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ABSTRACT

Spiny lobster Ranulirus argu$, the most valuable fishery @sce in Cuba, is subject

to a state property regime and to a limitmtess system. Assessment of the
population in the northeastern shelf of Cuban waters is the subject of this report. To
conduct the analysis required for stock assessment, a matritccbfataage and length
frequency by sex, and effort information from the commercial fleet was used as input
data. The possibility of using length frequency from fishery data to analyse different
assumptions on growth were evaluated and the suitabilityfiefreint ADAPT VPA
methods tested for the Cuban northeastern lobster to obtain predictions on current
stock levels. The effects of different management scenarios including present strategy
on the shorterm vyield of the stock were explored. The aggregateagth
distributions over each year from the fishing industry are not informative enough to
estimate growth parameters for the stock. The exploitation rate has been at high levels
since 1998 and over 50% after a decrease in effort in 2001 and 2004 thiedishe
induced mortality rate was at 0.4, which is above e Fhe main age groups in the
lobster catch in this zone are of ages 3 to 6. There is a general decreasing trend in
recruitment, which can be related to a decrease in spawning stock biomagdriiSSB
projection for 2005 and 2006 it is demonstrated that the $trategy with a fishing
mortality rate of 0.3 will most likely result in higher values of SSB in 2005 without a
decrease the catch (similar to 2004) and similar applies to yield anth25B6.
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1 INTRODUCTION

Spiny lobster Panulirus argus Latreille 1804) is a crustacean, which inhabits
shalow waters usually no deeper than 50 m and has a wide distribution in the tropical
western part of the Atlantic Ocean, from the Bermuda Islands and North Carolina
(USA) in the North, down to Rio de Janeiro, (Brazil) in the south. Although it is
found aroud the Yucatan peninsula (Mexico), it does not inhabit the Gulf of Mexico.

It is abundant in the Caribbean area from which it draws its common name, Caribbean
lobster (Arce and Ledn 2001). Spiny lobsters are widely distributed in all shallow
waters areas aund Cuba. They can be found in ggass beds, among coralline
growth and on sandy or rocky bottom.

The fishery forPanulirus argusin the Western Central Atlantic is the largest spiny
lobster fishery in the world and the most valuable sksglecies fisery in Cuba,
accountingfor6® 5 % of the countryés gross i ncome
with an 8,000 t average per year of lobster exported is second only to Australia which
exports 11,000 t of a closely a related speBiesygnusMore than 60%of the catch

is processed as whole cooked lobsters in nine coastal locations and exported, mainly
to Japan, Canada, France, Spain and Italy. The rest of the catch is processed as frozen
tails, also for export. Although in the last few years, there hasdgeswing trend in
exporting live lobsters (Pugat al 2005). Fishing occurs mostly at depths from 3 to

15 m on the extensive shelves of the south coast and on the less extensive shelves of
the north coast.

Spiny lobsters are benthic crustaceans withitéd migrations, so there is no adult
lobster interchange between areas. Although the phyllosoma larvae are widely
distributed in the Caribbean, there are strong currents along the shelf borders that
return the larvae to the coastal shelf (Arce and Le@®ilp Each area is therefore
considered a single management unit, although they are administrated nationally.

The Cuban marine shelf is divided in to four regions: southeast, southwest, northwest,

and northeast. le main fishing area is the Gulf of Basaid (southwest), where 60%

of the total national catch is harvested. The northeast area represents only 15% of the
total national catch with an average catch of 1,567 t between 1974 and 1989, but in

the period between 1990 and 2004, catch levels haveadecr¢o 1,394 t.

Four periods have been identified in the fishery history of the spiny lobster éPuga

al. 2001). The period from 1928 to 1956 has been classified as the predevelopment
phase, which was characterised by null rate of capture incremeert.ora the growth

or developmental phase was reached in the 1970s. Investment in new fishing vessels,
capture and processing technologies grew rapidly. In the 1980s the fishery achieved
the mature phase. At the end of this decade, there was some ewad&ntiehing

intensity had exceeded sustainable levels and as a result management measures were
intensified.

Increases in catch levels since 1978 were due to an increase in fishing effort, in spite
of the strict compliance with the regulations on the malilegal length and increased
length of the closed season (Legtral. 1991 and Pugat al. 1992). The total catch of
lobster in Cuba was not to exceed 11,800 t in the period 1984 to 1988. Nevertheless
the highest catches reached about 12,500 t in theses (Pugeet al. 1995). In
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addition to the increase in fishing intensity there has been a decrease in recruitment
since 1988 (Pugat al 1991 and Cruet al 1995), which has further aggravated the
situation, and the catch in 1990 was only 7,959 t.

Data collected from the lobster fishery have been used to estimate the age
composition of the catch. This has then been used for estimating, recruitment, Stock
Recruitment relationship ¢(B), and catchability and selectivity patterns of different
fishing geas (Pugaet al. 1996) In the southwestern zone analytical stock assessments
have been used, which are based on size and age compasdigsis of the catches
(Pugaet al 1996), surplus production models (Pegal. 2005)and an agstructured
bioeconont model (Pugat al.2005). The lobster fishery in the northeastern area has
not been investigated as much as the southwestern zone, both in terms of the
population dynamics and sustainable harvesting.

As the lobster fishery in the northeastern areaugh much smaller than in the
southeastern area, is important to local communities there is a great need for studying
the population dynamics and possible management scenarios for the spiny lobster
fishery in that part of the Cuban shelf.

The main objectie of the project is to evaluate the possibility of using length
frequency from fishery data to analyse different assumptions on growth and to test the
suitability of two different ADAPT VPA methods for the Cuban northeastern lobster
to obtain predictionson current stock levels. Finally the effects of different
management scenarios including present strategy on thetshoryield of the stock

will be explored.

2 LITERATURE REVIEW
2.1 Biology of spiny lobster

The spiny lobster has a complex life cycle tivatludes five phases: egg, larva
(phyllosoma), puerulus, juvenile and adult. Gravid females migrate to the edge of the
continental shelf to spawn. The number of eggs released in one interval varies from
160 thousand to 2million depending on the size off¢éneale. Spawning takes place
throughout the year with a peak in March to May (Arce and Ledn 2001). The wide
distribution of the species, its high fecundity and reproductive activity provides a
constant supply of larvae that disperse with currents thraughe region.

The smallest size of a berried lobster captured in Cuba is 67 mm CL (Cruz and Ledn
1991) and the estimated sizes at 50% and 100% maturity are 81 mm and 97 mm CL,
respectively. A relationship between fecundity and carapace length wastedtima
(Arce and Leon 2001):

E=0. 5911CL*9%%

Where E is number of eggs

After mating, females may move several kilometres to the edges of the reefs or coastal
shelves to incubate and release larvae (Buesa 1965). The larvae are planktonic in
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oceanic wates where they are thought to spend @ months, including 11 pelagic

larval stages (Baisre 1964). During their long period in the plankton, the larvae
become widely distributed throughout the Caribbean Ocean (Alensio1991). The
phyllosoma larvae mamorphose into pueruli, which swim across the continental or
insular shelf to arrive at the coast throughout peak in Septebdmmber (Briones
1994). The pueruli settle in clumps ladurencia sp(Herrnkind and Butler 1986) and
occasionally in the algaveb on submerged mangrove roots (Witheiral. 1964).

After settlement pueruli moult and become postpuerulus, known as the algae phase
(Buttler et al. 1997 with a size range of-&5 mm CL. Pospueruli become juveniles

10-15 months after settlement (Davi®978). Postlgal sizes 285 mm CL still
occupy vegetated habitats, but late juveniles (>35 mm CL) anddults (7676 mm

CL) tend to occupy patches of reef habitats without vegetation (Arce and Ledn 2001).
Juveniles leave the settlement (palgjae jweniles) and seek refuge in caves, coral
reefs, sponges and soft corals (Arce and Le6n 2001). Older juveniles migrate offshore
and are recruited to the fishery at 76 mm CL (Davis 1978). In Florida males attain the
size of 76 mm CL in an average of 23 mantwhereas females require an average of

30 months (Mulleet al. 1997). The nursery grounds are spread throughout the whole
Cuban shelf, but no fishery takes place there because of the high abundance of small
lobsters, under the minimum legal length. hiles are rarely found in the same areas

as adults, which prefer deeper waters (Arce and Ledén 2001). Studies have shown that
environmental conditions such as currents, waves, tides and turbidity are the main
factors that i nfl ueaswvealtSthoeg distorlbasce @an cadse ha b i t
loss of habitat, and subsequently decrease the abundance and density of spiny
lobsters. Figure 1 illustrates the average times required to pass from one life history
stage to the next, based on data from Cuba.

Seveal authors have investigated the biology and fishery of spiny lobster in Cuba. An
integration of published studies resulted in understanding of the-8pacechemes

of the spiny | obsettalel9ds), which ftogether withl detailgdCr u z
information collected, provided a basis for further studies on the population dynamics

of the species.
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Figurel: Life periods as suggested by seasonal peaks in indices€Ca2991a).

Females carry fertilised eggs up taufonveek prior to spawning (Simmons 1980).

These femal es are ref

with males for mating, and then move to deeper reef areas to incubate and release
larvae. Adult lobsters spawn offshore in dee(20 m) reef habitats affected by
oceanic currents; this pattern presumably reduces predation pressure by ensuring

erred to as

larval dispersal away from the adult habitat (Lyehal 1981).

bei

Thereproduction of spiny lobster appears to be consistently highteispring and
summer months (Marebuly) although this activity is observed all year round. In

Cuba, reproduction occurs throughout the year with the greatest numbers of berried
females occurring from March to May and a subsidiary peak in Septemberai#dce

Le6n 2001).

Three major stages of the spiny lobster life cycle are recognised, based upon
management and habitat use: larval (open ocean), juvenile (shallow, vegetated coastal

areas), and adult (coral reef) (Davis 1978, Gatual. 1995, Buttleret d. 1997).
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Different authors have studied growth of spiny lobsters in Cuban waters (Buesa 1972,
Cruzet al.1981, Bae=zt al. 1991, 1994, Phillipgt al. 1992, Leoret al. 1995). Leon

et al. (1995) studied growth in the four Cuban fisheries managemeepszomd they

did not observe a difference in growth between them. Their results of age at first
capture, 3.19 years, corresponded with estimates of CL of first capture of 81 mm as
estimated by Puget al.(1994).

2.2 The fishery
2.2.1 Vessels and gathering houses

There are currently 255 boats participating in the Cuban lobster fishery. Although
there are still some wood and Feo@ement vessels, the majority of the fleet consists

of plastic boats, which are made of glasmforced fibre. The northeastern shelf of
Cuba is divided between three provinces and each one has its own fishery zone and
vessels. Last year around 55 boats participated in the fishery of the northeastern
Cuban shelf.

One particular characteristic of the Cuban lobster boats is the preseho&®fin

their hulls. They have a lot of holes, which facilitate water circulation and keep the
lobsters inside alive and properly oxygenated the whole way from the fishing grounds
to the gathering house where they are landed.

The gathering houses (Appmaix 9b) are located at sea and surrounded by water. They
have big cages submerged in water where the lobsters are kept until they can be
transported to the industries inland. This procedure guarantees the freshness of the
lobsters and increases the quatif the final product.

2.2.2 Fishing gears

The main fishing gears currently used in the lobster fishery in Cuba are artificial
shelters (pesqueros), traps (jaulones), unbaited traps, and old car tires (Cruz and
Phillips 1994). Traditional bully netsliapingaro) also still frequently used. The
jaulones are rectangular trike gear made of chicken wire and have large leader
nets (about 50 m long) attached at the two front corners inpattérn. They are
placed in the sea singularly or several together imiggag pattern during the
migratory season (15th September to 31st December).

Pugaet al. (1996) compared the level of catchability and the size of spiny lobsters
caught in different gears. They found that fla@lonesallow more escapes of small
sized ldosters and as a consequence, the length at first capture (L50 % = 25.5 cm TL)
is higher than in thepesquerogL50% = 24.2 cm TL). Pugat al. (1996) found that
jaulon catchability was 2.3 times thp e s g u eatchaldilisy. The catchability of
pesqueros wahigher for the ages 3 and 4 years. But forjdlnéonesthe catchability

is higher for the age groups 4 and 5 years.

UNUI Fisheries Training Programme 9
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2.2.3 Management system

Because of its economical val ue, the spiny
priority and numerous measureavie been taken to preserve the resource and avoid
overfishing. In Cuba, the allocation of territorial fishing rights to the different
companies was introduced in 1970. This system facilitates the distribution of the
fishing grounds between the companiasd even between the fishermen, who have
their own area. There they take care of their fishing gear, they monitor closely the
health of the environment, and they are even defenders of the management system, as
it has positive affects on their fishing ar&éde fishery is currently managed with

input and biological controls. These include a state property regime, limited entry,
territorial rights to fishery enterprises, gear restrictions, and adag@losed season

from February to MayDuring the spawningeason (March and May) and at the peak

of the recruitment the fishing area is closegrotect juveniles and spawnékgdn et

al. 2001) There is also a minimum legal size@¥ mm carapace length (CL) and a
banon collecting berried females (Puggal. 2005).

2.3 Stock assessment of spiny lobster

Pugaet al. (1991) used cohort analysis and surplus yield models to assess the
potential yield of lobster populations in each of the four main subfisheries. Maximum
sustainable yield has been estimated around8002t and the authors claim that the
fishery is fully exploited and point out that a decrease in recruitment has taken place.

Pérezet al. (1978) presented the first steokcruitment relationship (R) for the
southeastern spiny lobster and estimate® Surves of the Ricker type for each
management unit. Estimates of separai i®lationships for each fishery zone must
be viewed with caution because it is known that larvaB.argusin the Caribbean

are distributed throughout the region (Baigted. 1978). Contrary to this, other
studies indicate distinct subpopulations (Menzies 1981) and larval distribution
(Alfonso et al. 1991) coupled with oceanic circulation (Garetaal. 1991). Garciat

al. 1991 pointed out the existence of favourable meshanfor larval retention along

the south cost of Cuba.

According to Cobb and Caddy (1989), thdkSelationship in spiny lobster may be
better described by a Bevertéfolt than the Ricker equation. The asymptotic nature
of the relationship may explain ghstability of the lobster stock as well as its
resilience to continued high exploitation rates. This suggests that relatively high levels
of fishing mortality might be sustained without a observing a decrease in recruitment.
The less exploited part oféHobster population, living in deeper waters (Gonzétez

al. 1991).

Bannister and Addison (1986) have extended
egg per recruit (EPR) modelling approach for tBaropeanlobster Homarus

gammaru¥ by coupling SR curves to known Y/R and spawning stock biomass per

recruit curves to generate total yield and biomass estimates. They used the method of
Shepherd (1982) to generate a variety of S/R relationships (the functional form of the

SR relationships foH. gammaus is unknown), and then used simulation techniques

to investigate the effects of various combinations of F and minimum legal size (MLS)

on total yields and biomass.
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Pugaet al. (1996) also assessed the effects of varying the fishing effort in both

seasoB using Thompsonds and Bel letam@®a | (1934
the maximum yield per recruit could be achieved by decreasing the effort in season 1
(JuneSeptember) by 20 % of the current level and increasing it 802 in season

2 (OctobetFebruary).In spiny lobster Panulirus argu} fisheries annual catches are

affected by highly variable recruitment (Cobb and Phillips 1994). Abundance indices

for juvenile lobster, derived from pektrvae collectors or from sampling prefishery

recruits, hae been successfully used in predicting future catches (Caputi and Brown

1986, Phillipset al. 1994). Catch and effort data, when size frequency data are

available from recruits and prerecruits, have been used to predict the abundance of

large lobster fronsmaller sizeclasses (GonzaleZano 1991)The juvenile index at a

nursery area on the Gulf of Bataband in Cuba has proven to be a reliable predictor of

total catch up to 1 year in advance. Over the last 20 years juveniles have been
monitored in concretblock shelters that permit wider variation in juvenile

recruitment and thus a regional and seasonal prediction of catches. Since 1988,
puerulus settlement has been measured by means of arsgemaked collectors, but

the short data series does not alloenstruction of a predictive model. The fy#ar

model of catch prediction was based on the index of juvenile abundance and its
relationships with lobster catches the following year. The seasonal models of catch
prediction were based on the seasonal \ieba of the lobster fishery. The catch in

the season of the massi viEebroarygdepends anthe or fr
i ntensity of recruitment and the number of
(Juné September) depends on the juvenildex and the catches during the previous
6recal o006. The relationship between observe
strategies was examined by Carmd Adriano (2001)

The term virtual population analysis (VPA) was introduced by Fry (1957) to describe

the number of fish belonging to a given year class that must have been present in past
years by projecting backwards through a time series of -edt@be to recruitment.

Cohort Analysis (CA) (Pope 1972) is a good approximation to VPA and much easier

to paform. The difference between these two methods is the way numbers in a cohort
decline with time. For VPA the decline in number with age follows an exponential
curve, while in CA, the exponenti al curve
functThwnwo,. Popeds cohort formula can t hen
proceedingbackwardsin time from the oldest to the youngest agéke use of

statistical catctatage and VPAbased methods for crustacean assessment is limited

(Smith and Addison 2003) beacse of problems with ageing, but agfeuctured

methods have been applied to crustacean stocksNeghrops(ICES 2001a) and
Pandalus(ICES 2001b)Age-structured methods can then be applied including VPA
(Gulland 1965, Pope 1972, Hilborn and Walters 2,99arby and Flatman 1994),

separable VPA (Pope and Shepherd 1982, Darby and Flatman 1994), extended
survivors6 analysis (XSA) (Shepherd 1992,
framework (ADAPT) (Parrick 1985, Gavaris 1988, Conser and Powers 198%rCons

1993) and integrated catch analysis (ICA) (Patterson and Melvin 1996, Patterson
1999). VPAbased methods, assume catch data are measured without error since
length slicing may introduce error and/or reduce contrast between ages and years, age
structuredmethods are not widely applied to longer living crustacean sp&tatsh

atagebased methods can be used to estimate reference points as discussed in the
yield, spawner and egg per recruit models section.
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3 MATERIALS AND METHOD S
3.1 Area of study

Cuba is a archipelago located between’2ihd 23 north latitude and 74and 85

west longitude. As this position suggests, it is a tropical country with high
temperatures during most of the year, and the winter season is mainly influenced by
short northern fronts

For management purposes the Cuban shelf is divided into four fishing zones (Figure
2) according to geographical location: northeast, northwest, southeast and southwest.
The lobster fishery takes place in these four areas, in shallow waters, wheea the s
floor is sandy with rocks and coral reefs. This study focuses on the spiny lobster
population inhabiting the northeast area of the Cuban shelf or zone D (Figure 2).

ZONE C
NORTH-WESTERN = ZONE D
R c N NORTH-EASTERN

Figure2: Fishing zones of the Cuban shelf.
3.2 Source of daa

The length frequency data were obtained from monthly landings grouped by export
size categories from the processing plamtsere are 14 commercial size categories.
These are: 18@50 g, 256300 g, 306350 g, 356400 g, 400460 g, 466520 g, 520

575 ¢,575630 g, 636690 g, 696860 g, 8661200 g, 12041500 g, 1502000 g and
20003000 g. The catch was transformed into length intervals using the SISLAN
programme (Alfonscet al. 1995), which assumes a normal distribution of length in
each category and uséhe lengthweight relationship in the conversion. The basis of
this calculation is to get the length frequency data from the industrial catch. The
lobster catch is grouped into different weight ranges and with the average weight of
each group the numbef lobsters can be estimated by dividing the total catch of
lobster in this range with the average weight. Then with the lemgifht relationship

the composition by length of the catch is obtained. This procedure is described in
detail by Cruz (2002).

A matrix of catch at age in numbers per year covering 14 ages (from age 1 to 14, was
obtained from thdength frequency of landings by a slicing meth@parre and
Venema 1997) with the growth parameters obtained by ke¢@h (1995) which are
consideredo be the most reliable for the species in C(/a@e and Ledn 2001). This
method treats the length frequency data sampled each year separately, identifying
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recruitment variation and changes in fishing mortality. To achieve this, lobster must
be referredd age groups of the same time span, usually one year, when there is
annual spawning.

When annual samples over a series of years are being sliced, it is important that all
individuals of one cohort (year class) go into the same age group. The cohoxs are
distributed over two age groups by the slicing.

First for each age group assigned, the mean length is calculated. The corresponding
length class for each age group is also determined. Then the fraction in lower groups
is calculated. This fraction ithe difference between the mean length at age and the
minimum length of the length class divided by the length class interval. The total
catch by length class is known. The catch at age group is obtained by multiplying the
fraction of length classes by thatch (Sparre and Venema 1997).

The natur al mortality (Paulyds empirical

lobster by Cruzt al.(1981), taking a value of 0.34 for all age classes and the fength

weight relationship obtained from survey dat&/=@*L°, with a=0.00243 and

b=2.764). Recruitment to the fishery is assumed to occur at age 1.

The data set used in this report is:

Biological data:

. The length frequency distribution in 5 mm class intervals, ranging from 45 mm of
carapace length (CL) up to@8m CL, from 1974 until 2004.

. The proportion of berried females taken by biological sampling.

Statistical data:

« Catches in metric tonnes for the whole period.

. Effort measured in fishing days per year.
« The catch in number per age from 1974 to 2004.
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3.3 Methods used
3.3.1 Analysing different assumptions of growth

The Shepherddéds Length Composition Anal ysi:
implemented in the programme Length Frequency Distribution Analysis LFDA
(Kirkwood 2001), was used to find the von Bertatgrgfrowth parameters by sex for

the northeastern Cuban shelf with length frequency data from biological sampling in

the fishery area.

The data utilised was the length frequency (1994 to 2004) of the total data obtained
from the industrial catch using tf®#SLAN programme (Alfonset al. 1995) to find

the best estimates of K andolthat corresponded to a maximum value of the score
function in the SLCA procedure.

Initial ranges for K and 4 were determined from previous estimates of growth of
spiny lobser in the fishing area. From this a search grid over the likely parameter
space was defined and then the value of the score function was calculated. This was
then repeated until the best range of parameters according to the LFDA'® built
automatic maxingation score function was obtained. The SLCA method estimates K,
Lo and b by maximising a goodnesd-fit function from time series analysis of
diffraction patterns.

In essence, this maximisation procedure works by starting at a specified point, and

then it tries to move away f rnotm sdore at poir
function surface. Once a point is identified for which heading away from it in any
direction means going Adownhill o, this poi

procedure is repeated from five points within the selected area. The mapiomins

then overlaid on twalimensional contour plot of the score function. It is then up to

the user to identify whether maximisation has been successful, and that this maximum
represents the LD and K combination which

A goodnes=f-fit or score function, S, is then calculated for each sample by summing
the over all length classes in the sample:

S JTX aN

Where:

T = atest function is calculated for each length class (L)

N = the number in each length class. If thermore than one lengtrequency
sample, values of S are also summed over samples.

Growth performance index @' (Pauly and Munro 1984), which is a way of comparing
the growth rate of a species in a particular fishery to the standard growth rate of the
species.

@'=log (K) +2log (lp)
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3.3.2 ADAPT VPA
3.3.2.1 ADAPT VPA (Method I)

In this study a Virtual Population Analysis, VPA (Gulland 1965) was conducted,
using the Adaptive framework (ADAPT, Stefdnsson 2005). The analysis was set up
using catches in number at age from 1974 to 2004.

ADAPT-VPA is a weltknown method of stock assessment using catches in numbers
at age combined with tuning indices to obtain stock size in numbers at age
(Stefansson 1992). In this method, it is assumed that fishing takes place at around the
middle of the year andhat natural mortality will only affect the stock before and after

the fishing season. Natural mortality is assumed to be constant with regard to age and
time and is denoted by M.

This method uses fishing mortality rates in the last year as a startinggiahe
calculation instead of stock size of the last year. The classical virtual population
analysis, (Gulland 1965), is based on the assumption that the fishing mortality rates of
the last year are known. These coefficients can then be insertedrag@ssilues.

The virtual population analysis starts with the basic stock (1) and catch (2) equations:

Nar1y+s1 = €°Y* Ny (1)
Cay=_Fay* (1- €°Y) * Ngy (2)

The stock size in numbers in the last year is calculated thrangnversion of the
catch equation (2):

Nay = Gy ;
(Fal Zay) " (I- &) 3)

Where:

Nay is the size of the age group a in ygar

Na+1, y+11S the size of group a in the next year to year
Z,yis the total mortality rate for aggoup a in yeay

Fayis the fishing mortality rate for age group a during year
Cayis the total catch in number of age group a in year

It follows that one can deduce knowledge of stock size from the assumption on
fishing mortality along with the aamption that the catch is know without error.

For a given age group having the sizé\,y at the beginning of year, provided no
fishing is taking place in the period of the first six months, the size of thechsess at
the middle of the year will be

Nay * e-M/Z
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If the entire catch is taken at this point of time, the size of theglass is reduced to:
Nay * €M2 1 Cyy

and then the yearlass decreases due to natural mortality, so the survival of the year
class at the end of the year is:

Na+:|_ y+1= (Nay * e-MIZ - Cay)* e'MIZ
For back calculation of the stock size, this equation can be reversed:
Nay = (Nas1, y +* €% + Cay)* eM? (4)

It is now possible to use exactly the same method to estimate the stodk Hee
second last year and then continue to back calculate stock size and mortality rate back
in time.

This enables calculation of the fishing mortality rates in the youngest age groups
using the usual VPA equations:

Fay: In(Nay/Na+]_’ y+]) = M (5)

The fishing mortality rate of the oldest group is taken as an average of fishing
mortality rates for some penultimate younger age groups of the oldest during the same
year. Then after computing the fishing mortality and subsequently take the mean
acrossa range of ages within each year, an average fishing mortality for each year
was estimated with main ages in the catch in this project.

If the fishing mortality isF,, with an average fishing mortality for each yeBg,
given as the average Bfy acress some selected age groups, then the annual selection
pattern is computed for each age and year through the following formula:

Sayz I:ay/_Fay (6)

WhereS,y: Selection pattern for the age a in the year y
“Fay,: Average of the fishing mortalityate through the selected age groups

The average selection pattern was estimated from 1996 to 2002, terminal selection
pattern (&), and for the last year then the fishing mortality rate can be computed as
the multiple of the selection pattern termibglF multiplier:

Fy=Sem*F (7)

The fishing mortality rates of the last year are then determined by a tuning method,
ADAPT.
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In this report the index of abundance used was the catch per unit of effort, based on

the equation:
C Pg;:é> (8)

=

Where CPUE,,: catch per unit of effort for age a in the yeary

If VPA is employed with the correct input, it should provide a sound stock estimate.
This estimate could in turn be used to predict indices from survey mhtherefore it

is feasible to verify whether a given stock estimate is in accordance with a time series
of CPUE data.

The tuning part starts with the calculation of the CPUE for the whole matrix following
equation 8. Then we calculate the logarithm fos index and stock matrix for each
year and age group.

One possible way to conduct such a comparison is through stating that for given
terminal fishing mortality coefficient in the last year and a given relationship with
indices, the deviation (sum saed errors, SSE) in the forecast concerning indices is
given by:

SSE =24[INCPUE, - ( & BINNy)]? (9)

The unknown coefficients in the model are otlyb, They were obtained from a
single linear regression (Stefansson 2005).

The exploitation rateE, was computed by dividing fishing mortality (F) by total
mortality (Z). The parameter E expresses the proportion of a given cohort/population
that ultimately dies due to fishing given existing exploitation pressure (Beverton and
Holt 1956). Gulland (19%) suggested that a fish stock is optimally exploited when the
fishing mortality is equal to the natural mortality rate op=FM or E;p=0.5

3.3.2.2 ADAPT VPA with methodology used in CUBA (Method II)

The stock at age i n numb e mationsromctiee matuxt e d
of catch at age for age groups 1 to 9+. It is similar to the prior method for the last year
and oldest two age groups with catch equation (3) and for back calculation of the
matrix with the equation (4).

The Adaptive (ADAPT) Frameark VPA is based on minimising the sum of squares
over any numbers of indices of abundance to find best fit parameters (Gavaris 1988).
The estimation of the fishing mortality and number of lobsters was implemented in
Microsoft Excel (Lassen and Medley 200h this methodology an operation patron

is added related with age 8. The input parameter for solver is F oldest and the fishing
mortality for age 8 the last year. Solver in the tools menu of Microsoft Excel is used
to find an optimal value for a formulan one cel | ntarget cel
sum of squares of the matrix of abundance indices residuals and the cells that are
related with the target cell is the F oldest and fishing mortality for age 8. The rest of
the ages are related to expiibn patron at age 8 and in the computation of the bulk

of the fishing mortality rates of the matrix equation (5) is used.
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Fishing mortality terminal by age is calculated by age and time as follows:

Faterm= Sa/8*|:8,y (10)

Where:Sygis the selectily pattern by aga relative to age 8 years afgyis the
fishing mortality rate at age 8 at year.

These values of F term by age are like the selection pattern terminal. Also the
selection pattern was estimated with equation (6) but this one wasatadtulith the

mean fishing mortality for all age groups and the average selection pattern was
estimated from 1996 to 2002, terminal selection pattegp)(S

The tuning part starts with the calculation of the CPUE for the whole matrix following
equation 8 Then through the transformation in logarithm of the equation the relation
between abundance indices and the stock size:

C P Ud]

Where CPUR: catch per unit of effort for the age a in the year y
Nay: number of lobstein the population
g: coefficient of catchability

Then the logarithm of the catchability coefficient for each year and age group is
calculated:

haobas B (1))

Next the average of the In g for those years in which theradtdseen a considerable
change in the effort. The following step is to compute the residuals of the In g matrix
defined by the In g minus the average of the In q:

=== = ==V {3

Finally the sum of squares of this last matrix is tHetoebe minimised by the solver
function, varying the F of age 8 in the last year (2004). The fishing mortality for age
group 9+ is assumed equal to fishing mortality age 8 while fishing mortality for age
group 17 in the last year (2004) was estimatedhvthe relation with age 8 for the
period 19962002.

The proportion of mature females by age was computed through sizespagé)c
maturity and fecundity relations from previossudies (Cruz and Ledn 1991).
Multiple spawning was modelled by assumithat females larger than 80 mm CL
have two broods per year (Lipcius 1985).

The exploitation rate, E, was computed by dividing fishing mortality (F) by total
mortality (Z) (Beverton and Holt 1956).
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3.3.3 Yield per recruit and spawning stock biomass per rigcru

For the computation of the yield per recruit and the spawning stock biomass per
recruit we only need the weight at age, an estimation of the selectivity curve, an
assumption for the natural mortality and for the fishing mortality. The equations used
are the same as described previously and following this procedure:

1) Calculating the stock number,Nsing the equation 1

2) Calculating the catch for each age using the equation 2

3) Calculating the yield for each agegfby multiplying the catch by the weight at
age:

Y, =CW (12)
WhereC; catch at age
W mean weight at age

4) Computing the yield per recruit, Y/R, as:

v
R

WhereR: recruitment, which is the starting number of the population

5) Calcdating the spawning stock biomass at each age a,, SSIBQ:

S SBRM
WhereMpg: proportion maturity by age
W mean weight at age

6) Calculating the spawning stock biomass per recruit, SSB/R, by:
<
st:%

Spiny lobster enter the fishery at age two and we assume at the beginning of the first
year, the year class size N1 is simply the number of recruits

In order to simplify the calculations the initial stock number is fixed as 1000, and then
we will have the yield per 1000 individuals entering to the fishery. At this point we
need to run the computations for different fishing rates, to find the different values of
the yield in relation to them. For this purpose the data table option of the Excel is
used. The k1 is defined as the value of F at which the slope for the Y/R curve is 10%
of the slope at the origin (Hilborn and Walters 1992). Thewkll give us just a more
conservative or risk adverse to departures from the assumptions of thigpgreld
recruit analyses (Haddon 2001).
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3.3.4 Prediction for the following year

Having the stock size at the beginning of the last year for which the data is available,
the prediction for the following year uses again the same equations previously
described. The fat step to follow is to restimate the numbers at age for the
particular year being analysed using the stock equation formula:

DN NS SS

Where the terminal F is assumed tc Fy=Faya.

The equationsdr the catch at age and the yield per age are the same those used
before, 2 and 12, respectively.

The problem that arises when projecting the catches is the stock number at the age 1
or the recruitment, which has no data point to be based on. In case affIsurvey
indices several ways can be taken. One of them could be to consider recruitment as
the average of the previous recent years to the one being predicted. The other way to
do it is applying the stock recruitment relationship, which gives somewwer
boundary to the uncertainty that comes in with the predictions.

The stock recruitment relationship was used as an indicator of the numbers of
individuals in the first class group. Here the model of Ricka&ised.The equation for

this model is:

Where R is the number of individuals with age 1 &hid the recruitgperspawner at
low stock levels and K represents maximum recruitment in the Ricker model.

The Ricker yield per recruit model was used to generate-srant (equilibrium)
predictions of yield per SSB, profit per recruit and spawningg@enuit, related with
the fishing mortality in the last year (2004) angh Hhe model was implemented on
MS Excel spreadsheets.
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