FAO - Food and Agriculture Organisation of the United Nation
Scientific Advisory Committee of the GFCM
Sub-Committee Stock Assessment

Directorate for Fisheries of the Italian Ministry for Agricultureand
Forest Policy

PROCEEDING OF THE RKSHOP ON

Thisisadraft version of the communications presented during the workshop. The

manuscripts are currently under referees revision process before acceptance for
publication.

Not to be cited without prior referenceto the authors.



The most part of the articles included in the present book are a re-elaboration, provided
by the authors, of the communications presented at the workshop on Reference Points
held in Rome on April 20-21, 2004 on behdf of the SAC-GFCM jointly with the
Directorate for Fisheries of the Italian Ministry for Agriculture and Forest Policy.

Some articles are from the presentations given at the workshop on Reference Points
organized in Rome on January 28-29, 2004 by the Directorate for Fisheries of the Italian
Ministry for Agriculture and Forest Policy.



Scientific Advisory Committee of the GFCM
Sub-Committee Stock Assessment

Directorate for Fisheriesof the Italian Ministry for Agricultureand
Forest Policy

Workshop on Reference Points
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The workshop was attended by 60 participants. Bésides thentroducing talk, 14
communications were presented by researchers an unic as presented by
the fishermen associations.

The approaches illustrated in the communi
a) classica population dynamics modelling (
b) empirical indicators of popul ispecies), N°4 presentations,
c) multispecies and ecosystem i 3 hONS;

for fishing maragement.
The communication Q

advices.

The commuanicatie [ 6 2journal Biologia Marina Mediterranea.

Giuseppe Lembo (Coordinator of the workshop), Alain
, Corrado Piccinetti (SAC Chairman), Riccardo Rigillo
(Italian Directoratei@hdtsheries) and Matthew Camilleri acting as reporter. The former
thanked the authorsior the presentations made during the workshop and opened the
discussion by putting forward a few pertinent questions:

1. Which are the indices and RP currently applied to Mediterranean fisheries, and
which others have never been applied and why?

2. What level of reliability have the indices and RP used in the Mediterranean? How
can thisreliability be improved?

3. Has any multispecies index or MSRP ever been applied to the Mediterranean? If <,
in what circumstances?

4. EAF isa main issue. There are some papers published on this topic but, have had any
impact on assessment?



5. How can use common information from different areas or gathered with different
methods to standardize indices and reference points?
6.- On the light of the previous items, which kind of recommendation, regarding indices
and reference points, can be addressed to the SAC-GFCM?
There was consensus that reference points in the Mediterranean have so far been applied
to stock assessment exercises and were not used within a management framework. It
was noted that most of the papers presented during the workshop focused on biological
reference points which needed to be assessed, on the basis of their characteristics, for
their feasibility and usefulness in the precautionary approach. Namely the indicators
should be characterised by the following desirable features:
a) easy compilation and processing procedures,
b) minimization of basic assumptions;
c) reliable performance with respect to interactions
and resources,
d) applicability to different scenarios,
e) comprehensibility for the stakeholders;
f) easy integration and comparison ame
Sources.

fishery, environment

m different

As far as the group was aware, mainly nonospec odels have been used in the
Mediterranean and problems are béjmg encountered (O thanslate the EAF and related

points should be an activi [ SCienti ould be understood by fishers
and other stakeholdefs. should have three uses. (a)
monitoring (b) ioh (c) determination of state of stock /
restoration. It was al § are more vulnerable and need focused
attention with de target values or reference points.

It was reference points should be established in order to
imp and target reference points could be considered at
alater s eved that data should be analyzed on a large scale basis in

Life expectancy wasjdentified by some as a robust indicator of surviva which is a tool
to assess the well-Being of the stock, as well as to ssimulate the effects of different
management strategies. Total mortality was aso identified as a suitable indicator to set
alimit reference point and it was noted that trawl surveys are useful in this regard, since
they provide interannual fluctuations in this parameter. It was also suggested that CPUE
isitself a simple and reliable indicator.

The group discussed the often met unreliability of commercial catch data and the quality
of data collected through direct and indirect methods, which depend on the sampling
strategy employed. The issue of the reliability of indicators depends on what they are
used for. Since there have been no applications of fisheries control rules using
indicators and RPs, there is no history of experience to study. Caution was expressed in



the use of specific modelling frameworks to generate RPs before a broader view of the
Situation is obtained. A method of examining a large number of indicators together is
proposed as a preparatory approach before setting up a modelling framework.

Concern was also expressed with the use of “steady state” assumptions in modelling,
such as Ecopath or Y/R models, there is a lot to be said for using empirical indicators
that are easily understood by managers and fishermen.

The group stated that the uncertainty of reference points could be reduced through
collaboration and sharing of data and experiences, as well as calibration of data It
added that whilst the indices presented at the workshop should be used as a foundation
for future work on this subject, data and information originating,from landings, direct
methods and simulation should be retained and an effort made to integrate
[ roach, researchers must
t to focus singly on

keep in mind that the ultimate goal is to manage fish
biological aspects of stocks, whose status depends

In trying to reach a conclusion, the group suggest in addition to indicators and
icators for each fishery or

spectrum (individual
recruit and [

ortality rates (e.g. Zned, Zusp, Fo1),
Bo, SSB/B, B/R), abundance indices,
area extend of the stocks surveyed. Further
amining historical data sources for past changes in

‘, overdl indicators of ecosystem change (e.g. BOI
stem productivity and other environmental variables such

Finally, the workingigroup strongly suggested that the SAC-GFCM should continue to
promote the referenCe point issue as a priority research area in order to define clear
management goals at regional level as soon as possible.
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Abstract
Biological Reference Points based \@ [ es, were tested for the
assessment of the status of Mullus ba isces, Osteychiyes) stock in the GFCM
Geographic Sub-area 9, western Med jtability of each one of the
chosen BRP for the 18 ion of the species is briefly
discussed.

I ntroduction

, management and exploitation of the living
of the aquatic environment. For the implementation of

the definition of stock specific reference points, as well as
: y are exceed (FAO, 1995a).

Reference points'€an befdefined as conventional values of the state of a fishery or a
population that are ‘€@nsidered the desirable objective to be reached (target reference
points) or an undesfable state of the fishery which needs to be avoided (hreshold or
limit reference points).

An increasing frequency of use of biological reference points to define the state of some
fisheries of demersal stocks has been observed in recent years. The criteria for the
selection of the more suitable reference points for the management of a certain fishery
are mainly done by identifying whose are compatible with the current knowledge of the
resources, with their biological characteristics and with the employed fishing strategies.
There is a general agreement that the reference points that up to the present time were
more frequently used (Fmax, Femsy=m) @nd Fo.1) are not precautionary (Caddy & Csirke,
1983, Clark, 1991, Mace & Sissenwine, 1993, Caddy & Mahon, 1995, Die & Caddy,
1997). This is because they are extremely dependent to both, the specific stock



biological characteristics (reproductive capacity, resilience) and characteristics of the
fisheries exploiting the stock. The models are very sensible b many variables, as the
age at recruitment to the gear, the age at maturity, the natural mortality rates and other
biological parameters of each species.

Even though the fisheries are conceived for the achievement of socio-economic
benefits, it is necessary to consider the sustainability of the activity through the
conservation of the production potential of the exploited resources. In consequence, an
important management goa is the choice of measurable indices of the level of
exploitation that provide agood compromise between the best attainable yields or
revenues and a good probability of avoiding stock collapse. This is achieved with the
best scientific available information and the implementation of umproved techniques for
dealing with risk and uncertainty (Caddy & Mahon, 1995). ertainty is an intrinsic
aspect of any fishery system. It concerns the measureme size and productivity of
the stocks, the chosen reference points, the definitiqal¥of and distribution of
fishing mortality, the impact of fishing on by-catchgasWell asthéenvironmental and
socio-economic conditions.

In the present paper, some Biological Refereng
rates, were used in order to assess the status
Geographic Sub-area 9, Western Mediterranean.
chosen BRP for the assessment of the level of exp
speciesis briefly discussed.

The M. barbatusfisheriesin Geograp U2AL ea 9
The red mullet, Mullus barbatus, is oRe e st_igportant commercia fishery

resources of the Geographic Sub Areag9fthat extends from Ligurian to Central
Tyrrhenian Sea (Fig. nesgpecies is mafly caught‘by bottom trawlers in the depth
range 15-100m.
In this area, M. barbatt Nportant speci@sof the demersal species assemblages of
the continental_shelf (Biaginet”alt )2)eand’one of the most important targets of the
[ ial landings are therefore constituted by an important
fractiongdf by catch ' aCles composition may change aong the year, due to the

[ 3 the single species and to the commercia choices
exploitation strategies (Abella and Serena, 1995;

Points (BRP) based GRftotal mortality
Mullus¥arbatus stock e GFCM
appropriateness of each one of the
ion and risk of collapse of the

of the je the

in the GSA9 and tar@eting demersal species, that include red mullet, has been observed.
This decrease has been particularly important for the Porto Santo Stefano fleet (about
50% of reduction of the number of vessels) and for that of Viareggio (about 30%) (Fig
2). It is likely that this reduction has produced a consequent decrease in the fishing
effort directed to M. barbatus.

Landings of red mullet are characterised by a clear seasonality (Fig 3), with a peak at
the beginning of autumn, as soon as the recruitment is aready completed, with young
individuals concentrated near the coast. Trawling close to the shore, within 3 miles from
the coast (or under 50m depth along the Ligurian coast) is forbidden al year round. A
further reduction in the capture of juveniles has been attempted through the seasonal



fishing ban for trawling (30-45 days in late summer-early autumn), that was enforced in
severa years.

Red mullet catch rates (landings per unit of effort) have shown an increase in the last
years in amogt all the ports of the GSA9. The same trend is observed for the annua
standing stock biomass estimates with data proceeding from trawl surveys (Fig 4).

The M. barbatus stock status has been assessed in the last years for some zones within
the GSA9 (Ors Rdlini & Arnadi, 1986; De Ranieri et al., 1994; Demestre et al., 1997;
Voliani et al., 1998; Ardizzone, 1998; Abella et al., 1999; Zamboni et al., 2000). Yield-
per-Recruit and Spawning-per-recruit analyses were performed as well as Surplus
Production Composite Models. However, no assessments for the whole GSA9 were
performed up to now.

Material and methods

Data proceed from trawl surveys performed in the graphic SubArea 9
(CGPM, 2001) (from Ventimiglia to Garigliano gRi ing Ligurian Sea,
Northern Tyrrhenian Sea and Centra Tyrrhenian ig.5) i iod 1985-2003.

Italian GRUND surveys (Relini 1985,1998) : ith a common

different sub-zones. Information proceeding fro ientifiC cruises was
used here mostly for a better knowledge of biologi

MEDITS EU funded surveys (Bert e performed utilising vessels
with similar structural characteristics 0ss tonnage and with an
identical fishing gear and sampling protecac formation derived from
MEDITS surveys was also suitable for t

The reference points t e most common families of
ap dynamic models, dynamlc pool

ploy data proceeding from the commercial
the information required for the utilisation of
tradit i is only available for a reduced number of ports
or fisher a large number of areas, data proceeding from trawl
surveys are‘avai ialy since 1994 when the MEDITS programme started.
Fisheries indef as those proceeding from trawl-surveys do not allow
collecting informeatie her on fishing effort nor on catch. However, there is the
possibility to appl ariant of production models, the so-called composite models
(Munro, 1979) that @lows the use of information derived from trawl surveys performed
with standard procedures in different areas assumed to have the same ecological
characteristics but exploited with different rates. Coverage includes the main red mullet
fishing grounds exploited in the Geographic Sub-Area9.

Considering the absence of effort data for each sub-zone and fishery, estimates of the
total mortality rate Z were used as a direct index of current fishing effort. Z was
estimated through the calculation of survival rates of each single cohort for each sub-
zone in two successive periods. Survey catch rates (kg/h) corresponding to each sub-
zone were used as an index of abundance at the current level of exploitation rate.

In order to increase the contrast among data, a couple of values of Z and cpue estimated
for a zone of the Southern Tyrrhenian Sea (Castellammare Gulf, Sicily, identified as
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Sub-zone 11 in the Fig. 5 was also included. In the mentioned area, a fishing ban for
trawling do exist since 1990 (Pipitone et al., 1996) and only a negligible amount of
individuals of red mullet are caught by the artisanal fishery. Hence, it is likely that the
estimates of catch/hour and Z for M. barbatus of the mentioned area do approximate the
rates of avirgin population.

The use of the model with the empirical data allowed the estimation of Z corresponding
to the Maximum Biological Production (MBP) proposed by Caddy and Csirke(1983).
MBP includes all the production removed by both, fishery and natural mortality.

The second approach tested for red mullet in the GSA9 belongs to the Dynamic Pool

Models group. In this paper, a Thompson & Bell like model (Thompson & Bell, 1934)
was constructed. Common biological parameters (consider resentative for the
species in the sub-area were used (Voliani et al., 1998; Sanc aly, 1995; De Ranieri,
1999, Tab. 1). A vector of natural mortality, with a d value of M with the
increase in size, was included; the assumption of M I Size was necessary
considering that the species starts to be exploited e. It is generally
accepted that young small-sized individuals a higher natural
mortality rates than those of adults. The

constructed following the Caddy model (198

al., 1998). An F vector, which is\@ s the distribution of fishing
mortality by size in the commercial :

With this simulation approach, the ché
Stock Biomass/virgin Spawning Stock Bo) due to changes of fishing
mortality, were estimateg ' ave of 0.35 was used for the

of the level of mortality (in this case total
ce adequate and sustainable yields. Zegan and Zmed
SPawning biomass were estimated. Zneq COrresponds to
age strvival, S/R=1, at which stock replaces itself. At this
balances, in about haf of the years, the losses due to
mortality. Zgrad { of Z corresponding to the intersection of the yield and

If fishing is maintafed at the Zneq rate, it is assumed that the stock will be sustained.
Zmed 1S considered a’limit reference point. Also in this case, in order to be able to wse
data that reflects contrasting enough situations as regards the exploitation rates, yearly
estimates of spawners and recruits from different sub-zones of the GSA9 were
considered independently and not merged as a single couple of S and R for the whole
GSA.

The fourth tested approach is based on the Beverton and Holt (1957) equation that
allows the estimation of Z if the size of first capture L, the average length of the entire
catch ™ L and the von Bertalanffy growth parameters K and Ly are known.

Die and Caddy (1997) defined a new reference point, Z*, aimed at a rough assessment
of the likely effects of fishing on the spawning stock and successive future recruitment.
For the utilisation of this index, the knowledge of the size at first maturity, Ly, and the
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size at first capture L. are needed. The basic idea is that when the mean size in the catch
is longer than the size at maturity, on average, an individua fish will have spawned at
least once before it is caught.

Based on the Beverton & Holt (1957) equation:

- (L¥ - E)K
~(C-L)

By incorporating the inequality L < L.

and by substituting Lc by L,

the following inequality that furnishes an upper limi er oint based on Z, is
obtai ned:

* (L¥ - Lm)K
ZL L)

eters between males and
d successively pooled

Considering the differences of grov
females, the estimation of Z* was pe

b and maturity

Results
For the whole GSA94Frel value of ‘the total mortality Z, an average
rate of 2.72 was '
From the Composite
Production of

ponding to the Maximum Biological
he single values of Z obtained in the
mBP suggest different exploitation rates for the
AO: while the sub-zones 1, 2, 4 and 5 resulted
le corresponding to the area 3 indicates an
ding from sub-zone 6 didn't alow a reliable

Results from the IR awd SSB/R analyses (Fig 6) suggest, for the current level of F
(average value for t hole GSA9), that at this exploitation rate a Y/R of about 20%
lower than the maximum is obtained. The BRP based on the current SSB/SSBo rate
(assuming a threshold value of 0.35), suggests that a reduction of the current level of
effort of about 25% is needed to reach the value corresponding to the above-defined
threshold, that is considered more suitable to guarantee the self-renewal of the stock.

A vaue of 3.0 was estimated for Z* that results higher than the current value estimated
for the whole GSA. An analysis of the sensitivity of each input parameter used for the
estimation of Z* was performed. The results are very sensible to light changes in the
input parameters, especially for Lm, asis shown in Fig.7.

The Sissenwine & Shepherd (1997) approach allowed the estimation of a Zyeq Value of
3.43. The actua value of Z for the whole GSA9 is decisively lower than the obtained
value of this reference point for M. barbatus in the area.
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The replacement lines corresponding to the different BRP considered in this study: Zmyed,
Zerashy Z* . Zmep, Zsseissso=0.35 are shown in Fig. 8. The last two RP's give a less
optimistic picture of the exploitation status of the species, suggesting the need of a
reduction of the current Z while Z* is positioned close to Zyeq.

Data allowed the construction of a proper model for the Stock/Recruitment relationship,
even if the Sissenwine and Shepherd approach does not need of a formalisation of such
relationship. The Ricker model explains fairly well the distribution of the data (level of
recruitment expected at different levels of abundance of the adult stock).

Table 2 shows the current value of Z and those corresponding to the different reference
points utilised in this exercise. The same table also shows:
-Y/R and SSB/SSBo resulting for the current level of Z;
-the Y/R and SSB/SSBo corresponding at each considered
equilibrium;
-the changes in F necessary to drive the current Z value defined by each RP.
The comparison of each BRP with the current v rather different

reaching the new

pictures of the current exploitation status of the . [ ion proceeding
from the reference values Zygp=2.25 and 35=2. ecessity of a

strong reduction of the current Z. On the ot ialy that
of Znegq do not indicate the need of any reducti
levels of exploitation, reductions of about 4 and 11
fraction of spawners related to the Tma

respectively expected. These values af€
0.35.

/R and a drop of the surviving
tential to 0.26 and 0.23 are

Discussion and Conclusien

max, F(Fmsy=m and Fp.1 are not precautionary, this fact have
ative reference points based on mortality rates or minimum

large amount of refefence points proposed in literature is however restricted to those
compatible with the current knowledge of the resources, with their biological
characteristics and with the employed fishing strategies.

The use, in the present paper, of a series of approaches and reference points considered
precautionary and suitable for the stock assessment and management of Mediterranean
fisheries did not furnish the same photograph of the exploitation status of the stock of
M. barbatus in the Geographic Sub-area 9. Severa factors are assumed to have
contributed to these contrasting results.

The exploitation status that results from the application of the composite model with Z
as a direct index of effort are in agreement with what we know about the fishing
pressure exerted in the single sub- zones of the GSA9. If some general recommendation
based on this reference point has to be furnished for the whole GSA9, considering that
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amost al the different sub-zones are clearly beyond the Zygp, we should say that the Z
values are in general too high and that it should be necessary to reduce Z. The reduction
of Z can be obtained through the reduction of fishing effort or fleet capacity. However,
it is likely that such measures will punish the fishing fleet that exploits only moderately
the sub-zone 3.

Reliable results from production models are only obtained when enough contrasting
data are available (Hilborn and Walters, 1992). In this case, the composite model uses
data that reflect the changes in demographic structure and biomass that occurred in
different sub-zones characterised by quite different exploitation rates. The use of a
composite model also allowed to avoid the problems related to the assumption of
equilibrium, a problem that is necessary to deal with, when usiag time series of catch
and effort. Hilborn and Walters (1992) state that probably t ype of equilibrium
analysis that appears suitable when we are working wit uction models involves
gpatial contrast in fishing effort.
The Zusp approach is considered precautionary begs

and no strong
of explicit

gquilibrium stock abundance. In these cases, the Fep
a Sissenwine and Shepherd approach is highly dependent
ances for which spawner-recruit data are available. Also in
of Zmeg that was estimated might be conditioned by the
predominance in thé@vailable data of couples of spawning stock and new recruits that
are representative of’the high levels of fishing pressure at which the species is exposed
in most of the considered sub-zones.

Moreover, it is necessary to consider that by only controlling the value of Z it is
although possible to drive the stock to an undesired status. According to Hayes(2000),
two different fishing mortality patterns (due to different combinations of fishing
intensity and age of first capture) may produce the same maximum spawning potential
or viceversa, with the same fishing or total mortality rate but changing the size of first
capture, the resulting maximum spawning potential can be quite different. In
consequence, it should be necessary to control both variables in order to avoid the risk
of recruitment overfishing.
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The analysis performed with a dynamic pool model suggest that a reduction of fishing
effort should be necessary in order to drive the stock to a safer situation regarding its
current level of Spawning Biomass. This reduction, estimated of about 25%, is likely to
drive the SSB/SSBo rate to the reference value of 0.35 and to an increase of about 20%
in Y/R. This assessment is however conditioned by several assumptions especialy
regarding the natural mortality vector introduced in the model. In the case a constant
(and low) value of M is introduced, a decisively worse picture for the species stock
status is obtained.

It is supposed that the use of reference points as Z*, especialy through the monitoring
of the Z level in the case of developing fisheries, should be very useful for the reduction
of risk of recruitment overfishing (Die and Caddy, 1997; Zamboni et al. 1999). By
keeping the current value of Z below this reference value, ividual on average
wiII be able to spawn at Ieast once on itslife. Itis however roved that this reference
ort lifespan and low
age at first maturity (about 1 year) Most of the i multispecific the
fishery including M. barbatus among the target e they reach its
sizelage of maturity and it is likely that this
future. Furthermore, any management plan

and aimed at an increase of the size of first c e very difficult to apply.
Moreover, it is in genera very difficult to deflne ed dze of first maturity. The
fitting of an ogive of probability of not furnish the mean size at
which the species massively spawn, B igally much lower than

time (Voliani et al., 1998).
From the reference poi

Model with Z asadi of fishing effort seems‘in the present circumstances one
of the more sui esSment of the mentioned species in the
Mediterranean conte the less data-requiring and with the
advantage that a shing rates.

Another g C 2 eed of a®rg amount of data, hypotheses nor models, is
the Sissénwi ) 87) method. The achievement of reliable results with

Is strongly conditiored by the range of stock
it data are available.

al suggest that if fishing is maintained at this rate, yields will
be at least 75% of t SY and the self-renewal of the stock should be guaranteed. In
the Mediterranean 4Context, considering a general lacking of knowledge on the
population dynamics and fisheries of many stocks, approaches like that, that are less
information-demanding, should have broad potential in fisheries such those of the
mentioned area. There are however some problems that have to be solved before their
utilisation

For the estimation of the surviving fraction of the spawning biomass at the current level
of F, we have to introduce in the model a series of assumptions, many times not
completely supported by scientific evidence, in particular, regarding the vector of
natural mortality by age. It has been observed that these models are very sensible to
changes in this input parameter and hence, results may be quite different if an
aternative hypothesis is introduced. According to the comparative study of Caddy and
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Mahon (1995), %SPR was found to be positively correlated with natural mortality and
negatively with some indices of size. In this case, fast growing short-living species
should require higher percentages of survival fraction of the spawning biomass to
guarantee an adeguate stock replacement.

As regards to the use of Z*, there exist some problems for its utilisation for stock
assessment in fisheries like those Mediterranean. They are mainly related to the use in
the fisheries of the area of low-selective small meshsize, to the multispecific
characteristics of the fisheries and to the need to assume, as implicit in the origina

Beverton & Holt equation, a similar fishing mortality rate for al the individuals over the
size of first capture. Moreover, the model was demonstrated to be very sensible to the
input value of size at first maturity, especialy if low values are i

possibility to trandate in an easy way the results obtain gh the utilisation of the
conventional values chosen as reference points (in this ortality rates) in clear
advice for management purposes, expressed in pragti rable bounds for

compared, as performed by Abella &,a .(1999), Wit mation on the fishing effort

As agenera and final comment, we can ent of the status of the
stock that apply for the s0me objective difficulties can
exist. This is mainl t always the boundaries of these GSA's
coincide with the of the exploited stocks and these arbitrary divisions
may create difficulties ) in a proper way the information
proceeding from dlffer higseach GSA. In fact, these sub-zones are

exploited g , depending on the different consistency (and
behavig i ing demersal resources.
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Fig. 1. Study area, the GFCM Geographical Sub-Area9.
Fig. 1. Areadi studio, la sub-area geografica GFCM 9.

Fig. 2 Changes in number of trawl vessels targeting Mullus barbatus in the main ports
of the GSA9 in the period 1990-2002.

Fig. 2 Evoluzione del numero di barche a strascico, che sfruttano Mullus barbatus, dei
principali porti della GSA9 nel periodo 1990-2002.

Fig. 3. Monthly landings per unit effort of the main fleets targeting M. barbatus in
GSAZ9 in the period 1990-2002.

Fig. 3. Sharcato per unita di sforzo mensile di M. barbatus d
strascico della GSA9 nel periodo 1990-2002.

principali flottiglie a

Fig. 4. Biomass trends derived from the autumn botto! veys of the GRUND
project (upper line) and spring bottom trawl survey
line). NOTE: the 1994-2001 MEDITS surveys

in estate.

Fig 5. Left: map showing the location G 0 graphic Sub-Area 9 and
the zone (11) near Sicily coasts used for th ¢ . Right: Composite model
using Z as adirect inde i

Fig 5. Sinistras mapp one della GSA 9 e la zona (11)

alo composito. Destra: Modello composito

Fig. 7. i tivi as regards the four input parameters necessary for the
i ' 1 in the x-axis corresponds to the standardised actual value

changes of the st& \
Fig. 7. Andlis di pilita dei quattro parametri di imput necessari per la stima di Z*.
Il vaore 1 nell’ corrisponde a valore corrente standardizzato di ogni parametro, i
valori piu ati o pit bass corrispondono a variazioni percentuali dei valori standard.

Fig 8. Stock vs. recruitment relationships. Replacement lines corresponding to the
different biological reference points considered.

Fig 8. Relazione stock-reclutamento. Le linee corrispondono ai differenti punti di
riferimento biologici considerati.
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Table 1. Common Biological parameters considered representative for M. barbatus in

the GSAO9 utilized in the analysis.

Parameter Value Source
Lin 2 o L Efrﬁgggs) Voliani et al ., 1998
K gﬁsfxﬁg[ Voliani et al.., 1098
Lm 12'1%%2::1({;23 :S) Sanchez et al. 1995
L 7.4 cm TL (males + females)  De Ranieri et al.

Table 2. Estimated values of Z for the
SSB/SSBo that are expected in the

Current status

Change of F
necessary to reach

Biological
Reference Point

value of

SSB/SSB, the chosen BRP
0.26 + 14%
0.34 - 28%
0.23 + 33%
0.18 +71%
ZSSB/SSBO:O_SS 953 035 = 25%
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REFERENCE POINTS: A BIO-ECONOMIC MODEL BASED APPROACH

P. Accadia, V. Placenti, M. Spagnolo
IREPA — Ingtitute for Economic Research in Fishery and Aquaculture

Key words: Fishery management; Fishing effort; Mathematical models; Multi-species
fisheries; Reference levels.

Abstract
The concept of Reference Points (RPS) is closely connect
objective which, by also involving economic and social issu
the sole biological maximization (MSY).
It is possible to define different RPs for each asp
single RP aimed at ensuring the sustainability of .the)syst

to the management
ot be restricted to

ement or to identify a
longer limited to
involvethe state

optimisation models of effort and effort-catch, e Gordon-
Schaefer model, which clearly derives fromthe th popul ation dynamics.

The debate about the effectiven both the indicators and the
RPs that are potentially useful in mo conducted with respect to

on the respect for bothfnatural ecosystems and biodiversity. Accordingly, the concept of
sustainable development s described as “ a development that would meet the needs of
the present without endangering the future generations' capacity to meet their own
needs’ (WCED, 1987). This statement, which strongly evokes the principle of
“sustainability”, is worldwide regarded as the major guideline for policies concerning
the management of marine resources. According to this principle, the Governments are
to adopt an ecosystembased approach. This involves the sustainable management of
both commercial stocks and specific ecosystem factors that support the production such
as the socio-economic quality of the sector. In other words, the ecosystembased
approach extends the management of the fishery from that of commercia stocks to that
of the interaction between fishery, human and natural related systems.
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In line with the above-mentioned principles, a sustainable development of the
fishing sector requires that the actors involved in the preservation of the environment
assume wider responsibilities. To this end, a clear and updated informative framework
should support the socio-economic development oriented towards the preservation of
the environment. The complexity, the uncertainty and the worldwide distribution of the
issue call for the development of informative tools on which to base both a
methodological organisation and an effective representation of reality.

A sustainable management policy is to be implemented by taking clear and specific
steps, which can be summarised as follows:

1. to set the sub-goals to be achieved in order to ensure the exploitation of the marine
resources belonging to the ecosystem;

2. toidentify one or more indicators of sustainability for eac

3. to establish, for each indicator, one or more reference

th’rough which a given

Once the objectives have been identified, the S isthe choi ce of
the indicators. These are to play a considerable rol
tools within the decisionrmaking
indicatorsit is possible to draw an acC
of marine resources, environment conditi
information enables us to formulate hy
reference framework.

oment, by adopting these
i1 terms of exploitation

étion obtained through a specific indicator,
some refg S [ reference points). These values can be
associaiéd with eit iffi or an optimal (or sub-optimal) situation. The former

attained. For instan e Maximum Sustainable Yield (MSY) is the reference value to
be applied in order/to reach the maximisation of production. However, management
objectives usually include socia and economic aspects, such as the profitability of
fishing activities, the maintenance of employment levels and the safeguard of local
economies strictly dependent on fishery. Thus, in order to ensure the environmental,
economic and socia sustainability, it is possible to define different reference points
associated with each aspect of the sector or, to identify a single reference value that
encapsulates all the aforesaid aspects. Furthermore, given that a single management aim
would only meet the interest of a specific group of stakeholders, a management-oriented
reference point should be agreed upon and shared by the stakeholders as a whole. As a
consequence, the sharing of monitoring and control tools entails a multi-objective
approach in which the different interests at stake are evenly represented.
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As previously stated, reference points can be subdivided into two groups following
their different use, such as: Limit Reference Points (LRPs) and Target Reference Points
(TRPs) (Caddy e Mahon, 1995; Caddy, 1998). The LRPs consist in a definition of the
thresholds that the resources or the sector indicators are not to overcome. Indeed, the
overcoming of these thresholds would produce an irreversible long-term crisis affecting
the resources and the sector as a whole. According to the reference indicator, LRPs can
be associated to either minimum or maximum levels. The reaching of these limits
should stimulate the implementation of comprehensive management measures directed
at bringing the indicators back to levels considered as acceptable.

A quite different approach is required to define TRPs, which are usually related to
indicators associated with the condition of stocks. These imdicators represent the
desirable level of stocks and, therefore, an objective to be glirsuesl using appropriate
management measures. TRPs may concern either the or the output of the
productive process. Accordingly, they might enable u ine the optimal levels
in terms of the size of catches, fishing effort or secto

3. The reference points within a mono-speci
The most widely used management-ori
Sustainable Yield (MSY). As far as the fishing

resulting production. Apparently, thi€ aim of mono-species
fishery. Indeed, i ‘ i plied by stakeholders.

ble profits obtained by using the Gordon Schaefer
will change following the different models and the

RP vaue.
The most Ce
uncertainty of the

mon argdiments against the adoption of the MSY as an RP concern the
imation and the consequent risk of overcoming the optimal level of
effort. The RP edti on depends on both the reliability of the data and the correct
specification of thedmodel, as well as on the degree of randomness that characterizes
this phenomenon. Besides, the MSY estimation through time series data is conducted
by assuming that the previous conditions will occur in the future with the same
probability. Actually, any substantial change in the structure of the population along
with the variations affecting the behaviour of the phenomenon, which may occur in
variables not considered by the model, would turn the MSY and the effort estimation
away from their true values. Furthermore, the adoption of the MSY as an RP will
inevitably lead to a state of over- or under-exploitation, which would require repeated
management interventions. Indeed, stocks react quite differently to the two previously
mentioned situations that cannot be considered as symmetric. As evidenced by
Beddington and May (1977), once the level of effort that corresponds to the MSY has
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been overcome, the stock fluctuations become wider and the time span needed to re-
attain the equilibrium increases considerably.

The criticism about the adoption of the MSY as an RP led to a more cautious
approach that takes into account the uncertainty of the system. A possible solution,
maintained by Doubleday (1976), foresaw the setting of an optimal level of effort as
equal to two-thirds (2/3) of the effort indicated by the MSY. (2/3 Emsy, see Fig. 1). This
effort level, which corresponds to 80% of the MSY in terms of catches, entals a
considerable decrease in the risks discussed above.

A different solution might be represented by an economic approach to the RPs
designing. Severa studies proposed the adoption of the Maximum Economic Yield
(MEY) as an economic RP. This RP aso originates from istic models, as the
Gordon-Schaefer equilibrium model. The MEY is equal to eveb of effort in which
the maximum profit is achieved. In other words, it corr to the highest difference
between revenues and total costs. Given the cost functi , the MEY value is
positioned before and below the MSY (that is, left @ Fig. 2). Since the

effort that corresponds to the economic optimurg the biological
MSY, the aoption of the MEY as an RP wi i loitation of
resources. The level of effort associated ate as a
consequence of the changes in the variables of the ework, such
asthe cost of fishing activities and the price of lanc When the price is afunction of
the catch quantity and, therefore, of catches may also correspond
to higher profits. In these cases, the i [ e pesitioned further left in

the long-term equilibrium curve.

To sum up, the efficiency of the solution dig 3bove can be considered as equal
or more effective thangh makes MEY more helpful
(usable) than MSY .

Ono-species fishery. In most cases, the fishing
of fishing systems which harvest a wide range of

ishery performed with lowly selective gears, the mono-
species ap e to be completely ineffective. Given the large biological
[ thin the area, a management system based on single species
sible. Indeed, the same fishing effort will be directed to
ecies, to which different MSY s and levels of optimal effort might

RPs would be tG
harvesting different
be applied.
Figure 3 provides a clear example of this situation. Within this system fishery targets
three species, each species has its own MSY. If we consider the aggregate catches by
summing up the curves of sustainable production for each single species we may obtain
an MSY corresponding to the optimal effort Emsy through which we may determine the
impoverishment of the less productive stocks. In the case under discussion, species no.
3 is doomed to become extinct if we adopt the point equal to Emsy as the leve of long-
term effort. Given these circumstances, wiser approaches, as the adoption of the two
thirds (2/3) of the MSY effort as the optimal effort level, may no longer prove to be
helpful. As regards stocks preservation, from a precautionary viewpoint, the only
feasible solution would be to define an RP which incorporates the species most
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vulnerable by fishery (in Fig. 3, species no. 3). Assuming that this choice might prevent
marine resources from being over-fished, nevertheless its huge socio-economic costs
would make it totally unfeasible.

Within a multi-species context, the mono-species economic approach (MEY) also
follows different and much more complex guidelines. Compared to the MSY level, the
level of effort corresponding to the MEY can no longer be considered as a prudential
value. Indeed, since it depends on the ratios between the prices of the different species,
itislikely to be positioned either on the left or on the right of the Emsy value. The latter
case is expected to occur when consumers choices determine an higher price of the
most productive species. If species with higher Emsy also have a higher market value,
the Emey value will be positioned to the right of the Emsy vaue dsigure 4 illustrates this
case: compared to species no. 2 and 3, species no. 1 shows tly higher price.
This determines an MEY effort (Emey) higher than t
(Emsy). Conversely, when a higher price is associat
growing rate is lower, the MEY will be found on th
case the equivalent level of effort will not ensure
the productive mix from being over-fished.

In a multi-species fishery, such as the M
exclusively from a biological or an economic m
In other words, it would not represent the optimal

ies whose intrinsic
. However, in this

derived
applicable.

maximizing the economic
outcome that also takes into considera vation. This scheme
[ long-term behaviour of
the system in a context of optimal sustai ’ 1,t0 multi-species fishery, the

of aviable method. Nevert ~ : adopt more complex and detailed
models, which wo : count the bi@logical features of the different species.

Withig ishi [ del aims at determining the optimal level of
fishing ch s f the fleet. Therefore, the effort obtained using this
methé c Inmeatydl the maximum economic outcome (in terms of

need for preservation of the species (biological
can be represented as follows:

s. V. VB(X) < VB;
where R stands for the revenues obtained by summing up the values (per single species)
of the catches (each species multiplied by its selling price). In addition, C describes the
aggregate operative costs obtained per each segment of the fleet by multiplying the
unitary cost of the fishing activity (not including labour cost) by the overal fishing
effort. The average and the unitary prices of the fishing activity can be obtained from
the time series data. Since 1985, a monitoring of the Italian fleet conducted by IREPA
with a methodology of statistic sampling enables us to estimate the above- mentioned
data. The vector x represents the variables to be optimised; that is, the level of effort
pertaining to each segment of the fleet operating in the relevant area. The prices and the
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costs of the year of consideration together with the time series of catch and effort are
then used to establish the optimal levels of effort.

The maximization of the added value concerns segments of the fleet (identified on
the basis of the fishing system used) rather than single productive units (vessels).
Therefore, we indirectly assume that all fishing units have a smilar behaviour and that
thelr actions are cumulative. Thus, providing that the above-stated conditions are
satisfied, it 5 possible to include these micro-economic features in the optimisation
algorithm. The added value obtained will then represent the returns of the productive
sector, that is, the capital and the work, which are difficult to be distinguished within the
Italian fishery (Placenti et al., 1992).

As previoudy stated, the level of effort directed at
Economic Yield (MEY) cannot be used as an RP within mult-spésies fishery since it
does not ensure the preservation of the species as awhole. er to avoid over-fishing
and consequently the significant impoverishment of ulnerable species, a
biologic restriction {B) has been included in th or each equation
effort-catch, that is, for each species, abiological ; ined. This stands
for the excess of effort compared with what i i
effort. For species that are not over-exploit

ing the Maximum

VB=E-Emni SE>Eni

VB =0 se Ei £ Em i
where En, i represents the effort that, in i [ ibrium (MSY) of the i-
nth species, corresponds to the maximu alue Oepends on the effort-catch

model adopted. As for th , Ne Catches pertaining to a single

: Jic term VB is calculated as the ratio between the sum of the
terms VB; for eact e8'and the total effort within the relevant area:

This index can be read as the fraction of the aggregate effort that exceeds the
condition of maximum catch (MSY) for each species. Figure 4 shows the excess of
effort represented as segments AB and CD, which measure the excess of species no. 2
and no. 3 respectively. The sum of the two segments corresponds to the biological term
VB. If a maximum limit VBmax iS assigned to VB, the level of effort to be adopted as an
RP will be positioned on the left of the MEY effort (Emey).

The bio-economic model of optimisation is directed at determining the economic
optimum that would allow a level of exploitation of the most vulnerable species not
exceeding the pre-established VByux Value. The higher the value assigned to VB, the
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closer to the MEY isthe optimal level of effort to be considered as a TRP. On the other
hand, the lower this value is, the closer we may get to a TRP coinciding with the MSY
of the species which are most likely to be negatively affected by fishing activities. The
simulations conducted through this model allow assessing the economic and socidl
consequences of the several values attributable to VBnax, and the different influence
assigned to the environmental factor.

The model discussed above takes into account only environmental and economic
issues. Nevertheless, other factors can also be considered. For instance, if the model is
applied to a fishing activity performed in a Situation of over-exploitation, this will
require a TRP lower than the current value, thus urging the operators to immediately
reduce the effort. This decrease may concern any segment of thexfleet operating within
the relevant area. It is clear that a decrease in the capacity, i. tion of the number
of vessels, may produce social damages which would according to the fleet
segment examined. Thus, it is possible to introduce
safeguarding the segments of the fleet that either eng

importance of
fishing activity within local economies stricti i r with high

specific requirements of the manage intend to adopt in conjunction
with the prearranged objectives. Gi !

among different areas and segments of : ' agement objective, once
the optimal level per each area has been &s ' e best”all ocation of the exceeding
effort can aso be detegmined (Placenti n this case, to support the
feasibility of the ma RPs adopted, the occurrence of
further managemen also be taken into account. To this end, it is possible to
measure the difference g
been applied. peen defined for each fishing system and
area

& Y/E; — E; ¥»> DE|
e VE; — E{ £ DE;

where DE; dta aximum variation permitted around the reference value for
the effort E; obta g the following formula: DE; = StDev(E;)F. The DE; value is
then proportional tojthe standard deviation of the i-nth effort over the period of time
considered within a given area and segment of the fleet. The F factor may vary
according to the different scenarios and the management objectives considered by the
optimisation analysis. Within each area and fishing system, this procedure allows taking
into account the elasticity shown by each fleet over the previous period.

For each area, a comprehensive term VI is then calculated as follows:

VI =aVi.
The inertiaterm allows limiting the variations of the current distribution of the effort

while avoiding the implementation unfeasible solutions. Also it helps us select the
optimal distribution that would require lower effort and re-conversion costs while
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ensuring equivaent biological and economic outcomes. Given the application of this
further restriction, the RPs will be identified by solving the following constrained
optimisation problem:

max« VA(X) =R-C
S. V. VB(X) < VBrax
VI(X) £0

In this case, the model becomes more complex and permits to identify the TRPs that
could best meet environmental, economic, social and management needs by assigning
the appropriate values to VBmax and F.

6. Conclusions

Within the fishery sector, the multi-objective on bio-economic
models permits to take into account the various i by stakeholders.
Their objectives do not necessarily diverge. ing long-term
solutions, interests may coincide. However, ay, aso be

model may evidence specific synergies and relation The knowledge of the system
and its rules allows finding solutio interests of certain groups
while causing the least possible disadvanta
represented by the equations included : [ dels, which, by taking
into account all the interests at stake, ens ) '
through the adoption of strained opti es, these solutions require an

j i o e present paper, the latter is
Additional restrictions direct the search
for the optimum towards)a [ Oered as desirables. These are aimed at
safeguardl ng [ S Beavolding their impoverishment. Also, they
local economies and, above all, rather than

\ i-abjective function enables us to shift from RPs merely
based on po to TRPs that represert the operators consent to take full
objective perspective, bid-economic models alow searching for the optimal levels of
effort in which theYmportance of each agect determines the weight of the resulting
restriction within the optimisation model. All stakeholders shall then contribute to
define these weights. Thus, by simulating the outcomes of those choices on the system
as awhole, the model may prove to be extremely useful in this phase.

Summary

In this paper we propose a multi-objective approach with a view to identifying
reference points in multi-species fishery. Our approach is based on bio-economic
models and particularly on the Gordon-Schaefer model. The paper shows that, a purely
biological or economic approach can be adopted in mono-species fishery. However, the
same approach proves to be useless in multi-species fishery. The multi-species and
multi-fleet catchreffort model we suggested alows taking into account the biological,

33



economic as well as the socia aspects related to fishery. In terms of fishing effort, this
comprehensive model also permits to identify a reference point, which ensures the
achievement of an economic objective (maximum profit), without neglecting the
biological and social sustainability of the system.
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GENERAL CONSIDERATIONS ON REFERENCE POINT IN THE
MEDITERRANEAN FISHERY

G. Bombace

Sezione Pesca Marittima, ISMAR, CNR; Largo Fiera della Pesca - 60100, Ancona, Italy

Abstract
It is advisable to adopt Biological Reference Points for the Mediterranean fishery sector.
At this aim, the data concerning the values of total averag
area are very important. There is a need to develop resear stock assessment (using
population dynamics on trawl survey data) based on d reliable sampling
scheme in the space and time. Moreover to '
conclusions, a comparison with commercial catcl

I ntroduction
| personaly reckon that in Italy and ingel i [ ean, Reference Points

should accompany and sustain the management
essment and management indications are in place and

today, but also propdse some structural changes which could better follow the
enforced EU regulat
It seems also oppertune to introduce in Fishery science the concept of “fishery
physiognomy” of an area or of abasin and to point out some possible points for in depth
reflections in the process of fishery resources evaluation.

1 - Towards an identification of R.P.

To reach the identification of R.P. in the Italian fishery there is a need for theory,
pragmatism, common sense and the start of a systematic monitoring of resources (this
last should be a permanent duty for the Government to the public); this is because the
development of the Italian Fishery has been constrained by rules not always applied,
corporative interests, structural deficiencies and resources fully to overexploited.
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It is therefore of paramount importance to improve fishery statistics which should be
made by sample for fish production and by census for global fishing effort (E). CPUE
should be evaluated for samples of the professiona fleets and integrated by field
scientific sampling (trawl survey, echosurvey, etc.). Cohort anaysis should be
performed by scientists to assess the level of exploitation of the main stocks. This could
allow the Administration to answer to EU regulations and to make reliable forecasting
for the governmental triennia fishery plans. But unfortunately this is not the case at
present.

2 - The fishery-ecologica characteristics (physiognomy) of the
First of all it is necessary to evaluate which species are mo
the catches in a certain basin and determine its fi
(physiognomy).

Fish and macroinvertebrates exploited by the fish
level in the ecological food chain. Their abu

postant (in weight) in
ological characteristics

the third trophic
a rough back

hard bottom, on shelf or slope, benthic, nectobenthi ic, coastal” or offshore,
etc.) with some species dominant in terms of abun (asindicated by catches), gives

us an idea of the physiognomy fishe n area For instance data on
distribution of a stock of a mud dwel of the extension of
this substratum and which fishing gear

In conclusion, the statistical catch data, Jlaptitative but, ecological data
too. In that way, dividiag [ areas we can obtain the fishing

intensity distribution ‘ [ ivi area or the abundance per area
(C/A). In this wa ivitySfor areas and basins can be obtained and
comparisons can | d try to compare, at the same level of
flshmg intens ] alue’ In terms of productivity (Catch/A or

of & » 2 Central Adriatic versus one square nautical
mile i i ilian Channel, in the Aegean or in the Balearic sea.
en already done in same case (Bombace and

Biological sampling direct methods (trawl-survey) and the subsampling to perform
analytical investigation on the population structure (e.g. cohort analysis), if well
planned reflects what happens to the biomass at sea and to the demographic structure of
the population.

The sampling conducted in the MEDIT-GRUND projects do not seems to satisfy the
gpatio-temporal requirements of an efficient sampling. This is due to lack of sufficient
funding. Priority has been given to spatial coverage, but alternatively the sampling
could be intensified temporally on target areas, leaving not covered other areas. This
working hypothesis can be followed as there are already extensive investigation which
give a good estimate of spdial-temporal distribution of resources (Atlante Ris. Ittiche
Demers. Ital., 1997; Ardizzone et al., 1998).



4 - The necessity of cohort analysis

For the target species, besides the calculation of catch per unit of effort, it is also
essentia to perform a cohort analysis base on subsampling. Moreover there is a need to
develop, theoretically, the possibility to apply and extrapolate data and approaches (e.g.
average fishing mortality rate F, average recruitment index R) to mixed stocks, thus
simulating what actually happens in the commercial fishery. This issue deserve an in
depth reflection by the scientists of the region and a series of ad hoc workshops.

5 - Thetotal biomass as Reference Point
From cohort analysis the biomass at sea should be estimated

number and in weight, in order to obtain the total biom h + biomass at seq). It
must be evaluated, if in the last ten years the total bi stock and by mixed
stocks, is increasing, decreasing or fluctuating arg ue. This average
decadal biomass value by area or basin can be POINT, akind

of fishing carrying capacity of the systemg@ [ ear with
experimental and commercial catch data.

6 - Commercia catches

It is necessary to know the commerci dsby basin, for a certain
number of years (at least ten). If data ate could be done. The
organization which is r&spons ble fo statistical data to the central
admlnlstratl on in order ans, should make this data (by

7 - VPA and pre

Applying ate of the biomass at sea could be obtained
and ad anding data an estimate of the total biomass could be
reachee S xand therefore fluctuations could be evaluated. The
level of canfi dlability/ls not high but better to have some kind of estimates
than nothing imates could be integrated by data on recruitment and on the

8 - Total catches (landings), total biomass, C/f

It is important to evaluate agreements and disagreements between the different sources
of data:

a) trendsin total catches (from commercial data) by species, group of species, by basin
or area.

b) trendsintotal biomass (from research data).

c) trends in C/f from research data by species, by group of species, by basin or area,
year by year.

If C/f are decreasing while the other two (a and b) are constant, then there may be
excessive fishing effort in the investigated area, thus the problem is not of resources
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availability but it affects the fishing enterprises because the resources are shared among
too many boats (Atti Seminario Regolaz. Sforzo di pesca, 1994).

9 - Recruitment indices, total mortality rates (Z), and correlation with mean biomass
Some predictive suggestions at medium and short term could be obtained calculating
year by year, the recruitment rate (average number of recruits / average number of
adults) and the total mortality rate (Z from VPA) and correlating this with the
environment on the one hand and with the fishing and intensity of effort in the
investigated area, on the other (Zamboni et al., 1999; Zamboni et al., 2000).

10 - Technological parameters and fishing effort. Biodives
restoration
If the exploitation level is to be changed (increasedhor deC
parameters of the fishing gear can be varied. Fi 3 \
the resources in a variety of way determined b ' prt), form and

and overexploited stock

sed), technological

overexploited stock, especialy if a . ersity and environmental

protection are sought. It is necessary a, by means of artificial
reefs (Ardizzoneet al., 1994 Bombace 9 995,1996: Rélini et al., 1998).
The proposal of Cou > ithimeasures for the sustainable

aken into account, especially when specia fisheries
fishery in Northern Adriatic), or when the target are
c the adult phase are not of high commercial value (e.g. fish
fry of sardine). Sf hing licences are to be issued with strict regulations in space

and time.

12 - Fishery statistics and resources monitoring in Italy

There is an urgent double need to reform the fishery statistical system and the
monitoring of resources. To evaluate the catch (landings) in a country like Italy, where
there are many landing points, many species landed, many gears, many marine
environments and many different size of the fishing enterprises, it is wrong to continue
to use statistics by census. A sampling statistics is to be adopted as pointed out by the
PESTAT programme of IRPEM-CNR of Ancona (Bazigos et al., 1984; Cingolani et al.,
1986) and by MINIPESTAT del CNR of Mazzara del Vallo (Andreoli et al., 1995).
Moreover sampling of commercial C/f besides scientific C/f must be performed.
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Research sampling must allow also the anaytical investigation on the population
structure, which can be extrapolated to the professional fishery. We should therefore
find alink between scientific evaluation and stock assessment data and fishery statistics,
in order to comply with EC regulations 1543/00 and 1639/2001.

Conclusions
In conclusion the average biomass for a decade could be assumed as R.P.

This value can be corrected year by year, by means of a reliable stock assessment out
coming from intense field sampling and analytical investigations.

There is a need of reliable fishery datistics followed by sgi
commercial boats (PESTAT model) and on scientific researc
All this must become a permanent service which will i
comply to EC regulations.

tific monitoring on

the fishery sectors and
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THE POTENTIAL USE OF INDICATORS, REFERENCE POINTS AND THE
TRAFFIC LIGHT CONVENTION FOR MANAGING BLACK SEA FISHERIES.

J.F.Caddy (*)

Consultant to the Black Sea Commission
Istanbul, Turkey

(*) jfcaddy@yahoo.co.uk

Abstract
The potential use of indicaors and reference points in management of Black Sea
fisheries is reviewed, and fisheries management rules using and indicators are
discussed, including their use in stock recovery plans. A revj ssible approaches
to setting RPs and indicators for Black Sea fisheries emp the dynamic nature of
recent ecosystem change. This means that models us ate assumptions may
not be appropriate, and an empirical approach tg

Traffic Light approach is illustrated as a g Wi i ges and
gaining a broad perspective on everts at the eco 1 2

Introduction
This document discusses the use of ‘ ence, points (RPs) as they are

developing in the Black Sea region point a which most
discussions on reference points end — b R whet reference points are used
for, since in both the B the first priority is to advise
managers on how ing Pe used for management. If these
can be placed in a h the better, but the approach initiated in
the Black Sea regio specific species as indicators of the
health of parti Sea experience, the variety of models of
multispec ave come to diverging conclusions, and
modell ous first step to setting RPs for active management.

First, the j sed in this paper represents a particular value of an
indicator se pcognized to mark the state of the resource or environment.
In ICES and“many fishgfles commissions, finfish reference points are commonly
defined from the¥itting 8 models. The author has suggested elsewhere (e.g. Seijo and
Caddy 2000) that thIS is not necessarily the only approach, and more empirical
approaches are emerging where data are scarce or ecosystem changes are dynamic (see
also Caddy 1999 and Gilbert et al. 2000). Multispecies fisheries inevitably raise the
problem of dealing with multiple indicators and their reference points. This issue is not
touched upon in classical approaches, but is discussed here with respect to the traffic
light convention and the need to display a wide range of ecosystem variables prior to
beginning an ecosystem modelling exercise in adynamic environment.

Indicators and reference points can be used in three main ways:

1) Passive monitoring: As a means of monitoring a phenomenon (e.g. overfishing,
environmental change or stock condition) where immediate management action is not
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necessarily tied to the value of the indicator. This may be referred to as a ‘passive

management mode, for example, where quotas are not applied, or where year to year
levels of effort cannot be regulated in real time.

2) Active management: involves using indicators as components of a ‘management
rule’ such that when alimit reference point value is exceeded (Caddy and Mahon 1995),
this supposes some action will be taken to restore the fishery to a safer condition. Stress
is placed on the fact that determining reference points is not a ‘stand-alone’ scientific
exercise — these points have little significance if not applied by management! An
example of a management rule is the COMFIE-type rule suggested by ICES (1997),
which defines two types of RPs, the so-called precautionary reference points B, and
Fpa, and two limit reference points, e.g. Bim and Fim. These are generic reference points,
in that they mark decision points of the rule, and can be derj er from models or
based on well substantiated and a&cepted empirical v There are problems in
practice in applying a COMFIE style rule, discussed i Agnew 2003 a), but
the underlying concept is clear: indicators and refege needed to drive a
management rule. What is more important, js [ industry should
understand the basis and utility of the reference
3) Sock recovery plans: An extension of thg i ent is its
use in a stock recovery plan. Caddy and Agne [

recovery plan actions should be trigge
in terms of the spawning potential or B
recovered. Defining targets for recov
activity.

population is considered
is in itself a worthwhile

In summary, a j i implies that the infrastructure and

ble Ievels such as fleet capacity control, area and
8Ures cannot be applied easily in real time. Other
gément rules need to be urgertly considered than the
conventionali@p ch are built around gquota control.

Use of indicator S@nd rgfer ence pointsin active management
While there have :
management in the” Mediterranean and Black Sea, the Black Sea Commission is
currently exploring the possibilities of using an approach to formulating a management
rule which takes into account both impacts of fishing and environmental/ecosystem
change. A past analysis of previous stock assessments (Prodanov et al., 1997), provides
material that allows us first to explore several different approaches to monitoring stock
changes and defining reference point values, and potentially incorporating these data
sources into active management.
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THREE APPROACHES TO VIZUATLIZING FISHERY TRENDS

BIONMASS RATES AND EXTENT OF DECLINE

DEFINE BASE PERIOD AND base
TRAFFIC LIGHT COLOTURS period

base period

Trend smnce ML
leyded invasion

B (msy)—_

MMnemiopsis
invasion

CATCH OFR LANDINGS

%”ﬁu:

FRAN=F<FLINM ——

levels, B(MSY) and 0.2*By. (Bottom left): L usi ng annual
estimates of fishing mortality based on retrosp: i
Fumax and F v from yield/recruit analysis.
for different time periods, before, during and aft

leydei outbreak, one
mental information to
1997, and Fig. 3). Rather than

en the stock may aready have
examined criteria for listing endangered

mark or ‘baseline period’ (presumably when the
. In both cases, critical values for extent and rate of

—=— Base (1967-89) —&— Collapse (1989-1992) —+—1992-2002

Landings (tons

Years
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2)Anchovy

Base (1967-89)

R=01164
500000 7

450000
400000
350000
300000 4

250000 4

Landings (tons)

200000 4

150000 4

100000 4

50000 4

[

—4a— Collapse (1989-1992)

—*— 1992-2002

1965 1970

Table 1: An indire

1975

1980

1985

e 1998-2002

\_\VZW

1995

2000 2005

Years

ecies, in

landings occurred for chub
¥ the last five years on record.

d the extent of decline (last column). Using
ackerel (S scombrus), bonito (S sarda), Mugilidae and
gt management attention. Overal, the highest

dication of the health of the ichthyofauna may be deduced

from the following simmary of trends and extents of decline shown by landings for

14 key species.

CATEGORY/ SPECIES |Basdline | Trendin Trend in Trend over | Last 5 yr (1998-
trend in‘ Collapse | 92-2002 Last5yr |2002) landings as
(before | yrs': % of Baseline
1989) 1989-92

Resident pelagic species

Anchovy (Engraulis) ++ - + ++ 136%

Horse mackerel ++ -- - + 14%

(Trachurus)

Sprat (Sprattus) + + - - ++ - 68%




Migrants

Mackerel (S scombrus) - + + - 2%
Chub mackerd (S + + - - - - 42%
japonicus)

Bluefish (Pomatomus) + + - + ++ 196%
Bonito (Sarda) 0 + + - - 5%
DEMERSALS

Turbot (Psetta) - - + + + 70%
Whiting (Merlangius) ++ - - - - 51%
Spiny dogfish (Squalus) + - - - + 32 %
Mullets (Mullus - ++ - 164%
Mugilidae 0 ++ - 19 %
Gobies + - - - 139 %
Rapana N/A 13 % (of '92-

2002)

Ratio +ve/-ve 8/3
=267

KEY : (++): steep +ve

dope

(-) : negative
dope.

0: no trend.
Although the trend ana indicative, for a significant
proportion of commet ends were generally upwards in the first
period, dropped se M. Ieydel invasion’ was at a peak (e.g.
Mutlu et d. 1994 subsequently. However, When the

,pluefish, gobies and Mullidae) seem to have
nthic species (Rapana sp), and from the lagoon and

s effects of fishing can be deduced from retrospective
k stocks (Prodanov et al. 1997), individual analyses do not
help to integrate theiWhole ecosystem picture. Recent work within working groups of
the Commission hag’tried to reconcile the effects of overfishing with environmental
change. Thisincludes nutrient runoff and the effects of the invasion by M. leydei on the
pelagic biome. Such effects are complicated by the socio-economic consequences of
fleet overcapitalisation. Up to now, coordinated action by coastal states to manage
shared fishery resources is at an early stage, but is now being addressed by the Black
Sea Commission. As afirst priority, the approach is to list existing indicator series and
possible reference points, with a view to further exploring their use in fisheries
management rules. Annexes 1 and 2, though not referred to specifically in this
communication, and Table 1 above, underline how conventiona assessments of specific
faunal components can also provide indicators of the health of particular environments
or habitats.
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Multispeciesindicators and reference points
The theme of this meeting is the use of reference points in multispecies situations.
Given the categorization of indicator use given in the Introduction, the immediate
practical application of reference points in the Mediterranean and Black Sea areas is
likely to be within a passive management or monitoring category. The theoretical and
practical complications of modelling complex ecosystems as a basis for a management
rule raises serious problems for fisheries managers, notably the need to reduce a range
of complex data series to a decision rule. It is amost axiomatic that size selective
processes of fishing, by reducing the mean size of the surviving fish in the sea, will
reduce the mean trophic level, but so will nutrient runoff by iaflating the base of the
food pyramid. This illustrates the problem facing fishery m [
achange in the level of a multispecies indicator into specifi

Moreno et al. 2000). If reduction of mean trophi€ is ent of basic
productivity, environmental controls on nutrient if might deserve priority. The
issue of deciding what reaction is & iae i to changes in data-intensive
multispecies indicators has to be dealt > : :
that the dynamic nature of ecosystem i Sea makes ‘steady state’
models not very useful. It is aso i C ipformation series measuring
environmental conditio [ sodll elS"are used to define reference

ystem (Table 2). The wide range of these
enced by preconceptions, if only in choosing the

Table 2. Some publications and models proposing different causal factors for
recent changesin Black Sea ecosystems

Author Primary causes of ecosystem | Mechanism/ resulting effects
changes

Christensen Two static models of the Black | After introduction of M. leydei in the
and Caddy Seafood web are presented: early 1990s, it grossly dominated
(1993) showing a) predicted effect of | organic flows through the pelagic

M. leydei on the pelagic ecosystem, but given absence of
ecosystem, and b) hypothesized | predators, it short-circuited flows to
effects of introducing Beroe sp. |the benthic bacteria |oop.

as acontrolling predator on M. | Introduction of Beroe was predicted
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leydei.

to reduce flows of materia to
detritus.

Mutlu et al. M. leydei has a shorter As aresult it reduces food availability

(1994) generation time than Aurelia for these competing species at the
and small pelagics. same trophic level.

Kideys (1994) |Increased nutrient inputs led to | Competition of jelly predators with
abnormal phytoplankton small pelagics for zooplankton kd to
blooms. Introduction of M. the collapse of small pelagic stocks.
leydei was akey event that
radically changed the
ecosystem.

Aubrey etal. | Anthropogenic effects on the high Danube

(1996). NW shelf near the Danube s and Black Sea
mouth are predominant due to [
nutrient runoff. anced biological

Daskaov Recruitment of small pelagi in the

(1999) is less dependent on parent
stock size than environment ed Dy environméntal changes.
variables (e.g. wind stress).

Berdnikov et | A specific Black

al. (1999) . leydei, rather than

Decomposition of unpredated M.
eydel might destabilize bottom
oxygen levels.

This reduced the Rumelian stream in
the western Black Sea formerly used
by migratory species.

Though eutrophication in the 1980s
led to the outburst of jelly organisms,
the decline in stocks was mainly due
to overfishing.

Daskaov
(2002)

depletion of top predators
(dolphins and migratory
pelagics) in the early 1970's led
to atrophic cascade affecting
events for the next 30 yr.

Deleterious events are explained
mainly by top-down release of
predator control on small pelagics.
increased nutrification is supposed to
only increase the biomass of all
components in the model.

Empirical approachesto deciding on reference points.

One school of thought (e.g. Gilbert et al. 2000, Seijo and Caddy 2000, Caddy, in press)
suggests that since reference points need to be implemented in a fisheries rule, they
must have credibility and be understandable to the fishing industry. Although the
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classical approach has been to generate RPs from yield or SRR models, the assumptions
underlying ‘generic’ models may not fully apply, since they usualy depend on an
assumption of stability or equilibrium that is not tenable given the magjor ecosystem
changes to the Black Sea that have certainly occurred. The various models applied to
Black Sea resources and environments mentioned in Table 2, differ dramaticaly in the
prime causes assigned to the ecosystem/fishery changes observed. It is clear from this
that the axioms and the data used by each model have differed. In these circumstances,
more reliance on a series of indicators reflecting changes at different levels in the
ecosystem and its physical environment, without supposing a specific mechanism,
seems a logical first step. Expert judgement will be needed to establish boundaries
corresponding to serious risk of overexploitation or depletion,deut all likely driving
forces need to be taken into account.

Trenkel and Rochet (2003) and Rochet and Trenkel (2 at most multispecies
' [ irical’ population
indicators such as mean length in the catch, index (de Leiva
Moreno et a. 2000 and Fig 3), the overal itati tion of non
commercia species, and the proportion of hsh |

(Caddy and Garibaldi 2000) were found to be st re reliable than estimates
of exploitation rate or indicators based on food web elling. A similar conclusion on
trophic modelling was reached by m stabl e-isotope analysis of
food web components, and by Patter . Mean trophic level
and the pelagic/demersal ratio (Cado eno et a. 2000) have
theoretlcal disadvantages as indicators 1 e |nd|cators of increased

generating indicatorsds to developing the MSVPA model for the

North Sea. This has be i but has not resulted in it being used
for fisheries manage { imati gtural mortality rates in single species
assessments. This in par ssUmptions on ration Size are suspect given

> of the extensive sampling required to fit
ecological situation in real time.

—O%Total w Base (1967 1989) —h— Collapse (1989- 1992) —%—1992- 2002 —|—1998 2

Pel/Dem

1967 1972 1977 1982 1987 1992 1997 2002
Years
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Fig 3: The pelagic/demersal index for Black Sea catches, and a polynomial fit for the
whole time series, suggesting a decline to low levelsin the 1980's, and some subsequent
recovery after 1992.

Displaying multiple indicators— the traffic light approach

The example in Fig 4 illustrates a procedure for dealing with multiple indicators,
including predator recruitment and biomass (Koeller et al. 2000). Severa indicatorsin a
traffic light array may measure various population characteristic such as biomass or
mortality directly or indirectly. Judgements made from a knowledge of life histories, or
from previous events in the same fishery, may also be appropriate. Such an approach
has been referred to as a Traffic Light monitoring methodology£Caddy 1999, Halliday
et a. 2001). The following example for a North Atlantic shri y shows multiple
indicators used in ‘shrimp monitoring’, based mainly on s and catch analysisin
an essentialy ‘passive’ management mode. Fig 4 sho le, how expansion of
the snrimp stock in the late 1990s coincided with redator) biomass
and recruitment, (probably both due to a decli ature favouring
Pandalus borealis, but not cod).

Area (Km 2) fished by commercial fleet

Comm_area

| T T | T T T | U T
1985 1990 1995 2000

ovig_Fish
RIY
W Y/G
T | T | T T |
1985 1990 1995 - 2000
Cod recr Uigient (predat) Indicator of predation
Cod R
RIY
memphh e =CeES - 'Tt_"F Y/G

R

1985 1990 1995 2000
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Fig 4. Extracts from a traffic light monitoring report for Northern shrimp (Pandalus
borealis) by Koeller et al. (2000) shows 4 indicator series, segmented at the green-
yellow and yellow-red boundary by biological criteria agreed to between resource
experts and the fishing industry.

Sequence of development of indicators and reference pointsin fisheries

The classica reference point approach is to use one or two generic model-based
indicators and their reference points (ICES 1997) as input to a fisheries management
system, but these may not be easily estimated in absence of age-structured sampling. An
aternate approach illustrated in Fig 5, is to develop a system of indicators and reference
points for a range of population characteristics. This may help to introduce
biological realism into population monitoring. In developin ors for Black Sea
fisheries, one advantage is the lower species diversity th e Mediterranean proper,
but as shown by Fig 8, there are important driving fun ing in the Black Sea
in addition to overfishing. Environmental changes trophication and
the impact of the introduction of exotic speci he pelagic and
demersal biomes (e.g. Zaitsev 1993).

Sequence in development and use of reference poinls for lishery management and
accompanying indicalors fitalics)

-~

Target reference points (TRPs)
Yield based RPs [
Limit Reference points (LRPs)

| .
TRPs and LRPs within Harvest Law potential

I
Extinction risk CITES criteria] |RPs and Harvest Laws for stock rebuilding ‘SRR LRPS‘ %SIR LRPS‘

|
Empirical management toals monitoring
multiple indicators each with its RPs (e.g.
traffic light system)
I
Characteristics:

Mortality Biomass| |Productivity ‘Spatial‘ ‘Habitat‘ Ecosystem| [Environmentfregime

RPs measuring reproductive

Indicators ;-

ZLEF e A ried A SocrverSid habialares . predionivey TemMperRiine fEgInes.
Lt intensity, survey idices 2By TSy e bunaEnce SLIOTBL O HOa o
CF0a0 SHOOR Fes . oAl Nabaat biooiarsiy CHmERe ofiEnge or
Haat HF el SHABSY IET IO G et creves P

sifecly

Fig 5: Evolution in the use of reference points (top downwards). Reference points
based on MSY as a target were specified in the Law off the Sea, but in the 1990's
emphasis moved to model-based LRP’s, especially based on spawning potential, as
marking limits when management action is mandatory to save the stock. The possible
use of a broader range of ecosystem-based indicators suggested lower in the figure,
raises the question of how to incorporate them into an advisory and decision-making
framework.



A possible correspondence between Traffic Light boundary points and RPs commonty used in two fisheries bodies

- S M\

Flim
.
4
|

NAFO

Blim Bpa

Fij F,
ICES il pa

NUMERICAT. RANGE OF FISHERIES INDICATOR.

lour charts can be
jiteria used in ICES and

Fig 6: Illlustrating how the colour convention used in traffi
reconciled with the precautionary and limit reference poi
NAFO.

Choosing critical valuesfor indicators

For an indicator to be useful, it must be pos i ormation or
analysis to show that changes in indicator vt variables
such as fishing pressure, biomass, or species i hich may ot be easily
measured directly, and the indicator must be eas derstandable to non-technical

A form of graphical presentation was expe ed with in @addy (2002) and Caddy et
a. (2004) which seems to provide insig C

lower graph of Fig. SEX( \

composition data (P . . traffic light” colours have been assigned to
g rate below that of the natural death

rate. This assumes thal
[ ' death from natural causes that already

rate is precautionary, gi\

applies (P , dlternative approach assigned colour ranges
based ided by Prodanov and Mikhailov (2003). Both cases
illugt (recent ‘recovery’ of landings in these fisheries after
1992, th eased towards the end of the time series of landings,
adding to probability of overexploitation. This type of graph which
combines two ators ipone, offers an efficient summary of the situation, and can be

convincing whe ng research results with industry and nontechnical fishery
managers.
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Landings (t)

GREEN YELLOW
F<O5M  (M=095) |0475<=F<O0.
i.e. F< 0.475 (0.75M = 0.712)

Fig 7: Landing trends for turbot (
light approach and fishing mortality es
(Prodanov et al. 1997). Criteria for col
comparing annual F values with an esti
estimate of F(0.1) for tukk
data).

ity rate (for sprat) and an
003) «(white signifies no

Ideally, traffic li C ( aedmterface of green and yellow, and between

yellow a ange in status, or segment the time series
using portant features of the population, or key eventsin
the e of data on specific boundary positions, the
following ems worthwhile for illustration purposes, and does not
necessarily dgements. An empirical population distribution function
(pdf) is created ies of values (asin Fig 8), first ranked, and then the range
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This approach allows a large number of i

empirical approach to monitoring changes in a indi IS shown in
Fig 9.
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Fig 9: Traffic light illustration of trends in multiple indicators using the procedure in
Fig 8. For commercial species, indicators are landings, but a low ‘red’ value in the
1950's probably does mean overexploitation, and early pelagic catches are stamped
with a green square. ‘Red’ may be associated with overexploitation late in the series
when fleet size is higher. This *arbitrarily scaled’ traffic light plot is mainly useful for
seeing correspondences between indicators. Several postulated driving functions are
grouped together at the bottom of the figure, and include phytoplankton and
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zooplankton biomasses, ‘abundant’ jelly predators are coloured ‘red’ where recorded
as such). For the estimate of Turkish fleet size, unlike the other indicators, red implies
a high value.

Although it would be desirable to divide the range of an indicator into zones
corresponding to safe, uncertain and dangerous conditions by boundary values tested by
experimert or experience, this may not readily achieved. Dividing the observed range of
an indicator into three zones, each containing close-to-equal numbers of years, seems a
useful first step in making comparisons between indicators prior to formal ecosystem
analysis or modelling. In Fig 9, for most indicators shown, the procedure in Fig 8 was
followed. Severa relationships seem to emerge from the multigle comparisons within
this figure that deserve further investigation:

1) Phytoplankton standing crop in the 1960s to
rose in the 1970's-80's presumably due to
hypoxia of Black Sea shelves (Zaitsev
(anchovy, sprat and horse mackerel) |
standing stocks declined. Anchovy,
Sprat) catches dropped drastically at the
M. leydel outbreak, and zooplankton level

relatively low, but
S associated with
ident’ pelagics
planktonic
extent,

Wding with the
declined. Sprat and anchovy
did not, nor did migratory
pelagics until towards the endi¢ mackerel catches are
still low. Blooms of jellyfish

introduced ctenophore, M. leyd tition with anchovy for food
(Berdnikov et Impacts predator bloom decreased after
the mid-1990’ ction occurred (perhaps due to

2) ) also coincided with declines in catches

1970's), (though catches outside the Black Sea also

Indicators for migratory pelagics in the above figure
| catches of al countries in the eastern and central

the Black
rose towards’the end of the time series, suggesting that poor Black Sea catches
after the 1980s were not due to a decline of the entire Mediterranean + Black
Sea bonito resource. Timing of the rise in phytoplankton production seems to
coincide with a reduced entry of migratory pelagics into the northern Black Sea
after 1980, suggesting the hypothesis that migratory pelagics may have reduced
their immigration through the Bosphorus to the Northern Black Sea after 1980;
perhaps due to environmental deterioration and/or changes in current patterns
(See Rass 2002).
3) Other ecological instabilities became evident in the early to mid-1980's with
progressive disappearance of the Phyllophora (red algae) fields in the NW Black
Sea. This was suggested during the GFCM meeting on Black Sea fisheries in
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1993 as due to lower water transparency and bottom water hypoxia caused by
organic debris from high planktonic production. This deterioration in benthic
environments would have affected demersal resources, since decimation of
macrophytes @hyllophora) and eduction in shelf resources (turbot) tend to
occur synchronoudly in Fig 9. The coincidence of increased jellyfish (A. aurita)
abundance, and rises in landings of resident pelagics, presumably are also results
from increased system productivity. The general increases in fishing capacity of
the Turkish pelagic fleet towards the end of the time series, which is currently
much the largest in the Black Sea, presumably also imposed higher exploitation
rates on the pelagic resources.

4) Although deductions based on Fig 9 cannot exclude any
is difficult to see how the collapse of migratory pelagi
77 led directly to the collapse of small resident p
when both Mnemiopsis introduction and dr
pelagic fleet occurred in the intervening year

ticular mechanism, it
andMemersals in 1973-
opulations in 1989-92,
in capacity of the

more than made up for the decimati@ c Mnemiopsis should be

regarded as a competitor more than eC Jent small pelagics, and
occupies much the same trophic level. A authors, perhaps this was
allowed to dominate the gees) stem niche &u g, which could have released
predatory control on tige . discussion of the possible hypotheses and

their different cog are discussed in GESAMP (1995). It
seems thet a graphica
step to more i ' iS anc ingrOf ecosystem indicators.

the BlackiSe iC light approach is to segment SRR data into poor, average

and good y uction based on data on spawning stock biomass and
recruitment fre alysis (Fig 10). Years were divided into good (green),
medium (yellow or (red) levels of recruitment, used an index, the log ratio of

recruitment/spawning stock biomass using data from Prodanov et al. (1997 - table 48).
The data points were divided into three segments containing equal numbers by lines
through the origin. This procedure is similar to that of Sissenwine and Shepherd (1987)
for obtaining the RPs, F(low) to F(high). Contrary to their assumption of stock
equilibrium however, Fig 10 for Black Sea sprat shows that recruitment successisto a
large extent independent (or even inversely related to) spawning stock size. It is
interesting that sequences of poor and good years generally occur closely together, and
the highest productivity years often correspond to low spawning stock biomasses
(SBBs), though whether environmental conditions as well as stock biomass is the
critical factor is not clear.
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Fig 10: (Upper) Segmehiti Sea sprat into three zones with equal
' ' ence of sprat biomasses show resulting
ment success by red, yellow and green
mark periods when jellyfish (first Aurelia then

e management rule where there are two pairs of reference
points marking a sha mp from one ‘phase’ of the fishery to another (Fig 11, & upper
Fig 13). Thisis real¥stic, since for most fisheries data, the ‘noise’ istoo high to justify a
management model dependent on precise estimates of indicator values.

Fig 11 represents such a management rule, illustrating the two legal criteria used in the
US to manage stocks and define which stocks must be restored. Two triggers for action
are specified: a stock can be ‘overfished’ (i.e. the resource is depleted) and/or
‘overfishing’ is currently occurring (i.e. the current level of F istoo high, whatever the
stock size). These two risk factors are treated independently along the two axes below,
each with it appropriate RPs, such that routine management and stock rebuilding
emerge as two components of the management procedure. A hypothetical time series of
events during rebuilding isillustrated in Fig 12 (from Caddy and Agnew 2003a)
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Fig 11: Visualization of a fisheries control la@ such as the Magnu evens Act of
the US Congressin traffic light terms. Her e precauti reference poi r biomass

om safe (gr to uncertain

(yellow) conditions, and limit reference points yellow to red (dangerous)
conditions. The trajectory for the fié A regulation limiting effort at
the first open circle, and at the secd )s initiated further cutting
fishing effort, until at the crossed circle S above the precautionary
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Fig 12: Possible ge of a management rule for stock rebuilding. The biomass
corresponding to a quarter of that needed to support extraction of MSY, initiates a
compulsory recovery plan which continues until the biomass is once again above
B(MSY). (Points 1, 2 and 3 are ‘way stations' serving to identify stock status during
rebuilding).

The conventional type of management rule presented in Figs 11 and upper 13, uses only
two indicator series to manage the stock: (spawning) biomass and fishing mortality rate.
Because such arule is based only on two indicators, it risks missing the ecosystem and
environmental dimensions of the management problem. Another approach is being
considered for management of snow crab fisheries in the Gulf of St Lawrence is
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potentially a biologicaly more precautionary type of control rule: in that case, if the
percent of ‘soft-shell’ unmarketable crabs exceeds a critical value, local fisheries are
closed: (but the same principle could be use with other biological data):

a) Control points may be, but do not necessarily have to be, derived from a mode!;
they can incorporate arbitrary values for biomass and % harvest as long as there
isindustry consensts.

b) A supplementary biological rule can be incorporated for local fishing areas, such
as the closure of a sub-zone of the fishery when over a fixed proportion
juveniles are included in the weekly catch as judged by on-board observers. A
rule which incorporates ‘redundancy’ in this waygensures that if the
conventional control rule fails, there is a back-up b
series.

The potential application of this type of approach to t anean and Black Sea
requires that capacity and license numbers be coptr
mortality be estimated annually, and regular
However, Fig 13 (lower) adds to this hypotheti

ved, where there are high

incidental catches of protected speci itical habitats is occurring.

Fishing moxtality 1ate
o1 # davs fished/year

|

e FO.L? | — — — — — —— — —

e 0.5SFO0.1)? | — - — - - -

B(lim) B(pr) Spawning biemass
[

62



Fishing mortality rate /
Fleet capacity /

% Stock Area open to
fishing
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Spawhing biomass | Stock
abundance / (measure of ecosystem
condition?)

simpte management nstrains

fishing mortality at By and Bim when Spa drops b specified
reference levels. Lower: A further constraint is a the upper type of rule, which
may be based on biological or social constraints (so amples are given in the lower

figure), and where By, B, and B
experts and industry representatives.

Alternative types of fisheries control

0 improve the critical interface
g reﬁearch adV|ce Where a lack of

the two control variables used, as in the Mediterranean and

Black Seas. 2 )proach is to design a rule which reacts progressively D
restrict impacts '€ k as a function of te number of indicator series which are

showing ‘red’ (Cad
traffic light indicators

999), or by the use of a more sophisticated rule using the same
but based on fuzzy logic criteria (e.g. Halliday et a. (2001).
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Fig 14: A management control matrix’ for use in the com tion of scientific advice

to fisheries managers.

Discussion
The need to determine reference points for a fi notes it is
necessary to bear in mind that LRPs are pri
makes some suggestions as to the type of rules
and Black Sea fisheries. Establishing indicators erence points for Black Sea
fisheries and ecosystems requires thagthe very dynam ges of this system, and that

‘ nt. Although landings data

otal information suggests that reductions in
urring, and a new species, Beroe ovata, which preys
e introduced. Approaches to modelling following

wing trends in productivity of those species that best represent
the different biologigal communities and habitats of the Black Sea.

Plotting changes in awide range of empirical indicators simultaneously after classifying
their dynamic range using an empirical Traffic Light methodology, helps to formulate
possible hypotheses, and illustrates that different factors have influenced the ecosystem
through time. The key to immediate progress in upgrading the ecosystem will be
agreement on fisheries management rules, but above all, their application! Several
approaches to the use of indicators and reference points in such rules are suggested.
Empirical reference points can be envisaged that seek to avoid those indicator values
that applied during the dramatic ecosystem changesin 1989-92. When setting arealistic



target for restoring this badly damaged ecosystem, it seems logical to aim as closely as
possible, to restoring the baseline mesotrophic conditions that applied prior to 1989.
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Annex 1: Decisions made on indicators at the workshop on demersal resourcesin the
Black Sea and Azov Sea, of the Black Sea Commission; 15-17 April 2003, Sile,
| stanbul, Turkey.

At this technical meeting of scientists of member States of the Black Sea Commission,
agreement was reached by national representatives on actions that need to be taken in
developing indicators for selected commercial species and itat/ environmental
indicators. Apart from reporting responsibilities on catches ly to all harvested
species, as an initia approach, it was decided that:

1) it would be better for the Commission to recg on collection of

research indicators for a limited number of speci [ teristics, while
allowing the possibility to revise the number of 4 .

2) Some ‘keynote species should be deci effort of
cooperative studies.

3) Country responsibilities for studies on keynote ies are not confined to those
countries currently taking the major & should contribute data.

4) Suggesting a ‘lead role’ in studies pot imply any special
preference as to alocations, quotas etc ement regime. The focus of
research is simply a function of loca @& & or research resources for
studies on the species andi

5) Some other acti ment, biGdiversity, sturgeons) are being
discussed in other Commission activities, and by CITES,

hence coordination is
sector may not wish to tal

Ann able 1: ' Rhual indicators for consideration for measuring
diff characterist

shown, dearatio @ptimum or limiting value).
Chara tAdi Answering question: Units
Environment icator
Indicators of nutri Basic productivity ppt nitrates, phosphates
runoff/availability conditions etc. in river runoff/surface
waters
Bottom hypoxia (seasonal) Shelf hypoxia, especialy in | Levelsof O,/H,S (ppt)
mean value/extent - Conc. summer is negative for and of contaminants
(ppt) hydrogen sulphide/other | shellfish/demersal fish (various)
contaminants
Wind speed/direction ?7? upwelling ?7? Km/hr
Stock biomass Amount fish stock
available as abasis for
Setting quotas.
CPUE/ survey BT Catch/tow/ tonnes
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fishery, and used for
alocation negotiations

Exploitation rate Current rate of stock m - (dimensionless)
removal
Fishing effort Indicator of risk of days fished summed after
mortality by fishing calibrating by vessel
fishing power
Fleet capacity As above, but also an index | Summed horsepower or
of investment in the tonnage

Species productivity

Annual recruitment Successful annual

replenishment of stock

(for younger ages)

Mean Sze-at-age Indicator of growth rate

Condition factor /oil content |Indicator of feedin

Community productivit

(anchovy)

Prey biomass

Popl’ n fecundity/abundance ature fish
of mature fish

Speciesrange Use GIS methods to plot

ccupied

estimate surface areas

truncation of food

bottom up enrichment

Planktonic productivi asic food available to Water sampling or remote
d web/sourge of sensing for chlorophyll A?
ersal hypo
Species diversity in basi May measure ecological
iodiv changes
increase in the indicator | dimensionless
ly stress on
d sal biome
An index of both top-down | dimensionless

web, and

Annex Table 2. Ece
biodiversity group — shown in italics)

stem/habitat focus for indicators (some overlap with

(Indicator objectives. determine state of habitat/key resource using biomass, range,

quality)

Indicator category Indicator needed

L ead
country(ies)

Comments

Critical habitats

- Lagoons and inshore | Mugilidae biomass,
distribution, size
structure, demography.

All

Local resources. But suggest a
cooperative focus on lagoon
restoration, including
aquaculture applications. (A
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Mussels (range,
quality of meats)

Venus clam (range)

All( not
Russia)

All

range of environmental data
collected, incl. bottom water
oxygen, resource contaminants).
Cooperative
studies/programmes of
contamination

Tech. Consultation on artificial
reefs.

Indicator of clean bottom
conditions.

Needs cooperative
anagement.

of oxygenation of
northern shelf.

Indicator of clean bottom
conditions.

- Shelf areas Turbot (Seetable 2)
Rapana (range, catch
rate) Loca.
Anadara cornea

Gobies Demography, cpu
range

Red mullet Demography, role
cpuerange

- Pelagic biome

All (lead role-
Russia?)

Coordination of survey
programmes.

Remote sensing imagery

Egg+larval+oceanographic
plankton surveys

Russia “ “
Organize oceanographic study
of environmental impacts on
stock migrations/abundance,
and on impacts of pelagic
conditions on demersal benthic
biome.
- Conservation of - Sturgeons Danube Needs cooperative
threatened or countries, management. (Cooperation with
endangered species. Russia, Black Sea sturgeon initiative of
Georgia, CITES).Cooperative studies
Ukraine + promoted with other agencies.
- Shads, Black Sea | Turkey (lead
salmon. role Romania) | Collect information on stocks
and spawning rivers and
Salmon:Lead | environmenta quality.
role Georgia,
Turkey. Shads:
Lead role
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- Dolphins (bycatch, | Romania+
range, sightings) other Danube [ACABAS, Bonn Convention
- Rays (range) countries. linkages.
- Phyllophora All Compare current catch, size,
distribution to historical data.
All Monitor area of seaweed beds.
Ukraine
Migratory species
a) between Mackerel, bluefish, (Lead role Transboundary and highly
Mediterranean — bonito igratory stocks. (Cooperate

Marmara<-> Black
Sea

b) Between Azov
+Black Sea.

(range, demography,
migration routes)

Migration of speci
between Azov and
Black S.

Turkey) —

Russig,

with GFCM & ICCAT to
establish range of species,

etic identity, stock statusin
iterranean, Aegean,

Consider meeting to
discuss validity/optimal
approach to conserving
genotypesthrough
hatchery enhancement
(e.g. turbot, sturgeo

Lead

Comments

country
Pelagic
- Anchovy All (Lead | Needs cooperative management.
, Turkey) Currently most catch taken by

piomass, age or size
structure; F, condition
factor (seasonal), ail
content, mean size at
ages 1,2., popln.
fecundity, range

Turkey, but as important keynote
species, some special sampling
needed from other countries —
especially for range/distribution.
Needs management plan/control
effort and/or TAC/docations. High
exploitation rate for small pelagics
may promote Mnemiopsis blooms
and affect zoo/ phytoplankton
abundance, possibly affecting shelf
hypoxia through detritus loop in
ecosystem.

Orhganize modelling workshop to
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consider relations between key
biota and linkages between pelagic
and benthic habitats.

- Sprat Catch, cpue, age/size | All. (Lead | Needs cooperative management.
structure of catch, Bulgaria) | Currently most catches taken by
biomass, age or size Ukraine, Russia and Bulgaria.
structure, F, condition Important by catch of whiting.
factor (seasonal), mean Needs management plan/control
Size at ages 1,2., popln. effort and/or TAC. (See comment in
fecundity, range italics for anchovy)

- horse mackerel (Asabove) All. (Lead S cooperative

Turkey)

Demer sal/benthic
shelf

ement.(See above comment
in italics for anchovy)

- Turbot

Catch, cpue, age/size
dructure of catch,

biomass, age or siz
structure; F, condition
factor (seasonal), mean
Size at ages
fecundity

n a management plan
(limited entry, TAC, common
fishery regulations, closed areas,
types allowed etc).
Organize meeting to discuss
management plan.

- Whiting

Needs cooperative management.
Management of this species needs
coordinating with that of sprat

fishery.

All (Lead
Turkey)

Slow-growing, low fecundity
species— indicator of fishing
pressure.

Considered desirable to prepare a
small booklet for each key species
with key information, assessments.

Annex table 4. Fish@y ecosystem indicators
(Objective: locate indicators from fisheries data base that reflect health of whole

ecosystem)
Indicator category Indicator needed Lead Comments (1¥ 3 indicators await
country compilation of all species data).
Pelagic/demersal ratio | Indicator (biomass All A genera indicator of health of
and/or catches) of demersal biomeis alow vaue for
pelagic resources and ratio.
benthic+ demersal
resources
Piscivore/planktivore | Indicator (biomass All A genera indicator of degree of

ratio

and/or catches) of food

exploitation of the ecosystem.
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web exploitation.

Mean trophic level Indicator of degreeof | All A general indicator of

truncation of food web anthropogenic impact on food web.

and/or eutrophication

using all ecosystem

components.
Marine protected areas | Proportion of national | All Use GIS approach to document
and (seasonal) closed | seaareasincluded in (Secretariat | areas.
zones closed areas. to

organize)

Develop historical atlas | Document All common GI S approach to
of species ranges, ranges/densities (if (Secretariatff document in afisheries Atlas
critical habitats, possible for every to ogether with ranges of all known
nursery/spawning decade since 1950's). ies. (Coordinate with FAO
aress. for methodologies and data).

Document distribution

Show this in fisheri

agreementy/ fleet
data to fisheries Atlas.

fleets/fishing areasby | Atlas.

main ports.

Effect of gear on key Monitor by
species/habitats. dolphin in gill

species. Consider regulations to
reduce impacts of fisheries on
migrration routes (e.g. avoid
blocking straits needed for
migration — allow fishing in straits
and migration corridors only afew
days per week?).

Closed areas/seasona (summer)
closures for bottom gear to avoid
hypoxia. Experimental studiesin
summer of effects of hydraulic
dredging on local oxygen H2S
levels/incidental mortalities.

Annex Table 5. Geheral indicator s of socio-economic nature (Thistableis
considered incomplete and items marked * require specialised socio-economic inputs).
(Objectives: determine impact of sector, its economic health, capability of regulation

and research)
Indicator category Indicator needed Lead Comments

country
Fleet numbers by Description vessd, All A common database of vessels
category/target species | owner, current level of | (Secretariat | operating in 2002, and existing but
of vessdls licensed activity to inactive vessals which are licensed
nationally to fishin organize) |to fish.

2002.
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Number of daysfished | Tota effort = sum All Suggest alog book with common
per year by gear (HP*days fished per (Secretariat | format be used to collect national
type/category/ target year). Thisisan to data, and/or standard port interview
species. (Use EC indicator of fishing organize) | form. It will be necessary to
vessel/gear pressure. Data may be develop a sampling frame prior to
categorization). obtained through devel oping approach to port visits.

sampling aknown

proportion of fishing

trips/vessels using a

standard and agreed

sampling scheme.
Fleet tonnage/shelf area | An indicator of fishing | All is a general indicator of

pressure.

ishing intensity, and should be
culated separately for main gear

*Employment in
fisheries sector.
(primary/secondary) as
proportion of
population size. (Also
indicate proportion of
private sector
participation, and info
on cooperatives).

An indicator of effort,
but also of interest in
sector.

* Fish consumption/per
capita

indicator of relative

of fishery sector and
how itis ized. Organize
meeting te’discuss how the fishery
sector is organized in member
countries.

organize)

Need to know consumption of local
catch, but also imports/exports
from and to countries outside the
Black Sea area.

National r All Harmonizing regulations for
keynote (Secretariat | keynote species is necessary first
to step to harmonized Black Sea
organize) | management measures under the
Commission.
MCS capab ument number of | All One suggestion here is to consider
f dedicated to (Secretariat | introduction of VMS (Vessel
ontrolling adherence | to monitoring system) using satellite
to regulations. organize) | ‘black box’ onindustrial scale
vesseals.
(Suggest to organize meeting of
national MCS personnel to discuss
harmonization of MCS procedures).
Research coordination | List All This will be necessary for planning
scientists/programmes | (Secretariat | cooperative programmes.
by key species/problem | to Calibration/coordination of survey
areas. Document organize) | methodologies will be needed.
research vessel
programmes and
objectives.
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*Consumer inputs

NGO's

Define priorities for
national requirements
for fish

Identify national
groupings concerned
with ecosystem and
fishery resource health

All

(Secretariat
to

organize)

Sponsor consumer surveys of fish
consumption.

Organize meeting of conerned
NGO’sto look at ecosystem
priorities, and strategies to
harmonize approaches with use of
‘fish for food'. (See UNCED
priorities).
Look at sport fishing organizations
possible rolesin conservation
itats/resources.
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APPLICATION OF BIOLOGICAL REFERENCE POINTSTO THE BATHYAL
FISHERY IN THE MEDITERRANEAN SEA: DIFFICULTIES IN THE
MONOSPECIFIC APPROACH

Carlucci R., Giove A., *Gallucci V. F., Turs A.

Department of Zoology, University of Bari - 70125 Bari (Italy)

*School of Aquatic and Fishery Sciences, University of Washington - 98100 Sesttle
(Usa)

Abstract: Biologica reference points Fnax € Fo1 have been
trawling in the lonian Sea (Mediterranean Sea). In this fishi
Aristaeomorpha foliacea are the target species, Plesioni

lied to the bathyal
s antennatus and
rtia, Phycis blennoides
and Caelorhynchus
ecruit” model has

caelorhynchus is a discard species. The behaviour
been examined changing the age of entry corr
mesh size of 40 and 60 mm in the codend an e gpecimens
and age at first maturity. Results show that

ptotic trend

I ntroduction
The red shrimp &
of the bat ishi i ea (Mediterranean Sea). This fishery includes
| ) catch species, such as the crustacean Plesionika
e finfish Merluccius merluccius, Micromesistius
es, Helfcolenus dactyloperus, as well as discarded species
ynchus, Nezumia schlerorhynchus and Hymenocephalus

the 58.60% in w and the 66.15% in the economical value of the total catches
(Carlucci et al., 2003), the commercial by-catch species can often make up very
important sources af economic incomes for fishermen and the discard species often
constitute noteworthy biomass thrown out to the sea.

As any other kind of fishery in the Mediterranean Sea, the bathyal trawling grew up in
time without the application of any metric estimation of the stock dynamics (growth,
recruitment and mortdity) in a “biological reference” fashion or of an adaptive
management strategy which takes into consideration the multispecificity of the catch
itself. At the present, this trawl fishery is managed controlling the fleet capacity,
applying some administrative measures like the fishing closed season and by the
regulation of the mesh size in the codend (40 mm, kgal mesh size in the European
Mediterranean Sea).
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Considering the great fluctuations in the abundance of the red shrimps, it becomes
necessary a suitable exploitation rate for these two resources that, in this particular case,
can be aso consistent with the multispecific reality in the fishing grounds.

In this context we examined the behaviour of the “yield per recruit” model (Beverton
and Holt, 1957) for six species characteristic of the bathyal fishery in the lonian Sea. In
particular, for each of the considered species, the changing of the biological reference
points Fnax € Fy1 (Beverton and Holt, 1957; Gulland and Boerema, 1973) has been
examined by the age of entry into the exploited stock and the fishery mortality rate
trying to point out how a monospecific approach is difficult to be applyied in a
multispecific fishery contest. In this respect, a further objective of this paper is that to
provide a contribution to the debate on the assessment management of the
biological resources in the Mediterranean Sea. In fact, the S Ifvthe same scientific
context give further contributions either to the use of mod the individualization of
biological reference points (Giove et al., presen and to a different
methodological approach in the resources man
volume).

Materials and methods
The “yield-per-recruit” model (Beverton and allows tosderive a un
biological reference point (b.r.p.) which is t ishing mortality rate (Fmax)
corresponding to the maximum vyié i exploited stock. Fnax iSa
syntethic index usually used as an It owever, considering that

Sicolenus dactyloperus are the by-catch
is a discard species. In particular, the

age of thesm t matureispecimen and to the first maturity. In Tab. 1theva|uesof the
paramethers of ieldfper recruit model for each species (Ragonese et al., 1995;
D’Onghia et al., 1996, 1998, 2000, 2003; Maiorano et al., 2002; Turs et al., 2003;
Carlucci et al., in press) have been reported. For each of the species the actual fishing
mortality rate (F) estimated considering the use of a 40 mm mesh size has been
compared with the corresponding values of Frax and Fp1 obtained from the model.

Results

The yield per recruit values and the reference points corresponding to the differents
species considered are reported in Tabs. 2 and 3. For al the species an increase in the
yield values by increasing the age of entry into the exploited stock was observed.
Considering A. antennatus, both the yield values estimated in Fnax and Fy 1 are quite
similar to those obtained for the fishing mortality F equal to 0.35. However, comparing
F with these reference points it comes out an optimal condition and a slight overfishing
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using the calculated values of Frax and Fo1, respectively. The overexploitation decreases
if the age of entry increases.

In A. foliacea the asymptotic trend in the yield per recruit curves prevent the choice of
an univocal value of Fna. Furthermore, a marked “growth overfishing” condition
appears in this shrimp considering that the actual fishing mortality is about 3 times the
value of Fy; calculated using a 40 mm codend.

With regard to the by-catch commercial species, P. martia showed an underexpl oitation
condition considering that the 40 mm mesh is selective for this shrimp alowing
specimens close to the first maturity size to pass throughout (D’ Onghiaet al., 1998).

In P. blennoides and H. dactylopterus the yield per recruit values estimated for the
actual fishing mortality rates using the 40 mm codend result uite similar to those
corresponding in Fy 1. However, considering the actual valu comes out a clear
condition of overexploitation for both species. Finaly, a jtion of overfishing was
aso shown in C. caelorhynchus The fishing mort is discarded species
resulted about 3 times greater than the value of Fo 1 Cg

Discussion and conclusions
The yield per recruit model points out that
fact, even cansidering just

six species the analisys showed pronounced differe in the yield per recruit curves.
In this context, Fnax results very vafia be extimated considering that
in crustacean species the curves ¢ asyymptotic trend mostly
increasing the age of entry into the exp gica reference point Fy 1
resulted more informative alowing vith the yield per recruit
corresponding to the a ishi ed for each speciesand the 40
mm codend.

Considering equal > F in al species are greater than Fo 1 (with

detecting an univocal biological reference
ich, considering that the bathyal trawl fishing in the
ps A.antennatus and A. foliacea, is often carried
epths/in order to catch other resources (P. longirostris, N.
n this context, the monospecific approach proposed by the
stock-oriented nd Holt model, even if provides information on the
exploitation cond each species, does not alow to indicate clear management
measures for the resaurces as a whole. However, the simplicity of the model and the
limited knowledges<f the stochastic phenomena in the population dynamics, drove the
authors to the use of the same model modified for a multispecific approach (Giove et
al., present volume).
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Tab.1 - Values of theyield per recruit model parameters used for each of the species considered in the lonian Sea.

Parameters A. antennatus A. foliacea P blennoides dactlylopterus | C. caelorhynchus
Linf. (cm) 7,89 6,98 .76 12,76
k(yr?h 0,22 0,45 0,18 0,13
to (yr) -0,23 -0,18 ~ -0,84 -1,06
Winf. (g) 160,77 94,52 437,59 371,13
M 0,34 0,48 0,33 0,35
age | capture (40 mm sMYS) 0,97 0,47 0,34 0,61
age | capture (60 mm sMYS) 1,39 0,62 211 2,51
age smallest mature 1,26 413 1,57
age | maturity 2,07 5,46 3,83
age smallest specimen 0,26 0,11 0,25
age max 9,20 25,00 10,00
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Tab. 2 - Yield per recruit values and biological reference points for the different species considered in

the lonian Sea.
Aristeus antennatus
Ageofentry | Y/R@Fmax | Y/R@F,, | Y/R@F Y/R- . VSY/RL YR, VSY/R,
097 6,25 592 6,19 1,01 0,96
1,39 6,93 6,52 6,93 1,00 0,94
1,26 6,71 6,33 6,71 1,00 0,94
2,07 8,04 7,47 7,86 1,02 0,95
Ageof entry Frar F% F Fnax VS F‘E vs F
0,97 0,34 0,22 0,35 0 0,63
1,39 0,40 0,25 0,35 0,71
1,26 0,38 0,24 0,35 1, 0,69
2,07 0,56 0,31 0,35 1,59 0,89
Aristaecomorpha f@lfacea
Ageofentry | Y/R@Fmax | Y/R@F,, | Y. YR o VSY /R AVsY/R;
047 6,43 610 | 5 8 111
0,62 6,85 6,49 6,44 1, 1,02
1,30 8,66 8,01 8,66 1,60 0,91
2,04 10,03 8,9 9,44 68 0,91
Ageof entry Fraas Fos s Fo Vs F
0,47 0,53 0,35 0, 0,32
0,62 0,59 0,38 0, o5 0,35
1,30 1,01 0,53 1,01 0,48
2,04 0,73 ,96 2,40 0,64
Plesionika ta
Ageofentry | Y/R@ Y/R@F Y/-RFmaXvs Y/ﬁF Y/-RFO.l Vs Y/r
1,07 ,19 1, ,94 1,12 1,07
1,7 1,24 0,86 1,00 0,75
Y 1 091 1,12 1,05
1,3 0,90 1,02 0,84
Age of F " F Eméx Vs F Fo Vs F
1,07 1,35 0,71 0,44 2,34 1,44
1,79 4,00 1,06 0,44 4,62 1,20
1,49 2 0,90 0,44 2,37 1,44
1,56 0,94 0,44 3,66 1,29

@ = corresponding tc
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Tab.3 - Yield per recruit values and biological reference points for the different species considered in

the lonian Sea.
Phycis blennoides
Ageofentry | Y/R@Fmax | Y/R@F,, | Y/R@F Y/R- VSY/RL YR, VSY/R,
0,30 31,40 29,84 21,32 3,10 1,38
1,42 37,95 35,85 33,16 2,43 1,07
1,81 40,52 37,94 37,38 2,15 0,89
351 51,48 46,29 51,45 2,41 0,92
Ageof entry Faur F% F Fmgx vs F F‘E vs F
0,30 0,16 0,11 0,44 0,37 0,25
1,42 0,22 0,14 0,44 0 0,33
1,81 0,25 0,15 0,44 0,48
3,51 0,48 0,21 0,44 , 0,70
Helicolenus dactylo
Ageofentry | Y/R@Fmax | Y/R@F,, | Y/R YR VSY/R. /R, VSY/RL
0,34 10,54 998 3,19 726
2,11 15,07 13,83 15, 1 0,92
4,13 19,02 16,03 17,53 2, 0,89
5,46 19,50 15,22 15,96 2,90 _ _094
Ageof entry [ Fo F ve F Fo, Vs F
0,34 0,21 0,14 2 0,27
2,11 0,43 0,22 0, 0,42
4,13 1,67 0,34 0, 33 0,58
5,46 - 042 - 0,81
elorhynchus Gaelorhynchus
Ageof entry / ax R@F,, [ Y/ YR, _VSYIR_ | Y/R_ VSY/R_ |
0,61 4.4 1,61 1,15
251 6,65 6, ,64 1,35 0,94
1, 5,09 522 1,39 0,96
5 7,60 1,49 1,00
ry F : = F_VEF Fo Vs F
06 0,25 15 055 0,51 0,35
251 0,51 0,28 0,55 1,12 0,65
157 0,34 0,20 0,55 1,59 0,83
383 ,00, 0,49 0,55 2,40 0,99

@ = corresponding tc
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SYSTEM COMPLEXITY AND UNCERTAINTIESIN THE ASSESSMENT:
WHAT REFERENCE POINTS?

D’Onghia G., Sion L., Maiorano P., Carlucci R.,
Dipartimento di Zoologia, Universitadegli Studi di Bari - 70125 Bari (Italia)

Abstract

Authors report some observations on the deep-water rose shrimp, Parapenaeus
longirostrisand the red shrimps, Aristeus antennatus and Aristal rpha foliacea, with
the aim to highlight the non equilibrium conditions of pulations and the
uncertainties in the assessment giving raise the discussio he need of management
options which overcome the application of convention iented models and the
relevant reference points. The authors propose proach in which
“monitoring working groups’, composed b
representative of the fleet and fishermen, op
real-time information to promote the instituti
time-area closure (even temporary and flexible i

in a process with jm to obtain
time- closurein
d be adopted primarily in
management measures should
cod-end used in deep-water
tainties, suitable for

ploited populations (recruitment, mortality etc.) (Hilborn,
es et al., 1999; Gidason et al., 2000; Stergiou, 2002).
eported among the causes of the problems in the fisheries
management: the ous biological uncertainty; the existence of multiple and
conflicting objectives in the fisheries; the dominance of socio-economic objectives over
attempts to utilize resources sustainability; the failure to involve the major stakeholders
in meaningful decisonmaking. Thus, the scientific questions concerning the
management of the fishery resources should not be dealt with the classical “hypothesis
testing” method in which the variables involved in the study phenomenon can be
constantly checked. This type of complex themes, such as globa change and other
environmental topics, should be studied according to the “post-normal science”
methodologies (Funtowicz and Ravetz, 1993) characterized by two main aspects: the
uncertainty and a set of values coming from a plurality of perspectives. In this respect,
fishery science often cannot provide univocal management options but only indications
that should be integrated together with other knwoledge forms (e.g. from socio-

Indeed, Cochrané

83



economic science) and the contribution of all the stakeholders involved in the fishery
system (Hilborn, 1997).

In this paper, authors starting from some observations on three important
Mediterranean demersal resources caught in the lonian Sea, the deep-water rose shrimp
(Parapenaeus longirostris) and the red shrimps Aristeus antennatus and
Aristacomorpha foliacea, highlight the non equilibrium conditions of their populations
and the uncertainties in the assessment giving raise the discussion on the need of
management options which overcome the application of conventional stock-oriented
models and the relevant reference points.

Materialsand Methods

Data on the deep-water rose shrimp (Parapenaeus
shrimps Aristeus antennatus and Aristaeomorpha foliac
national and international study projects carried out in
(GRUND and MEDITS). Methodological details of
Relini (1998) and Bertrand et al. (2002).

In P. longirostris CPUE (kg/h), densit i ) indices
were computed for each GRUND survey
(N/kn?) and biomass (kg/knf) indices were

girestris) and the red
e collected as part of
from 1985 to 2003
jes are reported in

size of the smallest mature specimen, the : maturity (50% in the population),
the mean and median sizespwere compute

Results

The density an@d’biomass indices in P. longirostris changed greatly during the
study period without any significant trend (p > 0.05) (Fig. 1). The marked increase of
the abundance shown during 1990-91 in both Apulia and Calabrian coasts was due to
the great fluctuation of the recruitment, as previoudy reported in D’Onghia et al.
(1998). In fact, the CPUE \alues were significantly correlated to the recruitment index
(p<0.05) (Fig. 2). Instead, no correlation was detected between density index and Z
(p>0.05) (Fig. 3). The total mortality rate varied significantly (p<0.01) exhibiting an
increasing trend during the study period (Fig. 4).

Concerning the sizes, a significant decrease of mean and median with time was
shown in the sampled population of P. longirostris (CL mean = -0.48year + 32.7, 1° =
0.89, p < 0.01; CL median = -0.61year + 29.3, r* = 0.81, p < 0.01) whereas the size of
the smallest mature specimen and the size at first maturity did not show significant



changes (p > 0.05). Both mean and median were aways smaller than the size at first
maturity (Fig. 5).

With regard to the red shrimps, although the studies carried out in the lonian Sea
along the Italian coasts have always showed that A. antennatus is largely more abundant
than A. foliacea (e.g. Turs et al., 1993; Matarrese et al., 1994; Tursi et al., 1998), in the
last surveys the CPUE values were greater in the latter species than in the former (Fig.
6). In the context of great fluctuations observed in the period 1996-2003, the yields of A.
antennatus and A. foliacea showed an evident decreasing and increasing trend,
respectively.

From the specimens caught during autumn 2002 (GRUND) and spring 2003
(MEDITYS) it was clear, from numbers and sizes, that the ementioned marked
increase of CPUE values in A. foliacea was due to a succ itment in the study
area. In fact, the adult fraction was almost completel
population. On the contrary, all sizes were represent hes of A. antennatus

(Fig. 7).

Discussion and conclusions

If from one hand the results presented |
on the biologica resources, from the other ha Vi equilibrium
conditions in the populations and environment w ncrease the uncertainty in the
application of steady-state stock

A typical effect of fishing on P. A
the stock that might cause the decrez city of the population.
Although intensively exploited with mea r izes’In the catches smaller than
the size at first maturity gR i i 8 Most abundant resources in the

such characters dlow 'am i e exploited population, from the other
inflyenced by the stochastic changes in the

vealed in P. longirostris during the study period.
ective traits of its life cycle.

an increasing trend in A. foliacea and a decreasing pattern
singly shown in contrast with previous observations in the
Northwestern lo
stock of A. foliaceaimostly consisted of small specimens while that of A. antennatus
showed several size”components in agreement with previous studies (Matarrese et al.,
1997; D’ Onghia et al., 1998a, 1998d).

The effects of fishing on A. antennatus are less evident than in A. foliacea since
the former shows a very wide depth distribution, high renewa capacity and
unavailability of the recruitment to the fishing while the latter is mostly distributed on
fishing bottoms where both juveniles and adults are vulnerable to the trawling (Orsi
Relini and Relini, 1985; Sarda, 1993; Turs et al., 1996; Sarda and Cartes, 1997;
Materrese et al., 1997). In fact, during studies on the red shrimps carried out in
exploited and unexploited areas of the North lonian Sea (Anon., 2001; Politou et al.,
2003; Mytilineou et al., in press), the same size structure pattern, with several size
classes, was shown in A. antennatus in the two areas contrarily to A. foliacea whose size
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composition evidenced the effects of fishing in the Italian side of the lonian Sea
(exploited area) and showed a multimodal trend in the Greek waters (unexploited area).

The significant reduction of the mean and median size in P. longirostris during
time and the truncate size structure in A. foliacea are typical effects of fishing (Jennings
and Kaiser, 1998). Instead, the abundance of these two species appears to be strongly
correlated with the stochastic variation of the recruitment. In P. longirostristhe changes
in the density do not seem to be affected by the total mortality rate on the stock. On the
contrary this rate reflects the size structure in the stock irrespective of the density.

The noteworthy recruitment of P. longirostris during 1990-91 was reported by
D’Onghia et al. (1998c), however the relevant causes were never investigated. Could
the recent uncommon abundance of A. foliacea on the fishingggrounds be due to the
“transient”? That is the Eastern Mediterranean hydrologi changes which make
warmer and more saline the water masses of the North-w lonian Sea (Klein et al.,
1999; Manca et al., 2002). This question follows t is by Ghidalia and
Bourgois (1961) and Bombace (1975) who suggest is preferentially

distributed in warmer and high salinity waters t eed, this latter
species has long been found largely more abun orthrwestern
lonian Sea (cit.op.) which waters are gener e eastern
side of the basin (Theocharis et al., 1993) wher re abundant
than A. antennatus (Anon., 2001; Politou et al., 200

We don’t know if such an h other population abundance

fluctuations will be explained and ca i anges through future
bl [ aters properties of the

recruitment of Ariste ifi me years ago in the Ligurian Sea (Ors
Relini and Relini alérs living marine resources seem to be

shing intensity: one off the Southeastern Italian coast,
sually exploited between 400 and 800 m (Carlucci et al.,
2003), the othe estern Greece, where there is no deep-water trawl fishing

\nop:; 2001). Authors concluded that such differences were most
probably due to both¥different fishing intensity and environmental conditions. The
effects of fishing ifest themselves against a background of natural environmental
variations that are the mgjor agent of change in the system (Gidlason et al., 2000).
Larkin (1996) reported that the management of marine fisheries according to ecosystem
properties is essentialy a question of distinguishing the impacts of fishing (top-down
effects) from those of fluctuations in the environment (bottomup effects),
understanding the dynamics of species interactions and appreciating the way in which
fishing fleets will respond to changes in the abundance of various stocks. However,
Larkin (1996) himself reported that although changes in many marine ecosystem have
no doubt occurred, efforts to model their holistic dynamics have not yet been successful
due to the number of variables involved and the way in which only small errorsin their
estimation may lead to large effects in the simulated results. According to Stergiou
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(2002), in the problems of the assessment of marine biological resources we have to
face on the lack of knowledge (subjective uncertainty) together with the variability of
the stochastic processes in the populations (objective uncertainty). The distribution and
abundance of the organisms are the main topics of the ecology (Krebs, 1972), but few
genera rules are available to help us predict changes in the population abundance
(Lawton, 1999).

Stochastic processes of the populations (recruitment, growth, mortality) are
estimated with a considerable uncertainty and therefore used as input parameters in the
stock-oriented models. Considering that the fishing truncates the age structure in the
populations, the non equilibrium conditions could be enhanced in many species,
increasing the dependence of the abundance changes on the sto ic variability of the
recruitment and thus increasing uncertainty in the estimates he outcome of the
models often used as reference points (Stergiou, 2002).

Since different types of uncertainty exist in fi ement (Caddy and
Mahon, 1995; Francis and Shotton, 1996), the klenefi ent management

implemented in the models (and thus isheries Lce such
uncertainties? Most probably, according to Hedl'eyhe ~
because is based on the false belief in the ability to age fisheries very precisely.

The multi- species nature of M &gli ; ses further uncertainty due
to technical interactions between gea i between most of the

udies on the Mediterranean living resources
contribute to manage them taking into account three

esources in Italian waters are mostly monitored by scientists

RUND project and successively as part of MEDITS. In this
Nd stakeholders ask to scientists to provide their best advice, in
terms of indicators@nd reference points that should trigger management actions. The
recruitment has represented the main indicator in the institution of the fishing time
closure in the Italian waters (within the law 41/1982). Considering the results reported
here and the relative discussion, in our opinion the recruitment of the target demersal
resources can still constitute the main indicator in order to create “monitoring working
groups’ (see Lane and Stephenson, 1997 in Cochrane, 1999; Gislason et al., 2000)
which should be composed by governments managers, scientist, representative of the
fleet, representative of the fishermen and fishermen themselves. Such groups should
operate to regiona level or even at smaller scale (administrative marine district). The
roles and responsibilities of the different partners have to be clarified in order to
generate consensus in decisiornrmaking. In particular, scientists and fishermen have to
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cooperate in the monitoring process with the am to obtain rea-time information to
promote ingtitutional processes for time-area closure in short time. Furthermore,
considerable attention should be given to the concept of loca management
responsibility, strengthening in the local fishermen the sense of ownership of the
resources (Larkin, 1996).

The time closure @uld be adopted for both very high and very low levels of
recruitment respect to a reference level considered as b.r.p. in the fishing area and that
can be tuned with experience. The time closure could occur in more than one period
during year with the corsensus of the major stakeholders on the basis of the acquired
scientific knowledge supported by the scientific and commercial monitoring. In the
lonian Sea it could be adopted during spring aimed to P. longirgstris, A. foliacea and A.
antennatus recruitment as well as that concerning gadiform d during autumn
for Mullus barbatus (Turs et al., 1998). Two years ishermen in the Taranto
marine district (Northern lonian Sea) decided autono op trawl fishing, for
more than one week, in relation to a massive recrui giant red shrimp.
Even though the growth of both these two speci 0 weeks, their
distribution on the fishing bottoms can spread

The area closure (even temporary
relation to the presence of nursery areas. A larg
areas along the Italian coasts (e.g. Ardizzone and eds, 1997; Lembo et al., 2000)
surveys (both scientific and
ima¥ily on the presence of

commercial). The choice of the no-takezemes wi

the nurseries. However, other ecologi
oice with the aim to meet

O >
biocoenoses and spawning areas, can c )
ecosystem objectives i anafe . case of A. antennatus in

, confirms the importance of refuge areas
ent) where the exploited population can

. féliacea and A. antennatus, reducing both mortality in
emblage and discard production with minimal economic
2003; Imperatrice .,2003; Carlucci et al., in press). However, aso this management
tool requires the invalyement of fishermen and the representative of the fleet adopting a
differentia regulatioh of the mesh size for the coastal trawling (actua mesh size in the
European Mediterranean countries) and for the deep-water trawling.

Both time-area closure and large mesh size adoptions constitute management
measures robust to uncertainties and suitable for multi-species management (Cochrane,
1999). The performance of these integrated measures should be monitored and tested
with the am of identifying a management system which satisfy ecological, socio-
economic and political contexts.
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Abstract

A mathematical model for reference points in a multi-species fishery is presented. The
model is based upon weighted yield per recruit functions. The model defines the two
usua reference points, Fmax and Fo 1. Reproductive success jsyincorporated via the
reproductive value function as an ecological weight. mefeid vaue is aso
incorporated as an economic weight. The model is applied he red shrimp deep-water
bottom trawl fishery in the lonian Sea (Central-Eastern Mediteffancan Sea).

Key words: deep-water trawl fishing, multi-specigs
per recruit.

aeries, reproduetive vaue, yield

1. Introduction
Biologica reference points have assumed a place
exploited populations. One of the re@sans their definitiGRS,and properties continue to be
active areas of research is that they geant to substitute for the large amount of
fundamental information about populatfen dyrRamics that re S unknown at this time.

The issues surrounding reference points & ge ized définition of reference points
are found in the FAO publigation, ReferefcgfPoints T0F Fisheries Management (Caddy
and Mahon, 1995). ition given\is. “a conventional value, derived from
technical analysi ents a stateyof the fishery or population, and whose
characterigtics are believed to beuseful for thelfi@nagement of the unit stock”.

On the one hand, the defMitia mearing that many different types of reference

L importance in the theory of

point models*ee inediio satisl and, on the other hand, it is constraining,
limiting icati at can be envisioned. We propose a model adapted
to rgs ations 'Qiexisting reference point models. The unit stock is
one of tRehimitati e aboye definition in the FAO report (Caddy and Mahon,
1995). The“pre utilizes the technical analysis of the Beverton and Holt
model and trad reference points based on the rates of fishing mortality, Fo1
and Fyax. Althoug Beverton and Holt model assumes a unit stock, an ecosystem

species fishery. Thig'ls one of the recommendation found in the FAQO report (Caddy and
Mahon, 1995) where it is noted, “that the incorporation of (multi-species)
considerations into management advice has, however, been difficult to achieve.”

1.1 A Proposed Reference Point M odel

The proposed model explicitly recognizes that all speciesin a catch will not necessarily
have the same economic value. While some species will certainly have market value
other species may be both abundant and without market value.

The proposed model also responds to concerns expressed about reference points based
upon yield models (Gulland and Borema, 1973) that assume steady state conditions.
However, harvests at Fvalues used early in the harvest history under a steady state
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Situation may cause, or exacerbate, recruitment overfishing in a developed fishery
(Sissenwine and Shepherd, 1987), thereby inducing reduced harvest levels, causing a
downward spiral. Another class of reference points that specifically target levels of
fishing effort unlikely to induce recruitment overfishing have been defined. If the
spawning stock biomass is SSB and recruitment is R, R/SSB measures the observed
level of recruitment per unit of SSB (Sissenwine and Shepherd, 1987). These reference
points, based on the median of F-values that satisfy the above, and others, are in Gabriel
et a. (1989) and Clark (1991).

The proposed model incorporates some of the above reproductive considerations via the
use of the reproductive value of each species. The reproductive val ue for the ith species
is the sum of the contributions at each age, X, to the next generaion. This contribution,
a function of x, is estimated with demographic parameters f@i"fecimdity %, survival L,
and the rate of change of population size ?, considered t for all ages (Pielou,
1969). Since reproductive value RVy is based on d Ic parameters and not
reproductive effort, species with different reproducti fish with millions
of eggs, sharks with a few embryos, and shrim gs, can al be
represented by the same equation. Therefore, incorporates
life history characteristics and allows ¢ equation,
repeated below, is:

RV, =3 | '“'X)fi'—i

|

the Mediterranean ps Aristeus antennatus (Risso,
1816) and Aristaeon ea (Risso, ¥827), the shrimp species with the highest
economic value, > sal resources found on the continental
dope down to 800 m (B ' ese; 1994). Since a trawl fishery affects the
whole demess - Y approach would account for the dlfferlng

life histg S ted species, those with and without economic value.
This tional agreements such as the Convention on
Biod of Copduct for Responsible Fisheries, and the Convention
of BarcelG dvocate management regimes characterized by ecosystem

weighted by ecolog d economic terms for the suite of species the trawl encounters,
instead of for a singl@Species (the subscript “MS’ represents multi- species).

Of the targeted red shrimps, A. antennatus is more abundant on the western side of the
Mediterranean and A. foliacea is more abundant in the central-eastern but the abundance
of both species fluctuates greatly on the fishing grounds and in the catches (Cau et al.
2002). Juveniles and adults are captured with economic value increasing with size.
Although red shrimps are targeted, by-catch species also occur in the catches. For
example, in the lonian Sea (Central-Eastern Mediterranean Sead) red shrimps may
constitute up to 58.60% in weight and 66.15% of the economic value of the total catch
(Carlucci et al., 2003). By-catch species, such as the crustaceans Plesionika martia and
Nephrops novegicus, and the fishes Merluccius merluccius, Micromesistius poutassou,
Phycis blennoides, Helicolenus dactyloperus and Lepidorhombus boscii, contribute the
remainder of the economic value (D’Onghia et al., 2003). In addition, other by-catch
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species such as the selachians, Galeus melastomus and Etmopterus spinax, and the
teleosts, Hoplostethus mediterraneus, Caelorhynchus caelorhynchus, Nezumia
schlerorhynchus and Hymenocephalus italicus are discarded because of the absence of a
market (D’ Onghiaet al., 1997; 2003). Despite these differences, the life-history traits of
all of the species that occur in the trawls can be quantified by demographic parameters
such as longevity, age at first reproduction, length of the spawning season, fecundity,
etc.

2. Materials and methods

2.1 Description of the Model
The model and the related biological reference points presented
Beverton and Holt's yield per recruit model (1957):

_ Mi-t)8 O,€ nt-t) - (F+M+nk)(t, - t,
YR = Fw, e Mt )na:om(l- & Fren(e-1) )
0,=10,=-30,=30,=-1
The underlying assumptions for this model
follows a von Bertalanffy function (with p.

this paper begin with

exploitation (ty); 4. a steady State i e. These hy are assumed reasonably
satisfied in the multi-species model Species, h could be considered a
unit stock.

The two reference points are defined 1% : ruit function (Y/R) and
visualized when Y/R isgpletted versus Bmax 1S -value corresponding to the
maximum of the yiel déftr Fvalue Corresponding to the slope of the

@origin (Gulland and Borema, 1973).

weights w; are defined for each species i as the arithmetic

mean of an e (wg) and an economic weight (wg). That is,
WEi + W$| o]
w; = '2 , g -aAWg =1

The ecological weight of species i is the reproductive values of the species weighted by
its relative abundance in the catch, viz.,

— fi :Rvi
BTS O
af Ry,

i=1
where the frequency of occurrence of the ith species in the catch is defined as the ratio
of the number of samples in which the species is caught, n, and the total number of

samples, Nt:
fi :l
Ny
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As noted above (1), a reproductive value is estimated for each species from its
demographic parameters. A net reproductive value is estimated as the square root of the
sum of the squares of the individual vectors of reproductive values, RVy, each defined
asabovein (1) by:

RV, =& 7 1

|
The economic weight of each species is calculated as the fraction of its commercial
value over the sum of the commercial values of all the species.

2.2 Application of the model
We apply the multi-species yield per recruit model to a
characterize the deep-sea red shrimp fishery and captures j
The life-history parameters for the species considered i
Table 1.

These five species are: two commercial target speci
antennatus (Risso, 1816) and the giant red shu
1827); two commercial by-catch species, t i ' rtia (A.
Milne Edwards, 1883) and the greater fork i i
discard species, the blackmouth catshark Galeus

f five species that
e Northern lonian Sea.
er are summarized in

of their demographic parameters & ible. even these estimates are
sometimes approximations. More accurg
representative curves and reference poi i infTable 1 are drawn mainly
from the studies carried out in the lonian

could be around [ i 3 998). However, these numbers are
Y live longer than A. foliacea, but its age

A is a short lived species, with an estimated longevity of 4
. The age at first maturity (50% of the ovigerous females)
ar, at about 15.5 mm CL. The fecundity parameter is the size of the
brood of eggs in stagegd (ready to spawn) which varied from 650 to 6627 eggs. Since
this shrimp spawns & smaller number of larger eggs than the red shrimps, a higher
survival rate of offspring is hypothesized.

The black-mouth shark, G. melastomus, is a long-lived species showing a multi-aged
population structure and a vertical distribution extending to 1500 m in the lonian Sea
(Turs et al., 1993; Sion et al., in press). Age of first reproduction is 4 with up to 8 egg
capsules per large female (Turs et al., 1993). Among the five species considered, G.
melastomus offspring have the highest probability survival. The bony fish greater
forkbeard, P. blennoides, is a long-lived iteroparous species with late maturity and high
fecundity. A gonad from a mature female (70.3 cm TL) in the lonian Sea weighed 260.1
0. Thetelolecithal eggs had diameters from 200 to 590 mm (Matarrese et al., 1998). This
fish shows synchronous winter spawning (Matarrese et al., 1998; Relini et al., 1999).

is in the second
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Big specimens are scarce in the trawl catches since they generaly occur at greater
depths than the trawl generally fishes.

3 Results

Fig. 1 shows the probabilities of survival of individuals of age x to the age x+1 (l) for
each of the species in the suite. Fig. 2 shows the fecundity per age x (k) for each
species in the suite. Fecundity is defined as the average number of female offspring of a
female of age x.

Fig. 3 are curves for RV, the reproductive value, for an individua of age x, for each
species in the suite. Reproductive value is used to estimate an ecological weight, as the
square root of the sum of the squares of RVy; the vaues r from 10.03 for the
golden shrimp, Plesionika martia, to 99.79 for the greater fo Phycis blennoides.
Fig. 4 shows the multi- species weighted yield per recrui e along with the single
species curves vs F. The values of Fhx and Fy; of ' ies and of the single-
species functions are estimated and are shown in T from 0.19 y*, for
[ i P. martia. Ry
or allty rate

value of th
- martia displ the lowest
(2.01). For the muilti- speu% y|eld per recrun func Fnax Was 0.21 y* and Ry1 was
estimated to be 0.14 y*. The maxi r the multi- species function
was equal to 22.85.

4 Discussion
The values of Fnax esti S| \
from the multi-specigs i es Fmax-values of the two fish

, adopting Fmax ms Or Fo.1 ms as the reference point
nent measure for the three crustaceans present in the

dues for A. antennatus and A. foliacea are considerably
fish, using the mono-specific giant shrimp reference points
would over-explG
abundance of th pecies were to drop very low, the diversity of the demersal
community would bé decreased.

It is expected that the value of Fo1 will be less than Fyax based on theoretical
considerations. It is interesting to examine the amount of difference between these
reference points. The shape of the yield per recruit curve will determine the difference
between the two reference points. In the application presented here the difference is
0.07, probably not statistically significant different from the corresponding values for
the by-catch species.

The proposed model offers an opportunity to choose a reference point based on flexible
ecological and economic weights that can be adjusted to represent the circumstances of
a particular fishery, all while remaining within a single framework. The version that was
presented here assigned equal weights to economic and ecological factors. The
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weighting system used here led to clear differences between al five species in the suite
and the weighted average multi-species reference point.

Aside from the particular advantages of the proposed reference point model the
disadvantage is that it is highly data intensive. Not only are the data needs high, many
of the required demographic parameters are not traditionally collected by biologists,
especialy for deep-water ecosystems such as was chosen for the application. Aside
from the necessity of collecting new biological data for the model, an additional
consequence will be improved estimation of some of the usual stock assessment
parameters, such as the instantaneous rate of natural mortality. A sensitivity analysis is
the next step in the exploration of the model to determine the effect of changes in the
values of weights.
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Tab. 2

MULTI- A. A. P. G. P.
SPECIES antennatus foliacea blennoides melastomus martia
Fra(y) [0.21 0.30 0.52 0.19 0.19 1.17
Fos(yl) 10,14 0.20 0.35 0.13 0.13 0.67
Y /Rmax 22.85 8.69 6.31 40.57 53.11 1.01
—4&— Aristeus antennatus —&— Aristacomorpha foliacea —#A— Plesionika martia
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Tables legend

Tab. 1 — Life history parameters and other input parameters of the multi-species yield
per recruit model.

Tab. 2 — Estimated values of Fna, Fo1 and Y/Rmax for the multi-species and for the
single-species yield per recruit functions.

Figures legend
Fig. 1- Vauesof probability of survival (k) per age of the five species considered.
Fig. 2 - Values of the fecundity (rmy) per age of the five species considered.

Fig. 3 - Reproductive values (RVy) of the five species consider
Fig. 4 — Single-species and multi-species yield per recruit cur
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IDENTIFICATION OF REFERENCE POINTS FOR THE NORTHERN AND
CENTRAL ADRIATIC DEMERSAL STOCKS

Roberto Gramolini, Chiara Manfredi, Corrado Piccinetti
Laboratorio di Biologia Marina e Pesca— Universita di Bolognain Fano - Italy

Abstract
The potential use of simple indicators of state of demersal stock in the Adriatic GSA 17
is verified using processed data from Medits trawl surveys carried out in the Northern
and Central Adriatic Seafrom 1994 to 2003.

Density indices calculated in area of different exploitation and
the population are analysed for Merluccius merluccius,
norvegicus, and Loligo vulgaristo verify different probl
The potential suitability and the meaning of their exp
each biological indicator to individuate the potential v
The results show the interest in the use of sQ

ographic structure of
rbatus, Nephrops

ues is discussed for
[imit values.
considered as

1 Introduction
Difficulties in the management of the
confidence of fishermen and other no anguage and advice of
researcher. The consequence is the s

fishermen to accept ad

it values. Four of the most economically important
species for ishi ivity in this area and with different biology have been

examine. Do diffe areas show the same trend in abundance? How changes
abundance if region”(Italy, Croatia, Slovenia) with different resources exploitation are
considered? |Is abundance more influenced by different environmental features?

In Adriatic Sea fishery is mainly concentrated on juveniles (Piccinetti e Piccinetti
Manfrin, 1994) and trend in abundance reflect fluctuations in recruitment (Arneri,
1996). A second point to take into account is size composition of the population and
how change through the years.

The am of this study is not to identify values for an optimal specie exploitation, but
identify warning values to avoid resources collapse.
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2 M ethodology

Collected data from Medits trawl-surveys carried out in the Italian territorial waters and
international waters from 1994 to 2003 have been used. From the 1996, when Croatia
and Slovenia joined in the Medits progranme, sampling was caried out also in
Croatian and Slovenian territorial waters, covering al the entire Northern and Central
basin.

Every year sampling was carried out in June and July using the same protocol for
sampling and methodology of data analysis (Bertrand et al., 1997). A trawl net with
mesh cod-end size of 20 mm was always used.

On an average, 130 hauls were sampled every year on the basis of a stratified scheme
with random selection of stations. A total number of 1308 hauls sampled.

Data processing, from Medits surveys, assumes that total , weight and size
distribution of catches are proportiona to the real densit size composition of the
population in sea.
A first easy indicator is the total density or numbergof fishes
The analysis of this value between different year
acertain area during time.
Total density index (total number of speci erluccius
merluccius (Linnaeus, 1758), Mullus barbatus S norvegicus

in a certan area.
ber changesin

- GSA 17: that extends for more than s the whole extension of

territorial waters;
- North and Middle Adri

adar line and Gargano-Kotor line;

400pn): that extends for about 15 500 knt including
¢ with depth between 10 and 100 meters.

In 1999 tG t calculated for the entire GSA 17 because the survey
was not carr alla and Slovenia due to war.

: 2 points was chosen.

Considering this areay’the following indicators, chosen for their easy comprehensibility,

were analysed for each specie:

- Total density index in terms of total number of specimens per kn?;

- Recruitment in terms of number of specimens under a limit size per kn¥;

- Spawners in terms of number of specimens in reproductive age per knt;

- Ratio between recruitment of one year and spawners of previous year;

- Mean, mode and median values calculated for lengths distribution of the entire
population;

- Mean mode and median values calculated for adults lengths distribution;

Recruits are defined as individuals younger than one year old with a limit size obtained

considering birth period. The limit size of spawners is the size at first maturity (50%)
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calculated for males and females population taken together. These limit length values
are fixed equal for al years although there are some differences between years.

Density and biomass indices and their CV are calculated using uniform methodol ogy
established in international session by all research groups which participate in Medits
program.

The investigation could be extended to all other principal species.

3 Reaults

3.1 Study of area

This part of the research aim to evaluate difference in trend
different areas to define the better area for Reference Points.
3.1.1 Merluccius merluccius
European hake (Merluccius merluccius) is distributed the Adriatic with the
exception of limited areas to the north of the Po delta ini lini, 1995). Depth
istribution i in the South
Adriatic Pit even if it is most abundant at dep , Where the

abundance between

In the area of the North and Middle Adriatic densit ces range between 527 in 2003
and 1229 specimens per knt in 1995 vays
Density vaues in the GSA 17 are @ i ige between 663 and 992
hakes per knt respectively in 2000 and aWays lower than 11%.

A 17, North and Middle Adriatic area, North Adriatic area
and Middle Adriaii 10-100 m).

In the North and“WiddlgFAdriatic indices range between 203 and 2961 specimens per
kn? showing wide ations. CV values are aso very high (20-42%). In all studied
area abundance values are mainly constant with the exception of 1999 when the highest
values are recorded with density values 20 times higher than values recorded in other
years. The anomalous values, observed in 1999, in Adriatic sea is influenced by two
factors: first, the war events in the Balkan area caused an extended fishing stop period
and consequentially there was a reduction of commercia fishing activity. Second, a
delay of some months in the trawl survey sampling, due to war, cause also the catch of
recruits that usually there are not present when survey is carried out in June.

Excluding 1999 (2961 and 4345 specimens per knt respectively in the North and
Middle Adriatic area and in the North Adriatic), in the North Adriatic density values
change from 135 to 557 specimens per knt (CV aways lower than 46%); in the area of
the North and Middle Adriatic density range between 203 and 709 specimens per kn?
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(CV adways lower than 42%). GSA 17 densities are higher and change between 365 in
1998 and 857 specimens per knt in 2001 with CV aways lower than 30%.

3.1.3 Nephrops norvegicus

Norway lobster (Nephrops norvegicus) lives in depths from 30 metres in the Northern
Adriatic to 400 meters in the southern part of the Sea but the most populated settlement
isin the Pomo Pit (Vrgoc et a., 2004).

Figure 3 shows mean density values for Norway lobster calculated for GSA 17 area,
North and Middle Adriatic area, Middle Adriatic area and Middle Adriatic (stratum 10-
100m). All examined areas show a parallel trend of density values with wide variations
between years. Middle Adriatic area shows highest densities with values ranging
between 31 specimens in 2000 and 396 specimens per knt in 1998 (CV between 21 and
69%). Density index in the North and Middle Adriatic r ween 27 to 230
specimens per knf. CV values are always under 38% exc 2001 when variability is
greater. GSA 17 shows the lowest value in 2002 (58 sp knf) and the highest
value in 1996 (282 lobsters per knf); CV range betw

Adriatic area and lower values obtained in
confirm the importance of area deeper than ibution.
3.14 Loligo vulgaris

mentioned above.
This population shows aap

and for the No iatie jer knt). Highest value in Middle Adriatic
d joti ; ) are recorded in 2002 (respectively 583

3.2 Study
North and N eais examined to calculate indices for different fraction of
population. FC figures report trends of density for different fraction of

3.2.1 Merluccius me
Data are reported i1 Figure 5a. For this specie three classes have been considered:
recruitment, spawners and intermediate class. Specimens under 120 mm of total length,
a size that young hakes reach in variable period but aways under one year old, are
considered recruits (Campillo, 1992). Specimens between 120 and 270 mm of total
length are considered the intermediate class. This is a large range that includes hakes
just recruited but under first reproduction length and object of fishery. Male hake
mature at length between 20 and 28 cm and female hake at length between 23 and 33
cm (Zupanovic and Jardas, 1986); a mean size of 270 mm has been considered the limit
length for spawners both males and females.

Recruits number changes from 98 in 1999 to 417 specimens per knt in 2001 shows
fluctuations over 100% through years and CV vaues are under 25%. This indicator
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seems to reflect recruits magnitude and shows a large variability of recruitment between
years.

Density index for hake between 12 and 27 cm of total length changes from 208 to 804
specimens per knt and the lowest value is recorded in 2003. This fraction is the largest
of the population and most of the trawling captures are of fishes below 20 cm of total
length, belonging to this range (Ungaro et al., 2003).

Figure 5b points out trend for spawning stock density that ranges between 18 to 54
specimens per knf with CV under 20%. Spawners density seems to be an useful
indicator for management. The lowest number of spawners has been recorded in 2000,
there is a constant increase of spawners during following years.

Warning limit could be fixed at 20 spawners per knf
3.2.2 Mullus barbatus

Figure 6a shows trend for recruitment, intermediate size al

ners indices of Mullus

barbatus.
Specimens of Red mullet under 10 cm of tot nsidered recruits
(Ardizzone, 1998). Red mullet born from spawni ly reach 12 cm

of total length in November of the same year;
months old. Medits sampling usualy is in
or are caught in a little number.

On the other hand, Red mullet reproductlve perlod change from year to year and
just a shift of one month in reprodie igh variability in recruitment

and a more reliable index has to be indi
Recruitment values range between 1 to
was carried out with a del@

v, KN in 1999 when sampling
2Cruits density obtained in this

are the result of ! - ion i e previous year. Index values for this

fraction change from 57 kn? and the highest value is recorded in
1999 wheq imens*born during the year overall 10 cm of total
length.,

Spay rer 13 cm of total length, show less variability:
values ra specimens per knt with the highest value in 1999. In

the other yes range from 140 to 165 specimens per knt (Figure 6b). In
the case of R [ imi
specimens per ise also with this spawners density, following recruitment
remain in mean va
The use of data about age would be better than a fixed length to evauate Mullus
barbatus recruitment. In this way recruits born in the year could be divided from
specimens born in the previous years without consider size that is influenced by
different growth rates during the first year of age.

3.2.3 Nephrops norvegicus

Figure 7 shows trend of density for three different size classes of Norway |obster.
Density index of recruitment, considered as specimens under 20 mm of carapace length
(Marano et al., 1998), changes from 0.15 to 17 specimens per knt and shows marked
fluctuations without a clear trend between years. Density index for Norway lobster of
20-25 mm of carapace length, a size that includes recruit lobsters under first maturity
length, shows high values ranging from 6 to 67 specimens per knt
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Spawners are considered as Norway lobster over 25 mm of carapace length, a size
which 50% of females begin to mature (Marano et al., 1998). Spawners density values
change from 20 to 145 Norway lobsters per knf. There is a parallel trend of density
values of three group mentioned above instead of the expected delay of, at least, one
year between density fluctuations of recruitment, intermediate class and spawners. In
addition recruitment density value are always lower than values recorded for adults
fractions. This fact is due to the behaviour of this specie that spends most of its life
buried in borrows in the sea sediment. This behaviour is more obvious in ovigerous
females and younger specimens (Froglia, 1972). So density values would be influenced
by factors correlated to specie catchability more than to the real abundance of each
group.

Based on data, although limitations described above, the w
fixed at 20 spawners per knt.
3.2.4 Loligo vulgaris

Figure 8 reports trend of density for European squid.
Loligo vulgaris have a short life cycle with an hi ction in the first
life year and death after reproduction so just ali i ris reaches 2
years. In the case of European squid only 2 ' : uits, with
a mantle length under 90 mm, a size that juvenil atching, and
adults Whi ch overstep this size.

it value could be

abundance years.
For adults, values changg 8 ' per knt.

Although uncertaintig t h, this“specie shows high fluctuations
i der and produce high recruitment starting
from adults low values imi afi%ed at 2 adults per kn? .

2000. During the
spawner. On the w
shows the importa
recruitment.

For Mullus barbatus values are lower than 1 in each year except for ratio between
recruits in 1999 and spawners in 1998 that shows a very high value (8.31). These
anomalous values confirm that Red mullet recruit index is not correct and must be
estimated in a different way. To obtained a correct recruitment index, the number of
recruits estimates during autumnal surveys could be used instead the number estimates
in spring and summer.

Norway Lobster values are also very low, aways less than 1, and range between 0.02 to
0.71. In relation to the particular behaviour of this specie to live in burrows, there is
suspect that values represent catchability rather than specie abundance. So the total

iNg three years this ratio changes strongly with 22 recruits for a
2 the ratio changes from 4 to 22; it is not a constant ratio and
e of natural mortality causes that act between reproduction and
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catch could not be a good indicator of the real abundance of this specie; this aspect must
be investigated because also fishery feels the effects of the same factors.

Squid shows a very variable recruitment/spawners ratio with values range between 0 to
263. The short biological cycle and the strong recruitment variability influence this
specie: probably a more accurate definition of recruitment could improve this
information.

3.4 Lengthsdistribution
Length distribution of catches from year to year could be another indicator of
population tendency.

For each specie, median, mode and mean length values have
the entire population and for population without recruitment.
Mean length value is strong influenced by recruitmen
magnitude depends on specie reproductive period, gr
addition, a change of 15 days in reproductive perioder
influence the abundance of recruits number.

If recruitment is excluded and just adults are
variability on mean length calculation is red
Table 2 reports Merluccius merluccius values.

calculated both for

nitude and recruitment
trawls selectivity. In

80 to 170 mm and median between : indicators show almost the
same trend. The same indices shows |&S jabili uitment: in fact mean

median from 115 to
same trend during time.

In Table 4 es are reported. Calculated for the whole population the
mean of on ranges from 26 to 34 mm, the mode from 22 to 38
and clméns under 20 mm of carapace length are excluded,
mean valt ‘ m, mode from 22 to 38 mm and median from 24 to

It seems that When pulation density decrease, size increase rather than decrease as
often it is supposed./Maybe this fact is related to specie biology and catchability. It isan
aspect to investigate

Table 5 reports European squid values. Each indicator shows high variability and two
distinct groups of year are evident: higher lengths in the first five years and lower
lengths in the following five years. This fact shows that when population have a low
number of density (from 1994 to 1998) mean lengths are highest and when density
increase, mean length decrease showing a trend similar to Norway lobster one.

108



4. Discussion

The try to individuate potential indicator easy to understand for fishery management
using data collected during ten years trawl surveys in the Northern and Central Adriatic
shows some clear points and some points to investigate.

Northern and Central Adriatic sea shows different environmental features. In the Italian
territorial water and in the international part of this geographical region, is present a
wide continental shelf suitable for trawl fishing activity. Deep increases moving
towards to east part in which demersal stocks are less exploited. For these reasons it is
difficult to determine the exact extension of the area useful to calculate indicators that
describe condition of resources and then use them to define Reference Points.

Total number of specimen per knf, calculated using different extension, shows a
very wide range of values.

This density index referred to the entire GSA17, in
characterised by a great fishing exploitation and areas, i
fishing activities, is generally higher than that referre
area, nevertheless they shows the same trend g i from Medits
surveys.
In order to determine indicators suitablg [ isheri ent and
considering that indexes calculated for the whol 4GS 0 rend of that
calculated for the Italian territorial and internatic aters (i.e. the area in which
Italian Fishing-boats carry out thelm.a deeided to consider North and
Middle Adriatic Sea area excluding i yritorial waters.

there are both areas
n part, with moderate

Analysing the time series of density inde population it is possible
to observe a large variability in the valu species. This is due to the
variability in recruitme difficult application in fishery
management as indicalo der the density index calculated
considering the spz .

Recruitment density Qe Sting indicati first of all about variability of this

fraction of popu

recruit y

In the gé@se of oth itment indicator has to be better calibrated both as
[imi 8 Py age determination. The knowledge about born
period can'k al variation in recruitment limit size. In fact during

t growth rates and changes in reproductive period that

covered by Medits eys, and for some species (i.e. European hake and European
squid) it is possible’to use these values to establish warning level value for fisteries
management.

In the case of Red mullet seems that values obtained in ten years allow population
renewal also with successive high recruitment. Norway lobster shows some problems
about catches representative; in fact catches seem to be more influenced by specie
catchability than by the rea abundance and composition of population. More
investigations on this aspect are necessary.

Ratio between recruitment and spawners of previous year for some species suffers of
the problem to evaluate recruitment. Recruitment sampling is not complete athough a
trawl with a mesh size (20 mm) smaller than commercia net has been used. Values are
aways very low and variable, showing no parallelisn between spawners and
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recruitment: in fact a good recruitment could derive from a little number of spawners
and alow recruitment could derive from a high number of spawners. It seems that, from
processed data, there isn’t a constant relationship between spawners and recruitment.
Mean, mode and median of lengths values both calculated on the whole sampling
population and calculated only on adults fraction present some aspects that don't let to
do theoretical consideration.

It would be expected a reduction of population magnitude presents a reduction of mean
length values because the greater total mortality cause the reduction of largest size
classes, but for two species as Loligo vulgaris and Nephrops norvegicus the contrary is
verify. In the years when density of these species is lowest there is an increment of
mean length. A theoretical investigation is required. This fact geuld be explain either
with a different catchability or with different growth rat mediate sizes as
consequences of abundance variations. More investigatio Id be necessary to test
the suitability of these indicators.
As a generd rule, the approach to the Reference ation using some
biological indices, such as density indices for spav
data collected in the Northern and Central A [ i its surveys,
seems to be a very good starting point in ord in Via and from
fishermen. Nevertheless and it is necessary to i ' blologlcal
indexes to tests the effectiveness in using Reference Pomts derived from these in
fisheries management of demersal st@ek

5 Conclusions
The most important premise to make a N _effective management tool is
that fishermen and othg shé derstand the meaning of that
Reference Point.
Reference Points i itoring, density indexes variability calculated

the indicati i eS ] [ air fishi ng activities.

These | aculate and it is possible to determine confidentia
[imi

Based 0 years surveys, it is possible to indicate a range of
value that condition without risks in compromising species stock
biomass. Undé& m value of that range a management response, which has

The management response could be applied to certain areas or during certain periods.
The same approach/Could be applied to each commercial species obtaining a series of
Warning Value.

If several density indexes, calculated for each species, go contemporaries under their
corresponding Warning Vaue the management response will be more restrictive
inducing to avoid fishing activities in the worse case.

Fisheries management has to be based on severa indicators considering economic,
socia and biological aspects inter alia. Concerning the biological ones, the most
understandable and easy to calculate is the estimation of the fish abundance.
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Figure 1: Trend of density indices of
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Table 1. Ratio between recruitment of one year and spawners of the previous year.

Recruitment/Spawners M. merluccius M. barbatus N. norvegicus L. vulgaris
R 1995/ S 1994 7.10 0.11 0.25 0.00
R 1996 / S 1995 5.52 0.01 0.13 0.41
R 1997 / S 1996 4.36 0.03 0.05 0.53
R 1998/ S 1997 5.58 0.004 0.22 101
R 1999/ S 1998 3.92 8.31 0.04 263.20
R 2000/ S 1999 4.95 0.61 0.02 111
R 2001 / S 2000 22.73 0.01 11.29
R 2002 / S 2001 18.57 0.76 26.17
R 2003 / S 2002 13.84 0.42 2.83

Table 2. Mean, mode and median values (mm) f

merluccius.

Medits surveys

Mean

1994
1995
1996
1997
1998
1999
2000
2001

155
155

M edits surveys
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

ns of Merluccius

ediana7alues (mm) for size distributions of Mullus barbatus

Total Adults

Mode Median Mean Mode Median
120 130 135 120 130
120 120 130 120 125
130 130 135 130 130
130 135 140 130 135
140 135 140 140 135
0 100 120 110 120
Ie) 100 135 130 130
130 130 135 130 130
115 110 125 115 115
50 130 140 130 135
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Table 4. Mean, mode and median values (mm) for size distributions of Nephrops
norvegicus.

Total Adults
Medits surveys Mean Mode Median Mean Mode Median
1994 30 30 30 32 30 30
1995 28 24 26 30 24 28
1996 28 24 26 30 24 28
1997 30 26 26 30 26 28
1998 28 26 26 28 26
1999 30 24 26 28
2000 A 33 32 A
2001 28 22 26 26
2002 A 24 32 A
2003 26 22 24
Table 5: Mean, mode and median values (mm) for stributions of Loligo vulgaris.
Total Adults
Medits surveys Mean Mode Mode Median

1994 170 150 150 160
1995 155 160 170
1996 185 170 170
1997 195 170 180

185 170 170

185 130 165

160 130 145

185 125 165

160 125 140

185 130 175
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LOOKING FOR REFERENCE POINTS IN THE MEDITERRANEAN
SWORDFISH FISHERY

G. Palandri, F. Garibaldi, C. Cima, L. Lanteri, M. Relini, L. Orsi Relini
Dip.TeRis,, Laboratori di Biologia Marina ed Ecologia Animale
University of Genoa, Corso Europa, 26 — 16132 Genoa, Italy

E-mail: largepel @unige.it

Key words. Ligurian Sea, reference points, longline, swordfish, recruitment index,
CPUE.

I ntroduction
The Ligurian Sea probably represents the sole Mediterr
to fishery activities in offshore waters have been enf

ea in which limitations
act the main fishing

Sanctuary” recently established on the basis i ents (2001);

(spadare) in order to protect pelagic life i i ed in
stopping foreign vessels which used to arrive in i

Fig. = The Cetacean Sanctuary of the Ligurian Sea and the main swordfish fishing
areas of the local flest.
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Studying the biology and fishery of swordfish in the Ligurian Sea in the framework of
national programmes of assessment, we have measured both CPUE and recruitment
indexes from 1990 onward. These two set of data are assumed to be important reference
points for this fishery: am of this note is to present the trends of such indexes in our
study area, the Ligurian Sea, and study possible relationships between them.

Materials and methods
Swordfish fishery activities have been monitored yearly in the main harbour of Sanremo
and Imperia, which produce about 90% of the landings of the Ligurian coast. The
fishing season goes from June to December and the most important gear commonly
used in the study area is swordfish longline.
At landings, fish were measured (LJFL) and weighed (gut
length and weight-frequency distributions. CPUE in numb
of swordfish longline were calculated.

According to ICCAT SCRS the recruitment ind
fishing is intended as the N of fish aged 1, caug
2001; 2003 & b).
To calculate the recruitment index on the Li

t, GW) to obtain
weight per 1000 hooks

in the longline
juto, 1999; 2000;

only fish uring the

period July-September, which represents the he fishing n, were
considered; given that the recruitment of the youn he year occurs in autumn, the
first modal group in such summer [fipdi e represented by the fish of
age 1. De facto it was so in the majo mer |/f distributions
however in some years, eg. 2003 in up of fish of O group
appeared; this fish was overlooked.

On the basis of Battac ¥ 1994), both the first and the

number of fish aged 1/ 1000 hooks = recruitment index
number of fish aged 2 / 1000 hooks

a) Total CPUE in weight
This index represents the most direct measure of the fishing yeld. In the study area its
trend resulted positive (fig. 2).
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)(/ y = 5,4587x - 10779
N R? = 0,4059

CPUE (W)
o8 a38388RRa388&8SE
//z

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

In detail, it is possile e a negatiVe trend in the catches between 1990 and
1992; after 1992 gétehe gularly increasing till 1997; between 1997 to 2002 the

d catch is due to more numerous or to larger
significant trend for a = 0.01) shows that the fish

&d (see aso the weight increase in fig.2). So if we
erfishing, to which the protection of the area represented a

remediation, it e probably was a recruitment overfishing than a growth overfishing.
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Fig. 3 —Trend of CPUE (N) of the glines in the Ligurian sea.

b) Recruitment index
In the period 1990 — 2003 the values o agend) ranged between a minimum of

0.4 and a maxi murﬂemporal
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Fig. 4 — Trend of the recruitment index (CPUE of fish of age 1) of the swordfish caught
by longline in the Ligurian Sea.
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The recruitment index appears to have not a trend: there are severa oscillations around
an average value (1.72; dev. st. 1.11); since 1997 such oscillations are annual. It is
interesting to verify these features in the |/f distributions (fig. 5): a relevance of the first
cohort, i.e. age 1 fish, with modal length of about 95 cm LJFL, occurs aternately with
that of larger fish (modal length 115 cm LJFL or more). In other words each recruitment
pulse can be traced in the following year by means of the abundance of fish aged 2; in
fact the two yearly abundances of the same cohort of fish are significantly related (fig.

6; a=0.01).
Ligurian Sea - summer 1998 Ligurian Sea - summer 2001
150 N=1168 150 N =734
100 100
z z
50 50
0 0
e PPESE P SERPLY PP ELE P
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A
Ligurian Sea - summer 1999 Ligurian Sea - summer 2002
60 N = 582 . 60 N =523
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Fig. 5— Length frequency distribution of swordfish summer catches from 1998 to 2003.
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Fig. 6 — Correlation between the CPUE (age 1)
in the longline catches of the Ligurian Sea.
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Fig. 7 - Recruitment index (CPUEnN of fishes of age 1) described by a polynomial
function.
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Positive effects in the fishery are delayed to the second period. In fact the swordfish has
along life and a late sexual maturity in the female. In the study area the Lso resulted 149
cm LJFL, which corresponds to an age of 4 years and ages up to 11 years were observed
in females (Orsi Relini et al., 2003; Rollandi et al., 2004). Probably, after recruitment,
some years are necessary to obtain significant biomasses. In the present series of data, if
adelay of 3 yearsis introduced between CPUE W and the recruitment indexes, the two
temporal sets appear positively related (fig. 8; significant R for a= 0.05).

250
y =19,148x + 91,525
R%=0,3917
200 O
,8-\ o /
=)
I (]
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™ /
o
>
A}
; ]
w 100 1]
D D
o ]
O
50
0 0,5 1 15 2 25 3 3,5 4 45 5
CPUE age 1 (1990 - 2000)

and CPUE (W) recorded 3 years after, in

a series regarding two basic reference point of the
um of 14 years, we have tried the first inferences. We are
the prosecution of similar studies, these first attempts will
eir predictive value shall be verified.

of the opinio
gain firmness
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LES POINTS DE REFERENCE: UN NOUVEL APPROCHE POUR LA
GESTION DE LA PECHE ITALIENNE

Corrado Piccinetti
Laboratoire de Biologie Marine et Péche de I’ Université de Bologne - V.le Adriatico,
1/n—61032 Fano (PU) - Italie

Summary
In the recent years many increasing difficulties are evident in the management of the
fish stock and fishery. It is necessary a critical review of thegmethods used for the
determination of the state of stocks, of the rules adopted to the fishery, of the
reaction of the fishermen and finally of the results obtain
The more important factors of these difficulty are:
- poor quality of data base

- improperly utilisation of few models
- monospecific approach

density dependent, variability of recruitment, @
- fishing effort estimated with large imprecision
- fishermen and public opinion ha ifficulti grstand the workers language
in fishery science
- low confidence of the fishermen'§, I [ entist and international

- long time is necessar [ ; ON'Of protection measures

A new approach for s(€
1) |nd|V|duaI| of f

2) dues for each indicator, the reference points: the
rules over the upper limit value, a situation of
first limit value. Alarm reference point is a second vaue of
the samei the value is touched, new rules in fishery enter in force.
3) nclude the collaboration with the fishrermen organisations

when the first li :

4) A list of operatignal units will be established for every G.SA.

5) A preventive definition of a group of measures for operational unit will be
established. These measures will be implemented automatically when the alarm
reference point will be reached.

6) The measure are graduated in relation to the situation. The measures involve the
gears, the technical measures, the closure of fishing area, the reduction of fishing
time, the reduction of operative fleet and, at the end, the stop of the fishery.

7) The extraordinary limitation of the fishery will be expire when values of references
points will be normal.

This approach has the advantage to be easy to understand for all, in addition it acts in

the specific way and in due time, with consensus of the fishermen.
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I ntroduction

Dans la gestion des stocks et de la péche deviennent toujours plus évidents les limites
des méthodologies utilisées soit pour évaluer la situation des ressources que pour
I’aménagement de la péche. La situation est complexe et une révision critique du
probléme entier s avére nécessaire a la lumiére des résultats négatives des approches
utilisées jusqu'a maintenant.

Différents analyses critiques sur des sujets spécifiques ont éé
I”Union Européenne résume une certain nombre des situation
Les ééments qui déterminent |a faiblesse des approches
internationales et nationales sont nombreux, les princip.
1) faible qualité des données de base sur: la flottillg
péche, le temps de péche, les quantités rejetées S par talle des
captures etc.;

2) I’ utilisation des modéles, sans véifier s
modeél es soient accomplies,

3) faible considération de la forte variabilité de réclttément et de la mortalité naturelle,
en particulier pour les especesavie @
4) faible considération des principes bag & par ex lesrelations avec les

ées, le livre vert de

ement utilisées a niveau

base des

facteurs abiotiques, la disponibilité et 16 ss d' énergieldans la chaine alimentaire,
le rapport entres espéces, en particulier\proielg a’mortalité naturelle densité
dépendante etc.;

5) I approche monospeerpr ' 8, mais qui  ne refléte pas laréalité;

6) difficultés de dé & ptale et celui appliqué sur chague espéces

Are entre I’occurrence de situations négatives, la prise de
% |"application sur le terrain;

10) faible respect etf@pposition des pécheurs a chaque mesure de gestion prise sans la
participation active des organisations des pécheurs.

La liste des faiblesse pourrait étre plus étendue, mais ces aspects sont suffisant pour
commencer a chercher un approche différent, avec une vision plus générale du
probleme.

Situation de la péche italienne

La production de la péche italienne en 2003 a été de 582600 Tonnes, pour une valeur
denviron 1900 Millions d' Euro (IREPA, 2004). Les captues de la péche en
Méditerranée, sans considérer les bivalves et I’ aguaculture, sont de I’ ordre de 312000
Tonnes avec une augmentation des captures vis-a-vis de |’ année 2002 (303900) de 8000
Tonnes.
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Laflottille qui a opéré en Méditerranée en 2003 est de 15602 bateaux, avec un tonnage
de 178000 Tonnes,; cette dimensionne de la flottille est le résultat d'une action de
soutien a la réduction de la capacité de péche qui dans la période 2000-2003 a éliminé
en Italie 1630 bateaux pour un tonnage de 24500 Tonnes. Cette situation a comporté
une réduction de plus de 8000 pécheurs en trois ans, diminution influencée aussi par les
améliorations technologiques et actuellement il y a seulement 38000 pécheurs.

La rétribution moyenne pour ces pécheurs est d environ 11400 Euro par an, €t une
partie des pécheurs, actuellement provienne d’ autres Pays.

Le nombre de jour de péche dans I’ année 2003 est différente par catégorie des bateaux
et par engin de péche; les chalutiers, qui sont le bateaux de plus grande taille ont péché
en moyenne en 2003, 170 jours et les chalutiers pélagiques 153gours. |l faut souligner
que la longueur d’'une journée de péche est différents, n du tonnage des
bateaux et des conditions locales, seulement pour quel roupes des bateaux la
journée de péche a une durée de 24 h., la plupart des b des sortie d’ environ
10 heures et une partie de ce temps est nécessaire our arriver au lieu
de péche et revenir au port.
La valeur des captures est trés variable, en fofCti s ualité et des
guantités péchés. Plus grande est |a captur i
capture plus abondante augmente le travail p
augmenter |’ égquipage.
L e tendance de la politique nationa iser |’ occupation, la flottille,
les captures et d' augmenter le revent pécheurs et de leurs
organisations dans la gestion de la p des ressources est le

passage choisgl.

Des exemples positifs e gestion de la péche aux petits
praires avec plus de ganisations «Consorzi Gestione
Molluschi » déterps e territorialeyles jours de péche, la quantité a capturer

e fermeture, 168" périodes de fermeture, les activités de

nale et a niveau de I’Union Européenne les mesures de
itation dans la faiblesse des données de base, et dans la
Iti espéces; |’ effort de péche est reparti sur une large groupe
d’ espéces capturée nsemble. Dans la péche italienne il n'y a pas aucune espéce qui
représente le 10% des captures et une seule espéce, quelque fois deux, arrivent au 5%.
Les mesures prises sans la participation des organisations des pécheurs ont une adesion
tres faibles, souvent les pécheurs adoptent tous les artifices possibles pour éviter
I” application.

Nouvel approche

Il est fondamentale que toutes les mesures de gestion prises par les administrations a
différents niveaux, soient expliquées et partagées par les sujets qui doivent les respecter.
Dans ce sens les résultats des évaluations de I'état des stocks réalisés par les
scientifigues devront étre exprimées en terme faciles a comprendre concrets et
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vérifiables sur le terrain. |l faut choisir ensemble une liste d'indicateurs de |’ état des
ressources et de la péche; quelques indicateurs pourrons prendre en considérations des
aspects socio-économiques, d autres indicateurs seront dordre biologique sur les
principales especes, ou mieux, ensemble d’ especes. |l sera possible gouter d autres
indicateurs dans le temps.

Les indicateurs de départ pourront étre:

a) quantité ce poisson en mer, estimée d’'une facon standardisée pour quelques
especes de chague communauté. L’index pourrait étre estimée en kg/km? ou
N/kmz;

b) quantité de reproducteurs pour les mémes especes, exprimée un N/kmz;

c) réclutement, c'est-a-dire numéro de poissons qui entre dans la pécherie chague
an, pour les mémes especes;

d) revenu économique de différents métiers, pour des

€) composition par taille des mémes especes avec

Les indicateurs choisis et les valeurs limites pour ghadue indi r, seront etabli en

aux standardisés;

gue les valeurs limites fixées servent pour évi our établir le

niveau optimal des captures de chaque espg eS| [ arche dans les
différents domaines, déterminent, chague an, |eS deés indicateurs”pour chaque
sous zone en étroite coopération avec la protéssion. Un accord est discuté
préalablement, pour fixer les régles @ ' guand un ou plusieurs points
d adarme sont dépassés. Ces regles petivent, i plusieurs zones, un ou
plusieurs engins de péche, des mesures s, des périodes de fermeture, des zone
fermées etc.

de référence entre |g , , les pécheurs sont informés et
i la situation arrive au point de référence

on ou de normalité, les limitations terminent
2 par |es limitations, reprenne I’ activité normale.

mesures qui touchent directement et seulement le secteur
’che et les espéces en danger de collapse. Une participation
Le schéma du proceSsus est reportée dans le tableau.

Application a la pécheitalienne

Dans le cas de la péche italienne ce nouvel approche peut considérer une situation de
départ dans la quelle quelques points sont déja réalisés.

L’Administration nationale, les organisations professionnelles et la recherche
scientifique composent le Comité Nationae de Gestion de la Péche. Ce comité,
éventuellement 1égérement modifié, devrait définir les indicateurs convenables et fixer

les points de référence d’ attention et d’alarme. Les zones d’ aménagement ont été definie
sur le plan international (CGPM-FAOQ) et sont 7 zones géographiques.
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Les Unités Opérationnelles ont été établies dans le cadre de la coopération
internationale (AdriaMed) pour une zone géographique, la méthodologie est fixée et il
faut I’ appliquer aux autres zones géographiques italiennes.

Les travail plus important a faire c'est la fixation des mesures a adopter dans chaque
zone géographique et les UU.OO. concernées en fonction des indicateurs.

Le programme de monitorage existe d§a a niveau nationale et il est basé sur le
Reglement de I’'U.E. n° 1543 et considére soit les aspects biologiques que socio-
économiques, il est commencé en 2002.

Il'y a deux campagnes de chalutage par an dans les 7 zones, I’ échantillonnages des
captures et la récolte des parametres socio-économiques.

Pour des ressources partagées entre différents Pays le méme
adopté, avec la variante que au lieu du Comité de Gesti
Internationale avec les Pays concernés.
Quand pour les indicateurs établis les valeurs d' attenti me soient dépassés,
I’ Organisation Internationale informe les Pays et
mesure déja établies en fonction des accords avec

roche pourrait étre
a |I’Organisation

Considérations générales
Cet approche a la gestion de la péche en Italie p
lieu faire participer les professionnels a la gestio
géographique il serait possible formé

, en premier
ressources. Dans chague aire
rofessionnels avec la méme

e de contrOler les valeurs des indicateurs. La
oy avec les pécheurs, expliquer les situations, vérifier
5 Ce qui Se passe en mer et suivre avec les principales
acteurs le dérot Ituations, moins de théorie et plus de dialogue.

probléme mineures PO e respect des normes.

Pour les stocks partagés, une fois trouvé I'accord sur les indicateurs, les points de
référence et les mesures a prendre, I’Organisation Internationale compétente, pourra
adopter les mesures acceptées ou demander I’ adoption aux Pays concernés en fonction
de ses propres Statut, avec des taches claires.
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APPLICATION OF BIOLOGICAL REFERENCE POINTS: ANALYSIS OF
THREE DIFFERENT LEVELS OF ARISTAEOMO A FOLIACEA
EXPLOITATION

Sabatini A., Cabiddu S., Cuccu D., Murenu M., Pen
M. C., Cau A.
DBAE — University of Cagliari - Viale Poetto 1, 091

A., Pesci P., Follesa

Abstract: In this paper we undertook to
economically important resource, Ari
exploitation has changed considerabl
the fleet. Our investigation centr
highlighted how some models react to th
investigations, we seek to contribute to the defi
the Beverton and Holt medel for the three zones, i
Fmax as LRP and the Fy 5 @aSiiRP.

areas of Sardini
effort. Through
erence point. Usin
tify the value of

Keywords: assessment, Ari
Sardinian seas.

pha foliacea, red

, reference points,

1. Introduction
ate of natural renewabl@kesources e eir sustainabili
nited Nations ] : onment and
), de Janeiro, Brazilgi . The & flected lobal desire
based sustainable clopment acrG ors of human
ded a “substantialSghift in governancej@asubstantial increase
d an improved scieftific support in déeision-making” (FAO,

advice, at the Rio de Japeiro Conference two years later, in

\orld Marine % Resources’, which updates

bout IS acks, it was’reported that several demersal
pental shelve 2d a dramatic decline (FAO, 1994).

| editerranean Se e FAO sources concluded that (FAO,

marine areas of the world's oceans showing a steady

esource categories’. However, a certain amount of

ed shrimp and hake remained, because of the

@t the Mediterranean sea, and in Sardiniain particular,
eing heavily exploited, it is important to increase scientific
r management. One way to do thisis through the establishing
nts (RPs), which has been a common theme of recent studies
Theideais to provide criteria for stock management - without
d collapse - taking into account biological (growth, mortality,
reproductive od etc.), technical (fishing effort, CPUE) and economic factors
(Alemany and”Alvarez, 2003, Carbonell and Azevedo, 2003, Maynou et al., 2003,
Ragonese and Bianchini, 1996).

which stocke
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In this light we undertook to explain the temporal evolution of a deep-sea,
economically important resource, Aristaeomorpha foliacea (Ri 1827), whose
exploitation has changed considerably over the last ten years, he increase of
the fleet. Our investigation centred on three geographi
highlighted how some models react to the change in fishi

In recent years, the Sardinian fleet, too one considerable
transformation as a consequence of government inc i
The main change has involved the replacement
with large deep-sea iron boats. As a result d
and, therefore, there has been a move of th
which in the early nineties, were little ex

Furthermore, since biomass i
fleet in recent years, we analysed ther
for this important resource in the most comp
we seek to contribute to the definition of a corr

2. Materials eMethods

Biological data was
trawl surveys carried out in t
MEDITS programme (Bertrand et. ¢
took place following a depth stratified
d stretched mesh size)
gl were carried out €

examined speci of A. foliacea
388 and 720 m; fokeach haul, the shr
g the sex, the carapace length (CL,

1827) collected
ere counted and
) of each specimen

2e sub areas with different levels of

s pne 1), Southern 7) and South-Western (Zone

1), giv of 236 haul§'analysed.

ardinian Tlee %ars 1991 to 2000 came from the

the “Re e Autonoma dell@Sardegna’. To examine its evolution, it
egories prding to tonnage TGT (Tonnage of Gross Tonnage):

iRvolved identifying t

and number of specimens collected) was processed in order
mber of speciments’kn?) and biomass indexes (kg/knf), and
iation (CV), according to the algorithms proposed by Cochran
Souplet (1996) within the MEDITS programme. These indexes
ne and year, using two-way ANOVA, after first evaluating the
homogeneity ariance using Bartlett's test. In case of heteroscedasticity, indexes
were logtr rmed (log (x+1)) before ANOVA, thus making the statistical analysis
more robust (Zar, 1999). Pair-comparisons, based on both indexes, were made using the

(1977)
were com
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Scheffe test and the statistical level was set at 0.05. Statistical analyses were performed
with the STATISTICA package (release 5.1).

To distinguish the individual age groups of the length
we used the EM agorithm used in MULTIMIX (Murray
al., 2002), then cohort analysis (Pope, 1972) was used tg
age for each cohort. This analysis was developed on an

Total mortality Z was estimated using the ex
Venema, 1998). Observing the progressive decr
the same age range each successive year, we

distributions,

where

As regards the natura
(1980):

es estimates of the ‘ =70.7
002) and the :
was obtained by ¢
dels were processadh in accordance e “Beverton and
) yield per recruit mQelel” where Y /R i§considered a function
capture, 0.85 y). ASsessment of the fisheries status was
mean fishing mortalityarate for each year analysed and for
the value of f g mortality rate associated with
or a give g, strategy), Fo.1 (the value of F at which the
its value and Fys (the value of F associated
hOMass per recrt the unexploited stock).

acting M from'z

area of Sardinia (Zone 1), whose trawling surface is quite
eightenéd fishing pressure even before the fleet rerovation.
the local boats but also by the fact that, whenever the Mistral
the southern fleet flocked into this area. The main reason for
the number of middle-low tonnage boats, although these had

ence of the overhaul of the fleet, Zone 1 had a rapid and notable
increase in fi pressure, mainly due to the boats of middle-high (70-100 TGT) and
high tonnage{over 100 TGT), with increases of 125% and 200% respectively (Fig. 2).
On the other hand, the smaller boats underwent a progressive decrease (Fig. 2 a).
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Insert figure 2

It of middle-
After the

In the southern area (Zone 7) exploitation was primari
high tonnage boats, and, for very low percentages, high
renovation of the fleet, this Zone had a notable increase i

increases of 60-65% (Fig. 2 b), while middle-high evidenced a 50%
increase.

Finally, the south-western area (Zone 6 tives, was
seen to be the least exploited, because of |ts ced break

Zone, the main protagonists of fishing
The replacement of the boats and the
low exploitation, led to a signifi
percentage of the new middle-high and high
this area went from a situation of low exploitatio

indexes
ay in which the red
palysed abundance ass rates in the three
of the areas (Fig.
h for abundance

3.2. Abundance and bio

In order to andyse
increase in fishing pressure,
areas. What becomes immediaté
3). Zone 1 is the most highly exp
and biomass indexes, with mean va
6 and he other hand, areas
val

vs the lowest va
W and 4.2 kg/k

pectively.
alysis of the bio
e indexes (Fig. 3
2-2003). Zone 7,
exes over the years e
gressively until 2002.
ptil 2000 and

5 Indexes, it ca that in Zone 1
d), already low in 4, collapsed during
th Sardinia, (RIg. 3 b, €) shows an
mined, reaching their maximum value
inaly, in Zone 6, (Fig. 3 c, f) both
ed maximum productivity in

the fina
oscillating

indiC omoscedasticity for biomass indexes and
e. Statistical analysis using the ANOVA test
istical differences (P<0.05) for both indexes, between zones
t not béween years (P=0.663 and 0.450). Pair-comparison
denced statistical differences (P<0.05) for the comparison
nes 6 and 7 using both biomass and abundance index; no

3.3. Trend of fishing mortality rate
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Anaysis of the demographic evolution in each Zone highlights the effects of
fishing pressure. The results showed the progressive disappearancgf@i older individuals,
while the instant fishing mortality showed an increase in F for " (Fig. 4). This
can be seen in Zone 1, during the final two years in particula,

Insert figure 4

Observing average Fs (Fig. 5) we roticed
1998 the values remained stable around 0.4
dramatically reaching values higher than
this time with F values lower than in
around 0.2; later it increased to nearl
in 1994 - before modernisation -
0.2 and 0.4 until 1996, then a sudden increase

Insert figure 5

evauation of F levels, sugges i [ ploitation. Thus, in
Zone 1, until 1998, F values werg\e 5(0. , the only exception
being 1996, when the F value
fina two years (1999 and 2000) the

under Fq1. In. 70
year (2000), with &
F vaues lower than

amost equal to Fnax
¢, and in 1994, 1995 and 1998 lower

plications involved, in this work we try to evaluate
the most commonly used analytical models, in three different
areas, starting from different initial situations of exploitation,
ation of the fleet which, in consequence, over time, led to a
0N resources.

dinia, turned out to be area suffering the most, both because of

recent years. #he clear reduction in the biomass indexes and recorded value of fishing

mortality rate higher than Fy 1 might be considered as a warning signal for the shrimp
stock of this Zone, asin the fina years examined the situation had worsened.
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South-west Sardinia, Zone 6, has a bigger trawling area than that of Zone 1, and

the attainment of a value equal to Fyax in 2000 must be
state of the stock in this Zone.
South Sardinia, Zone 7 is that which suffer

trends alone does not allow
s, Only the analysis of data coll

It is evident that the analysis of ig
complete picture of the condition of rg

our case study the
increase of F in

favour of class age 1". TF
pressure on individual age ¢
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Fig. 1 — Study area.

Fig. 2 — Percentage increase of TGT during the years 1991-20 one 1 (South

Tab. 1 — Two-way ANOVA. Summary t
indexes, indicating the sources of vau

Fig. 4 — Trend of Fishing mortality rate (F) fol
Zone 6.

Fig. 5~ Trend of average F, 94 to 2003, for each

Foa and Fos for: a)

Fig. 6 — Fishing mortality rate
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USE OF AN EXPLOITATION RATE THRESHOLD IN THE MANAGEMENT
OF ANCHOVY AND SARDINE STOCKSIN THE ADRIATI

A. Santojanni, N. Cingolani, E. Arneri, A. Belardindlli,
Donato

CNR-ISMAR, Sezione Pesca Marittima, Largo Fiera
e-malil: n.cingolani @ismar.cnr.it

Abstract
The use of a biological reference
evaluated for the stocks of anchovy and
This threshold was suggested for small pelag
the fishing mortality rates F in the exploitation
natural mortality, were derived from VPA carried
The results were encouragiimg. so that this threshol
collapse along with the '
spawning stock biomass, curré
The same exploitation rate 1
sufficiently long time series of S
estimates of MBAL.

prevent stock
el (MBAL) based on
ish and other species.
BAL, when not
obtain reliable

iC Sea, Engraulis e chardus,
eference points, staek as

asicolus L.) and Sakdine (Sardina pifchardus, Walb.) are
commercial species Beth in the Mediterranean and Adriatic
R.M arine Fisheries Se€tion of Ancona has been conducting
and ssessment of bo esin the central and northern
popul atie ics methads” (Cingolani et al., 1996, 1998,
et al., 20012 D

e of these stockSi@s for other exploited species, the choice
e points is a matter to be attended. These indicators are
ishing mortality and, thus, depletion of resources
i 92; Murawski et al., 2001; Myers et al., 1994;
, 2002). 1 e present paper, the use of a critical threshold for
iscussed®This application is relative to recent assessmerts of
sin the ambit of a project funded by Ministero Italiano per le
ai (Cingolani et al., 2002b). These assessment were carried
Population Analysis (VPA) on the two corresponding time
(the data collection for subsequent yearsis still ongoing).

(Haddon, 2001,
terson, 1992;

mortality, F, otal mortality, Z, which is equal to F+M, with M being the natural
mortality rat the present work, both F and M are aways meant on annual basis. The
critical threshold for F/Z was taken to be equal 0.4. Such a value was suggested by
Patterson (1992) as a possible biological reference point for the management of small
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pelagics. In order to find it, Patterson used data derived from many literature sources,
represented from values of biomass and corresponding fishing maogtality rates estimated
by VPA, aong with the same M values employed by VPA, in
distributed in al the world and relative to 11 species
pilchardus, Sprattus sprattus, Clupea harengus, etc. Ther,

different natural mortality in different species and
rates of variation of biomass, plotted as a functioggof
using time intervals ranging from 5 to 10 y.
historical series, more than one time intervg

consistent with the conclusions derived by o
methods (Patterson, 1992). On the contrary, a va
compatible with increasingstock abundance and
decline.
Finally, in the same work, Pat
biological reference points applied
particular, he emphasized that t
currently implemented (STECF,
abundag pOth spawners and recrt
ing stock biomass to

llected, related to cateh, fishing effortgbiometric features.

ed on census basis fogboth west (Italy) and east (Slovenia,
hetic ports (Cingolani '@al., 1996; Santojanni et al., 2003).
has Vieste aS ern limit (Fig. 1), so that the
Anchovy laneings can be considered areliable
e the Adridl mainly fished by the Italian fleet
equired by tf arket so that discarding is thought to be
906, 2000). For sardine, a more relevant practice of
some Italian ports since the end of the 1980s
around 900 to 4 000 tonnes per year - were

1 isinvest

discarding at
onwards, so esti

., 2000; 20022).

ive to mid-water trawlers (in Italy volanti) and purse-seiners
ish attraction by light (Cingolani et al., 1996), which usually
dividuals larger than about 9 cm in length.

collected in the most important Italian ports on the basis of
to obtain length, weight, age data of both species. Age of fish
was estim ing otoliths. The use of calendar year data in fishery stock
[ that the conventional birthday (i.e. the day on which a cohort grows
one year oldef)’is on the first day of January. Thisis the case of Adriatic sardine but not
of anchovy. Since the reproduction of the Adriatic anchovy is particularly relevant in
spring-summer (Regner, 1996), a conventional birthday on the first of June is more
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sensible: the assessment for this species was thus carried taking into account such a

recorded according to caendar year were then modified in
ones, so that data relative to one year were referred to the ji

first of June of the year before up to the 31t day of (Santojanni et al.,
2003).

The VPA is a method used for many species, i
from literature, relative just to small pelagics
the world (Barange, 2001; Patterson, 1992;
estimates of the stock abundance at sea
to do that, it assumes the instantan

and age classes (Haddon, 2001; Hilborn

and M = 0.5 yr-1 were used for anchovy and
both the age composition of catches and estimat
al., 2002b; Santojanni et 2003). In particular, t
Adriatic sardine by Sinovci@(2986). It is also of some
of M ranging from 0.29 to O. e obtained for a well
Seq) in the Mediterranean (Pertiesre Rerrotta, 1993).
Table 1 and Table 2 show exé
respectively. It should be noted fo iNE p to 12 years
are recarded, suggesting relatively
glity. In other woro
ould not allow to
s derived from cateh ikely, withe
ese older individuals would be bet
more frequently en@ountered in sampling.
or anchovy by the ageslength key is lower than for sardine,
heing in the age class'@) The age classes 5 and 6 resulted to
, except for the mediately after the collapse
2e also below yway, the value 0.6 is near the
al of va ed fiterature and, here, was taken aso
pproach (Sant® al., 2003). Therefore, VPA was aso
accounts about results are reported below when the
hold of F/Z are discussed. Again, a reference to the
Rl for the anchovy stock, Pertierra and Lleonart
= 0.81, which are very similar to the values
. Finally, the criterion to select M on the basis of the
longevity is adopted for small pelagics by other authors; as
BEC report (Barange, 2001), Pacific sardine (Sardinops sagax)

Individuals
pressure (i.e.
presented in the

The longe
vith the olde

performed U
e critical ¢

well studied

s, whereas for northern anchovy (Engraulis mordax) M = 0.8 is
h of about 4 years.

The VPA allt 0 calculate annual values of stock abundance at sea and fishing
mortality ratesby age and year. The rates relative to the oldest age groups and most
recent (final) year were caculated using the procedure defined by Cingolani et al.
(2002b) and Santojanni et al. (2003); this, in particular, involved Laurec-Shepherd
tuning on CPUE-at-age data obtained for Porto Garibaldi (Santojanni et al., 2002),
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whose fleet accounts over years for 20-25% of catches of anchovy as well as sardine.

Darby and Flatman (1994).
The annual exploitation rates, F/Z, were calculated using th
by VPA and the annual values of Fg.3 and Fp.5 for ancl

(Darby and Flatman; 1994). As stressed by
weighted on the basis of the abundance at s
Howgver, Patterson performed statistical

and lower values of F are usually estimated for
about the use of so weighted mean F values were ref

Results and discussion
The annual values, on split year
stock are shown in Figure 2, a
annual total catches. These rep
biomass. The trends of biomass at

1970s ¢ a decline till 1987,
hat, in the calenda of this fishefyf 0ccurred in
d by the fall of cat e same After the collapse, a

abundance and es is observed. case in 2001 is
ded by VPA, due the fact that catch-atz@ge data processed by
p complete history ofgthe most recent cehorts.
es of total biomass eSthnated by VPA are compared with the
ass density obtained ffem echo-surveys approximately in
0023a). The ends are not very different so
rroboraied methods perceive the peak in the second half
e and partia e contrast between the first period
2 1980s resulted™0 be also in the assessment based on
out by Regner (1996), as shown by Santojanni et al.,
the, low level of abundance in 1976 strongly
 decrease at the beginning of the 1990s are not
ult to undeystand if these fluctuations obtained from the echo-
s in the Ratural mortality, not taken into account by VPA, or to
for both methods. The series shown here for acoustics is
om 1999 to 2001, shown by Azzai et al. (2002b) in an
Il consistent with the VPA trend.

e estimated annual values of Fp.3 obtained for anchovy: they
increase prog 3y since 1976 and a quite high value is observed just in 1986, Fp-3
=0.67. Likelyga high fishing pressure could have contributed to the collapse. However,
the levels of recruitment in 1986 and 1987 were particularly low in relation to the

spawning biomass of the previous years 1985 and 1986: similar levels of spawners
yielded higher levels of recruitsin other years, e.g. 1995 (see below). This suggests that

(2003). Coming
mcreased in the
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different factors, environmental ones and/or interactions with other species, could have
contributed to the collapse (Cingolani et al., 2002b; Santojanni al., 2003). The
importance of multiple factors in determining the population dy. small pelagics
- such as other species - is widely discussed in literature ; Beverton,
1990; Hilborn and Walters, 1992; Lasker, 1985; Sch et al., 1999; Smith,
1983).

The annual values of the anchovy exploitation rate
with the correﬁpondi ng average for the whole per'

imated to be
are close

fact, as stressed by the same author, a high leve
within a shorter time interv an contribute to the de
warning should be derived
instead, the values are &
contemporaneous stock recove
weighted values of Fg.3 showed 3

0.34 obtained when using the unwe
se of the increased : . splayed

pg mortality. Anywie d for 1986
changed: 0.51 agai 0.53 obtal eighting. In
procedure increased the difference De /Z in 1986 - as

well as ) gainst 0.44 - and in al the other years

The annt < year total biomass alisea of the sardine stock are shown in
orresponding biomass'ef, spawners and annual total catches.
ge, the 14% of mi@Ryeargtotal biomass. The trends of
: p to 1984, a quas continuous decline is
esponde he |owest abundance levels of the series.
g total biomas 01 - not sustained by an increased
likely an overestimate yielded by VPA due the same

ends from VPA and the echo-surveys carried out
or anchovy, was aso done for sardine (Fig. 7).
hold: an/overall agreement is observed but the increase at the
d the decrease in the middle of the same decade are clearly
d. It is worth mentioning that the biomass density in the series
by Azzali et al. (2002b), is still declining just like in the VPA

evident that atively high values observed for anchovy in some years are not

recorded for
The annual values of the sardine exploitation rate F/Z are shown in Figure 9, along with

the corresponding average for the whole period 1975-2001. This is estimated to be
equal to 0.36, again under the threstold 0.4 as in the case of anchovy. Some annual
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values of F/Z higher than 0.4 are also observed for sardine as, for example, in the period

most recent years. Likely, as (if not more than) in , other factors
than fishery influenced the population dynamic

assessment. Moreover, seme difficulties in obtainifg
by fishermen were perceiv@e, since the spring of 20
beginning of 2004. That o d particularly in Croatia
where sardine is more request he market than in Itd
ports such as Chioggia and Cesens yhose fleets fish s
canning factories. Furthermore, t n rates calculated ©
of Fp-5 showed an average, on the equal to 0.18,

weighted values of

am 0.24 to 0.29 &
eliable warning

months of the
Sinovcic, pers. comm.),
also in some Italian
by contracts with
eighted values
0.36 obtained

ical reference point
) estimate (Haddon,

1as a disadvantagel It requires a value of
001; Hilborn and Walters, 1992). The
ower the exploitation rate. However, the changes of M do not
3 ifferent scenarios fARthisgpotential reference point. For
I anche also accord O precautionary approach, M =
PA calct ere repested with the alternative value M =
asulted to be'® 341 in 1986 and ranging from 0.3 to
erefore, F/Z valties around the critical threshold 0.4 were
in aless strong way, a situation of risk.
eshold of F/Z preferable to a critical value of
® fact that it is not aways possible to work on
e threshold under which collapse is probable. An
k-recruitment relationship, obtained for the Adriatic anchovy
VPA run which yielded F/Z, is reported in Figure 10 (the
fline is shown in Figure 11). Here, the number of recruitsin the
unction of the spawning biomass in the previous year n. The
s in the period 1985-1986, associated to particularly low
recruitment i >-1987, shows values lower than 60 000 tonnes. It is not a case that a
value of Minimm Biological Acceptable Level (MBAL) equal to 60 000 tonnes was
pointed for this stock in a previous assessment discussed in a scientific report to the
Commission of European Communities (Cingolani et al., 1998). To be close or under
this critical threshold does not necessarily imply collapse: the spawning biomass

The reason that '€
spawning biomass
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relative to the year 1994 was similar to that recorded in 1985, but yielded a quite higher
number of recruits in 1995. Anyway, on the basis of this kifid of plot and the
experienced crisis really occurred, this threshold was thought t
value of MBAL around 60 000 tonnes was also obtai tly of the
knowledge gained from the experienced crisis. Such '

recruitment level,
which was derived by fitting the Beverton-Holt jcal distribution
(Myers et al., 1994). Now, an interesting exerci
excluding the data points in the down left- han
well: without the experienced collapse, in
based on the half of theoretical maxim
yield different estimates of MBAL in
the former case, the threshold of spawni
conservative than the latter one. Independ
missing information are expected in situations
to understand the usefulness of F/Z in such situati

SEres.

occurred, plots
ime series. Itis

Conclusions

On the whole, the results of he
consistent with the conclusions ‘deri
threshold F/Z = 0.4 in the manag
encourg NO other potential re
also be employed.
spawning stock b
BAL when not su
) reliable estimates

of exploitation
Ratterson (1992).

d the criticd
is therefore

y long time ock-recruitment

MBAL.
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Table 2 - Sardine: age (year) - length (cm) key calculated fo
class.

distributions by length

Length Age0O Agel Age2 Age3 Age4d

13 1 0 0 0 0 0
135 072 028 O 0 0 0
14 033 067 O 0 0 0
14.5 026 069 005 O 0 0
15 0.08 0.64 0. 0 0
155 002 0.38 J 0 0
16 0 0.03 0 0
16.5 0 0.01 0 0
17 0 0 0 0
175 0 0 0
18 0 0 0
185 0 0 0
19 0 0 0
19.5 005 O
20 0 0.25
20,5 0 0
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Figure legends

Fig. 1 - Geographic extent of the small pelagic data collecti ort of Vieste
represents the southern limit (see text).

Fig. 2 - Anchovy: total annual catch, total biomass an iomass calculated in
the middle of the year by VPA, from 1976 to 2001(

Fig. 3 - Anchovy: mid-year total biomass

biomass density derived from echo-surveys,

VPA from 1976 to 2001 (split year
also reported.

in the year n and
the basis of VP,
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Biological reference points based on spawning stock biomass levels: the case of the
red mullet (Mullus barbatusL., 1758)

M.T. Spedicato*!, P.Carbonaral, P. Rinelli?, T. Silecchia®, &
1COISPA Tecnologia & Ricerca, Stazione Sperimentale p
Mare, Viade Trulli 18-20; 70045 — Bari (Torre a Mar
e-malil: spedicato@coispa.it

2| AMC-CNR Sezione di Messina, Messina

Abstract
Biological reference points often reflect
dynamics (growth, recruitment and m
interactions among different fish stocks as
the surrounding marine environment represen
based approach to fishery management). In addit
threshold levels to consider for a sustainable fisher
Facing the problem of identification of suitable BRPs,
addressed in Mediterranean, 5ting the potential of i
geographical regions (e.g. ICE and evaluating BR
the biological/technical specific he stics of the area.

The objective of this paper isto tet
using as case study the stock of red
10). D4 adance indices and de
GRUND and M

2. of the populati
e 1994,
Ve timated 4ollowing the

ich were sepe g a maximum
apture were esti d as well, the latter
ca. All these estiphates (parameters and
lation model (biomass pool dynamic
e condition of M. barbatus stock
uctuations in owth parameters, recruitment
aen the ratlos SSB/SSBV and SSB/B were

20 (~25) and sponding to B/R of 80 g and to an
ical size shouldihiss be higher than 121 mm thet is ~90%
ent options could be represented by the enforcement of

e different cohor
ity and size at fi
ts conducted in the
put of a stochastic s

son & Bell approach.

8, spawning stock biomass, Mullus barbatus,

S (BRPs) often reflect the combination of several components
h, recruitment and mortality) into a single index.

s (e.g. Atlantic Ocean, North Pacific, North Sea) where fisheries
ing an adaptive strategy since long time, the identification of
pertinent BRRSrelies on the stock assessment models currently used to provide
estimates of population abundance and to shed light on the underlying dynamics.
Depending on the assessment and management techniques, BRPs can be expressed in
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terms of fishing mortality rate F, stock biomass B, spawning-stock biomass SSB, or

other metrics of exploitation rate or stock abundance (e.g. Smith 1993; Restrepo
et al., 1999). In the frame of the precautionary approach (e.g. F. ;
the need to distinguish between Target and Limit Reference
established identifying threshold levels for a sustainable fi

complex task as we need to understand the
reasonabl e confidence the consequences

has been done (e.g. Pope, 1991; Sparre, 1991,
2000; Walters et a., 2000; Rochet and Trenkel,
in understanding marine gcosystems and incorporat
assessments into quantitativ@énanagement advice.

Considering the high degree ertainty inherent in fi
complexity of the whole syste ilborn and Walters, aters, 1998) holigtic
approaches accounting for stoc ecological, socia [
implications (e.g. Caddy, 1999; 2002;

to be more robust and integrated techii
iRability.

clevant, at least aspa
he identification @
and management
pects are still faced:
(e.g. ICES context) a
hnical specific chara
and diversity of
not st for regularl
aynou,

adoption of BR
pdies (i.e. GFCM & uropean

Sting the potenti@of indicators used in
evaluating BRPs that better

jstics of the area. Thisisadifficult
¥ranean fisheries, the

and trustworthy assessment for

pvestigate on the dynamics of the red mullet stock in
geographical sub-area— GSA 10), assessing the
ability to maintain sustainable productivity, i.e.
ing units so that successive generations replace,
based on the spawning stock biomass (SSB) have

diterranean coasts (e.g. Tserpes et al., 2002). In Italy, for

of red mullet in 2002 was14,310 tons, accounting for 10.2% of
iding pelagic stocks (IREPA, 2003).

yecific features of the life history traits (discrete recruitment mode,
and of the fishing patterns (target species of the trawlers) make this
species a suitable subject to test BRPs.
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Material and Methods
The data used in this paper (abundance indices and length stru
population) are mainly from the bottom trawl surveys G

Further details on the stratification scheme (strati
position randomly selected in small sub-areas) and
the depth stratum areas) are in the aforemen [
1998 and Spedicato et al., 1998 with
(10-Central-Southern Tyrrhenlan Sea).
depth) was 20255 kn?, while the contj
distributed, is extended for 7362 .
distributions were thus weighted accounting Te
kilometre.

Given the discrete recrui
data on both recruits (fro
available.

Growth and total mortality,
parameter K and the total
asymptotic length Lg and to P
evolution of the different cohor
maxi ihood estimator (e.g.
he procedure imp|
darameters were es

ere approximated pseudo-coho 4
and size at first apture were atimated,” the former from
rom selectivity expefiments conductedin the area (Lembo et

ent mode of the speci
RU.N.D. survey) and &

sociated variability (C3
hereas approxi

i.e. £5%, for the
g the temporal

were the input of a pool dynamic
d predictive Thomson & Bell
ders (1995). Cohort’s evolution

ers and vectors by Siz

DS 2 forward lengt

conceptt awork in g
ecay mode!:

hons of the population model were: initia Eength; total
gase through time interval (full recruitment to the
ality M on the basis of empirical derivations
ariant with 16 coefficient); selection ogive parameters (using a
e of 40 ); lengthrweight relationship parameters; maturity
oroach. In addition, recruitment indices were derived from the
entified cohort projected backward according to the estimated
X was then extrapolated to the area assumed to be occupied by
puts of the model were the area occupied by population and
population g g. recruits) and an empirical log--normal distribution of recruitment
with its variati 0sen in the range £20%.

In the computihg procedure all the variables were treated as a vector by size. In
particular the fishing mortality F was estimated as follows:

fishery was set a
Beverton and Hol

2 1); natura
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(Z- M)
1 R (T Y
1+ eflrsw™ Losw s ( > I)
where the natural mortality M was cal culated according to t
ICES (Pope et al., 2000): Ln(M)=Const-0.386x3*Ln(L;),
in SAMED) so that the derived result equals M of the |
Ly.
The model output are: Standing stock biomass ( (SSB);
Virgin spawning stock biomass, estimated as ' [
natural mortality only was acting; average
Salat (1997) formula:

=1%R
_ aZi” Di
/ = _ti=R
a Dy

F(L) =

the constant (Pope,
e 20%-80% of

e standard deviation ficient of variation were

For each of the output va
computed.

Thus, in order to account for
estimates, the condition of M. b3

and uncertainty in ural processes and

for fluctuations

pd total mortality o
e average curvat
the asymptotic length Ly was from 26 )6 mm (overal
from -0.2 to -0.85Y@verall range from 2019 to -0.89). The
y M, strictly correlatedl to K, was 0.48-0.63 (Fig. 1C) and
pstructing the vector byglength was from 0.03 to 0.07%. The
> om 1.27 to 1.95@ueall range: 1.0-2.21). The

1C), Ce has (Z-M)/Z varying from 0.52 to 0.72.
\% i e observed ecruitment (Fig. 1B) whose abundance
[ he combinatiC actors. the numerousness of the
different cohorts, ranging from 139 to 1345
al mortality acting on the cohort. The highest
gLii?2001 and the lowest in 1998 (Fig. 1B).
(Lmsoge) 3t at 135 mm (L mpsoe- L mMys0,=30 mm) with a
while thefarameter of selection ogive were 89 mm (Lsg,) and

the rate'@

that the worse combination of life history parameter (namely
ortality (high Z), as an index of exploitation, occurred for the

cohort of g both in the lowest ratio of spawning stock biomass/virgin
Spawning sto ass (SSB/SSBV=8%, Fig. 1A) and critical length (TL Cr=96 mm;
Fig. 1B), edti as the size at which the cohort reaches its maximum biomass. All

the related parameters, such as the average total spawning stock biomass (600 tons, Fig.
1A), the ratio of the spawning stock biomass/biomass (SSB/B=26%; Fig. 1A), the
biomass per recruit and the spawning stock biomass per recruit (B/R=52.1 g, and
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SSB/R=13.5 g; Fig. 1B) were the lowest, while the average total biomass was the
highest (B=2500 tons; Fig. 1A) as consequence of the cohort’s rec ent strength.
Conversely, the safest situation was observed for the cohort of the lowest
total mortality was acting (Z=1.27). In this case the highest rati

intermediate conditions were observed.
The analysis of the relationships between the diffese
derived both by the model (SSB/SSBV, SSB/B
survey results (E) (Fig. 2) indicated significz
identified BRPs and consistency in the me
The information gathered by this anal
the different indicators describing thecond
area. Safe levels occurred when the ratios

of ~0.55. Critical size shquld thus be higher than 1
Conversely alarm situatio d rise when SSB/SSB
lower than 15 and 40%, cor
higher than 0.6. This conditio
i.e. ~80% of the L mygus.

Discussion
The mos

only applied stock assess ; p date is the Vi
vhich catch at age @ stimal patural mortalityfare used
and consequently bers anc 8Ss of fispha
) data are available porn and Walte
ne multispecific- millligear characteristiG ost fisheries,
ding sites, the smallRikaction of the cat€h that generally
sh markets (LIeonart and Maynou, 2003), make catch
: arly difficult. In thiSsituation VPA and similar

de B imates of the nu 8t sea of younger ages due to
i ncreasas inmortal ity e g time, erroneous data of catches at age and of
gtes. Th st of the KNe e exploitation pattern of the
es has De guired by bottemtrawl surveys, sampling the population
A: Megrey, 1989). This approach also presents several
ial coyerage of the areainhabited by the sock, high
gtes, timing Survey and in turn incomplete sampling of all
ailability offthe different fractions of the population to the trawl
llet, however, the different age classes are similarly

of possible

et a., 2001). Ideally, a spawning-per-recruit measure would keep track
of per-recruit production of larvae or eggs (Jennings et al., 2001). However, spawning
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stock biomass per recruit (SSBR) is commonly used to estimate the reproductive output
per recruit at different intensities of fishing.

Reference points that have gained prominence as proxies or ind
targets and limits are those based on fishing mortality at giv
(Foser)- In particular, values in the range from Fagy, to F
to characterize recruitment overfishing thresholds. The
recruitment overfishing threshold for well-known sto
while the latter as a recruitment overfishing threshald f
those believed to have low resilience (Gabriel g
Given the life history traits of the red mulle
we estimated that safe levels occurred whe
respectively higher than 20 (~25) and
exploitation rate of ~0.55. Conversely alar
SSB/B are respectively lower than 15 and 40%
and to a exploitation rate higher than 0.6.
Our results aso showed that critical size should be
the Lmsoe, conversely an @ situation would occur V
109 mm, i.e. ~80% of the L
The analysis performed also e\
maturity were suitable and smp
evauating the state of the stock a
In Mediterranean, where an adaptive
ontheg img, stock biomass shoul Al
5 (Hilborn, 2003), b
easures aimed al

ising three main greups of demersal speeies (fish with large
ed much before the filist spawning, e.géhake, angler fish, etc.;
Or Norway lobster thatffequire at least a stretched mesh size
as shrimps, cephalop@es, gobies, etc., which could be
e from 40 mm) ded that the increasing of the
oL ot effective IPprotecting the spawners of the
sely, unaval all species’. Thus, the effort should
his measureishould be comptemented with the protection of young fish
d the pratéction of spawning stocks from the effects of extensive

able fishery could be consequently

areas and temporal closure.

Ultigears factors were not considered. Although the

e species approach, the state of the red mullet stock could be
frame and as indicator of the fishing pressure exerted on the
IS species often represents a fisheries target.

Italian Ministgy”of Agriculture Policy and the European Commission.
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ACOUSTIC ESTIMATES OF SMALL PELAGIC FISH STOCKS IN THE
EASTERN PART OF ADRIATIC SEA.

Ticina V', I. Katavic?, V. Dadic!, I. M
Kugpilict, P. Cetinict, Z. Nincevict, S. M
Vidjak?, V. Emric Ticina, D. Bojanic?,
! Institute of Oceanography and Fisheri
2 Fisheries Directorate, Ministry of ¥ and Water Management
Republic of Croatia

. Krdnic!, B. Grbec!, G.
ranicevic, A. Soldo?*, O.

Abstract
Following positive experience
acoudtic survey, organised within the fta
northern part of YAdriatic Sea, Croatial
Management and itSiRirectorate of Fishe
of Oceanography and@ Bisheries in Split, a
combined with environi monitoring along
PELMON programme. RestltSief environmental
usual situation present on t \.

th et in this survey, ca
covered by aco
ent estimates of
st recent VPA S

Adriatic Sea, €

as well as in other fgjor fishery area e world, must
instability of small pelagic fishPresources, either
or thelwariety of envirofmental factors that affect both

he Adri are anchovy, sardine and
" century, @ dramatic changes in species
observed e eastern part of Adriatic sea.

of the small pelagic fisheries in Adriatic Sea,

itisof t e of these changes in order to make
possible an @ ]

At present, the [ )y of fish'stock assessment is the only efficient tool
to be used in answ ) ple but crucial question for fishery management:

How much fish of spé
However, “nothing s
enough to understand a

rea Y at a given time?
asy” . Answer on this question is crucial, but it is not
in the pelagic communities. For this reason, an

identification of specific @nvironmental and biologica interactions between small
pelagic fish and its environment.

It iswell known that VPA is one of the most efficient and most frequently used indirect
methods for stock assessment. It is also known that this method is based on fishery-
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dependent data (such as catch and effort statistics), age structure of the catch and
“guesstimates’ of mortality rates (Spare and Venema, 1992; Lleonart, 2002). However,
sometimes reliability of official catch and statistics data might be very
guestionable, as noticed by Ticina and Giov. for small pelagic fishery in
the northern Adriatic Sea. In addition to di by use of different fishing
gears, such as pelagic trawls and purse sgi e also huge differences in CPUE
between pelagic trawls used on western of Adriatic Sea (Ticina and
Giovanardi, 1997; Ticinaet al., 1999 estimate (yield by VPA) is
very sensitive to some of variab ity, a parameter that can
not be directly measured but ingle-specie approach
that might face with diffic ti-species and multi-
gear pelagic fisheries.
On the other hand, following positiVe,experience gained during
Italian-Slovenian 'echo-survey, organisedWithin theramework of the
Project in the northegm,part of Adriatic Sea(Azzali et ally,in press), Croati
Agriculture, ForestryNane Water Managemeqtiand its)Directorate of Fi
organised, in cooperatio h the Institute of Ogeang the
acoustic survey of small Pé ish combined W ironmental monitoring
the eastern part of Adriatic Seg, ‘Galled PELMON programme (Wwwrizor.hr/pelmon/).
high cost of suchamult iplinary approachit is believed that fisheries-

ock assessments pelagic fish ¢ d be used for fishery
poses.  Also, vs if combi with environmental
ide the most ‘€0mpl ete picture of the
Ry a base fO ure ecosystem
acts, Crod Ministry of

cided 1@ e the res gboustic
pring as a be or futuré long-term
and shared A i, resources.

describe wharis going on i

ironmental mo
is part of the com

prog e occupies eastern part of GSA 17 (GFCM,
p coast ‘Of Adriatic Sea, Between cape Savudrija in the
p o mid hiae or b3 etry of 200 m. Based on
ea is dividee Sub-areas:

e divided pbrthern part and southern part, while
D norther ddle and southern parts by extending
previoust@coustic surveys on Italian side of Adriatic

existing area d
Sea(Fig. 1).

3. Methodology
Target species in this rée ere anchovy (Engraulis encrasicolus L.), sardine
(Sardina pilchardus, WALB:and sprat (Sprattus sprattus L.). All other pelagic species
were considered within a common category called “other pelagic species’.

Acoustic sampling have been carried out using the last generation of scientific sounders,
SIMRAD EKG60 based on split beam technology, with frequency of 38 kHz. Echo-
sounder receives the vessal navigation data from a standard GPS. Acoustic samples
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were collected using a hull-mounted transducer (SIMRAD ES38B) on research vessel
“BIOS’, and recorded on hard disc and CD media and processed with BI500 post-
processing software (Simrad, 1999).
To ensure the high accuracy of acoustic g
equipment was calibrated using the standard
density 8945 kg/m3, TS = -33.6 dB), fg
Simmonds, 1992).
In the open sea, acoustic data were
transects with inter-transect spaci
positioned regarding to geomaq
data, referring to nautical
surface), are expressed as $\-va
converted into fish biomass density
echo surveys on Mglian side of Adriati
In order to identifyS@lifferent acoustic targ
fish, while zooplankt@fipsamples were take
mechanism. Beside ide tion of acoustic ta ected samples
to get information about fi structure, nutritio ooplankton communities
Environmental monitoring | Sea-water samp by standard Nansen-bottles
aceanographic dept DT profiles mad IDRONAUT 316 and/or
multisonde. In additi hytoplankton community and chlorophyll a
)nitoring, the d gen concentrallen was determined.
linity measureme all other p ses, were used to
pdate sound spe ing the surve

ements, before the survey, the
t (coppersgphere, 60 mm in diameter,
: edures (McLennan and

random positioned parallel
in the channel area were
red values of acoustic
gitering area per sea

attering coefficient (i.e. ba
Simrad, 1996). These mex
i) based on the equations
Azzdi, g
small p&lagic trawl was us

Nange net equipped

teristics and spatial distributia
bnitoring are in acc@kdance with ust
b autumn. Averageival ues of tempe and salinity in
ent sampling stations from diffefent parts of study
gtion within eftire study area varied from 88%
the Adr ea. Higher phytoplankton
) parts 0 el area open sea than in the other
followed the highest densities of
Among mezozooplankteRrorganisms, copepod species(in
a norvegica) were the most abundant items

ar get species
atlow present on

Based on cO ata & argets identification information, spatial

distribution ] ' germined using GIS objective analyses

methodology (Bfr@ ; pferry and Thang, 1996). Spatial distributions of
i i ptember 2003 are shown in the Figures 5-7.

Following the determined spairal distribution, it is obvious that during survey period, a
part of anchovy population was distributed outside study area, particularly in the
northern part of Adriatic Sea. The smallest specimens of anchovy (LT = 2.0-2.5 cm)
were the most abundart within southern part of channel area (Figure 8). Beside this
(“bianchetto’-size) juvenile anchovy, other specimens ranged from 6.5 to 16.5 cm in
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total length, with average length of 9.28 cm. Length frequency distribution were bi-
modal (Figure 9), with modal values at 10.0 and 13.0 cm respectively. Calculated
length-weight relationship was:

W = 0.0025 x LT3 (r=0,9862).
Biomass density of anchovy population withi
Sa-values during the survey taking into
obtained from collected samples. Fu
multiplication of fish density by g
corresponding 95% confidence i

estimated from measured
ut targets size structure
biomass was calculated by
of anchovy biomass (with
own in the Table 2.

4. 1. 2. Sardine, Sardina pi
It was noticed that in Septembe
northern part of Adriatic Sea, along
length of sardines,ranged from 7.5 to
However, length fréguency distribution
9.5 and 16.5 cm respectiely. Calculated leng
W = 0.0028 x LT3 (r 960).

Biomass density of sardi
Sa-values during the surve
ol om collected samples

: as related to the

g 95% confide

sWALB.
3 the bulk of sardine popu
estern cqast of Istrian p
5 cm, with an average v
i- modal (Bigure 10), with
eight rglationship was:

was found in the
a. Total body
13.88 cm.
values at

as estimated from m
jon about ‘targets size struct
ss was calculated fom fish
ates of sardine biomass
e shown in the Table

ation within stud

Nto account info
; grmore, total bi@
3 surveyed..
\ithin each aré

L C O Sjrvey DE
g outside stud that 18 accordance sprat’ s
part of Adriatic $€a as described icina (2000). Within
detected only in the northern part ppen®sea. In the
ats were not detected. Since only a pecimens were
dis N nor lengt h-welight relationshi@was cal cul ated.
latio in study area Was estimated from measured Sa-
into a average targehsize obtained from collected
ss was calceulated by m cation of fish density by
ass (with C@ g 95% confidence interval)
ble 4.
spatial distribution patterns during the year,
hange within each particular sub-area
y noticed during the pilot Joint Echo-
e Adriatie” Sea (Azzali et all., in press), it is very
important to coverithe entire distfibBution area of a target species by sampling activities
5s estimate is to be obtained.
However, even if thesePartial_estimates of sardine biomass are compared with results of
the most recent VPA stocl ent made by Cingolani et al. (2003), one can notice

a part of its

statistically independent biomass estimates.

It seems that the most recent VPA studies for Adriatic area, might include some sources
of biases such as questionable rdiability of catch satistic data, discards and
“bianchetto” fishing. Perhaps, fishing effort standardization should also be done, taking
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into account large differences in performances between “same type” fishing gear (i.e.
pelagic trawls) currently used all along the eastern and western coasts of Adriatic Sea
(Ticina and Giovanardi, 1997; Ticina et al., 199 wever, despite of these possible
biases that might cause a certain underestimati biomass, observed historical
trends are very useful in describing natural ese pelagic stocks biomass
in the Adriatic Sea.
It is very likely that in the near future ependent acoustic estimates of

( ill be available. If so, these
independent estimates might be ( i to tune future VPA stock

Venema, 1992).

5. Instead of conclusions
Being aware thatvacoustic surveys along
only two years agojglong data series to G
environmental parame are not available.
following (for Adriatic ca):

1) If independently obta
surveys are available, the t

scientific cooperati
U-MEDITS...)

S.

aded that GFC
5 aSsessments co
2, ecosystemn basee

2d with € pnmental g, asa
ommon fishe manage

M. (1997) [a, biomassa, la struttura delle
ibuzione grafica delf@ppopolazioni di acciughe e
0, stimate a metadologia acustica. Report for

ina, V., KariSJ7, Franicevic, M., De Felice, A.,
Krdinic, F., Kuspilic, G., Stojanovski, L.,
cho-Survey and training exercise in
0 assess the pelagic fish biomass and
tal parafeters. FAO-MiPAF Scientific Cooperation

Brasseur, P. (1994) Recons
Modéle Variatio erse: Méthodologie et Applications, PhD Thesis,

Cingolani, N., Kari§, T., Sinovcic, G., and Kapedani, E. (2003) Sardine (Sardina
pilhcardus, Walb.) stock assessment in the Adriatic Sea: 1975-2002. AdriaMed,
OP-10 (presented at the GFCM-SAC WG on Small Pelagic Species, Tangier,
12™-14" March 2003): 11 pp.
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Figure 1. Study area devided into five sub-areas.
Figure 2. Partially random positioned acoustic tr within study area.

Figure 3. Concentrations of chlorophyll a in di ts of study area (September,
2003).
Figure 4. Abundance of zooplankton withi .
Figure 5. Spatial distributions of anch i ea in September 2003.
Figure 6. Spatial distributions of sar [ i
Figure 7. Spatial distributions of
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TABLES

Table 1. Average values of temperature and salinity in wateggéeolumn as measured on different sampling

stations within study area (Septemper, 2003)

Sampling positions Depth (m)E @ (@) Areq

43°47.06'N / 15°28.76'E 8 . annel waters (north. part)
44°17.91'N / 14°55.80'E 38. . C pel waters (north. part)
44°35.83'N / 14°44.79'E 6. Cha aters (north. part)
44°55.64'N / 14°11.82'E . : Channe ers (north. part)
44°28.28'N / 14°29.34 ' 38.74 19.66 Channel W s (north.

42°49.72'N [ 17°15.14'E Channel wate outh. part)
43°15.98'N./ 17°00.14'E : Channel waters
42°47.46'N °30.29'E 18.5 hannel waters (SO
43°03.15'N / 1 22'E 21.63 Ghannel waters (sout
_43°2842N/16°9208E 65 38630881 chahy el waters (south. pagE)
45°21.85'N / 13°17% ca (northern part)
44°56.09'N / 13°22.58 Open seay(northern part)
44°46.19'N / 13°30.19'E pen sea (horthern part)
50'N / 13°38.40'E . Qpen, sea (northern part)
N / 13°48.53'E Open sea (northern part)
4°09.90'E 48 Open orthern part)
°20.58'E . Open sea hern part)
Open sea ( ern part)
aen sea (nor part)
sea (northe
sldle. 6 t)
Open sea part)
Open sea (middle part)
Open sea (middle part)
Dpen sea (middle part)
ea (middle part)
"""""""""""""" h sea (southern part)
Dpen sea (southern part)

Open sea (southern part)

42°23.40'N / 18°
234.44'N / 18°09.€

Table 2. Estimations of anc with respective 95%CI limits within study area (September,

2003).
AREA: Lower CI Biomass Upper CI
limit estimates limit
Channel waters— north. part 8.174 13.708 19.246
Channel waters— south. part 6.295 9.520 12.745
Open sea—north. part 12.291 20.611 28.932
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Open sea— middle part 5.577 11.855 18.133
Open sea— south. part 135 529 924

Entire study area: 32.472 79.980

Table 3. Estimations of sardine biomass (t) wit

2003).
AREA: er Cl limit__ N, Average valuey . Upper Cl limit
Channel waters— north. part 737.042 9 058
Channel waters— south. part 19. 28.146 90
Open sea— north. part 56.6 115.088 1 ]

10.748 33.290 55.8
75 850 1.626

Open sea— middle part
Open sea — south. part

Entire study area: 102.203 214.416 324.617

Average value
0

Upper Cl limit

limits within study area (September,

stimations of sprat biomas 6, respective 95%C its within study area (September,
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ON THE SUITABILITY OF SOME INDICATORS FROM TRAWL SURVEYS
DATA. MEDITERRANEAN GEOGRAPHICAL SUB-AREA N° 18

Ungaro N.*, CeriolaL.*, Marano C.A.*, O Mannini P.x**

*Laboratorio Provincide di Biologia M
(Italy). E.mail: biologia.marina@teseo.it,
** Fisheries Research Institute, D, Al
***EAO-AdriaMed, Termoli (I

oli (Porto), 70123 Bari

osmani @albmail.com

Abstract

The suitability of 'some indicators from
Adriatic Sea (GFCMp= M editerranean geog
data available from theMedits programme (Y 1996-
population indicators ¢ IS arithmetic andi geos
percertile, were analysed foritwe, main “target” fis Joecies.

the Deep-water rose shrim S gpatial and te a variattons have been
urthermore, somee dicators concer and the BOI index (bottom:
and overall fish ratie) were applied to the poelef Medits target species.
exercise highlighi ial suitability ‘@f8ome of the indicators
10d.

om trawlsurveys carried o
ical subkarea 18) was inv

or fisheries
rly focuses on

suitable indicatorSiand their refere OL]
al issue worldwide, The debate pal
be best applied:
suitald some indicat@ks from bottom trawl surveys is
rom the dits programme.carried out in the southern

82N geogra 3l sub-aréa18) from 1996 to 2003.
simple ind aracterised by the following

should be indicative of the objective they

Comprehensibility and acceptability by al stakeholders;

- Easy integration and comparison to each other and with indicators from other
sources (e.g. indirect methods, fishery-dependant information, economic and
environmental indicators, etc.).
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The scientific background and some proposed indicators presented are mostly based on
the work of Bellail et al. (2003), Caddy (1999, 2002), FAO Fishery Resources Division
(1999), Gristina et al. (in press), Hall and Mainpri 004), Hutchings (1996), Koeller
et al. (2000).

Material and M ethods

Raw data were obtained from e out in the GFCM GSA
18 during the period 1996-20€ . have been carried out

1992) in order to ®btain biomass (kg/k
Selected indicatorsWere applied both tG
demersal fishery speCiéSyThe European hake
rose shrimp (short-liveo ies) have been selet
and the MEDITS' target Spet eference list (sho
2002).
T

populations
species) and the

ing indicators have Yea
gtic mean of catchi
995). Mediterrang
! eference list.
2 of catch indice
editerranean hak
ce list.
indices. Meditefta
pecies reference list
catch indices. diterranean hak ep-water rose
get species reference list.
anea Deep-water Fse shrimp.
ibutio MappiNne GIS, @&Xpopentia model  kriging).
ake, DegpAwater rose Ap.
ing fis erall fish 8
e chose ording to S8
ss). All E
pelagic

mean value). The bottonm:
2 morphological characteristics
ollected fish species were included in the

elonging to the families Clupeidae,

Results and Discuss

The results related to bot
pool of Medits species highlight the following:

- Thetrgectories of most of the chosen indicators are decreasing for the European

hake. The decrease seems to be better indicated by the trend of biomass indices

with respect to the abundance ones. The best fitting of linear trend (indicative of

gle species (M. merluccius P. longirostris) and the
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possible direction) resulted from the use of the 751" percentile (Figure 2 and 3).

No trend could be estimated for the mean length indicator (Figure 3).

The trgjectories of most of the chosen indi€ators are increasing for the Deep-

water rose shrimp. The increase seem tter indicated by the trend of
Nes, as it was reported for

European hake. The best fitting o ‘ indicatye of possible direction)

European hake. No trend
(Figure 3).
The trgjectories of mo i pool of Medits species
highlighted a stabili
The BOI mean index for
time period. Nevertheless, t
while fluctuating trend was rec
Spatial dist ion. The yearly m
merluccius a P. longirostris
trgjectories repc
undergoing an overd
of “blank” zones)

san weight at six yes
ce of larger speCi
hake, the yearly\n
kS resource in the

the investigated
e shelf bottoms

of the higher values
Figure 8). Unlike the

Figure 9

d A brief discuss Nd SOME Aments on
dicator applied t@the single spe up are

pility. The arithmetic mean valug’can be strongly
ps (i.e. few tAws with large catch), as widely
1996; Hutehings, 1996; McConnaughey
pgton, 19 loreove precision estimators (i.e.
0 be most ced by sampling density,
of varianCe{expected as a consequence of
5 (Blanchard & Boucher, 2001).

. It could be used jointly with other
atethei ation (Hutchings, 1996).

act well 90 the dynamics of the resources, however it
for those species with large occurrence in the
ly this together with other indicators, in order to

might be
samples. It I
integrate the infC
75" percentile. Sa or the median. It would appear to give a better and
more timely indicati@a'on the biomass trajectory with respect to geometric mean
and median Moreover, the indicator highlights the fraction of the medium-high
catches for the species, which is very important for the sustainability of fishery
exploitation. It should be used together with other indicators, in order to
integrate the information.




- Mean length (population). Very low reliability. Strongly influenced by the
fishing gear selectivity and recruitment strength (Bellail et al., 2003).

- Spatial digtribution. It could be a po tool if integrated with other
indicators. It has been hypothesised oral modification of spatia

or of resource condition

(Hutchings, 1996). Moreover, if species is known, the

weight index could provide

ner fraction.

estigated scenario where

- BOIl. The BOI index di
industrial fishery has
can probably be
areas characterised by m

1.General consider ations:
- Standard sureey protocol (same
allows for moremeliable comparison
(Bellail et al., 20

- In generd, the
Mediterranean botto

apply when using
e “ indicator cou

gopulation relate
N the survey cdl
ency > 50%).

end observed:
casing trend of br@mass indices ap ostly related
p of ¢ ppulation. Sometpossible causes Of such a decrease
overe agtion of largeYadividuals by bottom long-liners
/or the ase of fishingyetfert in the eastern Adriatic
000). | ase, ded vestigation is needed to

reasing tren@{of biomass indices is observed
n of geographical occurrence (i.e. GSA 18).
such a se could be linked to the effects of
(i.e. incre of bottom temperature) (Ungaro and
Dr to théWariation of inter-specific ratios (predator-

upposed stability could be linked to inter-specific
S variation higher than total species variability), as
ariation) of the main environmental parameters and the
or-prey relationships.

Pool of targe
compensation (S
well as to the influg
modifications of pre

191




Conclusions

The trgjectories of some population indicators sug
median, and 75" percentile, were analysed fg
based on trawl survey data (Medits surveyg /O maintarget species for the south
Adriatic demersal fishery, the Europes he Deepawater rose shrimp were
investigated. Species spatial and tempora ations e been also considered.

Furthermore, some of the indicator ernetl were applied to the pool of Medits target
species to outline the interacti mithin the typica editerranean multi- species
fishery. For the same reason, thi€@BOI| (bottormgdwelling fish pverall fish ratio index)
was a'so used.
The results of this exercise high
given, at least for the investigated
performance of the indicators concerned
set of selected spec
The proposed indica rom fishery-independent direGthimethods could bejuseful to
establish a wider mul iplinary poly-indice Sg pel for the Adna e
fisheries. In this respect, aS8OWiNg to the shared of Admgtic fishery stock €
FAO-AdriaMed Project can IO\ e necessary regional cooperation framework.

5 arithmetic and geometric mean,
omass and abundance indices
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he potential suitability of
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Figure 1 - Investigated area, Gsa 18.
Figure 2 - Traectories of the chosen indicators for the European hake (on the left) and
Deep-water rose Shrimp (on the right).
Figure 3 - Trgectories of the chosen indicator
Deep-water rose Shrimp (on the right).
Figure 4 - Trgectories of the chosen indi

ropean hake (on the left) and

1996 to 2003).
Figure 7 - Spatial distributio
(from 1996 to 2003).
Figure 8 - Spatial distribu
(gramg/individuals).
Figure 9 - Spatiahdi
(from 1996 to 200
Figure 10 - Spatial
Shrimp (from 1996 to 2
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kg/kmg, arithmetic mean (weighted)

kg/kmg, arithmetic mean (weighted)
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kg/kmt, median value

kg/kmz, median value
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INTERVENTION OF THE FISHERIES CO-OPERATIVE ASSOCIATIONS

AGCI Pesca Federcoopesca- Lega Pesca

The Co-operative Associations of the fishi [ express their warm thanks
to the organisation of this workshop nsorzio WINIMAR, accepting the
invitation of the General Directorate [
contribute.

This workshop follows the uary, organised by
UNIMAR and SIBM on & ) [ ulture and Forectry
Policy, in which different com
related to the identification of Referée

At the same time, Tf@mM management point
difficulty to connectSthese analyses to the
Mediterranean basin, wi characterised by a

The Associations believe th
assumption for
e technical mea

\ management and it i
e different actors of the

gl the princip
ta isherie conceiving
spreading the wide & apillary we
D-operative movement (CIRSPERCoRsorzio
zio UNIMAR) haue realised in i
D-ROMS, papers)thas created a te

al support for

the ance of thehassdmption to link catch to
ofte e "aseptie plicatio Quantitative models risk
ple algelraic exercise, a fishing activity sustainable
[ \; a the strong’reduction of the fishing effort
social and economic impacts.

Je the evaluation of the effects on the
such as the Mediterranean one, in which
g on the "income" factor.

; annot put
fishermen co ' a situatie
the "employment Or is preva

Cterise clear RPs for the definition of the state of the
Administrations to identify effective management
lictive redlities.

Therefore, there is the
resource, thus allowing t
measures for the different p

This need is emphasised by the geopolitical contest in the Mediterranean, where there

are different approaches to the resources exploitation and where the resources are often
shared by different Countries.
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Too often, the models used for the study of the dynamics of stocks, follow the
experiences conducted in other geographical ar e they have led to results which
are anything but satisfactory. Therefore, thered to define reference indexes
strongly adherent to the specific features of fishery.

At the same time, it isimportant to r
Policy must be to connect the natur

main objectives of the Fishery
ith the economic context.

social point of view, taking aso
opportunities in the coastal area,
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