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Abstract

Aristaemorpha foliacea is a deep-water demerso-pelagic shrimp, distributed in the Mediterranean, Eastern Atlantic,
Western and Central Pacific; in the Strait of Sicily, the annual landings exceed 1000 tons, worth over 10 million USS.
Two series of trawl experiments, carried out in 1985-87 and 1993 with different aims (trawl survey and selectivity
study), produced two sets of data, which were used to reconstruct the length distribution of the landings and the life
history of the stock (growth parameters, mortalities, size/age structure, etc.). Using the package ANALEN, and the
estimated parameters, different short-term and long-term yield realizations are presented, both in terms of weight or
value, when varying fishing mortality and/or mesh size (mesh size of reference, 20 mm, side). Using the package VIT,
the transitional evolution of the fishery, both in terms of biomass and of economic returns, is examined under three
different management schemes: a sudden reduction of the fishing mortality of 15% or of 25%, and a reduction of 35%
in seven years (5%/yr). In the transitional analyses, the older set shows a situation in which yields decrease and stay
below the starting figure, following any reduction of the fishing mortality; examining the economic returns, after the
initial decrease, the gross incomes stabilize more or less at the previous level. With the more recent set, in every
studied management scheme, the yield bounces above the starting line already in the third year, with a stationary
increase of 6-8%; the higher the fishing mortality reduction, the higher the final economic equilibrium, respectively
approx. 5%, 10% and 15% above the initial value after four years. In conclusion, these results seem to show that the
red shrimp fishery situation has worsened from 1985 to 1993, and suggest that a reduction of effort/fishing mortality
isbiologically sound and economically advantageous (or, at the worst, neutral).

Introduction

Aristaemor pha foliacea Risso 1827 is a deep-water demerso-pelagic shrimp, distributed in the Mediterranean, Eastern
Atlantic, Western and Central Pacific (Bianchini and Ragonese, 1994); in the Strait of Sicily, the annua landings
exceed 1000 tons, worth over 10 million USS.

In recent years, the life history of the Italian populations has been extensively studied (full list of referencesin Relini
etal., 1999); as for the Sicilian stock, the biology (distribution, morphometry, maturity, mortality and growth) has
been described (Ragonese et al., 1997; Ragonese and Bianchini, 1995; Ragonese et al., 1994), as well as some aspects
(selectivity, engagement, technology, VPA, diel variation, by-catch) of the red shrimp fishery (Bianchini et al., 1998a;
Ragonese et al., 2001a; Ragonese et al ., 2001b; Bianchini and Ragonese, 2001; Bianchini et al., 1998b), but studies for
the management of this resource are still lacking.



This paper @ams at analyzing the evolution of the fishery and at evaluating short-term and long-term effects, on the
biomass and on the value of the catch, of possible management intervention; moreover, the transitional period is
examined in the hypotheses of constant or variable recruitment.

Materialsand M ethods
The shrimps, A. foliacea, were collected during two periods, 1985-87 and 1993; the study areais reported in Fig. 1.

The first red shrimp length-frequency distributions (LFDs) derives from 8seasonal trawl surveys (codend, 16 mm,
side) conducted from Spring 1985 and Winter 1987 (Levi et al., 1998); 19,600 femal es were measured (carapace length,
CL, mm). The second LFDs come from a covered-codends (cover, 14 mm, side; codend, 20 mm, side) selectivity study
carried out in the Strait of Sicily in 1993 (Bianchini, 1999); the female overall catch (84,000 animals) was measured
without subsampling. It must be noted that the population reconstruction results should be taken with precaution,
since both data set used come from experimental hauls, and are therefore only an approximation of the population
structure of the actual landings, and since the steady-state assumptions might not be fulfilled. Still, since in the red
shrimp fishery of the Strait of Sicily captures and landings are almost coincident (there are no rejects, and selectivity
isamost nil with the 20 mm mesh and below), the length structures obtained from these scientific campaigns could be
assimilated to commercial data without great imprecision. Speaking of the overall landings, also the subsampling ratio
can be estimated fairly reasonably, and in fact independent methods resulted in similar estimates.

Two programs, ANALEN (Chevaillier and Laurec, 1990) and VIT (Lleonart and Sdat, 1992), were used for the
analyses. These programs perform yield-per-recruit assessments (and virtual population reconstructions) starting
from length-structured data; the programs use the pseudo-cohort approach and require equilibrium conditions; they
are both flexible and an accommodate different categories of input, but each has its own limitations in the data
structure. Besides the yield-per-recruit analysis, ANALEN can calculate short- and long-term variations of
production after a modification of the exploitation regimen; VIT alows to study the transitional period too, and a
variable recruitment can be associated in the evolution of the scenarios.

The projections of future production have been studied with ANALEN, applying data from the new set (selectivity
study) only. The virtual population vectors are the same examined in Bianchini and Ragonese (2001), while the input
parameters were derived from Bianchini (1999), and are:

CLy=70mm (StD4.9); K=0.6/y (StD0.018); M=0.5; lower bound of last CL class=62mm; Fen=0.5; a=0.0013;
b=2.642; reference mesh=20mm; selection factor=0.88; selection range=5.7; Clmauity so%=40mm; range of
Clinarity= 4 mm; price categories=4 (for classes of lower weight of 27, 14, 6 and 3 g, respective values are approx. 15, 9,
5and 3.50 Euro).

The VIT s transition analysis studies the evolution of a population when the mortality vector is modified (e.g., by a
change in fishing effort) or the recruitment is not considered constant; in the first case, after a certain number of
years, a new equilibrium is reached, and everything reverts to steady-state situation, while of course in the second
kind of simulations the population keeps fluctuating. The VIT’s transition analysis is limited to data structured by
age-classes, and the program itself has an option to produce age-structured data from length-structured inputs. A
complete description of the VIT methodologies and of their theoretical foundations is reported in the applicative
manua by LIeonart and Salat, 1997.

The transitional analyses were performed on both data sets (trawl surveys and selectivity study) only. The virtual
population vectors and the input parameters are again the same, but VIT requires different information or formats:

a plus-classis not necessary; maturation starts at 26 mm CL and is genera a 40 mm CL; a proportion factor of 624 (as
to reach a catch of 1050 tons) is applied to the selectivity data, while the earlier data set requires a proportion factor
of 3350.

Speaking of the recruitment variability, there is not enough information to decide which stock-recruitment model,
Beverton and Holt's or Ricker’s, should be preferred; therefore, just a stochastic variability has been applied to the
“constant recruitment” situation. In the earlier surveys a variance= 1 has been applied to the log-normal distribution,



thus resulting in amode at 0.354 and a median at 0.707 of the mean, and upper and lower limits of the 95% confidence
interval at 0.138 and 3.616; for the data from the selectivity study a variance= 0.5 has been applied, thus resultingin a
mode at 0.544 and a median at 0.816 of the mean, and limits of the confidence interval at 0.234 and 2.844.

As a general rule, the price per unit of weight increases with shrimp size (Fig. 2). The Itaian market considers four
categories of red shrimp, arranged in the European way from “I” (the best one) to “IV” (small animals, not always
over the minimum legal size). The prices varies in a bracket of +25% according to demand but the averages here
considered are 30,000, 18,000, 10,000, 7,000 lira/lkg respectively for each category, roughly equivalent to 6.50, 3.50,
2,00, 1.50 Us$/ib.

VIT does not allow for different “price categories’, as is the case with the red shrimps. Nevertheless, since the
assignment of a given shrimp to a specific “price stanza’ is subject to considerable error (manual sorting), the price
vector mimics a positive allometric potentia curve (b>3); this length-value function, when replacing the
length-weight regression, may be used to compute the economic yield-per-recruit, in away similar to the “ standard”
Y /R analysis, with the same input parameters. Considering the distribution of sizes in each price “stanza’, value in
Euro and carapace length in mm can be modeled by the regression $= 2.17%107 * CL>"®, the selectivity datarequirea
proportion factor of 772 (amultiplier of the sample capture, used to reach atotal value of the catch of 25 hillion Italian
liras), and the earlier surveys a proportion factor of 1570.

Besides the standard approach, i.e. the “stanza’ prices, the price function have been employed with ANALEN too.

Results
Yield scenarios

The estimates of the variations (%) in the short- and long-term productions per recruit, varying fishing mortality
and/or mesh size, obtained by the ANALEN program from the selectivity study data, are reported in Table | and
Table I1, respectively. Figures represent the percent variation assuming as standard the present situation (F= 100% of
present F; mesh=20 mm).

It is apparent that an increase in the mesh size from 20 mm to 24 mm, or even to 28 mm, produces only amarginal 1oss
in the short term, which israpidly offset by the gain in the long term. Thistrend is even more evident when the mesh
increase is accompanied by areduction of the fishing mortality.

Transitional period (earlier surveys)

The VIT program, using the virtual population reconstruction from the earlier surveys, permits one to examine the
transitional behaviour of the fishery, when passing from the old steady-state to the new equilibrium (Fig. 3).

A sudden reduction of the fishing mortality of 15% (linea) produces in the first year a drop of 10% in the
yield-per-recruit; in the second year, yield recovers 6%, and it is stable in the fourth year at 98% of the initial value.
The increase in biomass of the standing stock (SS) is 4% in the first year, 8% in the second, and stabilizes in the
fourth year 10% above the starting value. For the spawning stock biomass (SSB), the respective increases are 5%,
11% and 15%. A sudden reduction of the fishing mortality of 25% (line b) producesin the first year adrop of 18%in
the yield-per-recruit; in the second year, yield recovers 10%, and it is stable in the fourth year at 96% of the initial
value. Theincrease in SSis 7% in the first year, 17% in the second, and stabilizes in the fourth year 19% above the
starting value. For the SSB, the respective increases are 9%, 20% and 26%.

A reduction of the fishing mortality of 35% over 7 years (line c), with a constant annual reduction of 5%, produces of
course a smoother transition: 7years of small drops in the yield-per-recruit, up to the lowest 89%, and a partial
recovery for 3years, reaching a stable situation at 93% of the initial value in the tenth year. Every year during the
transition there is an increase in SS that levels off at 130% in 10 years; the SSB is also always increasing, up to 140%
of the starting value.



Applying a stochastic variability to the “constant recruitment” situation, over a period of 15 years, with a sudden
drop in the fishing mortality of 15%, the yield-per-recruit is expected to stay between 90% and 110% of the starting
level (91% and 111% of the new target level), but with ample possible fluctuations (95% confidence intervals with
borders aslow as 23% and as high as 330% of the starting value). With a sudden drop in the fishing mortality of 25%,
theyield is expected to stay between 82% and 102% of the starting level (85% and 106% of the new target level), but
with ample fluctuations (95% confidence intervals with borders as low as 24% and as high as 269% of the starting
value). With a gradual drop in the fishing mortality of 35% in 7 years, theyield is expected to stay between 85% and
96% of the starting level (92% and 104% of the new target level), again with substantial fluctuations (95% confidence
intervals with borders as low as 23% and as high as 266% of the starting value).

Transitional period (selectivity study)

Again, the virtual population reconstruction from the selectivity study permits to examine the transitional behaviour
of thefishery (Fig. 4).

A sudden reduction of the fishing mortality of 15% (linea) produces in the first year a drop of 8% in the
yield-per-recruit; in the second year, yield is already 101% of the starting value, and it is stable in the fourth year at
104% of theinitial value. Theincreasein SSis 7% in thefirst year, 12% in the second, and stabilizesin the fourth year
14% above the starting value. For the SSB, the respective increases are 8%, 15% and 18%. A sudden reduction of the
fishing mortality of 25% (line b) produces in the first year a drop of 14% in the yield-per-recruit; in the second year,
yieldis back afull 100%, and it is stable in the fourth year at 106% of theinitial value. Theincreasein SSis11%inthe
first year, 22% in the second, and stabilizes in the fourth year 26% above the starting value. For the SSB, the
respective increases are 13%, 27% and 32%.

A reduction of the fishing mortality of 35% over 7 years (line c), with aconstant annual reduction of 5%, produces of
course a smoother transition: 2years of small drops in the yield-per-recruit, up to the lowest 98%, a partial recovery
for another 2years, increasing up a stable situation of 108% of the initial value in the tenth year. Every year during
the transition there is an increase in SS that levels off at 141% in 9years; the SSB is also always increasing, up to
152% of the starting value.

Considering a stochastic variability in recruitment, over a period of 15years, with a sudden drop in the fishing
mortality of 15%, the yield-per-recruit is expected to stay between 92% and 112% of the starting level (89% and 108%
of the new target level), but with ample possible fluctuations (95% confidence intervals with borders as low as 38%
and as high as 242% of the starting value). With a sudden drop in the fishing mortality of 25%, the yield is expected
to stay between 86% and 114% of the starting level (81% and 101% of the new target level), but with ample
fluctuations (95% confidence intervals with borders as low as 40% and as high as 244% of the starting value). With a
gradual drop in the fishing mortality of 35% in 7years, the yield is expected to stay between 96% and 116% of the
starting level (89% and 107% of the new target level), again with substantial fluctuations (95% confidence intervals
with borders as low as 37% and as high as 246% of the starting value).

Economic vield scenarios

The estimates of the economic variations (%) in the short- and long-term productions, varying fishing mortality
and/or mesh size, obtained by the ANALEN program from the selectivity study data, with the classical approach of
price “stanzas’, arereported in Table 111 and Table IV, respectively.

It is apparent that an increase in the mesh size from 20 mmto 24 mm, or even to 28 mm, produces only marginal losses
in the short term, which are offset by the gain in the long term. This trend is even more evident when the mesh
increase is accompanied by areduction of the fishing mortality.

The estimates of the economic variations (%) in the short- and long-term productions, varying fishing mortality
and/or mesh size, obtained by the ANALEN program from the selectivity study data, with the ad hoc approach of a
continuous price function, arereported in Table V and Table VI, respectively.



It is sufficient to repeat what already said, i.e. that an increase in the mesh size from 20 mm to 24 mm, or even to
28 mm, produces only marginal lossesin the short term, which are offset by the gain in the long term.

It can be seen that the difference in the two approaches, “stanzas’ or continuous function, are minimal, therefore
allowing the innovative use of the price regression. In fact, not only the qualitative aspects are the same, but even
the quantitative figures are almost identical, with differencesin the order of 1% or less.

Economic transitional period (earlier surveys)

The VIT program, using the virtual population reconstruction from the earlier surveys, permits the examination of the
transitional economic behaviour of the fishery, when passing from the old steady-state to the new equilibrium

(Fig.5).

A sudden reduction of the fishing mortality of 15% (line @) produces in the first year a drop of 10% in the economic
yield-per-recruit; in the second year, economic yield recovers 7%, and it is stable in the fourth year back at the initial
economic value. A sudden reduction of the fishing mortality of 25% (line b) producesin thefirst year adrop of 17%
in the economic yield-per-recruit; in the second year, economic yield recovers 11%, and it is stable in the fourth year
at 99% of theinitial economic value. A reduction of the fishing mortality of 35% over 7 years (line c), with a constant
annua reduction of 5%, produces of course a smoother transition: 7years of small drops in the economic
yield-per-recruit, up to the lowest 91%, and a partial recovery for three years, reaching a stable situation at 97% of the
initial economic valuein the tenth year.

Having applied a stochastic variability in recruitment, over a period of 15 years, with a sudden drop in the fishing
mortality of 15%, the economic yield-per-recruit is expected to stay between 88% and 113% of the starting (and new
target) level, but with ample possible fluctuations (95% confidence intervals with borders aslow as 20% and as high
as 313% of the starting economic value). With a sudden drop in the fishing mortality of 25%, the economic yield is
expected to stay between 83% and 111% of the starting level (84% and 113% of the new target level), but with ample
fluctuations (95% confidence intervals with borders as low as 20% and as high as 309% of the starting economic
value). With a gradual drop in the fishing mortality of 35% in 7 years, the economic yield is expected to stay between
88% and 99% of the starting level (91% and 102% of the new target level), again with substantial fluctuations (95%
confidence intervals with borders aslow as 21% and as high as 291% of the starting economic value).

Economic transitional period (selectivity study)

Also the virtual population reconstruction from the selectivity study permits examination of the transitional economic
behaviour of the fishery (Fig. 6).

Examining the transitional behaviour of the fishery, a sudden reduction of the fishing mortality of 15% (linea)
produces in the first year a drop of 7% in the economic yield-per-recruit; in the second year, economic yield
surpasses the initial value at 103%, and it is stable in the fourth year at 107%. A sudden reduction of the fishing
mortality of 25% (line b) producesin thefirst year adrop of 13% in the economic yield-per-recruit; in the second year,
economic yield again surpasses the initial value at 103%, and it is stable in the fourth year at 111% of the initial

economic value. A reduction of the fishing mortality of 35% over 7 years (line c), with a constant annual reduction of
5%, produces of course a smoother transition: two years of small drops in the economic yield-per-recruit, up to the
lowest 97%, and a complete recovery at three years, reaching a stable situation of 115% of the initial economic value
in the tenth year.

With a stochastically variable recruitment, over a period of 15 years, with a sudden drop in the fishing mortality of
15%, the economic yield-per-recruit is expected to stay between 92% and 113% of the starting level (87% and 108% of
the new target level), but with ample possible fluctuations (95% confidence intervals with borders as low as 37% and
as high as 248% of the starting economic value). With a sudden drop in the fishing mortality of 25%, the economic
yield is expected to stay between 87% and 114% of the starting level (84% and 113% of the new target level), but with
ample fluctuations (95% confidence intervals with borders as low as 41% and as high as 251% of the starting
economic value). With a gradual drop in the fishing mortality of 35% in 7years, the economic yield is expected to



stay between 93% and 121% of the starting level (91% and 102% of the new target level), again with substantial
fluctuations (95% confidence intervals with borders as low as 41% and as high as 291% of the starting economic
value).

Discussion

The yield-per-recruit estimates and the virtual population reconstructions have been widely applied in the population
assessment of the companion species Aristeus antennatus (Demestre and Lleonart, 1993); these analyses, however,
require commercia statistics that are seldom collected in the Strait of Sicily. All these estimates are obviously based
on the equilibrium assumption, although the life history of the red shrimp does conform to the theoretical

assumptions only loosely. The equilibrium assumptions are an oversimplification of the natural conditions, but they
seem to work in many cases, at least when dealing with short- and mediumterm issues. In the A. foliacea fishery, as
in the case of A. antennatus (Carbonell et al., 1999), the shape of all the yield-per-recruit curves suggests a rapid
increase of Y/R for small increments of F, and thereafter the curves flatten out, without any evidence of a clear
maximum.

Yield scenarios

Using the ANALEN program on the selectivity study data, translated to the absolute values (Table VI1), it is apparent
that a reasonable increase in the mesh size (from 20 mm to 24 mm) produces only negligible short-term losses, while a
net gain isachieved in the long run. This effect is even more marked when passing to the larger mesh (28 mm); thisis
the case of both the catch and of itsvalue.

The two approaches to the economic yield, i.e. the classical “price stanzas’ and the ad hoc continuous price
function, produce close estimates, therefore allowing the innovative use of the price function in the ANALEN
procedure.

Transitional period

Examining the transitional behaviour of the fishery, when passing from the old steady-state to the new equilibrium,
the earlier and the newer data sets produce different results, when examining both the biological or the economic
yields (Table VIII).

The earlier surveys data show that after the drop that follows the reduction of the fishing mortality, the yield never
fully recovers and stabilizes at a lower level in afew years. In percentages, the short-term drop isin the order of two
thirds of the fishing mortality reduction, and the long-term loss in the order of about one fourth of the F reduction. Of
course, the standing biomass increases steadily, up to a percent value that is almost two thirds the F reduction.

On the contrary, the selectivity study data show that after the drop that follows the reduction of the fishing mortality,
the yield recovers aimost immediately and stabilizes at an higher level in 3-4years after the interference has been
removed. In percentages, the short-term drop is in the order of half of the fishing mortality reduction, and the
long-term gain in the order of about one fourth of the F reduction. In the meantime, the standing biomass increases
steadily, up to apercent value that is almost equal to the F reduction.

From the data of the selectivity study, the economic yield suggests a situation of overfishing, with a value away from
the maximum on the right side of the curve; a drastic reduction of F (to less than one third) will bring the exploitation
to a safer level, say the level of the Fy; strategy, with even a substantial increase in the present economic yield.
Conversdy, the data from the earlier surveys show that the fishing mortality was almost at its maximum. Even in this
case, the pursuit of the safer Fy; strategy would have caused only a modest decrease of the economic yield, while the
fishing mortality will have been reduced by one third.

Stochastic recruitment

There are not enough information as to decide which stock-recruitment model, Beverton and Holt's or Ricker's,
should be preferred. Therefore, just a stochastic variability of modest intensity has been applied to the “constant



recruitment” situation. The yield-per-recruit, over a period of 15 years, stays on average in acceptable limits, that are
around 10-15% of those expected in a steady-state, deterministic situation of a fishing mortality reduction in the
range of 15-35%, applied in sudden or smoothed way; the same “reasonable” behaviour is shown by the economic
yield. Nevertheless, ample fluctuations are possible, since the 95% confidence intervals have borders as low as 40%
or as high as 290% of the arresponding deterministic realizations. Therefore, the actual outcomes of the fishery,
even in astationary situation, are almost unpredictable (Walters, 1987).

Conclusions

Notwithstanding that, even on the same set of data, the different approaches to the analysis produce qualitatively
different scenarios, i.e. the present level of exploitation appears situated on the right or left side of the maximum
yield-per-recruit value, the results have demonstrated that an increase in the mesh size employed to catch red shrimp
in the Strait of Sicily is feasible without any appreciable loss in the yield from the fishery. On the contrary, an
increment in the capture level could be expected even in the short-term, assuming that the shrimps survive the
escapement through the mesh without suffering a higher mortality rate. In fact, similar results have been already
evidenced in the companion speciesA. antennatusin the same area (Ragonese and Bianchini, 1996).

The estimates from the earlier data suggests a situation of slight underfishing. On the contrary, the estimates from the
newer set suggest a situation of overfishing, with a yield-per-recruit value near the maximum, the present fishing
mortality situated on the right-hand side of the curve, over the fishing mortality corresponding to the maximum
yield-per-recruit, and the present standing biomass representing only a small fraction of the virgin stock biomass. A
drastic reduction of F will bring the exploitation to a safer level without consistent changes in the yield; in the
meantime, the standing biomass should increase.

The transitional behaviour of the fishery, when passing from the initial steady-state to the new equilibrium has been
examined. The newer set shows that after the initial drop that follows the reduction of the fishing mortality, the yield
recovers amost immediately and stabilizes at an higher level in 3-4 years. On the other hand, the earlier data show
that after the drop that follows the reduction of the fishing mortality, the yield never fully recovers and stabilizes at a
dlightly lower level in afew years.

Even with a stochastic variability of only modest intensity applied to the recruitment, ample fluctuations of yields are
possible, since the 95% confidence intervals have borders as low as less than half or as high as three times of the
corresponding deterministic realizations. Therefore, the actual outcomes of the fishery are unpredictable, and a*“bad”
year that by chance would follow any management intervention, such as the increase in the legal mesh size, risksto
be mis-interpreted by the fishermen as the “ominous effect” of the new regulations.

Taking as reference the F,, point, the level of exploitation for the red shrimp resources in the Sicilian Channel
appears close to the optimal harvest strategy, but very near the maximum or on the right hand of the curve; when
considering for example the safer strategy of Fk, it could be implemented with minimal losses, or even with
productive gains. The results of the present study, coupled with more general biological observations on the
fisheries in the Strait of Sicily, contribute to strengthen the feeling that, while the shrimp resources are probably not
yet exceedingly exploited, some sort of growth overfishing may be present and that the fishing activities are not
operating in accordance to an optimal profile; in fact, such a similar pattern (growth overfishing and worsened
temporal trend) has already been demonstrated, thanks to the discovery of virgin populations, for the Mediterranean
deep-water red shrimps (Politou et al ., 2000).

Thelife cycle of red shrimps and the fact that unit value increases markedly with individual size are likely to produce
a condition of “economic growth overfishing”, i.e. the total weight and total gross value of the shrimp catch is
reduced by a premature recruitment to the gear, with the inclusion of too many juveniles having a reduced economic
value; in fact, the present legal mesh (20 mm, side) is amost non-selective. Changes in mesh size and type (e.g.,
squared vs. diamond mesh) represent the main management instruments aimed at reducing the retention of small and
lower-priced animals and at achieving a separation of the catch from unwanted species. Modification of the mesh
type and/or size in the cod-ends appears attractive for the conceptual simplicity and easy enforcement. Therefore, it



is advantageous to increase the mesh size in shrimp fisheries, in order to take only sizes with commercial value and to
reduce the by-catch. Moreover, from abiological point of view, this should allow a greater number of animalsto reach
the size at onset of maturity.

In the Sicilian red shrimp fishery, a reduction of the fishing pressure is in theory required in any event: if the
overexploitation scenario is the right one, to bring the fishing mortality back on the left hand of the yield-per-recruit
curve; if the situation is of maximum biological exploitation, to pursuit safer strategies such as the Fy 4, with minimal
loss in the yield. From the economic point of view, areduction of the fishing pressureis again required in any event,
since it should permit both to pursue safer exploitation strategies and to increase the economic returns. Under any
scenario, even a small delay in the age at first capture would be biologically beneficial, without any economic harm,
even short-term.

In conclusion, the adoption of a mesh side of 28 mm in the codend employed for red shrimp fisheries is strongly
recommended because only positive effects, although not drastic, can be expected. The red shrimp fishery will
benefit of the proposed management measures directly, by the increased value of the catch, by the fact that the
exploitation regimen becomes less risky for the resource, by the reduced costs of towing a “lighter” gear, by the
lower labour of sorting the commercial catch; indirectly, by the reduction of the by-catch and the improved
environmental conditions: in fact, even if the sieved-out animals are dead, their biomass would be |eft on the
oligotrophic deep-water grounds. Nevertheless, the regulation of mesh size could be only a subsidiary device for
fisheries management, which should be used together with other management options (for example, a temporary
closurein spring).
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Tablel. Variations in the short-term productions (%, weight per recruit) of Aristaeomorpha foliacea in different exploitation
scenarios, varying fishing mortality and/or mesh size; present situation underlined.
F multipliers
mesh 050 060 070 080 090 100 110 120 130 140
K7 5347 2417 -8 -556 -1625 695 236 1167 20097 3028
2 5192 4230 -3263 -2307 -1345 383 578 1540 1024 463
24 5075 -4090 -3L05 2120 1135 -150 835 1820 2806 3790
2 5000 -4000 -3000 -2000 -1000 000 1000 2000 3000 4000
16 -4968 -3062 -2056 -1949 943 063 1069 20.76 K 01574 4083
Tablell.  Variations in the long-term productions (%, weight per recruit) of Aristaeomorpha foliacea in different exploitation
scenarios, varying fishing mortality and/or mesh size; present situation underlined.
F multipliers
mesh 050 060 070 080 090 100 110 120 130 140
K74 516 837 99, 1059 1057 1015 948 866 774 6.78
2 367 644 764 788 751 6.76 579 469 352 231
24 190 422 500 485 412 305 178 039 -105 250
2 039 235 280 234 13 000 -151 312 476 641
16 046 129 156 0A 022 -170 334 507 68 857
Tablelll. Variations in the economic short-term productions (%, value per recruit by price category) of Aristaecomorpha
foliacea in different exploitation scenarios, varying fishing mortality and/or mesh size; present situation underlined.
F multipliers
mesh 050 060 070 080 090 100 110 120 130 140
K74 5163 -419% 229 -261 129 327 641 1608 575 B2
2 5075 -4090 -3L06 2120 1135 -150 83% 1820 2806 3790
24 5025 -4030 -03b -2041 -1046 051 944 1939 234 3029
2 5000 -4000 -3000 -2000 -1000 000 1000 2000 3000 4000
16 4992 -3090 -2089 -1987 98 016 1018 2020 021 4023
TablelV. Variationsin the economic longterm productions (%, value per recruit by price category) of Aristacomorpha foliacea

in different exploitation scenarios, varying fishing mortality and/or mesh size; present situation underlined.

F multipliers
mesh 050 060 070 080 090 100 110 120 130 140
K72 1578 1807 1855 1790 1657 1481 28 1071 854 636
2 1314 1480 1469 1351 1170 951 712 464 214 0A
24 1033 133 1071 902 6.75 415 139 -143 423 69
20 810 867 758 552 290 [0]00] 303 609 on -1207
16 691 724 5% 367 083 218 535 853 -1166 -1471
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TableV. Variations in the economic short-term productions (%, value per recruit by continuous price function) of
Aristacomorpha foliacea in different exploitation scenarios, varying fishing mortality and/or mesh size; present
situation underlined.

F multipliers
mesh 050 060 070 080 00 100 110 120 130 140
K2 5214 4257 29 2842 -1385 -A27 530 1487 2444 3402
2 5106 4127 -3148 2170 -1191 212 767 1745 2r24 3703
24
20
16

5038 -4046 -0 -2061 -1069 076 916 1908 201 BB
-5000 -4000 -3000 -2000 -1000 000 1000 2000 3000 4000
-4986 -3083 -2080 -19.77 974 029 1032 2035 3037 4040

TableVI. Variations in the economic longterm productions (%, value per recruit by continuous price function) of
Aristaecomorpha foliacea in different exploitation scenarios, varying fishing mortality and/or mesh size; present
situation underlined.

F multipliers
mesh 050 060 070 080 090 100 110 120 130 140
K74 1714 1860 1840 1723 1552 134 1144 930 720 515
2 1467 1557 1486 1323 112 878 634 391 152 078
24 1203 1237 1115 908 657 386 110 -163 -428 634
20 989 980 820 579 298 00 -300 5% 881 -115%

16 875 843 663 404 107 20 518 825 -11.20 -1403

Table VII. Longterm economic productions (gross yield, in million Euro) of Aristaeomorpha foliacea in different exploitation
scenarios, varying fishing mortality and/or mesh size; present situation underlined.

F multipliers
mesh 070 080 090 100 110 120
28 1492 1470 1443 1413 1381 1350
24 1443 1416 1334 1350 1313 1277
20 1405 1374 1337 1300 1260 22

Table VIII . Transitional results for Aristaeomorpha foliacea in three scenarios of fishing mortality reduction, with various data

Sets.
F reduction 15% (sudden) 25% (sudden) 35% (smooth)
1985-87 data

% biologica short-term drop -10 -18 »-11 at year 7
% biological long-term loss -2 -4 -7

% long-term standing stock increase 10 19 30

% economic short-term drop -10 -17 »-9 at year 7
% economic long-term loss 0 -1 -3

1993 data

% biologica short-term drop -8 -14 »-2 at year 2
% biological long-term gain 4 6 8

% long-term standing stock increase 14 26 41

% economic short-term drop -7 -13 »-3 at year 2

% economic long-term gain 7 11 15
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Fig.1. Theareaof study, with the major fishing grounds evidenced.
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Fig.2. Approximate individual value of red shrimps, by size (value in Euro; size in mm of CL): solid line= price
categories; dashed line = price function.
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Fig.3. Transitional status of the Aristaeomorpha foliacea fishery with different management interventions
(reduction of the fishing mortality: a=15% sudden; b=25% sudden; c=35% in 7years); percent yield
(weight per recruit) variations, analysis from 1985-87 data.
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Fig.4. Transitional status of the Aristaecomorpha foliacea fishery with different management interventions
(reduction of the fishing mortality: a=15% sudden; b=25% sudden; c=35% in 7years); percent yield
(weight per recruit) variations, analysis from 1993 data.
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Fig.5. Transitional economics of the Aristaecomorpha foliacea fishery with different management interventions
(reduction of the fishing mortality: a= 15% sudden; b=25% sudden; c=35% in 7years); percent economic
yield (value per recruit) variations, analysis from 1985-87 data.
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Fig.6. Transitional economics of the Aristaeomorpha foliacea fishery with different management interventions
(reduction of the fishing mortality: a= 15% sudden; b=25% sudden; c=35% in 7years); percent economic
yield (value per recruit) variations, analysis from 1993 data.



