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Background. Age determination is a basic step in understanding fish biology and dynamics of fish populations.
The only available data on the age and growth of argentine, Argentina sphyraena Linnaeus, 1758, a non-
commercially exploited species of the family Argentinidae, was published almost half a century ago. More recent
reports are limited to general biological characteristics of 4. sphyraena so the main goal of our study was to fill a
gap by investigating age and growth of the eastern Adriatic population of this fish.

Materials and methods. Samples of the argentine were collected in the eastern Adriatic Sea, during March
2011, using a bottom trawl. We analysed sagittal otolith morphology and morphometry; the age of each fish was
determined from the number of growth zones on otoliths and relations between the observed otolith age and
otolith morphometrics were constructed using a power model. Mean length-at-age was described using the von
Bertalanffy growth model.

Results. Sagittal otoliths of Argentina sphyraena displayed alternating opaque and translucent zones. The
maximum observed age was 3 years for both females and males. Females that were 2+ and 3+ years old were the
most numerous in the sampled population. The estimated values of the von Bertalanffy growth model parameters
were: L =17.57 cm; k = 0.40 year'; ¢, = —1.39 years. The age of the argentine can be best predicted from the
otolith thickness.

Conclusion. The maximum lengths and ages recorded in this study confirmed that in warmer southern latitudes,
Argentina sphyraena attains a smaller maximum size. It should be emphasized that the presented model described

the growth of fish ages 1-3 and therefore is probably representative only for younger age groups of argentine.
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INTRODUCTION

The argentine, Argentina sphyraena Linnaeus, 1758,
is a small marine nektobenthic species of the family
Argentinidae found in the eastern Atlantic, from the
northwest Norway to the northern Mauritania including
Iceland, Faroe Islands, and Shetland Islands, as well as
in the western Mediterranean (Halliday 1969c, Bilge
and Giilsahin 2014, Hartel and Orrell 2016). It has a
range typical of Mauritanian-Mediterranean-Boreal shelf
species, inhabiting depths down to 700 m (Halliday 1969c,
Mytilineou et al. 2005, Politou et al. 2008). It displays
shoaling behaviour during the night hours and individual
feeding movements during the daylight (Carpentieri et
al. 2005). This species of non-commercial importance is
usually caught as a bycatch in the commercial trawling
(Bilge and Giilsahin 2014).

Information on the population parameters of Argentina
sphyraena is scarce, as is the case for many other non-

commercially important species. The biology of this
fish was studied for the first time in the Clyde Sea area
(Scotland) from 1963 through 1966 (Halliday 1969a,
1969b, 1969c). These studies provided a detailed
analysis of distribution and population parameters of the
argentine, such as age, growth, length—weight relation,
annual condition cycle, mortality, reproduction, and
feeding. Other reports are limited to the general biological
characteristics of the species (Schmidt 1918, Poll 1953,
Cohen 1958, 1990, Muus and Nielsen 1999, Petri¢ et al.
2012, Bilge et al. 2014, Hartel and Orrell 2016) and the
data on the relation between sagittal otolith size and fish
size of the southern Aegean Sea population (Bilge and
Giilsahin 2014).

This study investigates the age and growth of the eastern
Adriatic population of the argentine in order to obtain
growth parameters and therefore provide better insight
into the life history of this species. This is particularly
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important because the only available data on the age and
growth of Argentina sphyraena was published almost half
a century ago (Halliday 1969a). In this study, fish age was
determined by counting annuli in sagittal otoliths and the
use of otolith morphometrics as an alternative method of
age estimation was evaluated.

MATERIALS AND METHODS

Samples of the argentine, Argentina sphyraena, were
collected with the commercial bottom trawl, during the
daytime in March 2011, at depths from 110 to 115 m.
The area sampled was the central eastern Adriatic Sea,
fishing zone G, between 43°22'49"N, 16°07'94"E and
43°12'62"'N, 16°18'63"E. Each fish was measured to the
nearest 0.1 cm total length (L) and weighed to the nearest
0.01 g (). Sex was determined by macroscopic analysis of
the gonads and sagittal otolith pairs were removed, cleaned,
and stored dry for later examination. Length frequency
distributions of females and males were compared using
the Kolmogorov—Smirnov two-sample test.

Prior to polishing, otoliths were photographed
with an Olympus DP-25 digital camera attached to
a stereomicroscope. Otolith length (L,) and breadth
(B,) were measured to the nearest 0.01 mm using Olympus
Cell* Imaging Software. Otolith length was defined as the
longest axis between anterior and posterior otolith edge
and the otolith breadth as a distance from dorsal to ventral
edge taken perpendicular to the length through the otolith
focus. Otolith thickness (7)) was measured using a digital
calliper with a precision of 0.01 mm and otolith weight
(W) was determined to the nearest 0.0001 g. Differences
between left and right otoliths were tested by paired #-test
and ANCOVA was used to test for differences in otolith
measures between the sexes. Relations between the fish
total length (or weight) and the otolith morphometrics
were constructed using the linear model.

The medial face of a single, randomly selected otolith
from each pair was polished and photographed with an
Olympus DP-25 digital camera attached to a stereo
microscope, with reflected light against a dark background.
We used images for the age reading because their quality
and ability to adjust contrast and brightness made it easier
to interpret zoning patterns. The age of each argentine
was determined from the number of annuli, knowing
that one transparent ring is deposited in their otoliths
each year (Halliday 1969a). Two readers carried out the
age estimation independently and the relative precision
between the two readings was estimated by the index of
mean percentage error (IMPE)" (Beamish and Fournier
1981) and the coefficient of variation (CV) (Chang 1982).
When the two age readings differed, both readers jointly
examined corresponding otolith photographs and agreed
on the correct age.

Length-at-age was described by the von Bertalanffy
growth model using a non-linear least-square procedure of
a Gauss—Newton algorithm. Once the age was determined
by counting annual rings, relations between observed

otolith age and otolith morphometrics (length, breadth,
thickness, and weight) were constructed using a power
model since it provided a better fit then the simple linear
model.

RESULTS
A total of 105 specimens of Argentina sphyraena were
collected for the age analysis, including 63 females, 28
males, and 14 individuals of undetermined sex (Table 1).
Total length of females and males ranged from 10.9 to
16.4 cm and from 8.9 to 13.5 cm, respectively. Length
frequency distributions were significantly different
between the sexes (Kolmogorov—Smirnov two-sample
test; P < 0.05), with females dominating in the > 14.0 cm
length classes (Fig. 1).
Table 1
Range of total length and weight of Argentina sphyraena
sampled in the eastern Adriatic

Total length [cm] Weight [g]
Sex
Range Mean+SD  Range  Mean+ SD
Females 10.9-16.4 13.65 +1.339 8.12-26.84 15.08 +4.439
Males 8.9-13.5 11.89+1.225 3.60-14.35 9.47+2.837
All 8.8-16.4 12.95+1.536 3.57-26.84 12.91 +4.692
specimens

SD = standard deviation.
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Fig. 1. Length structures of Argentina sphyraena females
and males sampled in the eastern Adriatic

Overall otolith shape of the argentine is pentagonal,
with irregular posterior and dorsal margins (Fig. 2A).
Anterior region is elongate while the posterior is round and
the ostium is shorter than cauda. No significant differences
in morphometric measures were found between left and
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right otoliths (paired #-test, P > 0.05 for all measures)
and between females and males (ANCOVA, P > 0.05
for all measures), so data were pooled for both sexes and
mean values for each otolith pair were used in the further
analyses (Table 2). A linear model described relations
between the fish total length (or weight) and otolith
morphometrics, with high coefficients of determination (>
0.580) (Table 3).

Sagittal otoliths displayed well-defined alternating
opaque and translucent zones (Fig. 2B). Two independent
readers successfully determined age in a way that both
readers estimated the same age for 57 fish (54.3%). For
43 fish (41.0%) age estimates differed by one year, and for
the remaining 5 fish (4.7%) by two years. The variability
indices IAPE and CV were 12.02% and 17.01%,
respectively. The maximum age observed was 3 years
for both females and males. Mean lengths (+ standard
deviation, SD) of one-year-old, two-year-old, and three-
year-old specimens were 10.87 +0.906 cm, 13.10 + 0.862
cm, and 14.58 + 0.989 cm, respectively. Females were
larger than males at all ages and dominant in age classes
2+ and 3+.

The von Bertalanffy growth parameters were
calculated for all specimens (Table 4). The growth curve
for observed lengths-at-age is shown in Fig. 3. Relations

Fig. 2. Sagittal otolith of Argentina sphyraena sampled
in the eastern Adriatic (the right otolith with anterior
region to the right and dorsal margin to the top (A); L, =
otolith length, B = otolith breadth); sagittal otolith of
the three-year-old Argentina sphyraena sampled in the
eastern Adriatic (B)

between otolith morphometrics and observed age are
presented in Table 5. A power model explained between
2% and 50% of the variation in age.

DISCUSSION

The maximum lengths and ages recorded in this study
were lower than the respective values reported for the
northern Iceland (27.7 cm standard length, Kotthaus and
Krefft 1957), Clyde Sea, Scotland (21.5 cm standard length
and 11 years, Halliday 1969a), or the Mediterranean (19.0
cm standard length, Lee 1963; and 18.1 cm total length,
Bilge and Giilsahin 2014). Observed differences among
populations may be due to the smaller maximum size of
Argentina sphyraena in the warmer southern latitudes
compared to those from the northern regions (Halliday

Table 2
Principal otolith parameters of Argentina sphyraena
sampled in the eastern Adriatic

Parameter Range Mean + SD
L, [mm] 2.82-4.98 4,10 £0.404
B, [mm] 1.76-3.48 2.76 £0.304
T, [mm] 0.45-0.85 0.62 +0.083

W, [g] 0.0057-0.0428 0.0246 £ 0.011

SD = standard deviation; L = otolith length, B = otolith breadth,
T, = otolith thickness, ¥, = otolith weight.

Table 3
Parameters of the linear regression between the total
length or weight and the otolith parameters of Argentina
sphyraena sampled in the eastern Adriatic

Relation a b R?
Lovs. L, 1.510 0.200 0.590
L .vs. B, 0.698 0.159 0.643
Lovs. T, 0.046 0.044 0.661
L.vs. W, -0.008 0.001 0.876
Wvs. L, 3.263 0.065 0.583
Wvs. B, 2.122 0.049 0.580
Wwvs. T, 0.432 0.014 0.661
Wvs. W 0.002 0.0004 0.866

a = intercept value, b = regression slope, R*> = coefficient of
determination; L, = total length of fish, W= fish weight, L, = otolith
length, B = otolith breadth, 7 = otolith thickness, W = otolith
weight.

Table 4
Von Bertalanffy growth parameters of Argentina
sphyraena sampled in the eastern Adriatic

Parameter Value SE
L_[cm] 17.57 231
k [year] 0.40 0.20
t, [year] -1.39 0.70
R? 0.662

SE = standard error, L _= asymptotic total length, k& = growth
coefficient, £, = theoretical age at zero length, R* = coefficient of
determination.
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Fig. 3. Observed length-at-age data fitted with the von
Bertalanfty growth curve for Argentina sphyraena
sampled in the eastern Adriatic

Table 5
Relations between observed otolith age and otolith
morphometrics in Argentina sphyraena, sampled in the
eastern Adriatic, described using a power model
(age = a - age estimation predictor’)

Power model SE (a) SE (b) R?
age=0.09 - L > 0.04 0.32 0.38
age=0.18 - B >* 0.05 0.37 0.49
age=4.61-T,'7 0.39 0.19 0.50
age =2.04 - W % 0.07 0.71 0.02

a = intercept value, b = regression slope, R*> = coefficient of
determination, SE = standard error; L, = otolith length, B = otolith
breadth, 7, = otolith thickness, ¥ = otolith weight.

1969a). According to Cohen (1958), the argentine is an
example of the known tendency of certain fish species
to respond morphologically to environmental influences,
especially temperature as influenced by the latitude. The
dominance of comparatively smaller individuals in the
population size structure in our research could also be
explained by the fishing gear selectivity (Wileman et al.
1996) or the sampling procedure, e.g. sampling depths
and sampling time, as trawling was conducted only during
the daylight hours. According to Carpentieri et al. (2005),
A. sphyraena is a diurnal feeder, displaying individual
feeding movements and therefore reducing its density
and vertical availability to the net during the daylight.
Moreover, bigger and older specimens of the argentine
tend to live in deeper waters (Halliday 1969c).

The argentine females and males showed differences
in growth, as females were larger than males at all ages
sampled and this is in agreement with the result of Halliday
(1969a). However, comparison of the growth parameters
and mean lengths-at-age obtained by this study and by
Halliday (1969a) revealed differences. While we reported
that the value of L is 17.57 cm, this value, based on the

standard length, is 19.0 cm for males and 20.0 cm for
females in the Clyde Sea. In addition, mean lengths at ages
1-3 were smaller for the eastern Adriatic population. All
observed differences can be related to different population
size structures and/or different fishing pressures in the
two areas. Regarding the fishing pressure, although there
is no fishery targeting this species in both the Adriatic
and the Clyde Sea, fishing mortality may be a significant
part of the total mortality as Argentina sphyraena is very
susceptible to damage, particularly through scale loss,
so the survival of the discards is most unlikely (Halliday
1969a, Magnusson 1996). Moreover, we acknowledge
that the sample size was relatively small for modelling
growth and that more data, particularly from bigger and
older specimens, would improve our estimates and ensure
modelling for females and males separately.

Several studies have demonstrated that otolith size can
be used as a proxy for otolith annuli counts in fish ageing
(Pilling et al. 2003, Doering-Arjes et al. 2008, Steward
et al. 2009, Mati¢-Skoko et al. 2011). The mean otolith
length, breadth, thickness, and weight increased with age of
Argentina sphyraena, implying that these morphometrics
may provide a satisfactory method of ageing. Moreover,
a power model described all relations between otolith
morphometrics and fish age, and according to Skeljo et al.
(2012), this model may be a result of the specific otolith
growth rates of younger fish, as they dominated in our
sample. The age of the argentine can be best predicted
from the otolith thickness. However, we have to note
that models did not provide very precise estimates and
this could be explained by the overlap in lengths between
fish of different age and only a few estimated age-groups.
On the other hand, observed pentagonal otolith shape
is specific for A. sphyraena and therefore can be used
as a powerful tool in the identification of species and
determination of fish prey identity in feeding studies, as
this species is an important prey of many marine fishes
and cephalopods (Bilge and Giilsahin 2014).
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