherence with the other searobins (Fig. 8). Which
can be the interpretation of the lower L,, and K estimations
obtained in the 20002005 data sets? A plausible explana-
tion can be derived from the theoretical approach resumed
in Stamps et al. (1998), which consider the whole growth
curve of a given iteroparous and long living stock as the
resultant of two growth trajectory, the juvenile (with higher
L, and K) and the adults (with lower L, and K), whereas the
achievement of sexual maturity represent the discriminant
factor or discontinuity element. This approach might
explain some of the most recurrent problematic in growth
estimation among which the discrepancy between the
asymptotic and maximum ever recorded (or estimated)
length. In the present study, for example, these figures were:

313-380 (L), 344-355 (estimated L,,,,,), and 400 (L, ever)
mm. According to the Stamps approach, the largest very
rare specimens of Peristedion records (400 mm) may repre-
sent fish which have delayed or even skipped the achieve-
ment of sexual maturity maintain for longer time the juve-
nile curve trajectory. Further, recent evidences have shown
that occasional omission (skipping) of spawning in females
may occur more frequently than previously believed (cf.
Livingston et al. 1997) also representing an adaptive trait in
long living iteroparous fishes (Rideout et al. 2005).

Present review of the available data on Peristedion
cataphractum allows the suggestion of a plausible life his-
tory for Peristedion cataphractum as follows: eggs are
spawned from May to October; small sized recruits
(40-100 mm) occur continuously from September to
March, but the recruitment peak (i.e., youngest of the
year, YOY, component) is from late December through
March (80-130 mm), a season unfortunately rarely or
marginally covered by the Sicilian surveys. The YOY
grow up to 170-200 mm in summer followed by the other
two pulses which tend to merge in summer at about
150-160 mm and 110-130 mm, respectively, following
the juvenile’s growth trajectory. On the contrary, the
medium and large sized maturing and mature specimens
begin to follow the adult’s trajectory and tend to pile up in
the second preeminent component with modal length
comprised between 200220 mm. According to the bio-
logical or structural variability of the different surveys,
the second component may appear as one single or two-
three overlapping minor components and this pattern may
explain the VBGF differential between the two set of data
resulting in higher growth rate and asymptotic size when
YOY were sampled and the opposite when adults repre-
sent the main component. Synthetically, the growth rate
remains high (70-60 mm - year') till 1.5-2 years of age,
decreasing once sexual maturity is started and sexual
maturity achieved between 190-210 mm of length (L,,),
around 2-3 years of age (adults trajectory).

Although preliminary, it is worth noting how this
growth pattern appears quite coherent with the general
high plastic life history and average growth patterns of the
Mediterranean searobins, which likely reflects the neces-
sity to “match” the spawning and recruitment phases with
the best period of the preferred food availability (Colloca
et al. 2003).
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