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SUMMARY: The joint analysis of data from different programs represents a good opportunity to improve knowledge
about the condition of any exploited populations. This note investigates the influence of lag-time in  sample characteris-
tics (growth rate and recruitment) by following a simple and quick exploratory procedure. In order to illustrate this
approach, the Greater Fork-beard (Phycis blennoides Brunnich, 1768), a species with discrete recruitment pattern and
available to the capture process in the first years of life, was considered . The length-frequency distributions (LFD),
obtained during five spring (MEDITS - International) and successive autumn (GRUND - Italian) bottom trawl surveys,
conducted from 1994 to 1998, in the Strait of Sicily and Southern Tyrrhenian Sea (Mediterranean) were analysed. The pro-
cedure was divided into three steps. Firstly, the LFD were analysed in order to estimate the mean length of the first com-
ponent in each survey. Secondly, for each survey, the difference between the standardized mean lengths of the first com-
ponents in the LFD of the two areas was compared with the corresponding lag-time in order to assess any systematic tem-
poral effect in recruitment periodicity. Thirdly, for each area, the absolute and instantaneous growth rates between the
spring and autumn surveys of the same year were computed on the base of the lag-time, to evaluate any difference in
growth rate between the areas. The results show that the earlier the surveys begin in the Strait of Sicily, the smaller is the
difference in mean length. Since the growth rates between the two areas are practically indistinguishable, the higher mean
lengths observed in samples from the Strait of Sicily mainly reflect the lag-time. The reference mean growth rate found
(1.03 and 0.93 cm per month in the Strait of Sicily and Southern Tyrrhenian Sea, respectively) agreed with the literature.
In spring, the recruits of 0 group represent up to 90% of the whole trawl catch, and the smallest length class observed (4.5-
5.0 cm) is close to the size of transition from the pelagic to the demersal one. The proposed exploratory procedure shows
that systematic differences between the two investigated sub-areas in mean size and growth rate suggested by actual data
are strongly reduced after having included the lag-time in the analysis.
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INTRODUCTION

Within the framework of limited budgets for fish-
eries research, joint analysis of data from different
experiences represents a good opportunity to
improve our knowledge of the condition of exploit-
ed populations (Hilborn and Walters, 1992). This
exigency is of general application; for instance, tun-
ing mortality estimates derived from indirect meth-
ods (VPA or LCA) with independent data extracted
from trawl surveys is now a strongly recommended
procedure (Pennington and Stromme, 1998).

Concerning Italian seas, two sources of data
related to groundfish resources are available: one
gathered within an Italian program (GRUND: Reli-
ni, 2000), the other within an international program
(MEDITS: Bertrand et al., 2000). Both programs
performed one trawl survey in each year with the
same sampling scheme (stratification by depth and
random allocation of the hauls among strata), but in
different seasons (autumn and spring, respectively).
The subunits involved in the trawl surveys employed
the same sampling gear in successive times (MED-
ITS) and different sampling gear in the same period
(GRUND), respectively (Fiorentini et al., 1998,
1999).

In order to improve knowledge about the status
of a population, the integration of the data collected
in adjacent subunits could be useful. However, in
addition to problems of relative efficiency in the
catching process, integrating samples should be pre-
ceded by an analysis of the differences in sampling
periodicity, which might affect the results. Given

that the bulk of the samples are represented by fast
growing juveniles, ignoring “a priori” these effects
can lead to an erroneous similarity/dissimilarity
impression about the populations. Consequently,
misleading assessment procedures might be imple-
mented.

The main scope of this note is to investigate the
influence of the lag-time in sample characteristics
by following a simple and quick exploratory
approach. A large-size species with a discrete
recruitment pattern and susceptible to the capture
process (at least in the first years of life), the Greater
Fork-beard (Phycis blennoides Brunnich, 1768),
was utilised for exemplary purposes. This species,
of commercial value, occurs diffusely on the shelf
edge and on the upper slope bottom in the areas cov-
ered by the two subunits (Fig. 1): the Southern
Tyrrhenian Sea (STS) and the Strait of Sicily (SOS).

MATERIAL AND METHODS

A synthesis of the GRUND programs for each
specific subunit can be found in Levi et al. (1998)
and Greco et al. (1998). The trawler used by both
subunits during the MEDITS program (“Sant’An-
na”) is the same employed by the SOS in the
GRUND surveys. The technical characteristics of
the “Sant’Anna” trawler are reported in Levi et al.
(1998).

The characteristics of the two types of bottom
trawl, the “ad hoc” developed GOC 73 (MEDITS)
and the typical Italian commercial “tartana”
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FIG. 1. – Study areas, characterized by the occurrence of the Great Fork-beard (Phycis blennoides) in the Central Mediterranean Sea: the Strait 
of Sicily (SOS) and the Southern Tyrrhenian Sea (STS), according to the MEDITS and GRUND surveys.



(GRUND), as well as the efficiency of the two gears,
are reported in Fiorentini et al. (1998, 1999). The
steps of the procedure were as follows:

1st step: The length (total length) frequency dis-
tributions (LFD) of Phycis blennoides samples
obtained in five spring (MEDITS) and successive
autumn (GRUND) surveys, carried out from 1994 to
1998, by the SOS and STS, were analysed in order
to estimate the mean length of the first component in
each survey.

2nd step: For each season, the difference between
the mean lengths of the first components in the LFD
of the two subunits was computed. Given the
increase in size between the MEDITS and GRUND
surveys, these absolute differences were standard-
ized according to the overall mean difference in each
season and compared with the corresponding lag-
time (differentials were computed always as SOS -
STS, taking the first day of the sampling periods as

baseline) in order to assess any systematic temporal
effect in recruitment periodicity, i.e.:

∆l–
i,j ∝ ∆ti,j

where i and j denote the year and the survey, respec-
tively.

3rd step: Within each subunit, the absolute
(g=∆l/∆t) and instantaneous (specific) growth rates
(G) between the spring and autumn surveys of the
same year, were computed on the base of the lag-
time (in days). G values were estimated according to
the equation:

G
i,k= 

loge l–2 – loge l–1

t2 – t1

where i and k denote the year and the subunit,
respectively (Ricker, 1979).

After standardization to 1 month the G
i,k

were
used in order to evaluate any difference in growth

rate between the subunits and to estimate a reference
growth rate useful in assessing procedures.

The decomposition of the LFD was performed by
using the maximum likelihood procedure NORM-
SEP, as implemented in the FiSAT package
(Gayanilo et al.,1996). The required seed values
were preliminarily obtained by the Bhattacharya
procedure, always in FiSAT. The significance of the
difference of the first component mean length were
analysed by the classical t-test (one-tailed), taking
into account the different sizes of the samples.

The relationship between the growth parameters
and the time lag was evaluated by simple linear or
non linear (parabolic) function fitted by least square
regression. 

The overall absence of significant differences
between growth rates of the two investigated areas
was tested by using the Wilcoxon signed ranks test.

The significance level of the statistical hypothe-
sis (equality of the means, nullity of the correlation
coefficient in the regressions and between areas
variation in growth rates) was chosen at 5%
(p=0.05). In order to allow any comparison, the p
value corresponding to each test was also reported.
All the statistical analysis and tests were performed
by using the SYSTAT program (SYSTAT, 1998).

Given the goal of the procedure (comparison of
juveniles), males and females were considered
together. 

RESULTS

The MEDITS and GRUND sampling schedules,
referring to years 1994-1998, are presented in Table
1. The SOS unit carried out the MEDITS surveys sys-
tematically two weeks earlier than the STS unit (with
the exception of the last year, 1998), resulting in an
average delay of –11 days. On the contrary, no special
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TABLE 1. – Lag-time in days among the trawl surveys (MEDITS and GRUND) for each subunit (Strait of Sicily, SOS and Southern Tyrrhen-
ian Sea, STS) and between different subunits (expressed as differences in initial day SOS-STS). The overall ∆t is referred to the difference 

∆t SOS – ∆t STS; sd = standard deviation.

Year SOS STS SOS STS ∆t ∆t ∆t - SOS ∆t - STS ∆t 
Medits Medits Grund Grund Grund-Grund Medits-Medits Medits-Grund Medits-Grund Overall

1994 11/6 27/6 7/10 4/10 3 -16 118 99 19
1995 3/6 22/6 10/10 5/10 5 -19 129 105 24
1996 31/5 17/6 11/10 17/10 -6 -17 131 120 11
1997 3/6 16/6 8/9 25/9 -17 -13 95 94 1
1998 16/6 6/6 17/9 16/9 1 10 91 100 -9

Mean -2.8 -11.0 112.8 103.6 9.2
sd 9.0 11.9 18.8 10.0 13.4
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FIG. 2. – Length frequency distributions (total length, in percentage) of Phycis blennoides obtained in MEDITS (spring) and GRUND
(autumn) surveys (1994-1998) in the Strait of Sicily (SOS) and the Southern Tyrrhenian Sea (STS). The estimated (NORMSEP) first normal 

component is superimposed. N indicates the overall number of specimens.



trend was detected with the GRUND surveys. Within
each subunit, the lag-time between the MEDITS and
GRUND surveys were similar, although it was higher
for the SOS than the STS. The difference between the
overall lag-times of the two subunits appeared quite
variable: from a minimum of –9 to a maximum of 24
days (∆T Overall in Table 1).

The length frequency distributions (LFD; %) per
subunit, type of survey and year, with the first esti-
mated components overlapped, are presented in Fig.
2a,b. The MEDITS-LFD showed a higher homo-
geneity than the corresponding GRUND-LFD, no
matter the year or subunit considered. The almost
totality of the MEDITS samples was represented by
the recruits of 0 group (8-16 cm). Especially in the
SOS, one (20-35 cm) or two (at about 40 cm) less
numerous groups of fish were detectable in the larg-
er size classes. Looking at the GRUND-LFD, a high
variability was immediately perceptible. In some
cases, the first component was not well definable
(two contiguous modes) and skewed (1994 and 1995
for STS, and 1996 and 1997 for SOS). Given the aim
of the paper, the problem was solved by considering
the 1st appreciable component for the analysis.
Although such a procedure can lead to an underesti-
mation of growth rates, it does not invalidate the
overall comparison.

The modal progression of the first group was
always evident (Fig. 2a,b). Conversely, the graphical
analysis of the other groups was hampered by the
predominance of the recruits in the MEDITS sur-
veys and by the piling up of the old cohorts.

The numeric results of the LFD decomposition
are presented in Table 2. As expected on the base of
the shape (Fig. 2), the estimated mean lengths by
year showed a higher homogeneity in the MEDITS
than in the GRUND surveys. With the exception of
1996 in both surveys, the mean lengths were signif-
icantly different between the two areas. In particular
the SOS showed higher mean length than STS in all
cases, except the 1995 MEDITS survey. In consider-
ing these results, it must be noted that the large size
of the samples used makes the t-test more restrictive.
Both the absolute (∆l) and relative (∆lρ) differences
(Table 2) differed little between the two kinds of sur-
veys, suggesting a consistency in the analysis, in
spite of the problems in separating the 1st GRUND
component in some cases. A similar consistency,
although of opposite sign, characterized the propor-
tion of the first component (Table 2): the single
(mean by year) and overall (great mean) value was
higher in the STS than SOS (the overall number of
specimens in Table 2 must be considered only as
indicative, given the differences in the number of
hauls between the surveys). The differences in pro-
portion were only relative and cannot be used as an
absolute measure of the recruitment strength. In any
case, the variations are not dramatic in MEDITS
(great mean of 86% vs 79% for STS and SOS,
respectively), whereas a great dispersion affected
the GRUND data (sd of 0.23 and 0.18 for STS and
SOS, respectively).

The plot and fitted curves between the relative
difference in length (∆lρ) and the time lag for MED-
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TABLE 2. – Mean (total) length of the first component, absolute (∆l) and relative (∆lρ) difference, total number of specimens and the propor-
tion of the 1st component (p) for each survey and subunit (Strait of Sicily, SOS and Southern Tyrrhenian Sea, STS); sd = standard deviation.

Survey SOS length STS length SOS STS
year Mean sd Mean sd p of t-test ∆l ∆lρ Total number p of first Total number p of first

specimens component specimens component

MEDITS
1994 12.3 1.84 11.4 1.66 <0,0000 0.900 1.30 368 0.73 309 0.87
1995 10.0 1.44 10.3 1.88 0.0051 -0.330 -0.476 581 0.76 404 0.92
1996 11.2 1.94 11.0 1.46 0.9900 0.200 0.288 944 0.87 215 0.81
1997 11.4 1.77 10.6 1.63 <0,0000 0.800 1.153 346 0.71 360 0.88
1998 11.9 1.91 10.0 1.46 <0,0000 1.900 2.738 733 0.90 348 0.85

Great mean 11.4 10.7 0.69 0.79 0.86
sd 0.9 0.6 0.84 0.08 0.04

GRUND
1994 14.2 1.92 13.3 2.64 0.0010 0.90 0.65 454 0.54 217 0.31
1995 16.2 2.75 12.6 2.26 <0,0000 3.60 2.61 274 0.59 313 0.64
1996 15.4 2.02 15.2 2.21 0.1041 0.20 0.145 552 0.47 711 0.90
1997 14.8 1.86 14.5 2.14 0.0310 0.30 0.218 773 0.31 642 0.79
1998 16.0 3.11 14.1 1.94 <0,0000 1.89 1.372 538 0.81 592 0.80

Great mean 15.3 13.9 1.38 0.54 0.69
sd 0.8 1.0 1.41 0.18 0.23



ITS and GRUND surveys are presented in Figure 3.
A straight line fitted quite satisfactorily the data of
the MEDITS surveys (r= 0.88; p= 0.048), while the
regression was not significant in the GRUND case
(r= 0.70; p= 0.186). A curvilinear relationship seems
a plausible alternative for the pooled data. In spite of
the poor fitting, given the limited number of surveys,
the hypothesis that the LFD mean estimates were
affected by the time delay effect is strongly support-
ed. In particular, since the earlier the SOS begins its
surveys the smaller becomes the difference in
length, these results might support the hypothesis of
a precocious recruitment of Phycis blennoides in the
Southern Tyrrhenian Sea or a difference in the
growth rates between the two populations.

The instantaneous growth values, standardized to
1 month (Table 3), resulted slightly higher for the
STS recruits than the corresponding values of the
SOS in all years except 1995. Even including this
anomalous value (Fig. 4), the differential is not sig-

nificantly correlated to the overall time lag (r= 0.60;
p= 0.286). Furthermore, both absolute and instanta-
neous growth rates do not differ statistically
between the two areas (Table 3). Only excluding the
1995 point, the difference in growth rates indicates
that the recruits of Phycis blennoides of STS grew
slightly faster (about 1%) than their counterparts of
the SOS. This result, however, is opposite to what
might have been expected from data in Table 2,
therefore further supporting the hypothesis of an
earlier recruitment of Phycis blennoides in the
Southern Tyrrhenian Sea. Consequently, there is
strong evidence that the higher mean lengths
observed in SOS samples mainly reflect the lag-time
in the surveys conducted by the SOS, whereas the
growth rates between the two subunits are practical-
ly indistinguishable.

DISCUSSION

Although limited to the length structure, the
above results suggest that MEDITS and GRUND
data gathered in the two investigated areas can be
integrated. The spring cohort is always well defined
and the symmetry of the mode supports the non-
selective property of the cod-end used in the MED-
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FIG. 3. – Relative difference in mean lengths versus time differ-
ence in day (GRUND-GRUND and MEDITS-MEDITS) of the
first normal component in the sizes of Phycis blennoides. Circles
and triangles denote MEDITS and GRUND surveys. The fitted
straight line refers to MEDITS (dotted; r= 0.88) and GRUND
(solid; r= 0.70) data; the parabolic relationship (r= 0.77) refers to 

the combined data.

TABLE 3. – Absolute (g) and instantaneous (G) growth rates, expressed per month, by subunit and year. The differences in G (∆G) between 
the Strait of Sicily (SOS) and the Southern Tyrrhenian Sea (STS) are also reported.

Year g g G G ∆G
SOS STS SOS STS

1994 0.48 0.60 0.037 0.047 -0.010
1995 1.44 0.66 0.112 0.057 0.055
1996 0.96 1.05 0.073 0.081 -0.008
1997 1.07 1.24 0.082 0.100 -0.018
1998 1.35 1.23 0.098 0.103 -0.006

Wilcoxon test p=0.500 p=0.893

FIG. 4. – Difference in instantaneous monthly growth rate (G) ver-
sus overall time difference in day of the first component of Phycis 

blennoides with the fitted line (r= 0.61).



ITS gear (20 mm mesh stretched). The cod-end
employed in the GRUND gears is generally slightly
larger (30 and 36 mm for SOS and STS, respective-
ly), but selectivity trials with a GRUND gear mount-
ing a cod-end with 40 mm mesh stretched resulted in
a full retention of Phycis blennoides in autumn
(TL50% = 8.1 cm, D’Onghia et al., 1998). 

The assessment of the modal progression of the
spring component was allowed by the GRUND data,
which also showed a well-defined component in 4
over 6 years. A second minor recruitment pulse, the
difference in growth between male and female
young-of-the-year, or differential overlapping with
the specimens recruited in the previous year (evi-
denced as the small component in the MEDITS data
at about 20-25 cm; Fig. 2a, b) might explain the
anomalies of the GRUND surveys 1996-1997 (SOS)
and 1994-1995 (STS).

Furthermore, both MEDITS and GRUND data
are coherent with the general biological knowledge
of the Mediterranean populations of Phycis
blennoides which are characterized by a discrete
recruitment in spring (Bilio, 1969; D’Onghia et al.,
1989; Biagi and Farnocchia, 1994; Massutí et al.,
1996). This recruitment period is consistent with
data on reproduction. In fact, although the identifi-
cation of the spawning period is still uncertain,
given the low number of sexually mature females
found (Belcari and Biagi, 1999), mature specimens
were found in summer in the Catalan Sea (Gallar-
do-Cabello and Gual-Frau, 1984) and December
(Massutí et al., 1996). The development of male
gonado-somatic indices in the Ligurian Sea sug-
gests that spawning occurs from July to October
with maximum intensity attained in August and
September (Fanciulli and Relini Orsi, 1979). On
the basis of two mature females, gathered during
November and January, Tursi et al. (1995) pro-
posed that reproduction in the Ionian Sea occurs in
autumn and early winter.

A size-specific distribution with depth, a sex-spe-
cific growth (male growth falls at 18-21 cm of TL)
and a progressive reduction in availability to the bot-
tom trawl with increasing size, given that adults
occur mainly nearby hard bottoms and caves, has
been reported (Campillo, 1992; FishBase, 1998;
Belcari and Biagi, 1999).

Concerning the length structure of the Mediter-
ranean populations (Campillo, 1992; Belcari and
Biagi, 1999), the spring recruits are clearly distin-
guished from the components of the parental stock.
A similar pattern, although with different modal

length, characterizes also the Atlantic populations
(Casas and Pineiro, 2000)

Recruit growth rates obtained in different areas
of the Mediterranean from modal progression analy-
sis, show a high consistency. Young recruits collect-
ed by Bilio (1969) in the Eastern Ligurian Sea grew
from 8.5 cm in April 1967 to 19.2 cm TL in Decem-
ber 1968, showing a mean growth rate of 1.07 cm
per month. A very similar rate (1.12 cm per month)
was found in the cohort recruited in April 1977 with
6 cm of modal standard length (SL), which showed
a mode of 15 cm SL in December 1977 (Fanciulli
and Relini Orsi,1980). An average rate of 1.2 cm per
month was computed with data presented in
D’Onghia et al. (1998) for the Ionian Sea, who
reported, for the cohorts recruited in spring 1985,
1986 and 1987, a mode of 9 cm in April/May and 15
cm TL in September/October. In the North Tyrrhen-
ian Sea, Biagi and Farnocchia (1994) found a mean
growth rate of about 1 cm per month in the cohorts
recruited in April 1991 and April 1992. Massutí et
al. (1996), off the Catalan coast, found a mean rate
of 0.99 cm per month in the cohort recruited in April
1991, with a mean of 7.3 cm TL, and reaching a
mean of 15.2 cm TL in December 1991. All these
data are consistent with the mean growth rate found
in the present work (1.03 and 0.93 cm per month in
SOS and STS, respectively).

In spring, the recruits represent up to 90% of the
whole trawl catch, the smallest length class (4.5-5.0
cm) observed are close to the size of transition from
the pelagic life to the demersal one, i.e. 3.0-4.6 cm
(D’Ancona, 1933).

Given the difference in recruit proportions, the
following hypothesis may be of interest:  such slight
variations in growth rates between the two subunits
might reflect the incidence of density-dependence
phenomena, both intra- or inter- cohorts.

Although coherent with general knowledge about
the populations, actual data would have suggested, at
a first insight, that some systematic differences in
mean size and growth rate concern the two investigat-
ed subareas. This impression is strongly modified
after having included the lag-time by the exploratory
procedure, in spite of its relative simplicity. The
results of the procedure indicate that there is only a
slight difference in growth rate and that the observed
differences in mean length likely derive from a delay
in recruitment, probably linked to the latitudinal vari-
ations or geographical environment/population char-
acterizations (currents, temperature, light shift in the
unknown spawning peak, etc.).
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It must remembered that the proposed procedure
is not aimed at assessing the dynamics of the inves-
tigated stocks of Phycis blennoides (for example,
the LFD must be analysed by sex), but it remains
valid to point out the incidence of lag-time, which
can be quite high when distant subareas are consid-
ered. 

In conclusion, the results of the proposed three
steps procedure can be synthesized as follows: (a)
no effect in step 2 and 3: therefore, differences in
recruitment and growth, if any, are not identifiable
and the two sets of data can be reasonably combined
without any treatment; (b) effect in both step 2 and
3: therefore, differences in populations dynamics
both as shifted recruitment and lower/higher growth
rate are likely to occur; (c) effect in step 2, but not in
step 3: therefore,  there is a shift in recruitment, but
not in growth rate; (d) no effect in step 2 but only in
step 3: therefore,  recruitment periodicity is the same
but the two populations show an initial different
growth rate.

In any case, present results clearly indicate the
advantage in using both MEDITS and GRUND data
sets in assessing the demersal resources and the
opportunity to maintain the present sampling frame
in the future.
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