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ABSTRACT

Seychelles demersal fishery is described based on historic catch
and effort data, and on biological studies of four key species :
Batrican (Pristipomoides filamentosus), Job  Gris (Aprion
virescens), Bourgeois (Lutjanus sebae), and Maconde (Epinephelus

chlorostigma) .

During the period 1985 - 1290 demersal species formed on average
33% of the total annual landings of the local fishing fleet.
Schooners and whalers were the most important boat types engaging
in this fishery, and more recently, a mothership dory fishing
operation. Demersal species constituted 77% of all 1local fish
exports over this period. In 1990 approximately 2,000 tonnes of
demersal species were landed of which 500 tonnes were exported.

Lutjanids comprised 62% of the demersal landings, Lethrinids 22%
and Serranids 16%. Of the Lutjanids the proportion of the catch
represented by snappers tended to decrease whilst that of Jjob
fish increased over the period 1985 - 1990, partly explained by a
shift to deeper fishing grounds., Catch composition varied
according to boat type and location fished. Generally whalers are
restricted in range to inshore areas (10 miles radius of granitic
islands ) and the middle ground {30 - 50 miles offshore), Aprion
virescens 1s the predominant lutjanid, and lethrinids are
relatively more important in the catch than is the case with
schooners. Schooners have a greater range and fish offshore banks
and the peripheric ribbon of the plateau, catch predominantly
lutjanids, and P. filamentosus 1s more important than other Jjob
fish species.

Fishing locations were stratified by depth: shallow, 0 - 75 m;
intermediate, 75 -~ 150 m; and deep, » 150 m. The shallow stratum
of the Mahe Plateau was substratified into inshore, offshore and
trawlable areas. The inshore areas (0-35m) correspond to the area
within 10 miles radius of the Mahe TPlateau; the offshore areas
include banks and the peripheric rim of the plateau at 36-75m;
the trawlable grounds are flat sandy or rubble substrates on the
plateau itself. Some 40 % of the Plateau surface area is not
accounted for and may contain fish at densities below that which
may be exploited by handlines. The principal fishing areas for
demersal species where stock densities are greatest are

considered to be the offshore banks and peripheric rim and drop
off.

P. filamentosus 1is caught in the intermediate depth range, whilst
the other study species relate to the shallow strata. The maximum
sustainable yield (MSY) for large demersal species available to a
handline fishery (ie. not all demcrsal stocks) was determlined by
stratum from consideration of stock Dbiomass determined from
demersal trawling operaticns, from length cchort analyses of the
key study species, and from stock depletion with intensive
fishing on sea mounts and banks. Previous estimates of MSY are
reviewed, and rcvised eztimates are presented which supersede all
previous estimates. Those given for the offshore banks are
considered to be an underestimate, but insufficient data is

avallable to determine to what extent the estimate should be
increased,

11



CHARACTERISTICS OF THE DEMERSAL FISHING STRATA:

STRATUM PLSHING MSY CATCH CATCH EXPLOITED
AREA KM2 TONNES 19%0 MT 1991 MT BY

MAHE PLATEAU

0-75 M INSHORE 60G0 10038 1353.0 1587.0 WHA/PIR/OB
0~75 M OI'I'SIIORLE G500 1092 376.4 414.7 WHA fSCH
0-75 M TRAWLABLE 14000 2382

75 = 150 M 374 514 216.4 68.1 SCH/GILL

> 150 M 374 120

TCTAL 27248 4966 1945.8 2069.8

OUTLYING AREAS

O - 78 M 4975 835 271.2 MOTHERSHIP
75 = 150 M 277 380 152.7 MOTHERSHTP
> 150 M 277 133

TOTAL 5529 1215 0 423.9

GRAND TOTAL 32777 6434 1945.8 2493.7

In addition to the analyses relating to the whole demersal
fishery, for each of the study cpeclieg information is presented
relating to the structure of the population (length freguency
distribution, sex ratio, variations with depth, season and
location), reproduction (timing of life cycle events, size at
sewual maturity), growth, mortality, and production.

SOME KEY RESULTS RELATINC TO THE STUDY SPECIES:

[DETAILS |P.FILAMENTOSUS |L. SEBAE |A. VIRESCEMS  |E.CHLORDSTIOMA |
s | '-_ p——tim—| ;
| POPLILATION STRUCTURE | | | |

I I I I [ I
|MAXTMUM LENGTH M |FL 77.6 cm [FL 85.0 cm [FL 93.3 cm | |
| F|FL 77.6 cm |FL 78.2 cm |FL 87.5 ¢m [

| TOT|FL 79.8 em |FL 85.0 cm [FL 101.0 cm |TL 65.4 em

| | I | | l
[0IFF. FREQ. DIST M/F|NT YES |YES | |
I I I

[SEX RATIQ F : M [1=%.17 LF DATA | 1 @ 0.B3 1:1.80

|REPROOUCTIVE BIOLOGY | |

I

I

| j1:1.07 BS DATA | |
|

I

|MIN SIZE AT MATURITY|FL 33.2 cm |FL 34.6 <m |FL 48.7 cm [
[MIN SIZE AT SPALNING|FL 38.7 cm |FL 51.2 cm [FL 56,6 cm [
I | I | !

| |PEAKS NOV - DEC|EEAK OCT - WOV |PEAK SEP - NOV

1 |AHE FEB - AFR  JAND MAR - MAY |AND MAR - APR

1

I

I

[SPAWNING PERTCD |2CT - APR WITH |ALL YEAR BUT  |ALL YEAR BUT |
I

|

L = 1 i

o —




Continued:

1 | 1 T 1
iDETAILS |P.FILAMENTOSUS [L. SERAE |A. VIRESCEMS  |E.CHLOROSTIGMA |
= f ) - = {
| GROWTH | i | |
I I I | I I
| K - MALES | 0.30 | 0.380 | 0.29 | |
| K - FEMALES | 0.279 | 0.270 | 9.1 | |
| K - TOTAL | 0.420 | 0.307 | 0.26 | 0.175 |
[tnen seascnatl model) | | | | |
| Loo - MALES |FL 85.5 cm [FL 95.12 cm [FL 95.0 cm |
| Loo - FEMALES fFL 77.6 cm |FL 90.00 cm |FL 108.0 em i
| Loo - ToOTAL |FL 74.25 cm |FL B4.00 cm |[FL 104.0 em ITL 64,45 em
I I I I I I
|MORTALITY | | | f
| i | | |39-44TL >39TL |
| | 0.534 | | 0.496 | ©0.438 |
| | ©.277 - 0.294 | | 0.956 - 1.10& | 1.878 0.5% |
| 2 | o.an | | 1.602 | 1.440 0.076 |
! | ' | | I
| PRODUCT 10N | | i | |
I | | | I
| HMSY (T) / sa.kM | D.62 - 0.75 | | 0.046 - 0,076 | 0,013 - 0.023 |
L I o - | i o

The results as they relate to the individual species and to the

demersal fishery as a whole are discussed. The major conclusions
presented are:

1.

- estimates of growth, mortality and production presented in
this report are preliminary estimates based on a 12 month
data set and will benefit from additional future data. These
estimates should be refined.

- all study species are continual spawners with peaks of
reproductive activity which coincide with the intermonsocon
periods. These are also the times of peak fishing activity.
Thus attempts to regulate the fishery by limiting effort at
these times would meet significant resistance, and may not
be justified anyway.

- the S.E. Trade wind period may not be considered a rest
period for the fishery since reproductive activity is at its

lowest and there is evidence that growth may also decrease
at this time.

- The size at first capture is less than the size at which
50% of the population reach maturity for P. filamentosus and
L. sebae, and is equal to this size for E. chlorostigma. The
SMB pricing policy which pays a premium for small fish may
exacerbate this problem, although it is not believed that
small fish are specifically targeted.

- catches of P. filamentosus are below MSY and indicate the
possibility for limited expansion of a fishery based on this
resource. However, due to the small surface area of habitat
afforded by the narrow band of fringing drop off (75 -150 m)
the size of this resource and the total resource in this
depth range arc limited. It 1is suggested that a more

v
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11,

12,

detailed survey of the periphery of Seychelles Plateaux
would be useful to refine the estimated area of this
stratum.

~ catches of A. virescens in inshore areas equal or exceed
the MSY but including all strata the catch is presently
below the maximum yield. However, the population structure
is biassed in favour of males and this may be a result of
the heavy fishing pressure.

- whilst present catches of Lutjanus sebae are below the
estimated yield of this fish there nevertheless appears to
be cause for concern. The mean length of fish caught has
decreased since the 1late 1970’s and the population is
composed chiefly of immature females.

- catches of E. chlorostigma are below M3Y.

~ For all species, the potential exists to more than double
catches of demersal species from the Mahe Plateau 1if
trawlabkle grounds are included, and teo triple catches if all
distant areas are included. By location, only the inshore
areas of the Mahe Plateau appcar to be overfished and in
need of regulation. Outlying areas require development
although there is the possibility that small isolated banks
and mounts may have been overfished. The intermediate and
deep water strata are also under-developed.

- options for regulation include an unfished nursery area
such as the trawlable grounds. On balance it 1s suggested
that 1t 1is better to maintain catches within estimates of
MSY by location, and not to allow excessive fishing in the
belief that stocks from the nursery grounds will replenish
overfished areas, This opens up the ©possibility of
exploiting the demersal resources on the trawlable grounds,
which are important though insufficiently aggrcgated to be
exploited by. present handline technology. The total yield
available 1is reduced by one third if these stocks are
excluded. lowever, the desirability of exploiting these
stocks nceds careful consideration. A cost effective means
of exploiting them would nced to be developed (trawling is
illegal) reguiring research and development by SFA.

- a number of fundamental guestions still remain to be
answered in order to adequately devise regulatory guidelines
for the demersal fishery. These 1include the dispersal
mechanisms of the species concerned, in both the adult and
planktonic stages of development. The answer to these
guestions will help to establish whether stocks in different
geographical strata are the same stock at different times of
the life  history, are discrete populations or are

overlapping populations that may be regarded as a single
stock.

- overall, development rather than regulation of the
demersal fishery is what 1s required at the present time,
although the structure for regulating the fishery needs to
be established, especially 1in the 1light of recent
developments in technology {gilinets, droplines) and
approach to exploitation (mothership ventures) of the
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14.

15.

16.

stocks, However, these developments are to be encouraged
since they increase the efficiency of the fishery.

- close examination of the fleet structure 1s required in
order to avoid overcapitalization in certain boat types and
to promote the most appropriate vessels. Details of the
maximum number of each boat type are presented.

- the present number of whalers exceeds the maximum number
regquired to fully exploit inshere  demersal fishery
resources., As a result, and alsc from the pressure exerted
by small outboard powered craft operating in this location,
inshore stocks are presently overfished. However, whalers
also fish the middle grounds and in the good weather the
offshore banks. Thus whilst efforts could be made to reduce
the size of the whaler fleet and/or discourage it from
engaging in the demersal fishery, the extent of such action
needs careful consideration. Nevertheless, 1t 1s considered
that the expansion of the whaler fleet cannot continue
totally unchecked. Tt is apparent from the species
composition of the catch that they target different depths
and fishing areas than the schooners. These areas are those
most accessible on short fishing trips. As the number of
whalers increases they will be forced further offshore, It
is to be questioned whether this is desirable - whalers are
uncomfortable and not suited to 1long trips; they would
compete with more suitable boat types limiting their
economic viability, and limiting the potential to expand the
fleet size of other vessel types. Since whalers are also
highly active in the carangue fishery it may be appropriate
to restrict access to the demersal fishery by licensing only
a limited number of the total f(leet to engage 1in demersal
handline activities though enforcing this may prove
difficult.

Within the category ’‘Whalers’ are traditional wooden boats,
and fibreglass Lekonomie and Lavenir. Lavenir tend to fish
more 1like schooners so the above applies principally to
traditional and Lekonomie whalers which form the greatest
proportion of the whaler fleet.

- a detailed social and economic appraisal is required based
on different models of development for the demersal fishery,
firstly on the Mahe Plateau and associated Banks, and
secondly for the outer islands, in order to establish a
development policy. The fleet composition regquired will
become apparent from the policy guidelines.

vi
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1. INTRODUCTION

Seychelles unlike other oceanic island states has a relatively
large continental shelf and thus has the potential for an
important demersal fishery. Whilst certain areas are suitable to
enable exploitation of demersal fish by means of a trawl fishery,
in others the substratum is too uneven and fish are traditionally
exploited with hooks and lines. Recent developments, still in the
research stage, are the introduction of deep bottom set gill nets
and drop lines to exploit demersal species.

Current legislation dees not in fact allow trawl fishing, and,
except for research activities, fishing on and up to five
nautical miles beyond the edge of the plateaux (continental
shelf, defined by the 200 m isobath} and within the territorial
limits is exclusively reserved for locally owned and registered
fishing becats. There consequently exists a substantial artisanal
fishery, some of the larger boats of which may be considered to
be operating in a seml industrial manner. Industrial fishing on
the plateaux has alsc recently begun (March 1991) with a
mothership - dory operation. Handlines are predominantly used to
exploit demersal species but in recent years electrically powered
fishing reels have alsc been introduced, increasing the
efficiency of fishing operations.

Seychelles is self sufficient in most of its fishery requirements
Imports of some crustacean species are required to meet demand
generated through the tourist industry, bkut for most finfish
species a surplus exists and an export industry has developed
based principally upon demersal species. The fish exported also
tend to be the most favoured 1locally but ecxports generate a
supstantial amount of foreign exchange, and there are ample
supplies of other species to meet local demand.

Catch and effort data have been collected on the local fishery
for a number of years, and key species from the demersal fishery
have been identified for closer study. The present report
examines this data as it relates toc the demersal fishery. cCatch
and effort data are presented as background information (Sections
2.3 - 2.5) whilst the bulk of the report examines Stock
Assessment Studies directed at the key demersal species (Sections
3 - 8).

2. BACKGROUND INFORMATION

2.1. GEOGRAPHY AND FISHING LOCATIONS

The Republic of Seychelles consists of around 100 islands with a
total land area of only 453 sguarce kilometres dotted across a
1,374,000 square kilometre Exclusive Economic Zone in the Western
Indian ©Ocean (Map 1). Within this area only 48,012 square
kilometres of ocean cover depths of less than 200 m, and the
remainder 1is over depths of 1,000 - 1,500 m. The shallow areas
are composed of plateaux and banks 1lying between latitudes 04°
South and 07° South : the Mahe Plateau (38,690 sgq. km in area) ;
the Amirantes Plateau (4,260 sq. km); Fortune Bank (1,540 sq.

km); and other smaller banks and plateaux totalling 3,430 sq.
km. .

]
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All the plateaux are steep sided rising rapidly from around
1000m. The Mahe Plateau is encompassed by an incomplete shallow
rim at around 10 - 20 m which surrounds a central area of about
50 - 65 m with subsurface granite and coral outcrops forming
small banks. Two coral islands occur on the north of the rim and
within the plateau are granitic islands. The majority of the
population of 72,000 live on the three main granitic islands
(Mahe, Praslin and La Digue) whilst the coraline islands on this
and the other plateaux are sparsely inhabited.

The Amirantes Plateau to the west of the Mahe Plateau is shallow
and coraline in the north whilst in the south two sandy basins
surrounded and separated by coraline ridges occur. The basins are
around 50 - 65 m deep whilst the rims are shallower forming
numerous islands where the coral reaches the surface.

The Fortune Bank lies south of the Mahe Plateau and has no
emergent features. The bank tends to be shallower and more
coraline in the north dropping to about 25 m in the south where
the substratum is composed of fossil coral pebbles densely
covered with macrophytes, encrusting sponges and algae.

MAJOR FISHING LOCATIONS

The artisanal fishery is concentrated around the coastal areas of
the three main islands and other nearby granitic islands on the
Mahe Plateau. For the larger boats, fishing grounds further
afield on the rim of the Mahe Plateau and on the Amirantes
Plateau are accessible. However, climatic conditions and the sea-
worthiness of most boats in the artisanal fleet restrict fishing
activity 1in these outlying areas. The 1impact of the small
populations on the ocuter 1islands 1s also expected to be
negligible although this has not been evaluated. With the
introduction of the industrial scale mothership - dory operation
a greater fishing effort is anticipated in the outlying areas.

The major fishing sectors relate to the offshore banks of the
Mahe Plateau and the outlying islands, and are indicated in Map
2. However, most fishermen when Iinterviewed about fishing

location will simply give a direction (from Mahe). The fishing
grounds are

TABLE 2.1. A DESCRIPTION OF FISHING GROUNDS EXPLOITED BY
SEYCHELLES ARTISANAL FISHING FLEET

FISHING GROUNDS DESCRIPTION SECTOR
DIRECTTION
UNKNOWN UNKNOWN LOCATION 0

QUTLYING I1ISLANDS

ALP ALPHONSE X1V
AMI AMIRANTES XI

PLA PLATTE XIT
COE COETIVY XIIIL
DES DESROCHES RV

P/F PROVIDENCE/FARQUHAR AVI
COS COSMOLEDO XVIT




TABLE 2.1 Continued.

FISHING GROUNDS DESCRIPTION SECTCR
DIRECTION

MAHE PLATEAU
ouT 10 MILE RADTUS OF MAHE/PRASLIN GROUP T
E TOPAZE BANK IV
ENE TOPAZE BANK v
ESE LA JUNON BANK v
N | BLRD, DENNIS, NORTH EDGLE II
NE NORTH EAST EDGE IIT
NNE BIRD, DENNIS, NORTH EDGE IT
NNW BIRD, DENNIS, NORTH EDGE II
NW NORTH WEST EDGE X
S SOUTH EDGE VIl
SE SOUTH EAST EDGE, INCLUDING BANKS VI
SSE SOUTH EDGE VIT
S8W SOUTH WEST EDGE VIIT
SW SOUTH WEST EDGE VIII
W OWEN, ROBERTS, SEACULL BANKS IX
WNW OWEN, ROBERTS, SEAGULIL BANKS IX
WalW OWEN, ROBERIS, SEAGULL BANKS IX

Lo

The banks referred to in Sector VI (SE) refer to Fortune Bank,
Small and Large Constant Banks and a number of small banks.

Fishing activities occur within 3 strata at each of these
locations (see Section 8) 1in relation to the species which
inhabit different depths. These are the shallow water strata,
from 0 - 75 m on the surface of the wvarious Plateaux, the
intermediate depths from 75 = 150 m at the rim and drop off of
the Plateau edges, and deep bottom resources at depths greater
than 150 m. Tlhe shallow water stratum on the Mahe Plateau has
been further sub-stratified into the inshore areas, corresponding
with sector I 1in Table 2.1, the offshore banks and peripheral
edge zone of the Plateau rim, and the smocoth trawlable grounds.

A number of different estimates of the areas of these fishing
grounds exist. Those considered to be the most recent and correct
are given in Table 2.2. For the Mahe Plateau the sub-stratum 0 -
35 m 1s equivalent to the inshore areas, and 36 - 100m to the
offshore banks and peripheral rim. A third sub stratum 1is
introduced, the trawlable arcas, where fish densities are
insufficient to support a handline fishery. The total area of the
Mahe Plateau given by Lablache et. al. (1988) given in Table 7.2
compares with 41,900 km? given by Navaratnasamy (1991, pers.
comm.) of the Lands and Infrastructure Division. Although the
shallow strata are regarded as being to 75m in this report, no
adjustment 1s made of the area estimated to 100m since
Navaratnasamy (pers. comm) estimates the _area of the fringing
drop off from 75 to 100m to be only 125 km? for the Mahe Plateau
which is of the same order as the discrepancy in estimates for
the total area.

I



Elsewhere, the area of the fringing drop off was calculated from
the assumption that the width of the 7% - 150 m depth band was
250 m on average (Bean, pers. comm.), and the length of the 100m
contour was estimated using a planimeter and Admiralty Chart 721.
For the Mahe Plateau an estimate of the area of the fringing drop
off from 75 - 150m and of the perimeter of the Mahe Plateau was
also provided by Navaratnasamy (pers. comm.) shown in Table 2.2,
These estimates compare to 1189Km for the perimeter and 297.3 km

for the area of drop off estimated by Mees on the above
assumption.

TABLE 2.2, THE AREA QOF FISHING GROUNDS, AND PERIMETER LENGTH (AT
100 m CONTOUR) OF THE BANKS AND PLATEAUX.

FISHING LOCATIONS SHALLOW STRATUM |INTERMEDIATE STRATUM
TOTAL  FISHABLE|LENGTH 100M AREA OF
AREA AREA CONTOUR-KM FRINGING
SQ.KM  SQ.KM DROP OFF

MAHE PLATEAU 0 - 35M 6000 *

MAHE PLATEAU 36 - 100 M 6500 1

TRAWLABLE AREAS 14000 1

TOTAL MAHE PLATEAU 43300 1 26500 1 998.04%  374.0%

55.62

SMALL CONSTANT 170 2 13.8
BAR SAVAT + SEA MOUNT 48 2 50,02 12.5
CORREIRA BANK (3 MOUNTS)| 17.4 2 313.3°2 8.3
ADELAIDE BANK 6.6 2 11,12 2.7
SEA MOUNT 20 6.6 2 11.1% 2.7
CONSTANT BANK 590 1 114.82 28.7
FORTUNE BANK 600 1 120.42 30.1
AMIRANTES PLATEAU 3900 1 433.42 108.3
DESROCHES PLATEAU 400 1 77.8% 19.4
PLATTE PLATEAU 340 | 63.02 15.7
COETIVY PLATEAU azo 1 83.32 20.8
PROVIDENCE/FARQHAR 1250 3
COSMOLEDO 350 3
ALPHONSE 190 3 55, 62 13.8
GRAND TOTAL 51589 2107.73 651.3
1 = Labklache et. al. (1988), 2 = Mees, present report from
Admiralty Chart 721, 3 = Tarbit (nd), 4 = Navaratnasamy (1991,

pers. comm.)

For the purposes of this report the areas of the deep bottom
fishing grounds are assumed to be similar to those for the
intermediate stratum.

2.2. HYDROLOGICAL CONDITIONS

The climate of Seychelles consists of four seasons. The Northwest
monsocon with wind speeds of 7-8 Knots occurs from November to mid
March and 1is followed by an 1inter monsocon period of light
variable winds and frequent calms. The South East Trade Winds
begin at the end of May and winds with an average rate of 12
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knots frequently limit fishing activity during this period. A
second intermonscon period occurs during October.

The air temperature varies little throughout the year, between a
mean daily maximum of 27~30°C and minimum of 24-259C. Rainfall
may occur throughout the year but 1s greatest in December and
January.

The hydrology of the Seychelles 1is affected by the eastward
flowing equatorial countercurrent and the westward flowing
currents to the north and south. These are medified to a certain
extent by the onset of the different monsoon periods. Since
Seychelles economic zone 1s large the hydroleogy may be expected
to differ according to location. For the Mahe Plateau Tarbit
(1980) described the prevailing conditions which are summarised
in Table 2.3.

2.3. THE ARTISANAL FISHERY.

CATCHES

Seychelles artisanal fishery has been described by Lablache et.
al. (1988) and Mees (198%a; 1989%b). Around 4000 - 5000 tonnes of
fish are landed annually. Over the period 1985-1990 small boats
{fishermen on foot, piroques, outboard powered vessels) accounted
for 38.1% of the catch; whalers (inboard undecked vessels)
49.0%; schoonerg (larger decked inboard powered vessels) 12,6%;
and sports fishing boats 0.3%, although some annual variation
occurred. The small boats use a variety of fishing gears
including harpoons, traps, nets and 1lines, The whalers and
schooners employ handlines and some have electric fishing reels.
The sports fishing boats use trolling lines.

Pelagic species are predominantly caught (52.1% of the catch
between 1985 -1990), fecllowed by demersal species (32.8%) and
others miscellaneous species (15.1%). The order of importance of
the species groups differs by boat category. Small boats catch
principally pelagic species (47.0%) and cthers (such as trap
caught fish, 236.0%), whilst dcmersal speciles are less important
(17.0%). Whalers catch predominantly pelagic species (mostly
Carangldae, 65.7%) and some demersal species (33.1%) with limited
amounts of other species (1.2%). Schooners by contrast catch
predominantly demersal fish (79.7%) and both pelagic species
(13.8%) and others (6.5%) are less important, Sports fishing
boats catch almost exclusively pelagic species (95.3%), and
demersal species account for only 0.8%; others, 3.9%

Thus it may be seen that 1n relation to the demersal fishery the
most important boat types are the schooners and whalers. This 1is
illustrated in Figure 2.1. which also indicates that despite the
fact that dcmersal species dominate the catch of schooners, the
volume landed by whalers 1is greater due to their greater number
(49.5% of total demersal landings cf. 30.7% for schooners). Small
boats land 19.8% of the demersal catch and sports boats less than
0.1%. Figure 2.1 also indicates that the landings of demersal
species have increased recently. In this context it should be
noted that 1in 1990 a new Catch Assessment procedure was
introduced for whalers. Prior to 1990 the demersal species catch
by this boat type had been underestimated so the increase in
catch volume during that year is not as significant as indicated.



FIGURE 2.1.
DEMERSAL FISH CATCHES BY BOAT TYPE
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POTENTIAL YIELDS

The potential fishery yields available to the artisanal fishery
are presented in Table 2.4. A mcre detailed analysis of the yield
avallable to the demersal fishery 1is presented in Section 8 of
this report. At present, catches are within the values derived
for the most recent estimates of resource availability.

TABLE 2.4 :POTENTIAL YIELD PER ANNUM (MSY) FOR THE ARTISANAL
FISHERY, PRINCIPALLY MAHE FLATEAU (Tonnes)

RESOURCE LOCATICN POTnl PRINCIPAL SPLCILS FISHg
¥YIELD METHA
1.REEF
TRADITIONAL CCASTAL AREA 6007t Siganidae, Scaridae, trap
Lethrinidae, Mullidae,
POTENTIAL MAHE PLATEAU 11602 Haemulidae
TOTAL REEF RESOURCES 1760

2.DEMERSAL

INSHORE MAHE PLATEAU 10087 Serranidae, Lethrinidae, |hand-
_|Lutjanidae line,
OFFSHORE-75m MAHE PLATEAU| 1092° reels
and
OFF. 75-150m MAHE PLATEAU 5143 | (Pristipomcides filam- |deep
entosus) water
TRAWLABLE MAHE PLATEAU! 23523 gill
nets
DISTANT -75m AMIRANTESetc §35°
DIST.75-150m AMIRANTESetc 3817

TOTAIL DEMERSAL RESOURCES 6182




TABLE 2.4. Continued.

RESOURCE LOCATION POTnl PRINCIPAL SPECIES FTISHg
YIELD METH
3.PELAGIC
COASTAL MAHE PLATEAU ? |R. kanagurta, S.crumen-|nets
opthalamus, A. sirm
LARGE MAHE PLATEAU 10004 Scombridae, Istiophor- |troll
idae, Xiphidae -ing
SMALL MAHE PLATEAU 935001 Clupeidae, Decapterus
SEMI-PELAGIC MAHE PLATEAU ? |Carangidae, Sphyraenoi-|hand
dei, Elasmobranchii lines
TOTAL PELAGIC RESOURCES ?
4 .MISCELLANEQUS
INVERTEBRATES ? |Crustaceans, Molluscs, |hand
Turtles coll-
ect
DEEP BOTTOM ? |Lutjanidae, Serranidae,
Crustaceans

1. Lablache, Moussac and Jivan-Shah, 1988

2. Potential trap fishing / reef area is 17 okm% (Lablache and
Moussac, 1987). The exploited area 1is 58Ckm“ and the MSY from
this area 1s 600 tonnes (Lablache et. al., 1¢88). By extra-
pclation, the MSY in the remaining potential areas 1s 1lle0mt.

3. Mees, 1991 (see Section 8)

4. Lablache and Moussac, 1987

For the reef fishery, 1990 catch data (284 tonnes landed) would
tend te indicate that there 1is potential to expand the inshore
reef fishery. However, in 1988 the catch was similar to the yield
and in previous vyears exceded 1it, and overfishing may have
occurred. Thus the precise status of this fishery is
questionable. For both the demersal and pelagic fisheries there
is, however, potential to increase the catch. In 1990 the
landings from these two fisheries were 1542 t and 2877 ¢t
respectively. For the demersal fishery the greatest unexploited
potential is considered to exist at the more distant fishing
locations and in the intermediate fishing depths. Subtracting the
yleld available from trawlable grounds results in 3,830 ¢t
available to a handlne fishery (stocks on the trawling grounds
are tco dispursed to permit viable handline fishing). Thus there
is potential tco approximately double present catches. However, it
should be noted that the present catches are approximately equal
to the yield available in the shallow areas of the Mahe Plateau
which is therefore fished to its maximum.

EXPORTS

Exports from the artisanal fishery are indicated in Table 2.5. It
may be seen that demersal species feature predominantly in the
exports, comprising 77.2% of all exports over the period 1985 -



1990. In relation to the catch of these species, exports account
for 28.3% of the demersal landings from 1985 - 1990 (Table 2.6.).
Owing to the potential to generate foreign exchange and income
for the country, the demersal stocks are of considerably greater
economic importance than the pelagic species, despite the lower
volume of demersal species caught.

TABLE 2.5 : TOTAL EXPORTS (FRESH AND FROZEN) BY SPECIES GROUP PER
ANNUM (Tonnes)

SPECTES 1985 1986 1987 1988 1989 1930
CARANGUES 4,78 2.32 4,55 14.92 2.43 1.66
MACQUEREAUX DOUX 0.00 0.00 0.00 0.00 0.00 0.00
OTHER MACQUEREAU 0,00 0.00 0.00 0.00 0.00 0.00
BONITE 0.18 0.27 0.00 0.25 0.15 0.04
OTHER PELAGIC 42.18 86.28 103.80 94.30 73.48 31.88
BECUNE 0.57 0,75 3.82 5.56 0.87 0.34
CORDONIER 0.21 0.38 4.42 5.50 2.76 1.66
OTHER TRAFP FISH 1.61 3.60 23.48 42.30 35.12 11.91
RED SNAPPER 64.14 99.42 226,27 123.92 201.01 120.63
VARA VARA 6.05 1.85 2,66 6.66 3.76 26,23
JOB 25.46 14.55 55.82 92.99 158.04 210.57
MACONDE 29.56 42,28 130.32 66.79 79.64 54.25
OTHER VIELLE 21.79 23.33 49.19 40.57 30.54 26,23
CAPITAINE 1.45 3.17 37.99 68.51 112.48 59.13
SHARKS AND RAYS 0.57 15.34 6.71 3.46 4.54 0.93
OCTOPUS 0.00 0.01 16.91 2.25 0.10 0.00
OTHERS 0.51 1.62 7.91 6.60 2.09 g§.71
TOTAL 199,06 255.17 674.55 574.58 707.01 554.17
% OF WHICH
DEMERSAL SPECIES 74.58% 62.54% 74.56% 69.52% 82,81% 89.69%

TABLE 2.6. : PROPORTTION OF THE CATCH OF DEMERSAL SPECIES EXPORTED

SPECIES 1585 1986 1987 1988 1989 1550 MEAN

RED SNAPPER 51.27% 18.28% 49.,83% 43.71% 50.27% 50.16% 40.81%
VARA VARA 33.24% 2.78% 2.91% 7.28% 4.05% 7.44% 6.62%
JOB 20.89% 4.88% 16.31% 25.06% 37.53% 26.61% 23.76%
MACONDE 56.52% 30.29%104.26% 68.86% 60.65% 43.09% 60.03%
OTHER VIELLE 82.54% 14.96% 40.19% 45.84% 29.54% 20.92% 30.81%
CAPITAINE 0.78% 0.80% 12.34% 22.78% 36.42% 19.32% 15.66%
TOTAL DEMERSAL 28.06% 11.53% 34.82% 32.42% 40.17% 25.60% 28.25%

A high proportion of the catch of Maconde (Epinephelis
chlorostigma) has consistently been exported (1)), and also red
snapper (predominantly Lutjanus sebae). The 1lutjanids and
serranids appear to be favoured with the exception of Vara Vara
(L. bohar) which in other parts of the world is reknowned for its
potential for ciguatoxic fish poisoning, not reported in
Seychelles. Lethrinids are a less important export species group.

1\ In 1987 the amount exported was apparently greater than the
catch indicating either that the catch was underestimated that
year cor that the export volume was misreported.

1l



2.4. XEY DEMERSAL SPECIES

Species represented in the landings from Seychelles demersal
fishery derive from the families Lutjanidae ({snappers and Jjob
fish), Serranidae (rock cods) and Lethrinidae (emporers).
Analysis of data relating to both the catch volumes and the
economic 1importance of the species caught indicated that the
following fish should be the subject of further studies

Lutjanus sebae (Bourzwa), Pristipomoides filamentosus (Batrikan),

Aprion virescens {zZob gri), and Epinephelis chlorostigna
(Maconde) . P. filamentosus was singled out for more detailed
study.

This choice of Xkey species does not include any member of the
Lethrinidae. Lethrinus enigmaticus (Laskar) would appear to be
the most suitable representative for future study, but because
several species share this local name and because of problems in
distinguishing between species Capitain Rouge (Lethrinus
nebulosus) should ke chosen.

2.5. THE DEMERSAL FISHERY
SPECIES COMFOSITION

The composition of the demersal landings from Seychelles
artisanal fishery 1is indicated in Fig. 2.2 by major species
group. The Lutjanidae comprised 62.1% of the demersal catch over
the period 1985 - 1990 of which snappers accounted for 34.0% and
job fish 28.1%. Serranidae (rock cod or vielle) accounted for
16.0% and Lethrinidac (cmporers or capitaine) 21.9%. The volume
of Serranidae and Lethrinidae caught remained similar each year
throughout the period at arocund 230 tonnes and 310 tonnes per
annum respectively, but with some annual variation for the
former. Snappers, however, decreased in volume to 375 tonnes in
1988 and have increased to 593 tonnes in 1990, whilst job fish
have steadily increased throughout the period from 164 tonnes in
1985 to exceed the catch of snappers at 791 tonnes in 19%0. This
reflects both increased targeting on these fish, especially
Pristipomcides filamentosus, and the introduction of electric
fishing reels on schooners (see Mees, 1990).

FIGURE 2.2.
DEMERSAL SPECIES — TOTAL FISHERY
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The species composition of catches varies by boat type and
relates to differences in fishing method and location. The small
boats which fish in the near shore areas around the main granitic
islands catch predominantly Lethrinidae (38.3%), then snappers
(24.9%), Serranidae (19.2%), and job fish (17.6%). Whalers and
schooners catch mostly the Lutjanidae (68.2% and 65.0%
respectively) and for both boat types the tendency has been for
the wvolume of Job fish to increase over the period 1985 - 1990,
although the predominant species in each case is different (see
below). The schooners catch a greater proportion of Serranidae
than whalers (12.1% cf. 12.8%) but a smaller proporticn of
Lethrinidae (15.9% cf. 19.0%). Both schooners and whalers use
handlines and fish further offshore tharn the small becats.
Demersal catches for sports fishing boats are negligable.

The total landings of Lethrinidae per year are indicated in Fig.
2.3. After a peak of 397 tonnes in 1986 the volume caught has
remained stable at about 300 tonnes, 43.0% of which was landed by
whalers, 34.6% by small boats and 22.4% by schooners. Catches of
both snappers (Fig. 2.4.) and Serranidae (Fig. 2.6.) reached a
maximum in 1986 and declined therafter, recovering again in 1990.
The proportion of the total landings of these species caught by
boat type are 53.8% whalers, 32.7% schooners, 14.5% small boats
for snappers, and 39.6% whalers, 36.6% schooners, and 23.8% small
boats for Serranidae. The landings of Job fish are indicated in
Figure 2.5. As previously discussed catches have increased with
time. Whalers landed 56.1% of this species group, schooners 31.6%
and small boats 12.4%.

FIGURE 2.3,
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KEY SPECIES CATCH DATA

Detailed Iinformation relating to key specles catches 1s not
available for the emall boat fishery or for the whaler fishery
prior to 1990. Thus a more detalled analysis cf demersal catches
by individual species 1s only possible for schooners (1985 -
1990) and whalers (since January 19%0). The details relating to
the schooner fishery were the subject of a separate report in
which analyses of catch and effort statistics relating to the key
species were presented (Mess, 1990). This report should be
refered to for further detail which will not be reiterated here.
Data relating to the geographical distribution of key species
derived from Mees (1990) for the schooner fishery 1is also
presented in Section 7.3 of this report.

The catch of each species by boat type is indicated 1n Table 2.7.
for 1%90. The figures in parentheses for small boats are
estimates of the catch based on the assumption that all the job
catch was Apricn virescens. For P. filamentosus (Batrican) it is
assumed that the =mall boats have zero catch, gsince they are a
deep water species.

[



TABLE 2.7.

DEMERSAL AND KEY SPECTES CATCHES DURING 19920 (MT)

SPECIES GROUP SMALL WHALERS SCHQONER SPCRT TOTAL 1
BOATS

BOURGEQOILS 36.000 213.200 103.200 0.000 352.40
TOTAL SNAPPERS 56.600 372.900 163.500 0.000 93,00
JOB GRIS (46.900) 422.400 63.400 0,000 (532.7)
BATRICAN ( 0.000) 38.500 195.300 0.000 (233.8)
TOTAL JOB 46.900 464.700 279.800 0,000 791.40
MACONDE 27.100 60.000 39.400 0.000 126.50
TOTAL ROCK CCD 40.380 122.700 £§8.300 0.000 251.38
EMPORERS 87,200 178.800 40.100 0.000 J06.10
TOTAL DEMERSALS| 231.080 1139.100 5H71.700 0.000 1941.88
0f the key species, the greatest single catch relates to A.
virescens (532.7 MT), then L., sebae (352.4 MT), P. filamentosus
(233.8 MT) and E. chlorostigma (126.5 MWT). Lutjanus sebae
{Bourgeois) forms 59% of the total snapper catch, the remainder

indicates
29.5% by

being mostly Lutjanus bohar and L. cocclineus. Figure 18
that 61.0% of this species catch is landed by whalers,
schooners and 9.5% by the small boats.

Apricn virescens (Job Gris) form 66.8% of the job fish catch and

Pristipomeides filamentosus (Batrican) a further 29.6%, the
balance consisting mostly of Apharaeus rutilans. The proportion
of these two species caught by whalers and schooners, however,

differs considerably. Whalers land 79.9% of A. virescens but only
16.5% of P. filamentcsus whilst schooners land 12.0% and 83.5%
of these species respectively. This reflects the fact that
schooners are equipped with fishing reels and can more easily
exploit the deeper habitats, whilst whalers with handlines fish
in shallower areas and less s0 on the edge of the plateau. Small
boats land only 8.1% of the A. virescens.,

Epinephelis chlorostigma form 50.1%

(Maconde) of the catch ot

vielle, the remaining 50% being composed of a number of species
including E. multinotatus (Vielle platte), Cephalopholis
sonneratl (Monsieur Hangard), Variola louti (Croissant) and
others. The small boats land a greater proportion of E.
chlorostigma than they do of the other key species (21.0%), but
whalers land the greatest proportion (47.6%) followed by
schoohers (31.4%).
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3. OBJECTIVES AND METHCDOLOGY

The objectives of the stock assessment studies directed at the
identified key demersal fish species are:

1. To collect and analyse catch and biological information on
important demersal fish species in Seychelles in order to

provide basic scientific data for the future management of
the demersal fishery.

2. Specific objectives:

(i) To collect catch and effort data by species on the
landed catches

(ii) To cstimate natural and fishing mortalities, and growth
rates, and to determine the population dynamics of the
stocks

(1ii1)To apply stock assessment models to assess stock sizes
(iv) To verify age estimates employing otoliths

(v) To employ morphometric indices to determine whether
stocks are discrete

(vi) To examine reproduction and the timing of life cycle
events

DATA COLLECTION

Data relating to catch and effort are derived from the Artisanal
Catch Assessment Survey. A full description of the methodology
employed is presented in SFA (1990). A summary of the findings of
this Survey as 1t relates to the demersal fishery are presented
above (Section 2.3 - 2.5).

Data relating to the Stock Assessment Studies are derived from
the commercial fishery, and consist of two data sets: Length
frequency measurements; biometric studies (ie. morphometric
measurements and observations of the reproductive bioloyy). These

data relate only to the key species identified from the demersal
fishery (see 2.4.).

Length frequency measurements were recorded for fish (all 4 Kkey
species) landed at the Seychelles Marketing Board Fish Division
in Victoria. Beoats land dircctly to the centre. The {ish, sorted
by species and size (large / small) are weighed then transferred
to a chute into the preparation area. If possible all boxes of
fish are measured, otherwise complete boxes are set aside for
study - the number of boxes sampled relating to large and small
fish 1is in proportion to the number landed. The fish are gutted,
but sufficient gonad tissues often remain to allow sexing of the
fish and assessment of maturity stage. Informaticon recorded 1is:
sex (male, female, juvenile or undetermined); maturity stage for
females (1-5, see below); fork length (to 0.1 cm, except E.
chlorcstigma where the total 1length was measured) and any
observations. Where possible the skipper o¢f the boat is
interviewed to determine the fishing grounds and depth range

l&



tished. Target numbers of 500 specimens of each sex per month
were set, except for E. chlorostigma for which, being
hermaphroditic, a total of 500 specimens was set.

Biometric studies were performed only on Pristipomoldes
filamentosus. A target of up to 100 whole fish were purchased
each month by arrangement with certaln boats or the FRV Etelis,
and information was recorded relating to the fishing grounds and
depth range fished. Measurement of certain body parts (to 0.1 cm)
and body weilght (to 0.001 Kg) was performed before and after
evisceration in the wet laboratory at SFA, Sex, gonad and liver
welghts (to 0.1g, using an electronic balance) and maturity
stages of females were recorded at evisceration. Otoliths were
removed from a representative size range of specimens of ecach sex
(see Appendix 1, data collection form). After the study the fish
were sold tc SMB.

Fish for the biometric studies were not a random sample, but were
selected to represent the full size range of specimens observed,
except on certain occasions when the catceh was small and all fish
were purchased. As a result, these data cannot be grouped with

the length frequency data for analysis and both data sets are
treated separately.

The maturity stages recorded for females were pased on the
appearance of the ovaries, and covered a scale from 1 to 5. The
scale was initially estaplished from literature reviews and macro
and microscopic examination of ovaries:

1 Gonad small, thin and thread like: impossible to determine
the sex.
2 Gonad small with only a few reddish veins developing on it.

Gonad 1s hard when touched, and sometimes transparent.

3 Damaged gonad for which the precise stage cannot be
determined (mostly applied to length frequency specimens)

3- The reginning of the maturing process: the ovaries are
bigger, but eggs are not visible with the naked eye. The

gonad 1s Jjelly like to the touch and more development of
blood vessels has occurred.

3+ Matured gonad. Eggs are visible to the naked eye.

4 Gonads much larger and darker in colour, with eggs being

translucent. Some eggs mway be free from the internal
structure of the ovary. Spawning begins.

5 Spent : the fish have spawned and the gonads are empty and
purplish in colour

Neither fecundity nor the trophic relations of P. filamentosus
were assessed. Data 1n the literature indicated that P.
filamentosus 1s a continual spawner (Grimes, 1987). At any one
time there will be several more or less distinct groups of
developing ova 1n the ovaries, and it is difficult to distinguish
between small developing ova and primary oocyteg on the basis of
size alone. Furthermore, when a sample is taken from the ovaries
it may be the case that the fish has already partially spawned.
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As a result there have bheen fecundity estimates for lutjanids
which vary by several orders of magnitude. Owing to these
difficulties and the fact that this information is of low
priority in the defined chbjectives, egg counts were not
performed. Similarly, identification of gut contents can be time
consuming and difficult and being of low priority this exercise
was not conducted.

DATA ANALYSIS

Data was entered onto Foxplus/Dkase III databases accerding to
species and data type (length fregquency or biometry). After
verification the data was analysed by means of a Dbase III
programme written by the author which determined length freguency
distributions, maturity and depth fished. Data sorted into length
frequency distributions by sex was entered Inte ELEFAN and LFSA
files for appropriate analyses. Certain other analyses were
performed using the procedures in the MICROSTAT library of
statistical analyses. Data was manipulated using LOTUS 123, and
graphics generated were printed via HARVARD GRAPHICS or LOTUS,

4. CHARACTERISTICS OF THE KEY SPECIES

Members of Dboth the Lutjanidae and Serranidae tend to be long
lived, slow growing, and have relatively 1low rates of natural
mortality. They generally have limited productive capacity, and
are vulnerable to overfishing. They are large predators at the
top of the food chain acclaimesd for their f{lavour. They fetch a
high price on world markets, and are a particularly important
contribution to exports of fresh and frozen fish from Seychelles.

The snapper family (Lutjanidae) includes 17 genera and 103
species distributed throughout the world in tropical and sub-
tropical areas. They are largely confined to continental shelves
and slopes and to correcsponding depths around islands. Adults are
usually associated with the sea bottom, and feed on fish and
crustaceans (Anderson, 1987).

The genus Pristipomcides (Bleeker, 1852) includes 11 species
distributed across the Westerp Atlantic and Indo Pacific. The key
study species P. filamentecsus occurs throughout the wheole of the
Indo Pacific redgion. The genus Lutjanus (Bloch, 1790) 1s the
largest of the Lutjanidae and includes 65 species of which 39
occur in the Indo Pacific region. They are primarily inhabitants
of shallow coral reefs but some species may be found in deeper
waters. Key species L. sebas is distributed from East Africa to
New Caledonia and East Australia (Allen, 1987). The denus Aprion
(Valenciennes, 1830) 1is monospecific. A. virescens 1is widely
distributed throughout the Indo Pacific.

The sub family Evinephelinae of the family Serranidae consists of
11 genera distributed throughout the Indo Pacific region. These
fish are modecrate to large size, mostly living in shallow waters

in tropical and subk troplcal areas. All the species are
carniverous and are at or near the top of the fecod chain. The
genus FEpinepheius includes 63 described species from the Indo

Pacific region. The key species E. chlorostigma occurs from the
Red Sea and East Africa to the Western Pacific (Randall, 1987).

S|



Lutjanids are genochoristic, whilst the Serranidae are
protogynous. Sex ratios for the former may be unequal and skewed
in favour of one sex or the other at larger sizes. This probably
arises from differential growth rates and mortality between the
sexes. For serranids there are generally more females than males,
and in Seychelles the ratioco was shown to be 2.4:1 females to
males for the protogynous hermaphrodite E. chlorostigma (Moussac,
1986) ., Sexual maturation occurs at a slightly smaller size for
male Lutjanidae than females, and for island fish populations at
about 51% of the maximum length. The Lutjanidae are highly fecund
and island populations tend to be batch spawners and reproduce
all vear round with pulses corresponding to local environmental
changes (CGCrimes, 1987). The Serranidae usually only spawn for
about half of the year (Shapiro, 1987).

For hoth families, small, spherical, pelagic eggs are spawned
which hatech in about 24 - 45 hours. Large specimens have been
observed in the pelagic larval stage (up to 655mm for some
Pristipomoides spp.) and 1t has not been clearly established at
what size they settle out of the plankton. However, size appears
to be more important than age in determining competency for
settlement (lLeiss, 1987). Juveniles are believed to inhabit
shallow mangrove and sea grass areas but this may wvary between
species. Adults inhabit a range of depths. Of the key speccies P.
filamentosus 1s regarded as a deep water species (> 100m \1).

Lutjanidae and Serranidae have a varied diet dominated by fish,
crabs, shrimp, and other benthic crustaceans. Most species take
their prey at, or very near the bottom. The Lutjanidae enmploy a
strategy of wldespread foraging, whilst serranidae tend to be
more sedentary and feed by ambush. The great diversity in their
diets allows resilience to changes in the trophic environment. It
also means that reductions ¢of one predator species due to fishing
pressure may have a positive effect on other populations of
carnivorous fish (Parrish, 19387),

Avallable data relating to the key species is presented in Table
4.1.

A\l In Seychelles the range is 70 - 110 m



TADLE 4.1. A SUMMARY OF AVAILABLE INFORMATION RELATING T0O THE KEY
STUDY: SEECIES.

i T T T T 1
[DETAILS |P.FILAMENTOSUS R |L. SEBAE R |A. VIRESCENS R |E.CHLOROSTICHMA R |
| 3 i | + |
|POPULATION STRUCTURE | | | |
I | I I i |
|MAXIMUM LEMGTH M |FL 77.6 cm T |FL 86.0 cm 1R 933 em Ty |
| F|FL 77.6 om 1 |FL 78.2 cm 1 | FL 97.5 cm 1 | |
| TaT|EL 79.8 cm T |rL 85.0 em Vet 1010 em Y [TL 65.4 cm L
| I I I I I
|MAXIMUM LENGTH W |TL E9.0 cm L 9t.0em 2 |TL106.0cm 2 |TL 51.0 em
| FolrL 84.0 em 2 |7L 29.0 cm 2 |t 2.0 em 2 |TL 51,0 cm 2
| 107 |sL 106.6 em 2 | L 73.0em 2|
I | I | | I
|MAXIMUM LENGTH  TOT|SL 94.7 em 3 |SL 46,5 em % |3 59TL 65,0 em O |
| | [FL 73.5 L | |
I | | I | |
|MA¥IMLM AGE | 18 YEARS 81 11 veaas | | 4% YEARS ¥
| | I | I I
IDIFF, FREQ. DIST M/F 40 Vves T yes 1
I | | I | I
| |%a 2 |vEs 2 |no e |

I | |
|SEX RATIO F : M (1:1.97 tFoata ' | 1 : 0.83 F1s s L |
| [1:1.07 8s pata 1 | | 1:1.05 5 |
I I n | I i
) [ 1:0.76 0y 1 ;0.8 2 | | 1: 0.417 1
| [1: 1.4 12915 Z | [ 1047 13
I | 1z 1.02 LTI R 14 13 I |
I I I I I (
|REPROOUCTIVE DIDLOGY | | [ | |
i I | J | I
[WIN S1ZE AT MATURLTY|FL 33.2 ca 1 JFL 34.6 cm T 1FL 43.7 cm 1|7l 28.0 cm 2

FLgS.6om 3 sl 49.0em 4 |SL 465 cm Y |TL 3.0 om "
I I ) |
16 2 9 ¢ 5
[ |FL 42.5 cm | [FL 42.9 cm | |
| | J I | I
[MIN SYZE AT SPAWNING]FL 38.1 cm VL st.2 em V|FL 56.6 cn | |
| |FL 52.0 cm 18|10 62.0 em 2 7L 72.0 cm 2 |
| | | I | |
|SPAWNING PER1CO locT - AR WiTK 1 |ALL vEAR BuT 1 |ALL vEAR suT 1| i
| |PE&KS FEB - AP |FEAK CCT - MOV |PEAK SEP - KOV | |
| |AND NOV - DEC  |AND MAR - MAY  |AND MAR - APR | |
| | I I | |
| |ALL YEAR, PEAK 15 |maR Sioer - Fes 4 |kov - ApR PEAK & |
| | MY - SEP [NoV - MAR 4 |aan, ccT 7| nov aND APR
3 175 2 M 1%

| |[AUG - OCT |OCT, JAN - FEB 'f|UEC - MaR JMaY - JUL PEAK
| |4aR V0| FeR - APR, AND 19| JAN - May 2| d4uN [
| i - DEC PEAK 19| sEP - OCT | 3aN - FEB avD 17| |
| | auG |CEC - dAN, APR 2 | JUN - JUL | |
| | | |MAY - OCT PEAK 5 | |
I I ! | JUN I I
L s L |




TABLE 4.1 Continued.

I T & i E— ) [— T 1
|L‘-ET§.IL‘S |F’.FILAHEN]DSU5 R 'IL. SEBAE R |A&. VIREBCENS R |E.EHLCRDST[EHA R |
I I i — — =
| | | | | |
|RELATIVE GROWTH | | | [

l - ] I | I
[LENGTH/WEIGHT REL. |0.08005353 1 |0.0000157 2 |0.0000162 2 |o.oooops12 2|
| (kg # cm) b|2.7004 1 |3.02 2 |2.9105 2 |3.245 2|
| I | I I |
| q|0.000012 2 |0.0000158 ¢4y '%|0,000013 2 10,000011 2
| b|2.%6 2 |3 (e oumien)  '8|z.9 2 13,05 2

I I | | I l
| ql [ | |0. 00001104 7
| b | | [3.02156 7
I I | ! I N
| | i |0. 0000149 5
| | | | |2.94 3
] [ | | I |
{SERLUAL DIMCRPHISH |Rid | | | |
| | ] | | I
|GRoWTH | | | | |
| | I I | I
| K - MALES | 6.30 1| o.380 L A |
| K - FEMALES | 0.275 1| o.270 T 014 T

| ¥ - TOTAl | D.420 1| 0.307 1| 0.2¢ T ] o T
|fron seasonal model) | | | | |
| Loa - MALES |FL BS.5 cm TFeosiizca 1 |rL 95.0em 1 [
| Lag = FTEMALES |FL 7.8 cm 1 |FL 20.08 cm ! |FL 108.0 cm 1 [ |
| Lea - TOTAL [FL 74,25 c 1 |[FL 8400 em T [FL 1040 em 1 |TL 64.45 e 1§
I I | | I !
| K= ToTAL [0.146 Y0157 4 Jo.33 201n, 1785 6 |
| Loo - TOTAL [FL 78.0 cm Y leL 851 em 4 FL 85.6 cm 20171 8.4 cm & |
| | | i | I
| K - ToTaL |0.220 10,230 LIRS 1910.155 ? |
| Loo - TOTAL | [FL 96.0 cm Blee 780 em 191l sa83 em 9|
| i | | | |
| Leo - TOTAL | |FL 98,0 em €2 | |
| K - ToTAL |0.29G 23\p_220 22 |

| I I I I I
|MCATALITY | | | | |
[ ] | | [39-44TL »39TL |
| ™ | 6.534 il | ©.496 T u.sss T
| ¢ | 0.277 - o.zpe 1| | 0.956 - 1.108 1 | 1,878 0.514 1 |
| 2 | 0.811 1 | 1.602 T 1460 o0.076 )

| I I I | |
| M | 0.250 141 0,480 18 0,490 19 |
| | 0.550 G I | |
| | 0.5%0 2] | | |
I I I t | I
I 1 i | [ 0.73 - 0.78 9] [0.2-0.3 2.1-2. & |
| | | 0.69 el |0.046 7
I I i I | |
I | | I | I
| FRODUCT 10N | | | [ [
| | I l I I
| MsY (Ty 7/ saxMm ] 062 -0.75 1| | 0.046 - 0.07¢ 1 | ©.013 - D.023 1 |
L L 1 1o ] !
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TABRLE 4.1 Continued.

] T T T - m . 9
[DETAILS |P.FILAMENTOSUS R |L. SEBAE R |A. VIRESCENS R |E.CHLORCSTIGMA R |
— } = I | —+ !
|TROPHIC RELATIONS | | | |

| | I | |
|Feeding depth |DEER (> 24 | SHALLOW 24 [VARIED 24| mixen 26
| | 10CH)Y [-13¢m |BUT USUA |DEPTHS |
| | | [-LLY SHA [ |
| | I [-LLCW | I
I I I I | I
|Feeding time |DAYT IHE 23 ANy T IME 25 | ANYTIME 241 ANYTIME 24|
I | I I | |
|DEPTH RANGE () | | i |

I I | I I |
|Range eccupied 180320 23410 100 14120-220 23|80-320 23
| [Yo 250 23| 100-220 23|10 120 25|10 250 23|
I | |10 80 5| | I
{ I I I | |
|usual depth caught |€120 23|20-50 14 | |

| |70-112 26|35-75 26|10-35 26150-79 26|
i I

I ! !

REFERENCES AND GEOGRAPHICAL LCCATICON FOR THE DATA PRESENTED IN
TABLE 4.1

REFERENCE LOCATION
1 Mees, this report Seychelles
2 Moussac (1988) Seychelles
3 Kikkawa (1984), in g Hawaiian Islands
4 Talbot (1960), in g East Africa
5 Everson et., al, (1989) Hawalian Islands
6 Sanders et. al (1988) Seychelles
7 Druzhinin and Filatova (1981) Gulf of Aden
8 Ralston (1981) Hawalian Islands
9 Mathews and Samucl (1937) Kuwait
10 Min et. al. (1977), in q Andaman/S. China Sea
11 Moussac (1986) Seychelles
12 Kami (1973), in g Guam
13 Ghorab et.al. (1986) Red Sea
14 Ralston (1981), in ¢ Hawailan Islands
15 Druzhinin and Filatova (1980), in g Gulf of Aden
16 Kikkawa (1984) Hawaiian Islands
17 Nzioka (1977), in g East Africa
18 Lablache and Carrara (1988) Seychelles
19 Van der Knapp et. al. (1988} Maldives
20 Loubens (1980), in g New Caledonia
21 Ralston and Williams (1983), in g Hawaiian Islands
22 Bach (1%91) Seychelles
23 Brouard and Grandperrin (1934) Vanuatu
24 Parrish (1987}, in g —-———
25 Intes and Bach (1989) Seychelles
26 Agathine (Pers Comm) Seychelles
g Ralston and Polovina (1987) {Key reference)
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DPOPULATION STRUCTURE

5.1'

PRISTTPOMOTIDES FILAMENTOSUS

Between November 1989 and January 1991

7,241 P.
(LFS)

is given in Tables 5.1 and 5.2.

(BS).

filamentosus were measured in length
and 1,189 in biometric studies

(1> months)

A

0.2% 39.7% |1.17 | 25.6

a total of

frequency studies
summary of the data

TABLE 5.1, A SUMMARY OF DATA COLLECTED DURIMNG LENGTH (cm)
FREQUENCY STUDIES FOR PRISTIPOMOIDES FILAMENTOSUS.

3 T ] 1 =¥ | 1
| YEAR MCHTH| SAMPLE S1ZE [SEX | ALL Fisw | HEAN FCRK LEMGTH |
| | N. %M %F %2 %U [RATIO|MIN FL MaX FL |MALES FEMALES ALL FISH|
'r { f— - ! —|
11989 NOV | 670 27.9% 19.4% 0.3% 52.4% |1.44 | 32.00 76.60 | 52.50 50.12 53.43 |
|1989 DEC | 395 42.0% 29.4% 0,0% 28.6% |1.43 | 28.30 76,10 | 49.98  49.29 50.76 |
(1990 JaN | 452 21.0% 13.9% 0.0% &5.0% |1.51 | 29,50 77.20 | 51.85 53.15 5.4 |
[1950 FEB | 335 24.0% 27.2% 1.5% 44.4% [0.91 | 010 7440 | 4B13 0 49,74 51,21 |
[1990 MAR | 727 24.5% 22.T% O.DX 52.8% [1.08 | 28.40 76,60 | 48.44 50.16 5113 |
11970 aPR |1008 24.8% 18.8% 0.0% 56.4% 11.32 | 29.10 77.60 | 51.64 47.39 52,92 |
[ 1590 WAY | 551 31.0£ 29.04% 0.0% 39.9% [1.07 | 31.20  79.50 | 50,55 4%.62 51.31 |
|1990 JUN | 253 36.0% 29.2% 0.0% 34.84% [1.23 | 31,50 75.70 | 43.72 44.00  45.32 |
[1290 JuL | 305 33.8% 39.7% 0.0% 26.&% |0,85 | 31.40 71.80 [ 46.67 46.28  45.9% |
[1990 AUG | S8 53.4% 31.0% 0.0% 15.5% |1.72 | 25.60 £9.50 | 45.42 45,05 45.1% |
[1990 SEP | 465 43.4% 39.1% 1.7% 16.34 |1.11 | 26.00 73,00 | 30.85  49.9%9  50.91 |
[1990 gcT | 821 40.3% 34.1% 0,0% 25.6% |1.18 | 28,10 77.60 | 51.22 50.35 51.23 |
[19%0 NOv | 531 39.2% 37.3% 0.0% 23.5% [1.05 | 30.30 72.80 | 34.02 52.72 53.45 |
[ 1950 DEC | 489 38.9% 34.6% 0.0% ZE.GX [1.12 | 29.20 7R.80 | 55.40  51.99 5647 |
| | et |
[TOTAL |T241 32.4% 27.7% 9.8 | G50.81 49.64 51,35 |

| |

TABLE 5.2.

SUMMARY OF DATA COLLECTED

DURING BIOMETRIC

PRISTIPOMOIDES FILAMENTOSUS (cm)
T [ T 17 17 T |
| TEAR MCNTH| SAMPLE SIZE | sEX | ALL Fi&H MEAN FORK LEWGTH
| | M. %M %XF %J %LU | RATIO|MIN FL MAX FL| MALES  FEMALES ALL FISH|
| '. f——t— | 4
[1789 Nov | D | | | |
[1989 DEC | 21 9.5% 90.5% 0.0% 0,04 | 0.11 | 40.30 56.90| $6.30 47.55 4B.3%
[1950 JaN | 95 46.%% S3.7% 0.0% 0.0% | 0.86 | 30.10 69.60| 50,25 46,10 48.02 |
| 1770 FEB | 262 51.5% 48.5% 0.0% 0,0% | 1.06 | 35.10 72.90| 53.48 53,08 53.29 |
11990 MAR | 175 S1.4% 43.6% 0,0% 0.0% | 1.06 | 33.40 72.50| 55.80 54.35 55.10 |
11990 APR. | 122 52.5% 67.5% 0.04% 0.0% | 1.10 | 38.70 73.60| 58.00 51.76 55.04 |
[1990 MAY | 38 47.4% S52.6% O.U% O0.0% | 0,90 | 32.90 68.40| 51.63 52.49 52.08 |
[1990 JUN | 3 &6.7% 33.3% 0D.0% 0.0X | 2.00 | 58.40 63.50| 59.70 &3.50 60.97 |
[1990 JuL | 45 55.8% 44.4% 0.0% 0.04 | 1.25 | 43.10  69.30| 51.58 52.45 51.97
[1790 auc | © | | | [
[1970. SEP. | 45 46.7% 48.9% 4.4% 0,04 | 0.9% | 31.00 66.70| 45.4B  45.12  44.84
[1990 oCY | 130 52.6% 45.3% 2.1% 0.0 | 1.%6 | 32.00 &9.00) 50.34 48,73 49.45 |
[19%0 KOV | 40 47.5% 52.5% 0.0% 0.0% | D.90 | 39.20 72.60| 47.B3 54.94 51.56 |
[1990 DEC | 174 54.0% &5.4% 0.6X 0.0% | 1,19 | 30.50 73.10| S6.67 56.51 56.45 |
: F g | = a
|TOTAL ALL [1189 S1.5% 47.9% 0.6% 0.0% | 1.07 | 301 73.6| S3.4B S2.07 52.75 |
] 1

el
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Most of the following discussion relates to data collected in
length frequency studies since the population structure observed
for fish from the biometric studies may be biased (see 3 above).
References to 'Length' relate to fork length unless otherwise

stated, except for E. chlorostigma where the total length was
measured.

The largest fish observed measured 79%9.8cm (sex undetermined), and
the smallest fish was 25.6cm (male). By sex : males, FLpay=77.6cn
FLyhin=29.6cm; females, FLyay=77.6¢cm, FLgLin=29.2cm.

The mean length was 52.75 +/- 9.79cm for all fish observed and by
sex : males, Flyaan=50.81 +/- 9.97cm; females, Flpean=49.64 +/-
9.48. The mean length was significantly different between males
and females (t=3.9519, df=435%4, P«<0.001). Slight wvariation also
occurred on a monthly basis, the mean size of individuals caught
being smaller between June and August (Fig 5.1).

FIGURE 5.1. THE MEAN FORK LENGTH OF P. FILAMENTOSUS PER MOWTH

MEAN FORK LENGTH
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The structure of the sample population for the entire 15 months
is shown in Fig. 5.2, and that for males and females in Fig. 5.3.
The Bhatacharya method was used from the MPA routine of ELLEFAN in
order to define the medes, simply for purposes of comparison
between the sexes. The results appear in table 5.3.

o
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FIG. 5.2. P. FILAMENTOSUS SAMPLE POPULATION STRUCTURE - ALL DATA
NOVEMEER 1939 - JAHUARY 1991

FORK LENGTH FREQUENCY DISTRIBUTION

P. FILAMENTOSUS — ALL DATA
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TABLE 5.3. THE MODES OBSERVED 1IN FORK LENGTH (CM) DATA FOR P.
FILAMENTOSUS — POOLED DATA FROM MOV 89-JAN 91.

MODE MALE FEMALE UNDETERMINED |[TOTAL
1 42.1 42.3 42.8 41.8
2 51.¢9 524 G522 S5
3 6L.1 60.8 62.1 Gl 3
4 69.8 082 - 69,3

Differences between the modes observed for males and females were
negligible. The range of lengths observed were also similar, both
facts clearly illustrated in Fig. 5.3. However, slightly more
small females than males were caught which accounts for the very
slight difference in mean length cbsecrved: 50% of males were in
the size class 50<52cm or below, whilst 50% of females were 1in
the size class 48<50cm or less, Overall there would appear tc be
no appreciable difference between maie and female P. fllamentosus
with respect to length ftrequency.

39.7% of fish from the 1length frequency studies were of
undetermined sex. The proportion was greater in November 1249
than December 1890 (Table 5.1} and this probably reflects

[
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learning on the part of the Technicians. With LFS there will
always be some fish for which the sex cannot be determined,
whilst this 1is not the case for the Bicmetric studies (Table
5.2). Juvenlles were observed 1in November 1989 (0.3%), February
(1.5%) and September 1990 (1.1%) for LFS and in the biometric
study sample in September (4.4%), Cctcker (2.1%) and December
1990 (0.6%).

More males (2,349) than females (2,007) were recorded in LFS
producing a sex ratio (M/F) of 1.17 which differs significantly
from unity (ie. egqual numbers cf each sex, chi“-26.69, df-=1,
P<0.001). Biometric studies examined 612 males and 570 females
giving a sex ratig of 1.07, which dces not differ significantly
from unity (chi®=1.42, df=1, P=0.23). Since sex 1is not
distinguishable before evisceration one would not expect bias in
the BS sample with respect to sex.

Examining the sex ratio with time it may be =een from Fig. 5.4
that for the LFS somple the ratio falls below unity in February
and July (ie. more females these months), but otherwise 1is
greater than unity. For the BS sample there were significant
numbers of females caught (90.5% of the sample) in December 1989,
and the secx ratio was also less than unity in January, May
September and Novembker.

FIG. 5.4. P, FILAMENTOSUS - SEX RATIO (M/F) WITH TIME
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Figure 5.5 indicates that the sex ratio remains close to unity
with increasing fork length, and only differs significantly at
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the extreme of the size range observed. For the LFS sample more
males than females were recorded at sizes greater than 72 cm. For
the BS sample the tendency was towards increasing sex ratio with
length but this trend was not statistically significant.

FIG, 5.5 P. FTLAMENTOSUS - SEX RATIC AT FCRK LENGTH

SEX RATIO : PRISTIPOMOIDES FILAMENTOSUS
‘ M/ F WITH FORK LENGTH
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DEPTH RANGE AND POPULATION STRUCTURE

The sample data relates to commercial catches and so accurate
details relating to the fishing depth are not available. By
interviewing the skipper of the boat ftrom which the fish were
sampled the depth range 1s ascertained, 1in metres for boats
equippod with cche sounders, or in arms-lengths for those without
(1\). The range 'From' and 'To' is recorded and the mean of these
values has been used in all calculations involving depth. Thus it
could occur that all fish of a particular species were caught at
the minimum of the range fished, and this detail will not be
apparent from the following results. Furthermore, data relating
to depth was only collected from September 1990 onwards so sample
sizes are small, and a single large catch at a particular depth
could bias the results. MNevertheless, the following information
is of wvalue bearing in mind these limitations, and will benefit
from further analysis as more data is collected.

Table 5.4. summarises the data relating to the depth at which P.
filamentosus were caught whilst Figs. 5.6. and 5.7. indicate the
number caught at each depth for LFS and BS respectively.

1\ 1 Brass (Arms length) = 1.83m



TABLE 5.4. A SUMMARY OF FISHING DEPTH (METRES) DATA RELATING TO
P. FILAMENTOSUS

T o e B 1 |
T | BICMETRIC STUDY SAMPLE [ LEMGTH FREQUENCY STUDY SAMPLE |
| DETAILS | H F d u T | M F 4 u T

: ! T y
| HUMBER | 369.00 333.00 7.00 0.00 709.00 | 4640.00 384,00 5.00 25%.00 1128.00 |
[MiNiMuM | 73,00 73.00 73.00 0.00 73.00 | 47.50 47,50  57.50  33.00 33,00 |
JHAXTMUM | 102.50 102.50 100.50 G.00 102.50 | 105.00 105,00 57.50 105.00 105.00 |
| HEAN | 83.51 84.03 90.64 0.00 83.82 | 71.29 72.56 57.50 73.54 72.26 |
|4BS.MIN | 51.00 51.00 51.00 0.00 5t.o0 | 15.00 15.00 25.00 15.00 15.00 |
|ABS.MAX | 50,00 150.00 150,00  0.00 150.00 | 13¥7.00 137.00  §0.00  137.00 137.00

1 | A —

FIGS. 5.6. AND 5.7. NUMBER OF P. FILAMENTOSUS CAUGHT AT EACH
DEPTH FOR LENCTH FREQUENCY AMND BEIOMETRIC STUDY SAMPLES.
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The total depth range fished by boats catching P. filamentosus
extended from an absoclute minimum of 15m to a maximum of 150m,
whilst mid range values were from 33m to 105m. The range covered
for fish sampled for the BS was not as great as that for LFS, and
these fish were generally from a greater depth. The mean depth
for all fish caught in LFS was 72.26m and for BS it was 83.82m.

There were no apparent sexual differences in relation to depth
range.

From both Figs. 5.6. and 5.7. 1t 1is apparent that most P.
filamentosus are caugnhkt in the depth class 70m to 75m. Whilst the
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depth ranges over which males and females are caught are similar
the numbers of each sex in the catch are apparently different at
different depths. Fig. 5.8. indicates that more females than
males were caught at greater depths for the LFS sample. However,
this was not the case for the BS sample. Similar numbers of males
and females were caught at each depth and no trend was apparent.
Regression analysis, however, reveals that for the LFS sample the
trend 1is not significant (F=4.013, P=0.1015, df=5), although
treatment of the data greater than 60m depth does produce a
significant trend (F=11.798, P=0.0414, df=3).

SEX RATIO AT DEPTH

M/F — P FILAMENTOSUS (N

SEX RATIO

0.9 -
0.8
;{
0.7 K o
72
0.6 T T T T T T
40 6o 20 100

CLASS MID POINT — DEPTH (M)
a LES DATA + BS DATA

Table 5.5 indicates the mean length at depth observed for each
sex, and for the total sample. No sexual differences were
apparent, and the mean length remained similar at all depths, if
anything, decreasing at the greatest depths, though no
statistically significant trend was observed. For males the
length at each depth was slightly greater than that for females
as reported for the whole sample (above, males, FLypeapn=50.81 cm;
females, Flpeazn=4%9.64 cm). This was true for both the LFS and BS
samples. The mean, minimum and maximum lengths at each depth are
indicated in Figures 5.9. and 5.10. for the LFS and BS samples
respectively. Similarly teo the mean values, the minimum and
maximum lengths observed show no significant trend with depth

though there is a tendency for the minimum length observed to
increase with increasing depth.
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TABLE 5.5,

P, FILAMENTOSUS - MEAN

FORK LENGTH AT DEPTH.

DEPTH CLASS M ¥ U T
LFS SAMPLE
45 50 50.11 43.69 47.25 47.26
55 60 45.45 43.71 30.44 43.74 43.86
65 69 58.88 55.66 55,97 b7.31
70 74 51.01 51.39 50.43 50.94
75 79 54.63 52.91 52.79 53.58
90 95 49.05 50.14 52.74 50.40
105 110 46.18 43.52 46.98 45.45
BS SAMPLE
70 74 54,98 53.73 34.95 54.20
75 79 50.60 48.56 49.53
80 84 56.136 51.71 54.31
85 89 52.28 52.26 30.50 51.75
90 94 55.21 54.03 54.66
95 100 47.83 54.%4 51.56
100 165 49.37 48.64 51.92 49.10
FIGS. 5.9. AND 5.10 : P. FILAMENTOSUS - FORK LENGTH AT DEPTH
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FISHING LOCATION AND POPULATION STRUCTURE

Data pertaining to fishing location is only available for BS
data. Precise locations are generally not provided by the
commercial fishermen s¢ the broad areas of North, South, East and
West of the Mahe Plateau, and the Amirantes Plateau have hkeen
selected for analysis. Table 5.6 summarises this data.

TABLE 5.6. A SUMMARY OF FORK LENCTH DATA FOR P. FILAMENTOSUS BY
FISHING GROUNDS

[ 1 T T I i 1
|FISHING |SAMPLE SIZE  [SEX |MALES FEMALES [MEAN FL [STD. DEV.

| GRGUNDS  |MALES FEMALES|RATIQ[MIN FL MAX FL MIN FL MAX FL|MALES FEMALES|MALES FEMALES|
= e . % —
| soutH 407 354 | 1.5 32.9 73.6 33.9 73.1| $5.25 S53.60| 8.21 8.38 |
| MORTH | 179 185 | 0.97] 31.0 69.6 30.1 72.6| 45.38 4B.58] 9.42  9.34 |
|EAST | 25 26 | 1.04| 347 FO.7 334 72.5| 54.21 57.06} 10.17 10.38 |
| AMIRANTES | 1 7| 016 46.9 46.9 44,0 60.3| 46.90 51.09| 6.87 |
[ I | 1 | | AR, 1 |

64.4% of the sample derived from the South of the Mahe Plateau,
31.0% from the North, and 4.1% from the East. 0.5% was from the
Amirantes. The sample from the Amirantes was too small and is not
discussed further, although the skewed sex ratioc is of interest.
The sex ratios observed for fish caught in the South and East of
the Mahe Plateau were similar to that reported above for the
whole BS sample, with slightly more males than females, wnhilst in
the North more females were caught. However, none of the ratios
differed significantly from unity (South, Chi2=3.55, P=0.059,
df=1; North, Chi=0.69, P=0.793, df=1; East, Chi®=0.00, P=1.00,
df=1).

The minimum and maximum fork lengths observed were similar for
both males and females from the South and East, but were smaller
for fish caught in the North of the Plateau. Comparison of the
mean lengths for each sex by location is indicated in Table 5.7.

TABLE 5.7. COMPARISON OF MEAN FORK LENGTH OF P. FILAMENTOSUS BY
SEX AND FISHING LOCATION,

SEX|LOCATION | COMPARISON t df p SIGNIFICANT?
- SOUTH M vs F 2.812 759 0.003 YES

- NORTII M vs F 0c.812 362 0.209 NO

- EAST M ve F -0.970 47 0.169 NO

M - 5 vs N 7.0619 584 <0.001 YES *

¥ - S vs N 6.291 K37 <0.001 YES *

M - S vs kE 0.607 430 0.272 NO

F - S vs E -1.948 376 0.026 YES

M - N vs E -2.379 202 0.009%9 YES

F - N vs E -4.120 207 <0.C01 YES *

* Highly significant

No significant differences were observed between the mean lengths
of males and females from each of the North and East of the
Plateau, whilst males from the South were significantly larger
than females from the same area. Comparing the different
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locations, the mean fork lengths of both males and females from
the South were significantly greater than those from the North,
but compared to the population from the East, the males showed no
significant difference. The sample from the North was
significantly different from that from the East for both males
and females., Thus, with respect to the population structure it
would appear that the samples from the South and East are
similar, and significantly different from that in the North.

It should be noted that with respect to the differences by
location reported above, insufficient data was available to allow
complete stratification by location, depth fished and by month.
It is thus possible that these other factors may partly explain
the differences (see Table 5.8.).

TABLE 5.8, TO INDICATE THE TIME AND DEPTH AT WHICH DATA FCR EACH
LOCATION WAS SAMPLED.

FISHING MCNTH MEAN

LOCATION JFMAMJIJAS OND |DEPTH
SOUTH * k ok Kk ok Kk K * | 75.9m
NORTH * ¥ k% % |92,4m
EAST * 73.0m
AMIRANTES * 85.0m




5.2, APRICN VIRESCENS

6,442 A. virescens were measured between HNovember 1989 and
Decemper 1990 in length frequency studies (Table 5.9.)

TABLE 5.9. A SUMMARY OF DATA COLLECTED DURING LENGTH (cm)

FREQUENCY STUDIES FOR A. VIRESCENS

S Lo i T T 1
|MOKTH | SAMPLE SI1ZE |SEX | ALL FISH | MEAN FORK LEWGTH

| | N. XM % F %J ®U |RATIO] MIN FL MAX FL| MALES FEMALES ALL FISH|
—t— t=— : -
[Nav | 414 331% T4.7% 0.0% 52.2%|2.25 | 28.50 90.70 | 43,92 62,97 47.20 |
|DEC | 218 31.7% 22.0% 0.0% 46.3%1.44 | 29.5¢ 99.%0 | 60,00 59.57 62.86 |
[JAN | 532 25.22 17,14 0.0 57.7%|1.47 | 25.20 101.00 | &1.72 57.94  £4.94 |
|[FEB | 560 24.B% 17.1% 0.0% 58.0%|1.45 | 30.40 9330 | 5%.12 52,40 &0.75 |
[HAR | 947 32.5% 15.5% 0.0% 52.0%|2.09 | 28.90  92.%0 | 63.61 53.21 64.46 |
[APR | 620 34.5% 13.2% 0.0% 52.3%|2.61 | 28.50 91.90 | 43,49 80.11  65.%0 |
[way | 308 30.2% 19.2% 0.0% 50,6%|1.58 | 34.5 §5.90 | 62.95 59.48 £3.82 |
[JUN | 53 35.8% 28.3% 0.0% 35.B%|1.27 | 37.10 83.20 | 62.43 58.5%9 &5.11 |
[dJuL | 274 38.7% 20.1% 0.0% &1.2%[1.%3 | 31,80 96.70 | 642.50 62.50 &4.56
[AUG | B&A 32.1% 22.6% D.0% 45.2%[1.42 | 37.60 BD.4D | 60,78 53.86 &1.32 |
|sEp | 276 33.74 12.0% 0.0% S6.3%[2.82 | 41.00 87,80 | 68.30 64,07 685.90 |
jocT | 762 41.3% 20.1% 0.0% 3B.6%|2.06 | 29.50 92.50 | £6.68 83.30 66.67 |
[MOV | B8& 42.9% 29.1% O.0% 28.0%|1.47 | 32,90 91.T0 | 64.73 61.33  63.46 |
|pEC | 4B& 45.9% 20.3% 0.0% 23.6%[1.62 | 23.7¢ &5.20 | 62.17 58.03 60.E9 |
—t— — — |
| ALL |B5442 35.1% 19.5% 0.0 45.32|1.80 | 25.20 101.00 | &3.66 59.78  b4.46 |
L | 1 | PRI |

For the total sample Flpz,=101.0 cm; FLyin=25.2 cm, the sex being
undetermined

FLyipn=28.5 cm;

in

each

females,

cacbe.

By

The mean fork length was 64.46 +/-

males, Flpean=63.66 +/= 11.81 cm; females, FLpaan=59.78 +/- 13.24
cm; undeterimined, FLpgzp=67.10 +/- 10.85 cm. There was a highly
significant difference between the mean lLengths of males
females (t=8.9426, df=3520, D[<0.001). The wvariation 1in
length per month is shown in Figure 5.11.
FIG. 5.11 MEAN FORK LENGTH OF A, VIRESCENS PER MONTH
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The structure of the entire sample population is indicated in Fig
5.12, and that for males and females in Fig 5.13.



FIG 5.12.

A. VIRFSCENS SAMPLE POPULATION STRUCTURE - NOVEMBER
1989 —FI.Z)ECEPI;EE‘:E
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It was not possible to satisfactorily resolve the modes of this
data using MPA of ELEFAN. The major mode occurs at a relatively
large size probably indicating gear selectivity, smaller
specimens either being lecss aggressive or less able to take the
hocks. The major mode was tentatively calculated as 72.9 cm for
the whole sample, 71.0 cm for males and 69.9 cm for females. The
first two modes separated out also seemed to indicate a smaller
size for females than males (male, 36.1 cm, 45.3 cm; female, 35.7
cm, 44.5 cm), but this is not obvious from Fig. 5.13, although it

is apparcnt that a greater proportion of smaller females were
caught than males.

45.3% of all fish sampled were of undetermined sex. Juveniles
were not recorded at all (Table 5.9). The sex ratio was
significantly kiased in favour of males (males, 2264; females,
1258, sox ratio 1.80, Chi%=286.78, df=1, P<0.001), and in no
month were more females than males caught (see Fig. 5.14). During
the inter monsoon periods of Marchfapril and September/Octoher
more than twice as many males as females were caught. A highly
significant trend 1s observed with increasing fork length.
Regression analysis of the data up to class 86<88cm indicates
that with 1increasing fork length the sex ratioc increases
(F=99.29, df=29, P<0.001). More females than males were caught at

small sizes whilst the reverse is true for the large fish (Fig
5.15) .
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DEPTH RANGE AND POPULATICN STRUCTURE

Table 5.10. summarises the data relating to depth for A.

virescens and Fig 5.16. indicates the numbers caught at each
depth.

TABLE 5,10. A SUMMARY OQOF FISHIWG DEPTH (METRES) DATA RELATING TO
A. VIRESCENS.

DETATLS M F U T

NUMBER 485.00 269.00 352,00 1107.00
MINIMUM 29.50 22.50 29,50 29,50
MAXIMUHM 105.00 105.00 105.00 105.0G0
MEAN 65.186 66.32 65.10 65.43
ABS.MIN 15.00 15.00 15.400 15.00
ABS.MAX 137.00 137.00 137.00 137.00

FIG 5.16. THE MNUMBER gF A. VTRES,%NS CAUGHT AT EACH DEPTH.
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A. virescens were caught over a total depth range from an
absolute minimum of 15m to a maximum of 137m. Mid range values
were between 29.5m and 105m. The mean depth was 65.43m and both
males and females were caught over the entire range. No
significant trend was observed with increasing depth in relatiocn
to sex ratio, but at the greatest depths more wales than females
were caught (Flg. 5.17.)

FIG. 5.17.
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The mean length of fish caught remained similar at each despth
range examined and this was true for the whole sample and by sex
(Table 5.1%1., Fig 5.18.). However, at each depth class the mean
length of females was less than that of the males. The maximum
and minimum lengths observed at each depth for the total sample
are indicated in Fig 5.13.

TABLE h.11l. A. VIRESCENS - MEAN FORK LENGTH AT DEPTH BY SEX
DEPTH CLASS M F U T
25< 30m 64,22 G2.25 67.91 G5.13
40« 45 69 .50 62 .58 69.94 69 .64
45« 5Q 62.45 61.61 65.67 531,03
50< 55 6. 21 67.82 64 .38 55.96
55< 60 67.0% 64.99 66,44 £6.46
60< 65 56.61 53.37 582 L .02
&5« 70 65.95 62.43 64.32 B4.63
70< 75 67.21 61.04 67 -67 66,24
75< 80 66.76 64.65 67.68 BEH.33
85< 90 58.97 57.68 61.309 59,658
90< 95 69.44 64.28 67.10 67.37
105<110 69.33 69.30 70.14 69,72
FIG .18,
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5.3. LUTTJANIDS SEBAFE.

A summary of the length freguency study measurements of . sebae
appears in Table 5.12, A total of 5,571 specimens were measured
in the 14 month period between November 1989 and December 1990.

TABLE 5.12. A SUMMARY OF DATA COLLECTED DURING LENGTH (cm)
FREQUENCY STUDIES FOR L. SEBAE,

| MOHTH| SAMPLE SIZE | sex | ALL FISH | BE&N FORK LENGTH |
[ | N. %W %F %) KU |RATIC |MIN FL MAX FL |MALES  FEMALES ALL FISH|
E— ———] I |
|Mov | 727 38.1% 29.3% 0.¢n 31.9%[ 1.30 | 21.40 84,50 | &3.46 57.17  60.40 |
loec | 196 27.6% 50.0% 1.9% 20.5%| 0.55 | z0.30 83,30 | 61.86 51.59 55.85 |
[28M | 253 20.2% 35.2% 9.5% 35.7%| 0.57 | 1840 F7.40 | 5440 42.06 4446 |
|FEB | 931 29.9% 36.9% 1.5% 31.6%| 0.81 | 21.90 B1.50 | 56.58 50.78 52.64 |
|Maw | 947 23.9% 32.1% 5.1% 39.0%| 0.74 | 20.00 B4.40 | $7.24 4B.60 51.66 |
|apw | 573 30.2% 35.8% 1.7« 32.3%| 0.84 | 20.80 82.90 | 55.29 48.7% 52.58 |
[WAT | 216 24.1% 34.3% 7,94 33.8%| 0,70 | £1.50 82.30 | 61.41 50.24 53.99 |
[JUN | 26 57.7% 11.5% 0,0% 30.8%| 9.00 | 47.30 71.80 | 60.27 4B.%7 S7.%% |
[duL | 281 23.8% 38.8% 4.4% 32.7E| 0.61 | 19.60  BIEN | 56.61 4T.B& 4997 |
|AUG | 147 21.1% 36.1% 0.0% 42.2%| 0.58 | 31.50 7A.00 | 57.93 49,78 53.19 |
|sEF | 314 22.3% 38.5% 0.0% 39.2%| 0.58 | 23,20 &82.50 | 65.18 49.84 S57.11 |
ey | 732 29.6% 34.2% 0.0% 34.0%| D.82 | 21.00 B&.OD | 61,18 S51.42  55.55 |
[wow | 360 39.8% 37.5% 0.0% 26.7%| 0.96 | 25.40 B3.50 | &2.06 55.81 58.13 |
|BEC | 308 34.0% 35.1% 0.0% 26.9%| 1.08 | 25.10  B81.20 | 49.58 45.4% &7.33 |
— —t |
| ALL |557) 29.2% 35.0% 2.7% 33.4% 0,63 | 18.4 B4.00 | 3H.9%  50.41 5390 |
e 1 | o - |

For the total sample FLya,=86.0 cm (male) and Y¥Lypip=18.4 cm
(juvenile). By sex : wmales, Flpayu-86.0 cm, Flyin=21.7 cmn;
females, FLpax=78.2 cm, Flgip=19.5% cm; juveniles, FLyyy=42.2 cm,
FL;ipn=18.4 cm).

The mean lengths observed were: total, Flygan=53.9 +/- 14.9 cm;
males, Flpean=58.9 +/- 14.7 cm; females, Flpgaapn=50.4 +/- 13.09 cm
i Juveniles, FLypan=26.6 +/- 4.5 cm. The mean length of females
was highly significantly smaller than that of the males (t=18.27,
df=3579, PF<0.001). The monthly variation in mean fork length is
illustrated in Fig. 5.19,

FIGURE 5.19, THE MEAM FORK LENGTH OF L. SEBAE PER MONTH
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Figure 5.20 indicates the sample pocpulation structure for all
data collected throughout the 14 month period, and that for males
and females appears in Fig 5.21. Only two mades are clearly
visible, at 34.2 cm and 62.7 cm for the whole sample. Comparing
the sexes, similarly only two modes are apparent, but they are
smaller for females than males, and the whole pepulation
structure for females is skewed towards the smaller sizes with no
individuals reccorded at the largest ferk lengths. The modes were
36.4 cm and 64.9% cm for males, and 30.6 e¢m and 5%.3 cm for
females. Juveniles exhibited a single mode at 26.1 cm.

FIG. 5.20. L. SEBAF GAMPLE PORULATION STRUCTURE, NOV 89 - DEC 90
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33.4% of the sample was of undetermined sex. Juveniles comprised
2.3% of the sample and were recorded from November to May and in
July. The greatest numbers were recorded in January and May.

The sex ratio was blased in favour of females (males, 1629;
females, 1952; sex ratio M/F, _0.83). The overall sex ratio was
significantly below unity (Chi2=28.95, df=1, P<D.001), and only
rose above it in November 1239 (1.3), June 1990 (5.0) and
December 19950 (1.08, see Fig 5.22.). In the case of June the
sample size was small. Figure 5.23 indicates the sex ratio at
fork length, and as also apparent from Fig 5.21 at large sizes
the ratio is heavily biased in favour of males. At the largest
fork lengths only males were recorded. Fig 5.24 reproduces that
part of the graph up te fork length 68-70 cm. Regression analysis
reveals that the increase in sex ratic with increase in size is
statistically significant for the whole length range (F=16.17,
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df 30, P<0.001, r2-0.60) ; 2pd for Ehat part up o class 66-70
{F=16.05%, df=24, P<0O. 00] =0.64).

FIG. 5.22.
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DEPTH RANGE AND POPULATION STRUCTURE

Table 5.13 summarises the data relating to depth at which L.

sebae were caught and Fig. 5.25 indicates the number caught at
each depth class.

TABLE 5.13. A SUMMARY OF FISHING DEPTH (m) DATA RELATING TO L.
SEBAE

DETALLS M F J U T
HMUMBER 113.00 131.00 0.60 133.00) 377.00
MINTMUM 53300 53.00 0.00 53.00 573 .40
MAXTMUM 91.50 91.50 0.00 91.50 91.50
MEAN 76.27 75.81 0.00 70.71 74.15
ABS.MIN 25.00 25,60 N.00 25.00 25.00
ABS ., MAK 110,90 1l0.00 0.G0D  110.00) 110.00
BTG, 528,

DEPTH FREQUENCY DISTRIBUTICN
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The depth range fished by boats catching L. sebae extended from
an absolute minimum of 25 m to a maximum of 110 m, the mid range
fishing depths wvarying between 53 - 91 m. The mean depkth was
74.2m. The largest number of fish were recorded from the depth
class 90-95m, but it is apparent from Fig. 5.25 that the majority
of fish were caught belew 70m. With increasing depth there is a
slight tendency towards Increasing sex ratio (Fig. 5.26) though
this 1s not significant. Siwmilarly, there is no significant
difference in fork length at depth for either sex or the whaole
sample (see Fig. 5.28). Table 5.14 indicates, howaver, that at
each depth class the mean length of females is less than that of
males.
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05< 70 G60.70 ¢1.30 0 58.33 60.31
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5.4, FPINEPHELTS CHLOROSTIGMA.

A total of 6,478 E. chlorostigma were measured between November
1989 and December 1990. The detaills are presented in Table 5.15.
No analysis by s=ex 1ls given. The specles 1s a protogynous
haermaphreodite and so sex was not recorded. The variation in mean
length with time 1is illustrated in Figure 5.28, whilst the

minimum maximum and mean lengths observed overall are reported in
the Table.

TABLE 5.15. A SUMMARY OF DATA COLLECTED IN LENGTH (cm) FREQUENCY
STUDTES FOR EPINEFHELIS CHLORCSTIGMA

MONTH N. Ehais  Thma TLmea;1
NOV 588 25,00 60.10 36.34
DEC 325 26.5%0 G4.640 38.56
JAN 582 25.10 64.70 38.20
FEB 610 24,80 59.80 37.69
MAR 910 24.80 56.70 37.99
APR 612 25.70 65.40 39.86
MAY 327 25.80 62 .50 38.60
JUN 153 24 .00 50.40 37.73
JUL 337 23.80 60.80 39.55
AUG 206 24.80 55.20 36.24
SEP 471 21.30 63.70 37.58
oCcT 708 25.20 63.20 36.42
NOV 351 23.40 64.30 39,19
DEC 297 23.10 59.80 39.73
TOTAL 6478 21.38 £65.40 38.30
==
FIG. 5.28.
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The structure of the total sample population is shown 1in Figure

5.29. A single mode at 37.0cm is apparent with few large fish
being caught.
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Data relating to depth was available for 415 fish. The absclute
range over which they were caught extended from 25m to 110m, with
mid range wvalues (see 5.1) of : min., 40m; max., 91.5m; mean,
£5.8m,., Figure 5.30 indicates the number caught at depth, and Fig
5.31 indicates the mean total length at depth.

FIG. 5.30.
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FORK LENGTH AT DEPTH — ALL FISH
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Most fish were caught between 50m and 80m with the greatest
number 1n the depth range 60-65m. There was no significant change
in the mean total length with increasing depth, but a tendency
was apparent for the maximum size of fish caught to increase with

depth (possibly beccause the greater depths are less heavily
fished) .



6. REPRODUCTIVE BIOLOGY

6,1, PRISTIPOMOTDES FILAMENTOSUS

SIZE AT SEXUAL MATURITY

The gonads of female fizh from both the Length Frequency (LFS)
and Biometric Studies (BS) were staged as described in (3). For
the BS the gonads c¢f both males and females were also welghed.
Stage 3+ and above relate to mature fish. The mean fork length at
each maturity stage, and the minimum lengths observed for mature
fish are indicated in Tables 6.1 and 6.2 for LFS and BS
respectively,

TABLE 6.1. MEAN FORK LEMGTH AT MATURITY SYAGE , AND THE MIMIMUM 317E QOBSERVEC FOR MATURE FISH / MONTH (LF3)

f
|TOTAL|32-73 43.36 54.58 S54.77 57.90  61.03 47.00 331.20 43.30 35.80
|

1

T | - T i T 1

|MONTH | MATURITY STAGE | MINIMUM FL / STAGE(cm) |

i 1 2 3 3¢ 3+ 4 5 | 3% 4 5 |

b | S——

| 1| 45.55 53.50 57.60 57.53 64.30 | 47.30  55.90 |

| 12 | 45,07 55.07  55.26  54.41 I 45.20 I

| 1| 47.67  59.01  56.26  54.4% | 40.70

| 2| 42.64 59.16 S4.36  40.50 | 54.50

| 3 43.27  58.40 55,15 4092 62.07 | 50.30  54.00

! &4 [32.64 42,53 50.8D 48.85 93.95 65.49 | 33.20  55.90 |

] 5 [33.92 43.41 46,85 56.17  54.52  59.59 | 38.60 43,30 |

| 6| 62,28  4B.04 5313 -

It 41.56  4B.60  S5.78  56.72  50.60 35.80 | 47.10  S9.60  35.80 |

| 8] 36.51 59.46 : |

[ 42.85 60.30 53,82 55.16 58,7 | 40.10  58.50

|10 |29.40 43.37 55.46 53.08 59,34 58.94 | 45.10  48.90 |

| 11| 45,23 4B.92  56.59 59.96  63.45 [:41.10 51,30 |

| 12 | 43.06 50.10 54.96 59.56 59.82 58.20 | #5.20 48,20  58.20

1L | l '
| I
| |

TABLE £.2. MEAN FOAK LENGTH AT MATURITY STAGE , AND THE MINIMUM SIZE OBSEAVED FCR MATURE FISH s MOWTH (BS)
| EC—
|MENTH | MATURITY STAGE

MIKIMUM FL / STALE (cm)

T 1
| |
| |1 2 3 3- I+ 4 5 | 3¢ 4 5 |
— - = { |
[ ] | |
12 | 47.57  47.55 [ 46.30  40.30
|1 41.99 54.40 54,85  65.13 | 69.00  64.90 !
| &) 44.06  45.40 52.83 55.28 58.24 | 41.70 46,60 [
- #2.50 56,56 58.33 | 4030 46.70 |
| 4| 43,97 47.40 52,66  53.78 | 3870 38.10 |
| 5| 45.63 56.99  57.40  68.40 | 56.00 68,40
| 63.50 | 63.50 |
| 7| 48.71 55.70 50,57  61.17 | 46.60  S4.10 |
- : !
| 9| 41.39 41,20 47.40  56.40 | 4a7.80  46.20 |
| 10| 44.25 46.60 37.30 53.648 57.78 [ 36.60  41.70 |
| 11 45.77 58.70  57.78  6£2.84 4690 57.10 !
| 12 51.34 59.8t  58.30 1.4 | 43.40  47.80
—— ,__ |
[TOTAL | 46.81 45.00  55.70  55.18  56.25 | 36.40 38,10 ]
L 1 = L = — —
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The smallest fish observed with a matured gonad measured 33.2cm
(LF5), and the smallest spawning fish measured 38.10cm (BS). A
positive correlation existed between fork length and maturity
stage, with larger fish having a greater stage of deveclopment
(\1). This 1s also indicated 1in Figures 6.1A and 6.1B for LFS and
BS respectively, which show the mean, wmaximum and minimum fork
lengths recorded for each stage.

FIGS. 6.1A (LFS) AND 6.1B (BS).
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Figures 6.2A and 6.2B (LFS and BS respectively) indicate the
proportion of the fish at each fork length with gonads at each
stage of development. It 1is evident that whilst the smallest
recorded fish with a mature gonad was 33.2cm the proportion of
mature and spawning fish 1is small at this length, and increases
with increasing fork length, until at the larger sizes there are
no immature fish.

The fork length at which 50 % of all female P. filamentosus were
mature {(stage 3+ or above) was 59-61 cm for the LFS5 data and 51 -
53 cm for BS data.

\1) Maturity Stage=0.0857%FL-2.02332 (r=0.61; F=349.98, df=567,
P<0.001)
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FIGS. 6.2A (LFS) AND 6.2B (BS)
MATURITY STAGE AT LENGTH—P.FILAMENTOSUS
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For the BS sample the Gonado-scomatic index (GSI) was calculated
thus:

GSI = Gonad welght in grammes/Fish weight in Kilogrammes

The gonad weight increases at a relatively faster rate than the
total body weight of the fish and this 1is related to the
development of the gonads (production of ova or sperm). The GSI
is thus an index of the relative growth of the gonads independent
of body welght. At the point of sexual maturity an increase in
the GSI will occur, whilst before maturity the gonads may be
expected to grow at the same rate as the total body weight and
the GSI would be constant. A positive correlation was found to
exist between fork length and GSI for both male and female P.
filamentosus (\2), further indicating the relationship between
size and sexual maturity (see Figs. 6.3, 6.4). The advantage of
the GSI is that it i1s an empirical value and not subjective like
the maturity stagce which is open to the interpretation of the
Technician making the recording. Used together an accurate

picture of the size at sexual maturity and the stage of sexual
development may be obtained.

\2) Males : GSI=0.3683xFL-11.9485 (r=0.42, F=127.92, df=610,
P<0.001)

Females : GSI=0.4962XFL-16.4604 (r=0.53, F=222.98, df=568,
P<0.001)



FIG. 6.3.
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The <correlation between size and sexual maturity has been
established. Figures 6.5 and 6.6 1lndicate the mean gonad weight
at each 2cm size class, and the percentage change in gonad weight
between size classes. The greatest increase 1n gonad welght may
be expected at maturity. TFor males this occurs in the 40-42cm
size class and for females in the 36-38cm size class. These size
classes also correspond to the size at which the CSI first
increases. For both males and females a second strong size class
is apparent at 50-52cm and 46-48cm respectively. This is apparent
both from increases in the GS1 and the percentage change in gcnad

weight. The GSI continues to increase after maturity for two
reasons :

i) Larger fish have relatively larger gonads 1in relation
to body weight (greater production of gametes)

W
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ii) As seen from Fig. 6.2 a greater proportion of the
population enters the reproductive phase so the mean
GSI of the sample will continue to increase until all
fish reach maturity

The second reproductive peak may thus represent a greater
proportion of fish entering the reproductive phase, and Figure
6.2 indicates that a greater proportion of females begin spawning
(stage 4) at this size. Tt may be the case that only a few
individuals from one recruitment year spawn at age 'x', whilst
the following year (x+1) a greater proportion reach maturlity. The
length interval between ages 'x' and 'w+l' Tcorresponds to
approximately 10cm, and is similar to the growth observed over 12
months in Section 7.2. {(growth) supporting this argument.

FIG. 6.5.
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In summary, female P, filamentosus mature in the size class 36-
3dcm. The smallest specimen with a mature gonad measured 33.2 cm
but was probably a precocious fish, and the smallest spawning
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female observed measured 38.1 cm. Males first mature in the size
class 40~42 cm. Maturity is positively correlated with fish size,
and a greater proportion of fish are sexually actlive at larger
glzes,

SEASONALITY OF SPAWNING

Tables 6.3 and 6.4 indicate the proportion of the fish sampled
each month at each stage of maturity, and Figures 6.7A and B
indicate the proportion of mature female P. filamentosus each
month in the LFS and BS samples, respectively.

TABLE 6.3. PROPORTION OF FEMALES AT EACH MATURITY STAGE EACH
MONTH (LFS)

MONTH N. MATURITY STAGE
1 2 3 3~ 3+ 4 5

11 130 58.5 15.4 11.5 11.5 3.1

12 116 56.9 10.3 14.7 18.1

1 63 42.9 30.2 12.7 14.3

2 91 51.6 13.2 23.0 2.2

3 165 53.9 1.2 21.2 21.8 1.8

4 189 2.6 54.5 4.8 13.2 19.0 5.8

5 160 3.8 41.3 1.3 18.1 30.6 5.0

6 74 78.4 12.2 9.5

7 121 65.3 1.7 28.1 3.3 0.8 0.3

8 18 72.2 27.8

9 182 37.4 1.1 50.0 10.4 1.1

10 280 0.7 47.5 2.5 16.8 22.5 10.0

11 198 41.4 2.0 21.2 29.3 6.1

12 169 39.1 0.6 23.7 27.2 8.9 0.6
TOTAL| 2007 0.6 50.7 5,0 21.5% 17.8 i.2 6.1

TABLE 6.4. PROPORTION OF FEMALES AT EACH MATURITY STAGE (BS)

MONTH MATURLITY STAGE
1 2 3 3- 3+ 4 5

12 19 21.1 78.9
1 51 72.5 5.9 15.7 5.9
2 1127 27.6 0.8 7.1 26.0 38.6
3 85 22.4 24.7 52.9
4 58 12.1 5.2 44.8 37.9
5 20 45.0 40.0 10.0 5.0
6 1 100.0
7 20 55,0 1.0 15.0 15.0
8
9 22 68.2 4.5 4.5 22.7
10 36 58.1 1.2 1.2 15.8 19.8
11 21 38.1 4.8 23.8 33.:2
12 79 36.7 22.8 26.6 13.9

TOTAL| 570 38.6 0.4 8.2 24.0 28.8




FIGS. 6.7.A, 6.7.B

MATURE P. FILAFENTOSUS FEMALES
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It would appear that there are mature fish and spawning fish
throughout the whole year. However, the two sets of data also
imply either a protracted spawning period from September to May,
or two spawning periods, from February to April/May and from
October to December, with a decrease 1in sexual activity in
January and from June to August (for the BS the June sample size
was one fish which happcned to be spawning \1).

Figure 6.8. indicates the mean GSI recorded for both males and
females in BS each month. This data suggests that gonadal
development (ie production of gametes within the gonads leading
to an increase 1in the weight of gonadal tissue) bpegins around
October, but rcaches a peak during the period February to April,
and declines again from May to September. The deveclopment of
ovaries and testes coincide, although there is a discrepancy in
November when a peak was observed for females. Little emphasis
has been placed on the result for June when conly 2 males and 1
female were sampled. This analysis will be refined by the
addition of a seccond year of data.

\1l) It is also apparent that a greater proportion of mature flsh
are observed 1in BS than LFS suggesting that possibly LFS
underestimate the number of mature fish since their gonads have
been completely removed. 72.8% of the LFS sample were immature
{stage <= 3-) cf. 46.8% of the BS sample.
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FIG. 6.8.

MEAN GSI PER MONTH

P. FILAMENTOSUS (W)
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In summary, P. filamentosus has a protracted spawning season
extending from October to April, with a major spawning period
between February and April and a lesser onc in November/December.
During these months a greater proportion of fish may be expected
to be spawning, although throughout the whole year a certain
number of spawning fish may be caught.
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6.2. APRION VIRESCENS

SIZE AT SEXUAL MATURITY

A summary of the data relating to size at maturity stage for A.
virescens appears 1n Table 6.5. for LFS, and the minimum, maximum

and mean lengths observed for each stage are indicated in Figure
6.9.

TABLE &.5. MEAN FORK LENGTH AT EACH MATURLITY STAGE , AND THE HINIMUM S12E OBSERVED FCR MATURE FISH EACH
MOHTH

T 1
[MONTH| MATURITY STAGE | MINIMUM FL ¢ STACE i
| | 1 2 3 - 3+ 4 5 | 23w 4 5 |
= e - T —
{1 45.52 69.65 71.22 72.22 75.37 7R.20 33.70 65.10 76.00

12 |29.50 52,41  69.05 48,15 66.30 68,24 65.00 5%.80

I =,

ITOTAL |31.33  46.33 45,3t 62.50 6%9.90 72.87 75.86 | 48.70 56.60 68.30

. l
| 1 1
I 1 (30,35 46.65  $4.93  6B.62 70.63  72.65 T0.50 | 4B.70  69.20  70.50 |
| 2 |34.15  41.87  40.8%  60.36  49.00  &b.5S | 51.60 56.60 |
I3 40,44  64.32 D43 T0.60  75.04 | 6090  87.40 f
4] 44.57  57.34  S59.60 73,57 73.09  £8.30 | 58.30  63.50  &8.30 |
5 49.82 62,19 70,48 | &4.80 !
(- 40.92  75.05  60.95 72.28 | 64.50 i
[ 7 5213 61.50 63,28  72.38  87.40 | 58.40  87.40 |
- 45.69 SH.ED  57.48  74.85 | 74.20 1
9 42.27 65.45  71.87 77,00 77.10 | 6T.40  77T.00  77.10
|10 [29.50 49,16 77.67 64,59 69.83  74.90 | 54.30  66.00 |
o1 50.84 62,50  60.20 67.73  69.39 i 51.70  61.4D [
|12 45.31  63.13  62.92 69,29 69.47 i 58.60  61.20 i
—— J.
|
|

FIG. 6.9.
LENGTH AT MATURITY STAGE
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The minimum size at which a mature gonad was cobserved was 48.7 cm
FL.,, and for spawning fish was 56.6cm. Maturity stage was
positively correlated to fork lengtn (\1). A greater proportion

1\) Maturity Stage = 0.0601xFL-1.4762 (r-=0.7836, F=1880, df=1183,
P<0.001)
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seen between
of September to

and the data also
was not used.

were obscrved throughout
mainly

fish sampled each month at

whilst Figure 6.11 1indicates

the proportion of mature fish sampled each month during the study

period.

Ms 2,3-,3+,4,5% were converted to

(undetermined)

spawning fish were

virescens with mature gonads
but

the entire vyear,
and March and April.

To perform this regression,

indicates peak spawning times within this period,
1,2,3,4,5 respectively. Stage 3

September and April (apart from a =mall number observed in July).

This suggests a protracted spawning period,

Table 6.6 indicates the proportion of
each stage of gonadal development,

SEASONALITY OF SPAWNING

Female A.
November,



TABLE 6.6. PROPORTION OF FEMALES AT EACH MATURITY STAGE PER MONTH

LTOTAL 1258 0.5 35:1 5:9 22:3 28.6 7:1 0.6

FIG 6.11. MATERF? ew DVITRE.E»SCENS
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6.3.

LUTTANUS SEBAE.

S8IZE AT SEXUAL MATURITY

Table 6.7 summarises the data relating to size at maturity stage
for Lutjanus sebae, and Figure 6.12 indicates the minimum,
maximum and mean size of fish observed at each maturity stage
throughout the study period.

TABLE 6.7. MEAN FORK LERGTH AT EACH MATURITY STAGE , AND THE MINIMUM S[ZE OHSERVED FOR MATURE FISH EACH

MONTH
Tl ===t SS————— Ty
|MONTH | MATURITY STAGE ] MINIHUM FL / STAGE |
| I 2 3 2 3+ 4 5 | 3+ 4 5 |
e e S
| 1 4417 57,80 5834 61.55  63.18  66.43 | 51.4 51.2 63.8 |
| 12| 35,35 60.21  S6.62  62.17  62.37 | 54.5 57.4 |
e 31.86  57.21  56.58  41.45  61.70 | 55.0 59.5
| 2 35.71  59.38  58.56 61.07 61.80 } 50.5 58.1 |
| 3 36.47  56.20 58,74 61.58  64.24 bo34.6 59,1 i
| &) 36.66 52.30  58.14  64.25  65.90 b 52,4 bbb
oAk 36.12 58.51  61.89  66.27 | S4.4 63.5
| T 41.10 52.90 | |
[ =7 39.59  37.00 58,15 64.40  66.60 | 61.3 64.6 |
| 8] 39.91 56.03  67.60 1 65.4 |
| 9 [31.27 38.88 58.27 64,58 | s57.4 |
] 10 26,13 41.04 59.29  64.44 62,06 | 53.4 51.2 |
[ 47.79 59.57  65.61 | 57.3
| 12 )28.90 38.39 57.76 65.35 | 51.2
g_____g___.__________.___,__ - e e, e e e
[TOTAL|27.98 38.50 58.13 SB.33  63.37  63.17 66,43 | 34.6 51.¢ 63.8 |
L e e e R S S B Y, Y, P — S Sl
FIG. 6.12.
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The minimum size at which a matured gonad was recorded was 34.6cnm

(Marchy),

and the smallest spawning fish was

The former may have been a misidentification,

considerably

less than observed during
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any

51.2cm fork length.
slnce this value 1s
other month. A



positive correlation cxisted between fork length and maturity
stage (\1).

Figur= 6.13 1indicates the propertion of fish at each maturity
stage by length of fish. It is apparent that a large proportion
of females caught were immature (74.%% were at stage 3- or less
and 44.2% had undeveloped gonads, stage 1 or 2: \2). The
proportion of mature fish increases with increazing fork length,
but only 3.4% of the entire sample were spawning. The length at
which 50 % of the sampled population were maturc (stage 3+ or
greater) was 61 - &3 cnm.

FIG 6.13.
MATURITY STAGE AT LENGTH
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SERSONALITY OF SPAWNING

Table 6.8, indicates the preportion of fish at each stage of
development per month during the study pericd, the proportion of
mature fish being illustrated in Fig 6.14. Mature fish were
recorded throughout the year, but a greater proportfion were
evident during Cctober / MNovember and March to May. sSpawning fish
were observed bstween October and May and in July.

\1) Maturity Stage = 0.0510xFL-0.7616 (r=0.7726, F=843.86,
df=1860, P<0.001)

\2) It is not clear whether this is a result of interpretation of
LFS data or whether it reflects the true situation (see data for
P. filamentosus for comparison).



TABLE 6.8.

PROPORTION OF FEMALES AT EACH MATURITY STAGE PER MONTH

(MONTH N. ;ﬁTUQITY STAGCE
1 2 3 3= 3+ 4 5
11 212 0.0 19.8 17.8 19.8 29.2 11.8 L.4
12 78 0.0 30.8 17.9 35.9 7.7 7.7 0.0
1 88 0.0 60.2 11.4 17.0 3.1 2.3 0.0
2 196 0.0 36.2 11.2 37.8 10.7 4,1 0.0
3 304 0.0 484 1.3 29.6 18.1 2.6 0.0
4 204 0.0 49,5 0.5 28.4 20.6 1.0 0.0
5 74 0.0 41.9 .0 26.3 20,3 5.4 0.0
G 3 0.0 33.3 0.0 GEe. 7 0.0 0.0 0.0
7 108 0.0 55.6 0.9 38.9 3,7 0.9 0.0
8 53 0.0 41.5 0.0 54.7 3.8 0.0 J.0
Q 120 5.8 40.8 0.0 28.1 15.0 0.0 0.0
10 264 4,9 40.5 0.0 30.3 20.5 3.8 0.0
11 135 0.0 45,2 0.0 28.9 z25.9 0.0 0.0
12 108 0.9 67.0 0.0 17.6 13.9 0.0 U.Eu
TOTAL! 1947 % T ", i, 4 4.6 30.2 L3 3.4 Q0.2
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7. GROWTH RAND MORTALITY

7.1. RELATIVE GROWTH

Relative growth refers to the fact that an increase in size of
certain dimensions of an animal (fish) may occur at different
rates to others. In general, growth may be explained by the
equation:

Y = a.xP (1)

which is the form of a curvilinear relationship. 'a' and 'b' are
constants where 'b' (sometimes written as alpha) indicates the
relative growth rate, or level of allometry. Posltive allometry
occurs when 'b' is greater than 1 and 1isometric growth occurs
when 'b' is equal to 1, that is, the body dimensions grow at an
equal rate throughout time. In general, the dimensions of a fish
will display iscmetric growth unless they relate to a secondary
sexual characteristic such as the large claws of male lobsters.
A classical example of positive allometry is the length weight
relationship where the weilight of a fish increases in proportion
to the length cubed (wei%ht is approximately equal to volume so
approximately length {(cm)”).
The above equation may be linearised for ease of analysis by a
logarithmic transformation:

LOG.Y = LOG.a + b.LOG.X (2)

where 'b', the level of allometry, 1= the slope of a linear
regression line. When isometric growth occurs a linear regression
may be applied directly to the two dimensions concerned without
performing the logarithmic transformation.

In this section, the relative growth of different dimensions of
P. [filamentosus are presented in relation to the reference
dimension of Fork Length, expressed in centimetres, Relative
growth may be used to examine whether sexual dimorphism occurs
and to examine whether differences occur between samples of the
same species of fish taken from different locations. This would
indicate whether the populations were discrete or homogeneous.
The specific case of the length weight relationship is also used
in fisheries biology to help convert sampled lengthr frequency
data into weight at length, necessary for production analyses.

Fish used in morphometric studies were chosen to encompass the
entire size range observed. The fishing location was recorded,
but due to the relatively vague answers given by fishermen it
was only possible to differentiate locations according to
direction from Mahe, specific banks or locations seldom being
reported. For the purpose of this study the locations were
grouped to give 5 fishing areas : South (1), Worth (2), East (3),
West (4), of the Mahe Plateau, and the Amirantes (5).

To compare the results of regression analyscs by sex and location
the slopes of the regressions were compared using the t-test:

£ = (by - by)/{((df1SE1® + Af,SE,%)/(df] + dfy)) 2

7



The degrees of freedom for t are:
af = 1/((U/N172)+((1-U%) /N7 2))
where,

2
U = (SEpiggest) 2/ (SE1? + SEp?)

b; and b, area the slopes of the regression lines
SEq and SE, are the standard errors of b; and bj;
dfq, and df; are the degrees of freedom for the two lines
N; and N, are the number of data sampled
LENGTH WEIGHT RELATIONSHIP
Equation (1) 1is usually written:

w=q.L2 (3)
to express the 1length (L) weight (W) relationship. After
logarithmic transformation and analysis by linear regression the
slope provides an estimate of 'b', whilst 'g' is the antilog of
the intercept 'a’.
Log. transformed data for P. filamentosus was analysed and the
length weight relationships given in Table 7.1.1 were derived. A

comparison of these data by sex and location appears iIn Table
7.1.4. and 7.1.5 respectively.

TABLE 7.1.1. LENGTH (cm} WEIGHT (Kg) RELATIONSHIPS FOR P.
FILAMENTOSUS BY SEX AND SAMPLING LOCATION.

Jla44 | 0.2345 0.9540 124.
]

L

- T N = - = 3
[POPR.  VARIABLE REF.] EQUATION | 860 2 F P R |
I 45 x| | |
b — et — |
IALL WEIGHT  F.L.[LCG.Y = 2,7004 x LCG.X - 4.2714( 0.0147 0.9568 26125.8 <0.001 1182 |
[MALES  WEIGHT  F.L.|LOG.Y = 2.7097 x LCG.X - 4.2887| 0.0213 0.9637 16172.1 <0.00% 612 |
[FEMALES WEIGHT  F.L.JLCG.Y = 2.6931 x LCG.X - 4.2578) 0.0261 0.949% 10645.8 <0.001 570 |
[AREA 1 WEIGHT  F.L,iLOG.Y = 2.8008 x LOG.X - 4.4496] 0.0152 0.9782 34033.6 <0.001 761 |
[AREA 2 WEIGHT  F.L.[LCG.Y = 2.5939 x LGG.X - 4.08081 0.0406 0.9186  4086.7 <0.001 364 |
|AREA 3 WEIGHT  F.L.{LOG.Y = 2.8332 x LOG.X - 4.5108] 0.0582 0.9805 2368.1 <0.007 49 |
IAREA 5 WELGHT  F.L Y = 2.6166 x LOG.X - 4 5 <0.001 8

i

All regressions were highly significant. There was no significant
difference between the length weight relationships of males and
females (Table 7.1.4) indicating that it 1s valid to use the
results from the complete sample 1in further analyses and that
males and females need not be treated separately. The growth
equation for all fish from all locations was:

W(Kg) = 0.00005353 x FL(cm)Z-7904

The parameters g = 0.00005353 and b = 2.7004 are used in Section
7.3. for determining weight at length.
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The eviscerated length weight relationship is given in Table
7.1.2. for reference purposes. Also given 1s the relationship
between eviscerated weight and whole weight, and eviscerated fork
length and whole fork length in order that these parameters may
be derived should only an eviscerated sample of fish be
available. Welghts are expressed in Kg and lengths in cm in these
eguations.

TABLE 7.1.2. RELATIONSHIPS FOR EVISCERATED FISH

r-—————— T 3 T !
|FOPR.  VARIABLE REF.| EQLATION { §.E.b r2 F P N |
| S oo | l f
= —4 . e =
(ALt EVISC.WT E,.FL|LOG.Y = 2.7016 & LOG.X - 4.3057| 0.0192 0.9440 19848.0 <0.001 1180 |
|MALES EVISC.WP E.FL|LDG.Y = 2.7148 x LOG.X - 4.3279] 0.0204 6.9667 17725.7 <0,00) 12 |
| FEMALES EVISC.WT E-FL|LUG.Y = 2.8837 x LOG.X - 4.2754] 0.0340 R.9164  6217.1 <0.001 569 |
fALL EVISC.UT WT. |LOG.Y = D.9931 x L0G.X - 0.0294] 0.0050 D.9714 &00B0.8 <0.001 1181 |
|JMALES  EVISC.UT WT, {LOG.Y = 0.5%42 x LOG.X ~ 0.02E0] 0.0045 0.9879 &9733.8 <0.001 612 |
| FEMALES EVISC.WT W, {LOG.Y = 0.9908 % LDG.X - G.0303| 0.0097 0.9547 11953.3 <0.001 569 |
[alL EVISC.FL F.bL.] Y o= 1.0005 % X - D.0121| 0.0010 O.9387 QZ19A7.3 <0.001 1181

| P —=l 2 — — ! o |

RELATIVE GROWTH OF BODY PARTS

The following body parts were measured:

Length of first dorsal spine - LFDS
Diametey of eye ~ DIA EYE
Distance of first dorsal spine from mouth - DFDSH
Distance from mouth to pre- operculum - PRE_OPER
Distance from mouth to operculum - OPERCULE
Distance between lateral line and first dorsal spine - DBLLFDS

The relationship between these body parts and the reference
dimension of Fork Length was examined by sex and lccation.
Isometric growth was assumed so the regression analyses were
performed on the original data. Where the result was of low
significance (Low r?, F, High P) log transformation was attempted
to see if a better fit of the data might be obtained indicating
positive allometry. The isometric models were found to give the
best fit. The results are shown in Table 7.1.3.

TABLE 7.1.3. EQUATIONS FOR THE RELATIVE GROWTH OF DIFFERENT BODY
PARTS (em) WITH RESPECT TO FORK LENGTH (cm)

) T — . =
|FOPn.  VARIABLE REF.| EQUATION | 8.6.b 2 F P N |
| () (xX) | | |

H —— _

LY o= 0.0%67

_____l- — e ____‘_|

|ALL LFDS F.l A X+ 0.5761) D.0024 0,6281 232.8 <0.00% 319

JALL DIA_EYE F.L.|Y = 0.0325 x X + 1,7331) 0.0013 0.4546 G02,8 «0,001 318
|ALL  DFDSH  F.L.|Y = 0.3088 x X - 0.2708/ 0.0039 0.9514  A4F34.7 <0.001 2|
JALL  PRE_GPER F.L.|Y = @713 % X + 0.5911| 0,0025 0.9356  5801.2 <0009 319 |
JALL  OPERCULE F.L.|Y = 0,0802 x X + 0.3961) 0.0023 0.7954  124D.3 <0001 320 |
IALL  DBLLFDS F.L.]Y = 0,127&6 x X - 0.143%| 0.0033 1.80%4  1358.5 <0.001 321 |



TASLE 7.1.3 Continued.

 Rr— i S =y
|POPN.  ¥ARIABLE REF.| FQUATICH | - $.E:b ¥2 F P ] |
! (nH (xy | i |
e e ey
I | i |
|MALE  LFDS F.L.|t = 0,0405 x X + B.3797) 0.0045 D.4495 78.4 <0.001 98 |
| FEMALE LFDS F.L.lY = 00350 x x + 0.7023} 0.0044 D.3842 &4.2 <0.001 106 |
|MELE  DIA EYE F.L.|Y = 0.0309 x X + 1.1802] 0.0022 0.&530 196.6 <0.001 101 |
\FEMALE DIA EYE F.L.|Y = 0.0302 x X + 1.1440| 0.0030 D.524% 114.7 <0.001 165 |
IMALE  DFDSH F.L.|Y = 0.3073 x X - D,0780| 0.0048 D.9760  4027.9 <0.007 101 |
|FEMALE DFDSM F.L.lY = 0.3079 x % - 0.1926] 0.0113 0.8781 749 <0.007 106 |
|MALE  PRE GPER F.L.[Y = 0.1656 x % + 1.3001) 0,0038 0.9499  1877.7 <0.401 101
| FEMALE PRE GPER F.L.]Y = 01703 x X + 1,1523] 0.0061 0.8822 779.1 <0.001 106 |
[MALE  OPCRCULE F.L.|Y = 0.0776 x X + 0.5644| 0.0030 0.8729 630 <0.003 107 |
|FEMALE OPERCULE F.L.|Y = 0.0820 x X + 0,3749] 0.0032 0.8856  669.% <0,001 106 |
{MALE  DBLLFDS F.L.|Y = 0.7248 x X - 0.2808{ J.005) 0.B577  596.5 <0.00) 0
FEMALE DBLLFDS F.L.|Y = 0.1204 x X - 0.047%! 0.0056 0.8137  454.4 <0,001 106 |
‘ l l '
{AREA 1 LFDS F.L.]Y - 0.0378 x X + Q.,5448| 0.0031 0.4167 144 <0,001 201

|AREA 1 DIA_EYE L.y = 0.0312 x X + 1,1712| 0.0012 0.58%5 293 <0.001 206

JAREA 1 DFDSH F.L.[Y = 0.3081 x % - 0.1438| 0.006 4.92v5S  2624.4 <0,00% any |
|AREA 1 PRE_CPER F.L.|Y = 0.1672 x X + 1.246%8] 0.0034 0.9147  2199.5 <0,007 207

|AREA 1 GPERCULE F.L.[Y = 0.0794 x X + O.4844] 0.0022 0,886  1354.% <0.001 27
JAREA 1 DBLLFDS F.L.|Y - 0.1227 x X - 0.1473] 0.0038 0.8385  1064.4 <0.00% 207 |
1 | | '.
|AREA 2 LFDS Fou.ly = 0.0347 x x + 0.6418) 0.0045 0.3818 58.1 <0,007 %6

IAREA 2 DIA_EYE F.L.|Y = 0.0378 x X + 0.%563 0,002 0.786) 349.1 <0.001 87

|AREA 2 DFDSH F.L Y = 0.3096 « X - 0.Z4B&| 0.0047 D.97B38  4428.4 <0.001 98 |
|AREA 2 PRE_CPER F.L_[Y = 0.1735 % X + 0.77A84| D.0039 0.9536  1930.2 «<0.007 96

|ARER 2 OPERCULE F.L.|Y = 0.0767 x X + 0.4473| 0.0058 0.6456 173.% <0.00% 97 1
{AREA 2 DBLLFDS F.L.[Y = 0.1165 » % - 0.0&41] 0.0073 0.6991 223.1 <0.001 %3 |
l l ! I
|AREA 3 LFDS F.L.[t = 0.0287 x ¥ + 1.0477| 0.0D87 0.4545 10.48 <0.001 5 |
|AREA 3 DIA _EYE F.L.[Y = 0.0355 x X + 0.8789] 0,0034 0.0642 95.4 <0.007 17

|AREA 3 DFDSM F.L.1Y = 0.3085% x X - 0.3235] 0.0062 D.9%27  2037.8 <0.001 17 |
JAREA 3 PRE_GPER F.L.|Y = 01711 « %X + 0.9234] 0.0057 0.9834 888.4 <0.007 17

{AREA 3 OPERCULE F.L.|Y = 0.0808 x X + 0.3734] 0.0024 0.8617 93.5 <0.001 17

|AREA 3 DBLLFDS 0.7234 x X - 0.4201| 0.0047 0.978%  &¥4.9 <0.007 17

FL Y
1 ]

COMPARISON OF RELATIVE GROWTH OF BODY PARTS BY SEX AND LOCATION

Table 7.1.4. compares male and female P. filamentosus. It may be
seen that there is no evidence for sexual dimorphism and that the
relative growth of all body parts examined was the same for males
and females. This was also true for the 1length weight
relationship. ©One might have cxpected some difference in this
relaticnship due to the greater weight of gonadal tissue in
larger females, but no differences were observed for either whole
or eviascerated fish. For analyses by location data for both sexes
was thus pooled.
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TABLE 7.1.4. A COMPARISON OF THE RELATIVE GROWTH OF BODY PARTS OF
MALE AND FEMALE P. FILAMENTOSUS BY MEANS OF THE t STATISTIC TO
COMPARE THE SLOPE OF REGRESSION (FROM DATA PRESENTED IN TABLES
7.1.1 = 7.1.3)

|VARTABLE REF. COMPAR-  t af P
(Y) (X) TSON

WEIGHT F.L. M v F 0.6994 1116 >0.1
EVIS.WT E.FL M v F 1.1189 9990 >0.1
LFDS F.L. M v F 1.2227 197 »0.1
DIA EYE F.L. M v F 0.4169 183 0.1
DFDSH F.L. M v F 0.0685 134 >0.1
PRE OPER F.L. M v F 0.9199 167 >0.1
OPERCULE F.L. M v F 1.4175 201 »0.1
DBLLFDS F.L. M v F 0.8206 200 >0.1

TABLE 7.1.5. A COMPARISON OF THE RELATIVE GROWTH OF BODY PARTS QOF
P. FILAMENTOSUS FROM DIFFERENT FISHING LOCATIONS

VARTIABLE REF. COMPAR- t df P
{(Y) (X) ISON
WEIGHT F.L. 1 v 2 7.8838 948 <0.001

1 v 3 1.53903 2806 »0.1

1 v 5 7.1617 764 <0.001

2 v 3 5.5%663 283 <0.001

2 v 5 C.4524 364 >»>0.1

3 v 5 2.2546 51 <0.001
LFDS F.L. 1 v 2 1.0253 293 >0.1

1 v 3 2.4620 16 <«0.05>0.02

2 v 3 1.0395 21 >0.1
DIA EYE F.L. 1 v 2 3.5372 277 <0.001

1 v 3 2.1758 172 «<0.05>0.02

2 v 3 1.0065 101 >0.1
DFDSM F.L.. 1 v 2 0.2670 296 »0.1

1 v 3 0.0660 70 »>0.1

2 v 3 0.2185 85 >0.1
PRE OPER F.L. 1 v 2 1.7041 272 >0.1

1 v 3 1.0316 126 >0.1

2 v 3 0.5723 89 >0.1
OPERCULE F.L. 1 v 2 0.7226 257 »0.1

1 v 3 0.4586 220 >0.1

2 v 3 0.6563 85 >0.1
DBLLFDS F.L., 1 v 2 1.1466 280 >0.1

1 v 3 0.1810 g2 >»0.1

2 v 3 0.95253 97 >0.1

Table 7.1.5 compares the relative growth rates of body parts of
P. filamentosus from different locations. For the body parts
displaying isometric growth significant differences were shown to
exist in relation to the length of the first dorsal spine and the
diameter of the eye. However, the regressions of these data
produced the least good fit (see Table 7.1.3) and so the
obscrvation of differences by locaticen for these variables may
arise through anomalies of the data. All other isometric
variables showed no significant difference by location and within
these variables the results were not conclusive.



By contrast, for the positively allometric length weight
relationship, a highly significant difference was observed
between the South and North, and South and Amirantes, between the
North and East, and the East and Amirantes, whilst the North and
Amirantes were the same as were the South and East. However, the
fact that the other regressions, on balance, showed no location
specific differences tends to suggest that this observation does
nct mean that there are two discrete populations. It is more
likely that some other factor explains the difference such as

food availability or time of year that each location was sampled
(see also 5.1).

To conclude this section : there 1is no evidence of sexual
dimorphism 1in P. filamentosus from Seychelles., The populations
from different locations showed no significant differences
indicating that they may be treated as a single homogeneous
pcpulaticn for stock assessment purposes. However, it should also
be stated that the lack of specificity in describing fishing
locations may partly explain the apparent homogeneity.
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7.2. GROWTH

7.2.1. PRISTIPOMOTDES FILAMENTOSUS

Growth parameters were calculated as follows for the example of
male P. filamentosus. Unless otherwise stated this proccdure was
used for each sex and species. To implement these analyses
routines in the computer aided packages for stock assessment by
Sparre ({1987, LFSA) and Gayanile et. al. (1988, the compleat
ELEFAN) were used as appropriate.

MALES

The Bhattacharya (1967) method was used with each of the monthly
length frequencies (Table 7.2.1) in turn in order to determine
the mean lengths for each of the normally distributed components
in each sample. An example is given in Figure 7.2.1 for the first
sample in the seriez, November 1989. Table 7.2.2. indicates the
time series of data, moved laterally relative to each other in
order to achieve an arrangement consistent with positive growth
between months.

TABLE 7.2.1. PRISTIPOMCIDES FILAMENTOSUS MALES, LENGTII FREQUENCY
DATA, NOVEMEBEER 1989 - DECEMBER 1990.

ML |{DATE:11 12 1 2 3 4 5 6 7 8 9 10 11 12
25 1
27 0
29 1 2 0 2 3
31 2 0 1 4 1 1 1 1 0 0 3 1
33 3 2 2 1 4 3 3 1 1 1 0 4 2 2
35 1 2 1 3 8 2 3 5 6 1 0 6 3 2
37 4 1 1 5 8 12 10 6 11 2 7 10 3 3
39 12 16 6 7 11 10 3 10 12 3 14 23 3 3
41 9 14 5 8 12 21 11 19 16 5 18 24 10 14
43 7 10 6 8 6 21 21 16 13 6 17 28 13 3
45 20 12 10 3 18 17 21 11 3 1 6 20 8 6
47 10 12 G 6 12 17 14 1 2 1 11 20 11 7
49 6 17 3 5 16 17 10 5 2 1 13 28 16 13
51 15 18 7 6 16 21 9 5 2 1 20 21 17 11
53 18 10 7 6 5 13 11 3 7 1 18 18 14 14
55 15 13 8 10 11 8 6 3 4 0 19 15 9 11
57 10 3 6 3 6 7 6 2 1 0 11 16 15 12
59 12 11 3 310 8 3 1 6 1 14 16 12 18
61 14 4 4 3 10 15 3 0 7 1 10 19 22 12
63 11 4 4 3 6 13 9 1 4 0 10 11 11 22
65 6 6 G 0 5 15 8 0 4 1 4 15 15 13
67 4 p) 3 1 1 7 4 ) 0 1 1 12 4 8
69 4 2 4 1 & 9 4 0 0 2 311 9 8
71 0 2 1 2 7 2 1 1 3 7 4 4
|73 4 2 1 0 2 3 0 4 4 2
|75 2 0 0 1 1 1 0
‘77 1 1 1 1 1
LSumi 187 166 95 83 178 250 171 91 103 31 202 331 208 190
n - 2,286
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FLIGURE 7.2.1: TO SHOW THE MEAN LENGTHS OF THE NORMALLY
DISTRIRUTED COMPONENTS OF THLE LENGTH
FREQUENCY DISTRIBUTION FOR MALE P.FILAMENTOSUS
FOR NOVEMBER 1989 — BHATACHARYA METHOQD.
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TABLE 7.2.2. MEAN LENGTHS OF THE COMPONENTS IDENTIFIED BY
APPLYING THE METHOD OF BHATTACHARYA TO THE DATA IN TABLE 7.2.1

MONTH MODES IDENTIFIED i M
11 39.6 45.3 53.6 6l.4 187
12 39.9 49.7 166

1 39.8 45.1 54.6 64.8 55
2 41.8 54.7 83
3 36.6 49.7 60.0 178
4 133.5 42.7 50.6 62.8 250
5 [37.0 44.3 52.6 58.1 63.8 171
6 |36.3 41.9 51.0 91
7 139.6 54.5 103
8 141.4 31
9 |40.9 53.1 61.8 202
10 42,0 49.5 53.8 331
11 |42.8 51.7 61.0 208
12 {41.0 52.0 2.1 190

The difference between mean lengths corresponds roughly to the
differcnce observed over 6 months of data, indicating that
probably twoc cohorts enter the fishery each year with the age
difference between cohorts being about 6 months (\1). However, if
correct, the growth over one vyear 1is 12-15cm which is quite
considerable and equates to 0.033-0.041 cm/day compared with
0.022cm/day in Hawail estimated for the same species on the basis
of daily rings on otoliths {Ralston, 1981).

Modal Progression Analysis was next performed : the progression
of the identified means through time was achieved by linking
those highlighted in Table 7.2.2. Those means which indicated
negative growth were excluded from this analysis. It was only
possible to satisfactorily resolve three cohorts. The von
Bertalanffy growth parameters (Lyo, K) were obtained by the
Gulland and Holt (1959) method, and are given in Table 7.2.3.

Next ages were assigned to each of the c¢ohorts used from each
sample. This was done iteratively relative to arbitrary birth
dates of January 1 and July 1. A modification of the original von
Bertalanffy (1934) method as executed through the programme LFSA
was then used to estimate tp and K for the (forced) value of Lgg
obtained from the method of Gulland and Holt. The results for the
January and July cohorts appear 1in Table 7.2.,3. In fact, the
'Best Cholce’ of wvon Bertalanffy parameters for both cohorts
produced values of Ly, in excess of 120 cm at which point the
iteration was not continued. This indicates that the original
data set was not sufficiently robust to produce a meaningful
result (\2). As a consequence the wvalues reported here should
only be regarded as initial estimates to be refined as more data
becomes available. As a further check, the method of
Stomatopoulos and Caddy (1989) which also uses length at age data
to calculate the von Bertalanffy growth parametcrs, was applied

\1} Chapter & indicated that there was a prolonged spawning pericd with geaks around November and Apri{-May,
the latter being stronger.

\2) ar that it has been Incorrectly interpreted, although the Bhatacharya analysis was repeated several
times wntil the author was satisfied that the modes identified could not be impreved upon. Several
variaticns were also attempted 1n the MPA but that given wes considered to be the best fit to the data.
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to this data. Again unacceptably high values of Lyg were obtained
(results not shown).

Next, in order to attempt to refine the estimates of Loy and K
the values obtaincd from the CGulland and Holt analysis were used
as initial wvalues 1in the ‘'response surface analysis' and
'optimising parameters' routines of ELEFAN I.

Guyanilo et. al. (1988) suggest that the procedure described
above requires subjective Jjudgement which can lead to large
potential errors. They argue that by reformulating the method
described above the subjective element has been removed in the
analytical package 'ELEFAN I' of the compleat ELEFAN. The method,
originally described in Pauly and David (1%81), consists of two
major steps: restructuring the length frequency data in order to
emphasise the peaks and troughs (modes); fitting a growth curve.
Pauly and David (1981) defined an objective measure of the
goodness of fit of the growth curve to the restructured length
frequency data as the ratio of the 'Egg&?ined Sum of Peaks' to
the ‘'Available Sum of Peaks': Rn=10F ASPflo, that 1is, the
'score' achieved when the growth curve passes through a peak
compared with the potential maximum score for that growth curve.
The growth curve with the highest Rn value fits the data bhest.
ELEFAN I also allows the fitting of a seasonalised von
Bertalanffy growth curve for which the additional parameters WP
(Winter Point) and C (amplitude of cscillations) are required.

Initial estimates of Ly, and K are required. Ly, may be used (or
the mean of the 10 largest fish in the sample), or the Wetherall
et. al. (1987) method may be applied to obtain an initial
estimate of Lgg. The response surface routine of ELEFAN I must
next be used to obtain an estimate of K and refine that of Lgg.
The values of Ly, and K identified are then seeded into the
Automatic Search Routine in order to find the optimum parameters.
This routine attempts a large number of growth curves and
computes Rn for each of them. The best combination of parameters
is that which produces a growth curve with the highest Rn value
{(in this report the values shown are Rn*1000). A seascnalised
growth curve may also be fitted to the data by employing the
Response Surface Analysis routine to identify the best WP and C

values and seeding these with Lgs and K into the Automatic Search
routine.

For the example of male P.filamentosus the seeded values were:

(i) Those obtained from the Gulland and Holt plot of the modal
progression analysis

(1i) Lgg obtained from the Wetherall et, al. plot of ELEFAN IIT
(iii)Lpayx (see Chapter 5, this report)

For each combination of parameters growWwth curves were computed
both with and without seasonal oscillation. The results for each
computation appear in Table 7.2.3 for this example, but for the
remalning species / sex only those parameters of the growth curve
considered to best fit the data are shown.

In order to compare the growth curves with those achieved by
other authors Munro'!s phi prime test (Munro and Pauly, 1983) was



applied. Species within the same family have very similar values
of phi prime. If two values of phi prime representing alternative
estimates of growth parameters of the same stock, or of stocks of
the same species, differ greatly it indicates that one {or both)
of the estimates are biassed.

phi prime = LogK + 2*L0OgLgq

TABLE 7.2.3. ESTIMATES OF THE VON BERTALANFFY GROWTH PARAMETERS
DERIVED FOR MALE P. FILAMENTQSUS

ANALYSIS GROWIH PARAMETERS S8D MUNRO
PERFORMED Loo K WP C to Rn* 55 SL|Phi'
Gulland and Holt!85.59 0.44 3.508
VONBER/LFSA-July|85.59 0.45 -0.333(|20.9 3.518
~-Jan {85.59 0.34 -0.834|2.07 3.396
ELEFAN I
(1) 85,80 0.30 166 9 52|3.344
(i1) 73.20 0.40 152 1 44(3.331
(iii) 77.60 0.53 158 4 54(3.499
(1) / seascnal 85.10 0.39 0.65 0.90 176 3 44(3.451
(i1i) / seasonal |73.20 0.47 0.75 1.00 200 11 72[3.536
(iii) / seasonal|77.60 0.33 0.80 0.70 188 1 44|3.291

* SSD for VONBER, FEn for ELEFAN 1

FEMALES

The length frequency data for female P. filamentosus appears in
Table 7.2.4 and the mean lengths of the components identified by
the Bhattacharya method, arranged to show positive growth (as
much as possible) with time appear in Table 7.2.5. The Gulland
and Holt analysis of the modal progression indicated by
highlighted data produced values of L,55=136.13 cm and K=0.122. A
number  of other ©progressions were attempted but a more
satisfactory result was not obtained. Since these values were
considered unrealistic the VONBER analysis was not performed.
ELEFAN I was next used to analyse the data using as the starting
Loo that derived for males above, L;,., and that calculated by
the Wetherall et. al. method. Ly y¢ gave the best fitting growth

curve, the parameters of which are given in Table 7.2.8. with and
without seasonal oscillatlion.
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TABLE 7.2.4.

PRISTIPOMOIDES FILAMENTOSUS FEMALES, LENGTH

FREQUENCY DATA, NOVEMBER 198% - DLECEMBER 1590.

MLADATE 11 12 1 2 3 4 5 6 7 8 g 10 11 12
29 1 2 1
31 1 1 6 2 1 2 0 2 2
33 1 0 1 3 7 G 1 1 2 2 2 5
35 3 2 3 7 o 5 3 a 4 2 3 3 5
37 6 3 4 4 7 6 5 12 2 3 8 4 1
39 7 4 4 g 13 11 14 11 8 2 13 33 10 6
41 9 9 6 7 14 25 g 13 22 2 15 15 g 7
43 10 5 1 5 10 21 18 16 15 1 13 21 13 8
45 10 22 9 7 16 15 6 6 6 ¥ 4 25 14 8
47 13 17 1 5 10 9 15 4 S 1 7 16 6 11
49 3 &) 4 7 8 12 14 2 5 1 16 23 16 18
51 11 a 8 3 13 10 5 3 5 0 26 15 17 11
53 16 7 9 9 14 7 6 4 6 1 19 17 14 9
55 8 11 3 h 5 8 8 0 9 0 12 12 11 9
57 6 6 2 7 4 6 7 1 7 1 13 23 5 15
59 7 4 0 3 9 10 3 1 6 0 15 11 11 12
61 G 3 11 2 11 7 5 3 2 1 12 19 18 15
63 7 3 0 3 5 6 9 0 2 1 2 12 18 11
65 it} 1 1 1 7 4 9 1 1 1 2 6 7 4
67 1 1 4 4 7 3 4 g 2 4 6 7
69 2 1 2 5 4 3 6 1 g 7 10 1
71 0 2 2 1 3 3 1 1 3 2 1
73 1 1 1
75 0 1
77 2

Sum 130 116 63 91 165 189 160 74 121 18 182 280 198 169

n=11,956.0
TABLE 7.2.%., MEAN LENGTHS OF THE COMPONENTS IDENTIFIED BY
APPLYING THE METHOD OF BHATTACHARYA TO THE DATA IN TABLE 7.2.4.
MONTH MODES IDENTIFIED Ngﬁ1

11 3J8.7 44.8 52.8 59.3 63.1 130

12 41.2 45.4 54.9 62.0 116

1 40.4 1.8 67.3 63

2 39.5 45.4 53.3 62.5 91

3 [35.2 43.9 51.6 60,5 66.7 165

4 34.6 41.6 49.5 59.4 189

5 [33.7 41.8 48.1 55.4 63.8 69.9 160

6 |33.7 42.6 74

7 140.4 49,5 55.3 121

8 |34.0 18

9 41.2 50.9 58.7 182

10 [39.3 44.6 52.7 61.5 69.1 280

11 (42.5% 51.5 62.3 198

12 133.0 49.0 61.1 169
First, all analyses were attempted with ELEFAN MPA which is
easier to use than LFSA. Certain months

difficult to fit

and next,
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sample size of lese than 100 were excluded. May, July and October
still proved difficult to obtain o satisfactory result. The
highlighted figures were those selected for the Gulland and Holt
analysis after plotting the data and following potential growth
curves - it may be seen that it proved difficult to identify
consistent positive growth within cohorts with this data.

TOTAL

The length frequency data collected for the total sample of PI.
filamentosus each month 1s indicated 1n Table 7.2.6. The mean
lengths of the components identified by the Bhattacharya method,
arranged to show positive growth with time, appear in Table
7.2.7.

TABLE 7.2.6. PRISTIPOMOIDES FILAMENTOSUS, MALES, FEMALES AND

UNDETERMINED : LENGTH FREQUENCY DATA, NOVEMBER 1989 -~ DECEMBER
1990.

ML\DATEill 12 1 2 3 4 5 6 7 8 5 10 11 12
- -

25 1
27 2 2
29 1 1 1 2 0 3 6 1
31 3 1 6 5 8 2 2 2 1 4 o 5 3
33 9 3 2 313 14 12 5 5 1 3 9 5 7
15 8 4 3 8 22 18 12 12 16 6 3 13 8 7
37 13 5 8 15 17 27 18 17 34 4 10 23 10 5
39 25 22 24 23 32 34 27 28 32 7 30 65 14 10
41 29 29 36 25 49 62 33 41 54 7 34 47 22 22
43 26 26 3% 21 37 60 52 39 34 8 32 60 34 14
45 41 38 47 19 57 61 41 25 14 1 14 65 27 22
47 41 33 43 21 49 55 41 12 9 2 23 50 23 22
49 22 32 33 21 63 80 39 11 8 2 36 68 35 30
51 61 33 3% 15 61 71 34 13 12 1 52 50 53 30
53 69 34 29 22 42 55 38 13 14 2 44 46 41 36
55 52 28 32 24 45 51 24 6 16 0 36 36 30 36
57 57 15 17 17 39 47 17 4 11 1 25 52 27 37
59 38 25 10 23 48 56 213 4 17 1 39 37 35 48
61 46 16 23 9 43 76 22 4 10 3 30 65 49 42
63 44 14 17 12 32 65 27 4 G 1 19 132 45 45
65 28 11 17 14 26 60 30 4 5 4 11 30 26 24
67 16 11 11 9 15 29 16 2 1 15 22 11 17
69 26 4 10 1% 21 41 20 2 1 2 4 26 19 12
71 8 4 4 5 6 22 10 3 4 4 11 8 7
73 7 2 4 3 2 11 3 1 0 6 4 3
75 3 1 0 1 1 2 G 1 2 0 1
77 1 12 1 1 3 2 1
79 1 1

Sum 670 395 452 335 727 1008 551 253 305 58 465 821 531 489

n = 7,241

In order to achicve positive yrowth with time it was necessary to
assume that certain components existed which were not identifled
by the Bhattacharya method. These are indicated by '?' in Table
7.2.7. After plotting these results graphically, those components
indicated by 1light print either did not conform to positive
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growth with time or produced an 111 fitting curve when the
components were connected. These points were excluded from the
modal prodression analysis, and so were all points in 'Cohorts!' 1
and 2. Cohorts 3 - 6 could be fitted casily, whilst 7 required
that a large number of points were excluded. Cohorts 8 - 12 also
apparently fitted well. The Gulland and Holt analysis of the
modal progression of cohorts 3 - 12 produced negative values for
the growth parameters. Using only cohorts 3 - 6 produced values
0f Lpp=67.73 cm and K=0.5064. (When the 1ill fitting cohort 7 was
included, Lyn=170.48 cm and K-0.11. Using only cohorts 3 and 4,
Loo=77.233 cm and K=0.4265). This analysis was not taken further,
and ELEFAN I was next used to establish the parameters of the
best fitting growth curve, the results of which appear in Table
7.2.8.. The pest curve used the value for Lgg derived from the
Wetherall et. al. plot as the starting point.

TABLE 7.2.7. MEAN LENGTHS OF THE COMPONENTS IDENTIFIED BY
APPLYING THE METHOD OF BHATTACHARYA TO THE DATA IN TABLE 7.2.6.

[ 1
|MoNTH! MEAN LENGTHS GF COMPONENTS ITDENTIFLIED !
[ | 1 2 3 4 5 6 I4 a ® 10 1 12
F— N —
[vov | 33.804 ? 41.262 7 47,136 53.124 57.807 61.951 |
|pEC | 32.000 7 ? 40,450 45.7B& S52.472 7 59.912 63.954 |
JJaN | 42.073 46,225 50.975 7 61.487 I
|FEB | 31.442 7 40.745 ? 49.025 54,1335 59.138 64,573 69.699 |
AR 35.348  41.455 ? 49.746 56,063 59.985 |
|apg | 34587 2 41.325 46,145 50.018 2 61.910 69.834 |
lupy | 29.000 34.001 7 43.313  49.714 ? 59.866 65,077 69.893 75,184 |
{Jud | 41.876 ? 51.814 58.117 62,001 65.845 71.058 ]
lauL | 37.851 41.953
jaug | 35.630 40.0%9  ? 48.000 i
Isep | 30.794 2 41,421 7 7 52.002 59.478 |
focT | 39.524 7 44.946 ? 52.299 60,083 |
[NOV | 32.000 2 43,307 7 51.305 ? 61.604 i
IDEC  127.000 34.601 41,3517 9 46.008 49.9 54.C 58.050 62.197 67.895 i
L |
TABLE 7.2.8. BEST ESTIMATES OF THE VON BERTALANFFY GROWTH
PARAMETERS DERIVED FOR P. FILAMENTOSUS WITH ELEFAN TI.
SEX ANALYSIS GROWTH PARAMETERS MUNRO
PERFORMED Lso K WP C Rn SS SL|Phi!
M |non seasonal 85.80 0.30 166 9 5213.344
M |seasonal growth 73.20 0.47 0.75 1.00 |200 11 72|3.536
F |non seasonal 77.60 G.275 163 9 403.219
F |seasonal growth 77.60 0.285 1.00 0.85 [178 2 44:13.235
ALL|non seasonal 74.25% 0,420 217 9 4113.365
ALL|seasonal growth 74.25 0.420 0.85 0.70 |268 10 65|3.365




AGE AT LENGTH FROM OTOLITHS

The study of growth is essentially the determination of size
(fork 1length) as a function of age. In temperate waters year
rings are laid down on hard parts of fish such as scales and
otoliths due to changes in the rate of growth between winter and
summer. Such rings may be counted to determine age. In the
tropics the lack of distinct seasons wmeans that it is difficult
if not impossikble to identify such annual rings, and although
recently techniques have been developed to count daily rings (see
Ralston and Miyamoto, 1981; Radtke, 1987) they are expensive and
require sophisticated equipment such as scanning electron
microscopes. However, due to the hydrographic changes occurring
over the Mahe Plateau it was considered possible that annual
rings could be observed and otoliths from 5 male and 5 female P.
filamentosus were sent to Mr B. Bedford formerly of the Ministry
of Agriculture, Food and Fisheries laboratory at Lowestoft in the
U.K.. A copy of his report is appended.

The otoliths examined revealed similar structures and patterns to
those observed in temperate water fish, and whilst on the basis
of such a small sample it was not possible to state that these
were definitely year rings it 1s a distinct possibility. The
rings were not easy to define but nevertheless were apparent. The
'ages' assigned to these fish are shown 1n Table 7.2.9. and
figures 7.2.1 - 7.2.73.

TABLE 7.2.9. AGE AT LENGTH FOR MALE AND FEMALE P. FILAMENTOSUS
FROM OTOLITH DATA

SEX|LENGTH AGE|NOTES

M 45,2 7

M 57.5 6

M 66.5 16115-18

M 71.8 19|15+ poss 19
M 72.9 20115+ poss 18-21
F 32 21273

F 41.7 3

F 48.7 7

F 53.9 11

F 66.6 25|15+ poss 25

FIGURES 7.2.1-3 LENGTH AT AGE FOR MALE, FEMALE AND ALL P.
FILAMENTOSUS
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The method of Stomatopoulos and Caddy (1989%) was used to

determine the von Bertalantfy growth parameters from this data.
Oowing to the small sample size little emphasis should be placed
on the results presented below. K ranged from 0.0575 for females
to 0.1018 for the total sample, which differs considerably from
the results based on length frequency data.

FEMALES
Y X
AGE (YRS) LENGTH Xt XY Y2 ®2
2.00 32,0000 -0,18 ~-5.61129 1024.00 0.03
3.00 41.7000 -0.25 —-10.,4724 1738.89 0.06
7.00 48,7000 ~0.49 -23.,8991 2371.69 0.24
11.00 53.9000 -0.65 -35.2334 2905.21 0.43
25.00 66.6000 ~-0.91 -60.6183 4435.56 0.83
count sum Y sum X sum XY sum Y2 sum X2
5.00 242,9 =-2.48109 -135.834 12475.35 1.590383
RESULTS K= 0.0964 L,,= 70.04157
a= 27.440 1.0 = 27.44049
b= -42.601 t0 = -5.158
r= -0.9826
r2= 0.9654



MALES
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Y X
AGE (YRS) LENCTH Xt XY Y2 K2
7.00 45,2000 -0.33 -14.,.9771 2043.04 g.11
16,00 66.5000 -0.60 —-39.,9984 4422.25 0.36
13.00 71.8000 ~0.66 —-47.7199 5155.24 0.44
20.00 72.9000 ~0.68 -49.8171 5314.,41 0.47
count sum Y sum X sum XY sum Y2 sum X2
4.00 256.4 -2.28082 -152.512 16934.94 1.380283
RESULTS K= 0.0575 L, = 98.11897
a= 18.967 LO = 18.96730
= ~-79.,152 t0 = -3.742
r= -0.999¢
r2= 0.9998
TOTAL
Y X
AGE (YRS) LENGTH Xt XY Y2 X2
7.00 45,2000 -0.51 ~-23.035%3 2043.04 0.26
16.00 66.5000 -0.80 -53.4550 4422.25 0.65
19,00 71.8000 ~-0.86 -61.4220 5155.24 0.73
20.00 72.9000 -0.87 ~-63.3829 5314.41 0.76
2.00 32.0000 -0.18 ~-5.89476 1024.00 0.03
3.00 41.7000 ~0.26 ~-10.9742 1738.89 0.07
7.00 48.7000 ~0.5%1 -24.8150 2371.69 0.26
11.00 3.9000 ~-0.67 =-36.3100 2905.21 0.4%
25.00 66.6000 -0.92 -61.3736 4435.56 .85
6.00 57.5000 -0.46 -26.2823 3306.25 0.21
count sum Y sum X sum XY sum Y2 sum X2
10.00 ho6.8 -6.04765 —-366,949 32716.54 4.268498
RESULTS K= 0.1018 L, = 75.22297
a-= 25.776 LO = 25.77639
b= -49.447 t0 = -4.123
r= -0.934
r2= 0.872




7.2.2. APRION VIRESCENS

Length frequency data for male and female A. virescens sampled
each month appears in Tables 7.2.11. and 7.2.12. TFor femalcs
there were only 4 months when the sample size exceeded 100
individuals, and no significant result could be obtained using
the method of Bhattacharya and modal progression analysis
described above (\1). For males the sample size was greater than
100 for 9 months but the MPA similarly did not produce a
meaningful result. Consequently, the results of the Bhattacharya

and subsequent analyses are not reproduced here for males and
females separatcly.

TABLE 7.2.11. LENGTH FREQUENCY DISTRIBUTIONS OBSERVED FOR APRION
VIRESCENS NOV 1%89% - DEC 1930 (MALES)

ML\DATE; 11 12 1 2 3 4 5 6 7 8 8 10 11 12
29 2 1
31 2 1 0
33 0 4 5 7 3
35 0 1 2 6 10 10 1 2
37 2 1 0 1 12 6 2 1 1 2
39 3 0 0 0 0 4 1 1 2 1 2 3
41 6 0 5 4 3 2 0 0 3 3 2 2 4 6
43 0 3 4 3 3 2 3 0 3 0 o 12 6 2
45 0 4 11 15 4 8 3 1 0 0 1 7 5 9
47 1 1 1 6 8 2 1 1 3 1 0 7 3 10
49 1 2 5 2 0 4 2 0 6 0 o 4 12 7
51 4 2 1 3 3 3 0 3 1 0 0 7 10 11
53 1 B 2 1 14 4 2 1 4 2 2 6 19 6
55 3 3 4 4 8 6 0 0 8 0 0 5 15 0
57 7 6 2 4 6 7 5 0 3 1 4 3 7 4
59 9 5 5 3 14 10 10 0 4 0 1 14 30 15
61 6 5 3 5 21 3 5 1 2] 5 2 12 20 19
63 9 1 4 10 16 11 8 1 9 0 9 13 26 22
65 8 5 8 11 1% 15 9 2 9 0 8 14 22 14
67 7 3 10 8 19 8 10 0 8 4 11 28 17 10
69 12 7 19 9 21 11 9 1 6 3 12 37 32 21
71 13 3 15 9 29 22 8 o 11 0 12 35 43 15
73 12 2 13 3 27 21 8 2 6 4 10 31 4% 17
75 16 1 10 9 26 20 0 3 5 0 7 18 28 11
77 6 1 2 7 21 9 1 0 2 1 4 15 9 2
79 5 3 1 2 10 8 2 2 0 0 4 21 8 8
81 1 1 2 2 3 6 1 2 1 3 8 5 5
83 0 0 1 4 2 1 3 0 10 2 3
35 0 1 0 3 5 1 1 1 1
87 1 0 1 1 2 0
89 0 0 1
91 0 0]
91 1 1
Sum 137 69 134 139 314 214 93 19 106 27 93 315 380 224
n = 2,264.

Z\10nly samples with more than 100 individusis were included in the S8hattacharys analysis.
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TABLE 7.2.12. LENGTH FREQUENCY DISTRIBUTIONS OBSERVED FOR APRION
VIRESCENS NOV 1989 ~ DEC 1990 (FEMALES)

MLA\DATE |11 12 1 2 3 4 5 6 7 8 9 10 11 12
29 3 1 1 1 1
31 0 0 1 1 2 1 0 3
33 0 1 4 5 6 3 0 0 0
35 0] 0 1 11 12 4 1 0 1 2
37 2 1 2 1 8 5 2 3 0 a 1 4
39 6 0 2 0 6 3 3 1 1 3 0 O 4
41 1 1 2 3 3 0 2 0 0 1 2 1 2 4
43 2 3 8 7 5 0 1 1 1 1 2 9 8 2
45 1 1 6 13 3 4 1 0 0 0 1 5 9 5
47 o 0 7 6 3 2 0 0 0 1 0 1 1 9
49 0 1 1 3 4 4 2 1 1 1 0 6 16 10
b1 1 3 4 3 2 2 2 1 2 1 0 4 9 4
53 1 3 1 3 2 1 3 0 4 0 0 3 13 4
55 0 3 1 2 1 3 1 0 4 1 0 2 13 2
57 3 4 0 2 1 3 2 0 6 2 1 6 7 2
59 0 3 1 7 2 2 9 0 5 4 o 12 27 1a
61 1 0 3 0 = 4 0 0 6 1 1 13 16 14
63 3 1 4 0 4 5 5 0 4 1 3 7 36 6
65 4 3 6 8 4 3 4 1 4 0 2 & 23 5
67 0 6 3 3 9 6 6 0 2 0 b 11 8 5
69 4 2 7 3 12 2 3 0 2 0 3 18 18 18
71 4 4 6 7 12 1 3 1 2 0 3 10 16 11
73 8 1 7 3 6 6 7 2 3 0 1 10 12 6
75 5 3 8 1 7 6 1 3 1 2 2 10 15 3
77 4 1 1 2 9 2 1 0 0 b 7 5 1
79 2 1 2 2 8 2 1 1 0 6 2 1
81 2 0 1 2 q 1 1 3 1 1
83 2 1 0 1 3 1 1 0 0
85 0 0 0 1 0 1 1
87 0 0 0 1 1

89 2 0 1 0

91 0 1 1

93 0 0

95 0 0

97 1 1

Sum 61 48 91 96 150 82 59 15 55 19 33 153 258 138

n = 1,258.00

Length frequency data for the total number of individuals sampled
each month appears in table 7.2.13. The mean lengths of the
components identified by the Bhattacharya method for the total
monthly samples of A. virescens, arranged to show positive growth
with time appear in Table 7.2.14. The Gulland and Holt analysis
of the modal progression indicated by highlighted (in italics)
data produced values of Lgy=92.598 cm and K-0.2481 for the first
4 cohorts, but inclusion of more cohorts in the analysis produced
an unrealistic result. The difference in length between cohorts
corresponded approximately to the difference observed over a &
month period. This suggested 2 recruitment periods each year and
thus ages were arbitrarily assigned to the mean lengths
identified in cohorts 1-4 with birthdates of January 1lst and July

1st. VONBER of LFSA was used to cstimate the growth parameters
shown in Table 7.2.15
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ELEFAN T was next emploved to analyse the data using as the
starting L,y that derived above from the Gulland and Holt
analysis, that from the VONBER analysis, Lpayx, and that
calculated by the Wetherall et. al. method. Lpayw, refined through
the Response Surface Analysis gave the best fitting growth curve,
the parameters of which are given in Table 7.2.15. with and
without seasonal oscillation. ELEFAN 1 was also used to analyse
the data for male and female A. virescens.

TABLE 7.2.13. LENGTH FREQUENCY DISTRTBUTIONS OBSERVED FOR APRION
VIRESCENS NGV 1989 - DEC 1990 (TOTAL)

MLADATE| 11 12 L 2 3 4 5 6 ¥ 8 ¢ 10 11 12
25 1

27 0

29 5 1 2 1 1 1 1
31 2 1 2 2 2 0 1 1 4
33 2 1 8 16 20 7 C 0 1 0
35 3 2 4 23 28 14 6 0 2 0 4
37 & 4 2 2 21 13 6 3 Q 1 1 3 6
39 11 0 2 2 9 12 il 2 3 5 2 2 8
41 7 4 8 12 14 2 2 0 4 5 5 4 10 13
43 2 7 16 13 13 4 4 1 4 1 6 25 22 7
45 1 5 22 40 20 13 6 1 3 0 2 18 16 20
47 2 2 20 24 1lse 6 1 1 G 2 1 10 12 25
49 2 5 13 17 1> 10 7 1 8 1 0 13 33 22
51 5 9 6 20 20 7 3 5 4 2 o 12 23 19
53 4 14 5 5 26 14 9 1 e 4 311 40 17
55 3 8 9 10 18 16 3 0 13 1 1 11 35 4
57 11 13 6 14 17 18 12 0 14 6 g 18 21 7
59 12 11 12 1% 32 26 22 0 13 5 6 37 78 31
61 12 7 15 18 & 16 13 2 19 6 8 40 52 44
63 18 6 14 34 41 35 26 1 15 6 17 41 8G 39
65 32 12 31 38 41 34 33 4 17 5 16 46 71 25
67 26 18 36 5 64 29 33 1 22 & 20 62 37 26
69 31 16 64 44 70 B2 26 1 22 & 36 79 73 51
71 33 15 B8 53 ©7 70 34 3 26 0 43 70 83 34
73 49 16 57 35 93 49 28 10 19 6 31 66 82 28
74 53 18 60 30 78 56 10 g8 23 7 27 53 57 21
77 34 5 20 24 63 30 9 1 7 5 19 386 19 5
79 23 9 16 12 3 27 4 4 4 1 7850 12 9
81 9 1 9 5 29 23 2 1 7 1 10 24 17 8
83 6 3 4 6 14 15 1 1 4 6 17 4 7
85 3 3 3 2 9 11 1 0 0 2 5 3 2
87 2 0 2 2 3 7 1 0 2 1 5 0

89 4 1 1 1 2 0 1 1 1 1 1

91 1 0 2 C 1 3 0 2 0 1
93 0 0 1 1 0 0 1

95 0 0 1 1

97 0 1 1

99 1 0

101 1

Sum L414 218 532 560 967 620 308 53 274 84 276 762 B86 487

n = 6,441.00
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TABLE 7.2.14. MEAN LENGTHS OF THE COMPONENTS IDENTIFIED BY
APPLYING THE METROD OF BHATTACHARYA TO THE DATA IN TABLE 7.2.13

r T === 1
| HOHTH| COKORTS IDEKTIFIED !
] | 1 2 3 4 5 6 7 8 g w
p—t= — =
[NOV | 38.706 7 51,608 7 57.670 45.757 7 T4.485)
IDEC | 43,373 7 52.886 57,991 7 &7.612 75.965)
{daN | 33,333 7 45.687 7 55.465 61.358 66.260 71.348 |
[FEB | 34.000 42,092 45.918 51,020 59.303 2 65.4B4 71.012 {
{mar | 35.700 45.340 7 52.948 7 61,402 68.370 72.061 75,964 |
|APR | 36.160 45.243 49.821 54.030 59.255 43.955 7 70.918 [
[may | 35.8BL 44.480 49.825 7 59.022 66.290 2 73.05B 77.057|
FIUN 51.009 ? 7 65.000 70.385 73.742 |
oL | 42.000 7 4B.8BY 57.148 62,005 66,076 70.712 !
laue | 40.0D0 7 52.666 7 62,000 ? 7 74,725 !
jsep | 42.284 7 7 57.688 63.883 68.220 71.940 74.913 |
Ject 44,506 7 ? T 63.334 |
JNoV | 43.438 49.624 53.976 59.527 65.182 7 71.789 |
[DEC  |40.879 46.059 7 ? 7 62.015 69.403 !
L i ———— )
TABLE 7.2.15. ESTIMATES OF THE VON BERTALANFFY GROWTH PARAMETERS

DERIVED FOR APRION VIRESCENS

ANALYSIS GROWTH PARAMETERS §SD MUNRO
PERFORMED Loo K WP C to Rn* SS SL|Phi'’
VONBER/LFSA-TOT
cohorts 2-5 onlyi{84.857 0.294 ~0.688,47.7 3.326
ELEFAN I - TOTAL
non seasonal 104.00 0.260 186 4 341[3.449
seasonal growth [104.50 0,260 0.95 0.75% 175 13 58}3.453
MALES
non seasonal 95.00 0.290 159 13 59(3.418
seasonal growth 95.50 0.240 0.75 0.75 184 12 4213.336
FEMALES
non seasonal 108.00 0.140 203 6 67)13.213
seasonal growth {106.5%0 0.140 0.85 0.75 241 5 60[3.201
* 55D for VONRBER, Rn for ELEFAN I
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7.2.3. LUTJANUS SEBAE

Length frequency data for male and female I. sebae sampled each
month appears in Tables 7.2.16. and 7.2.17. For females there
were 9 monthe when the sample size exceeded 100 individuals, and
no significant result could be obtained using the method of
Bhattacharya and modal progression analysis described above (\1},
or by assigning ages to the length data and applying the VONBER
analysis. For males the sanple size was greater than 100 for 7
months but the MPA similarly did not produce a meaningful result.
Consequently, the results of the Bhattacharya and subsequent
analyses are not reproduced here for males and females
separately.

TABLE 7.2.16 : LUTJANUS SEBAE - MALES, LENGTH FREQUENCY DATA
SAMPLED BEIWEEN NOVLEMBER 1989 AND DECEHMBER 1990

MLADATE| 11 12 1 2 3 4 5 6 7 8 9 10 11 12
21 1
23 1 1 1 a 1
25 1 0o 1 t 2 1 0 2 1 1
27 0 0 2 1 2 2 0 1 1 2
29 a4 0o 1 2 5 4 1 1 1 7 0 3
31 o o 1 6 4 7 1 1 2 4 1 10
33 2 3 1 4 14 4 2 2 o 3 0 7
35 o 1 o 9% 5 11 0 4 0 4 2 10
37 1 o 3 7 a4 7 1 4 1 1 1 1 =6
39 o o6 3 3 11 6 O 5 1 1 3 2 8
41 2 0 2 5 5 & 1 2 2 1 4 1 6
43 1 o 1 5 2 1 1 o o o0 8 0 5
45 2 0 1 4 2 5 0 2 3 0 5 3 3
47 4 1 2 3 3 s 9o 1 1 o0 2 1 4 1
49 7 1 o 4 3 2 1 1 1 0 1 2 4 1
51 8 o O &6 4 2 0O 3 0 0 Q 2 6 0
53 15 4 1 6 6 4 2 1 o 0 2 7 6 4
55 13 1 1 4 8 6 0 0 3 2 1 2 5 1
57 15 2 2 ) 13 8 1 0 1 1 1 6 5] 4
59 24 2 2 6 10 7 5 O 2 2 4 12 10 1
61 28 4 3 5 1% 11 6 2 7 6 6 17 3 3
63 10 2 3 6 15 10 3 1 7 5 3 13 8 4
65 25 1 5 & 17 8 4 0 6 3 5 15 8 3
67 11 3 2 12 8 14 2 2 4 3 0 13 9 &6
69 20, 1 5 9 s 8 2 1 1 1 9 16 8 7
71 10 4 4 7 18 9 6 3 2 0O 7 20 9 9
73 17 2 1 5 16 7 4 2 0 6 16 9 3
75 23 2 2 11 5 8 2 4 1 6 6 8 2
77 12 2 1 7 5 3 3 2 a 8 7 0
79 13 2 5 6 2 2 2 4 8 2 3
81 5 3 2 4 3 0 0 1 8 2 1
83 101 101 1 2 2 3
85 1 0
87 1

Sum 276 43 51 159 226 173 S2 15 67 31 70 217 129 117

n = 1,626

\hionty samples with more than 100 individuals were ircluded in the Bhattacharya analysis.
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TABLE 7.2.17.: LUTJANUS SEBAE - FEMALES, LENGTH FREQUENCY DATA
SAMPLED BETWEEN NOVEMBER 1989 AND DECEMEER 1990

MLA\DATE|] 11 12 1 2 3 4 5 6 7 8 9y 10 11 12
19 1
21 1 1
23 1 1 1 6 2 1 3
25 2 3 9] 2 4 5 2 1 5
27 2 2 6 5 10 6 5 5 3 4 1
29 1 3 9 4 11 8 2 3 2 15 1 3
31 2 3 12 12 13 13 2 4 1 6 12 1 11
33 4 1 3 11 20 12 4 7 0 7 5 1 6
35 1 1 8 11 13 G 5 5 2 G 9 2 6
37 2 2 3 ] e 12 0 8 7 5 4 3 11
39 0 1 2 4 10 13 1 5 2 4 5 2 9
41 3 0 0 4 10 4 3 1 3 2 4 7 1 8
43 2 2 2 4 11 G 2 0 4 4 5 4 2 6
45 1 0 0 7 a 2 1 0 6 4 4 5 5 4
47 1 5 1 2 7 0 2 0 1 1 6 7 6 2
49 5 3 1 7 7 4 1 1 g 2 2 6 9 4
51 12 0 1 10 8 5 3 0 2 2 2 17 7 4
53 11 4 3 g 7 11 1 0 5 4 3 10 16 3
55 19 7 1 10 11 11 5 0 5 6 2 22 12 0
57 24 11 4 17 20 16 3 1 4 3 10 1t 8 4
59 28 9 7 12 2 13 5 9 6 15 24 10 7
61 26 3 5 18 32 13 3 10 1 7 26 10 6
63 28 6 6 19 286 12 7 8 2 5 19 8 3
65 23 6 2 13 14 12 5] 3 1 14 21 12 3
67 6 3 2 9 8 9 3 2 0 4 G 5] 1
69 8 1 2 4 6 6 2 2 3 2 12 9 3
71 1 0 1 0 2 1 1 4 1 2
73 0 0 1 1 1 1
75 0 1 0 1
77 1 0 1
79 1

5um 212 78 89 196 304 205 74 3 109 53 121 265 135 108

n = 1,952

Length frequency data for the total number of individuals sampled
each month appears in Table 7.2.18. The mean lengths of the
components identified by the Bhattacharya method for the total
monthly samples of L. sekbac, arranged to show positive growth
with time appear in Table 7.2.19. The Gulland and Holt analysis
of the modal progression indicated by highlighted (in italics)
data produced values of Lga=112.1 cm and K=0.1531 for cohorts 2-
S, but inclusion of more cohorts in the analysis produced an
unrealistic result. The difference in length between cohorts
corresponded approximately to the difference observed over a 6
month period. This suggested 2 recruitment periods each year and
thus ayges were arbitrarily assigned to the mean lengths
identified in cohorts 1-4 with birthdates of January 1st and July
lst. VONBER of LFS5A was used to estimate the growth parameters
shown in Table 7.2.20. (Inclusion of data from more than cohorts

2-5 in the VONBER analysis similarly produced unrealistic
resultsy.

[o-v)
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ELEFAN I was next employed to analyse the data using as the
starting Lgg that derived above from the Gulland and Holt
analysis, that from the VONBER analysis, Lpay, and that
calculated by the Wetherall et. al. method. Ly, derived through
the VONBER analysis and refined through the Response Surface
Analysis gave the best fitting growth curve, the parameters of
which are given in Table 7.2.20. with and without seasonal
oscillation. ELEFAN I was also used to analyse the data for male
and female L. sehae.

TABLE 7.2.18 : LUTJANUS SEBAE - ALL SAMPLED LENCTH FREQUENCY DATA
BETWEEN NOVEMBER 1989 AND DECEMBER 1990

MLADATE| 11 12 1 2 3 4 5 6 7 8 9 10 11 12
19 4 1
21 3 1 4 1 9 4 2 3 1

23 0 4 10 5 19 4 2 6 1 3
25 5 3 13 G 273 o 4 g 2 8 2 1
27 2 4 15 11 28 G 9 8 7 9 1 5
29 7 321 15 33 16 8 9 3 29 2 6
31 6 4 21 2% 34 28 7 3 1 10 23 4 30
33 4 5 12 22 52 25 7 14 0 8 19 3 17
35 3 2 13 25 26 25 G 15 4 g 21 6 24
37 3 2 12 16 32 20 4 15 10 10 12 8 28
39 1 1 5 1b 28 26 2 12 5 7 14 6 22
41 6 0 4 13 21 14 5 1 6 5 5 16 5 18
43 3 2 5 12 25 9 4 0 5 8 6 15 3 17
45 5 0 1 13 17 11 1 1 10 12 8 14 11 7
47 5 5} 5 9 16 S 3 1 3 3 13 i1 13 8
49 17 4 i 13 19 9 5 2 11 5 6 17 20 7
51 26 1 I 1% 21 12 & 4 2 5 2 25 17 5
53 35 9 6 19 25 22 G 1 8 8 8 31 25 9
55 42 8 g 21 38 22 9 0 S 14 6 36 21 1
57 58 17 9 28 50 39 11 2 6 8 17 27 15 11
59 86 13 18 30 64 33 20 2 18 17 24 5% 26 12
61 81 1o 13 28 76 41 15 3 21 13 19 62 21 11
63 63 9 10 39 &7 35 16 3 21 9 23 48 25 10
65 78 11 10 34 55 33 18 0o 17 7 30 5% 28 S
67 34 8 11 29 32 32 8 2 15 4 14 35 16 8
69 39 5 S 20 27 23 7 1 6 5 20 3% 25 13
71 17 4 5 16 36 20 9 3 5 o 16 32 17 17
73 22 3 2 11 21 16 11 4 1 10 27 11 3]
75 27 2 3 12 22 12 5 5 1 7 12 12 2
77 15 G 2 12 10 7 3 3 0 12 10 10 0
79 17 2 5 12 3 2 3 1 8 9 2 3
81 12 = 3 7 4 0 2 2 9 2 1
83 3 1 1 1 1 1 2 P 3
85 1 1 0

87 1

Sum 726 156 253 531 947 573 216 26 281 146 314 731 360 308

n = 5,568
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TABLE 7.2.19 : THE MEAN LENGTHS OF THE COMPONENTS IDENTIFIED BY
APPLYING 1HE METHOD OF BHATTACHARYA TO THE DATA IN TABLE 7.2.18

- T

1
[HONTH | COHGRTS IBENTIFIED |
| | 1 2 3 4 5 b v 4 9 10 1" 12 13|
et} - -
{nov 89| 29.780 41.442 46.006 50.910 60.170 68.812 74.684 |
|DEC B9 | 23.656 32.391 47.173 56,739 64773 I
|daN 30| 29,068 36.077 42.247 47.683 54,382 59.515 64,065 |
|FEB | 23.724 31.409 35.961 35,971 45.243 51.890 58.948 63.081 |
IMAR | 24.084 29.645 33,637 37.978 42.622 4B.146 52.037 |
JAPR | 26.000 31.807 36.035 39.835 45.304 54.000 61.371 66,134 |
[May | 27.746 34,013 50,578 58.751 64.559 71.835
|Jun | 50.656 62.000 i
jauL ] 25,641 36.030 45,025 49.502 54.450 61.377 65.105 !
lauG | 37.138 43.724 55.000 59.562 63.964 |
|SEP | 27,193 36,769 42.254 46.850 59.205 65.155 70.620 77.883 |
toct | 29,669 34.750 41,367 45.282 54.313 |
jRov | 31.413 37.214 49.452 59.455 64.915 69.951 74,661 |
|oec 90/ 31,478 37.296 41.863 49,242 52.705 59.321 64.498 70.730 |
1 i _

TABLE 7.2.20., ESTIMATES OF THE VON BERTATANFFY GROWTH PARAMETERS
DERIVED FOR LUTJANUS SEBAE

ANALYSIS GROWTH PARAMETERS 55D MUNRO
PERFORMED Loo K WP C to Rn* S§ SL|Phi'
VONBER/LFSA-TOT
cohorts 2-5 conly|92.92 0.157 -1.370,169.3 3.132
ELEFAN I -~ TOTAL
non seasonal 95.12 0.30C7 147 11 46|3.444
seasonal growth |95.12 0.307 0.90 1.0 188 5 3313.444
MALES
non seasonal 90.00 0.380 148 9 7413.488
seasonal growth |90.00 0.380 0.15 1.0 140 14 70|3.488
FEMALES
non scasonal 84.00 0.270 175 14 30|3.280
seasonal growth [86.00 0.245 0.90 0.9 194 14 30(3.258

* SSD for VONBER, Rn for ELEFAN T
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7.2.4. EPTNEPHELUS CHLOROSTIGMA

TABLE 7.2.21. EPINEPHELIS CHLOROSTICMA, ALL SAMPLED LENGTH
FREQUENCY DATA, NOVEMDBER 1989 - DECEWMBER 1990,

ML\DATE; 11 12 1 2 3 4 5 6 7 8 2 10 11 12
23.5 1 1 1
24.5 1 1 1 1 1 1 Q 0
25.5 1 3 2 2 i 2 0 0 0 2 1 1 0
26.5 0 1 2 4 3 3 2 0 1 1 2 7 1 0
27.5 1 1 5 1 2 2 2 0 1 0 5 4 1 1
28.5 0 0 5 6 7 5 0 0 1 2 2 7 2 1
29.5 2 1 5 7 6 4 5 2 1 2 5 16 2 1
30.5 3 5 1 14 20 14 & 4 7 7 10 27 12 5
31.5 9 10 27 19 34 17 5 4 8 6 10 19 12 9
32.5 18 18 27 23 39 30 17 3 6 17 18 42 26 17
33.5 28 17 30 30 50 30 13 g 11 17 32 52 15 18
314.5 38 12 44 54 56 32 16 7 17 20 36 72 10 23
35.5 50 34 51 61 77 46 29 10 32 21 35 58 28 24
36.5 62 27 54 63 89 52 46 22 33 19 63 76 32 26
37.5 60 43 61 &4 109 48 27 18 37 25 67 76 23 21
38.5 54 34 47 68 %0 70 47 21 37 24 483 81 30 34
39.50 55 32 24 53 87 49 18 16 36 22 47 73 37 20
40.5 49 28 34 41 62 28 17 14 26 9 21 41 21 11
41.5 31 9 26 25 40 13 11 6 13 g 11 19 10 &
42.5 19 8 13 9 31 18 18 2 3 3 314 11 6
43,5 14 2 8 16 15 9 2 5 7 0 6 8 11 6
44.5 6 2 9 7 9 7 4 5 2 0 3 3 5 2
45.5 5 3 10 G 7 15 4 1 7 0 3 2 2 4
46.5 & 1 7 2 8 9 3 2 5 0 8 1 5 5
47.5 12 1 10 4 10 12 0 1 2 0 5 0 5 3
48.5 6 2 8 4 13 13 7 0 7 0 5 o 11 2
49.5 2 1 12 2 1la 10 2 0] 4 0 5 2 4 5
50.5 7 2 7 1 8 7 G 1 4 0 5 0 7 8
51.5 5 2 7 & e 17 2 2 0 3 1 6 5
52.5 6 4 4 4 5 9 2 2 1 2 0 7 6
53.5 9 4 4 2 3 1z 2 3 0 0 1 8 3
54.5 6 2 3 2 1 4 3 6 0 2 0 1 1
55.5 11 0 0 3 1 10 1 2 1 0 0 0 3
56.5 2 & 4 2 3 4 0 6 1 0 0 11
57.5 3 1 0 2 2 3 2 2 1 0
58.5 3 0 1 0 4 1 1 0 1 1
59.5 1 1 2 1 1 1 1 1
60.5 2 0 0 0 1 0 0 0
61.5 1 1 2 1 1 1 1 1
62.5 2 1

Sum 589 322 580 612 910 608 327 153 336 206 466 707 349 298

n=6,463.00

Length frequency data for E. chlorostigma appears in Table
7.2.21. The analysis was performed on all fish sampled each
month, no data relating to sex having been reccrded. The means of
the components identified by the method of Bhattacharya, arranged
to show positive growth with time appear in Table 7.2.22. The
Gulland and Holt plot based on cohorts labelled 2-5 produced
unacceptable growth parameters. Nevertheless ages were
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arbitrarily assigned to each length for the VONBER analysis of
LFSA. The difference between cohorts appears to be similar to
that over a periocd of 6 months suggesting that two cohorts are
recruited into the population each year. The analysis applied to
age at length data for all components identified produced a value
for Lgo ©f greater than 150 cm. Considering only the values in
cohorts 2-5 for 1990 acceptable growth parameters were resolved,
indicated in Table 7.2.23 for all the data, and for the
arbitrarily chosen birthdates of 1st January and 1lst July (\1l).

ELEFAN I was applied to the data with initial starting parameters
based on the results from the VOWBER analysis, Lpgyx, and the
value for Lo derived from the Wetherall et. al. plot. The best
fit resulted from the Wetherall et. al. method. The results are
indicated in Tahle 7.2.23

TABLE 7.2.22. MEAN LENGTHS OF THE COMPONENTS IDENTIFIED BY
APPLYING THE METHOD COF BHATTACHARYL TO THE DATA IN TABLE 7.2.21

MONTH 'COHORTS' IDENTIFIED
1 2 4 4 5 s 7 8
NOV 316,876 40.577 43,410 47.596
DEC 32.887 35.838 37.955 40.529
JAN 28.000 31.826 34.928 37.614 ? 44.873 47.832
FEB 26.0C0 32.578 35,034
MAR 20.420 32.155 34,187 37.391
APR 26.730 31.183 36.610 38.973
MAY 32,820 26.4G5 38.925 42.183 45.012 50,524
JUN 31.275 33.998 36,798 3B.99% 43.817
JUL 31.534 34.170 36.006 39.159 43.768
AUG 30.890 33.007 37.870
SLP 27.500 31.000 34.743 37.642 39,641
cor 26.776 30,3584 34.419 37.110 38.997 40.925
NOV 258.000 32.5%1 36.450 290.575 42.716 48.442
DEC 31.575 35.451 38.774 40,957 46.228

May also cohort 9 : 53.004 c¢m

TABLE 7.2.23, ESTIMATES OF THE VON BERTALANIFFY GROWTH PARAMETERS
DERIVED FOR EPINEPHELUS CHLOROSTIGHMA

ANALYSIS GROWTH PARAMETERS Ss8D MUNRO
PERFORMED Loo K WP LY t0 Rn* 85 SL|Phi!
VONBER/LFSA-JAN | 52,522 0.269 -1.152(29.1¢8 2.979
(cohorts -JULY |70.999 0.164 -2.022127.15 2.917
2-5 only) -aLL 52.388 0.360 -0.920651.23 2.995
ELEFAN T
non seasonal 64.45 0.175 182 7 57.513.058
seasonal growth 164.40 0.120 0.50 0.35% 199 7 57.5|2.897

* 35D for VONBER, Rn for ELEFAN T

\Y Tt s walid to exoluds the lurger coliorts since they are based cn @ smaller sample size and the length
and ages assigrned will be less reliable.



7.:3. MORTALITY

Mortality in fish populations arises through natural causes and
through fishing activity. The total mortality of a fish
population (z) 1is the sum of these two components, natural
mortality (M), and fishing mortality (F).

The total mortality coefficient, 2, was derived through length-
converted catch curve analysis (originally introduced by van
Sickle, 1977) and Jones' length cohort analysis (Jones, 1984).
Routines CCURVE and LCOHOR of LFSA were employed. The natural
mortality, M, was estimated by the method of Pauly, (1980) which
correlates M with the wvon Bertalanffy growth constants and the
annual mean water temperature, T (°C). The ELEFAN II routine was
employed, and F, the fishing mortality was obtained by
subtraction (F=2-M). (Note ELEFAN I1 was also used to derive
estimates of Z., These were slightly higher than those derived
through CCURVE of LFS5A. However, fthe T.FSA output was used in
subsequent calculations since LFSA routines were used).

TABLE 7.3.1 CATCH (TCHMNES) PER MONTH (1990) BY SPECIES AND BOAT
TYPE.

|SPECLES # HONIHW JAN FEB AR APR BAY JUW JUL AUG SEF ©OCT WOV DEC TOTAL
,_— — —— e ——————

1
!
|P. FILAMENTOSUS |
| SCHOOKERS 3309 97,9 22,1 37.7 22,3 2.2 4.2 0.8 7.1 14.8 17.83 15,1 1855 |
| WHALERS 2.4 0,3 7.2 9.5 3.6 0.0 0.0 0.0 0.4 5.5 1.9 7.7 35.5 |
|SMALL BOATS [
| |
JTOTAL 36,3 17.6 29.3 47.2 25.9 2.7 4.2 0.8 7.5 20.3 19.7 22.8 233.8 |
| ]
[L. SEBAE |
|SCHOOHERS 5.1 10,8 17.3 12,6 4.6 0.2 6.0 6.7 9.4 12.6 6.1 11.8 103.2 |
| WHALERS 11.2 4B8.0 48.1 25.9 1034 B 5.9 13,9 10.2 11,4 7.4 213.2 |
LSMALL BOATS 2.9 3.4 0.1 5.2 2 2.2 1.8 1.4 3.2 2.5 9.3 1.3 36.0 |
l |
|TataL V8.8 67,6 65.5 47.7 15.9 5.8 16.5 14.0 26.5 31.3 27.3 20.5 352.4 |
| |
|A. VIRESCENS
| SCHOOKERS 4.2 8.2 11.9 116 2.4 0.3 3.4 4.7 4.2 5.5 2.9 4.1 63.4
| WHALERS 53.9 36,4 67.3 36,1 40.8 171.2 26.7 13.6 36.1 20.0 18.2 £2.7 422.4
{SmaLL BOATS * 3.0 6.4 3.9 2.4 2.8 4.8 3.6 2 4.7 4.0 8% 3,7 50.1

|
| TOTAL 61,1 51.0 83.1 50.3 46,0 16.3 33.1 20.6 45.0 29.5 29.4 70,9 935.9

[
|E. CHLORDSTIGMA

{SCHOOKERS é 3.9 2,7 4.0 1.9 1.7 4.8 8.0 2 1. A 394
| WHELERS 5.0 4.9 701 6.2 3.1 0.9 4. 24 5.0 4, w1 &0.0
|8MALL BOATS 2 3.0 5 5.4 2 2.0 1.0 0. 2.1 0, 0.1 ne 27
l

| TOTAL 2.9 13.8B 18,3 15.6 7.2 4.6 0.0 10,6 13.7 8.1 5.9 8.2 126.5

b —

* Assumes thet total catch of 'Job* for amll bodts was Job Gris. For whalers it Wos
§2 % the rest beiny the decper water Batrican sa this sisumpticon appears valid,
Peior to 1990 dotaile of catch by species for the above {edcopt Maconde) was not
available for emall boats and whalers,

Input data for mortality estimates were the cumulated monthly
length frequency sample data raiscd to the total catch per month.
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The length frequency sample was converted to weight at length
using the length weight relationships derived in Section 7.1. (or
from data available in the literature) and the number of fish
sampled was raised to the total catch through application of the
appropriate routine in ELEFAN TIII, Mean water temperature at
depth was taken from Table 1 (atter Tarkit, 1980). The von
Bertalanffy growth paramcters used were those derived in Section
7.2, above (non seasonal model). Catch data per month is given in
Table 7.3.1 for each species,

7.3.1. PRISTIPOMOIDES FILAMENTOSUS

The total sampled length frequency data per month (ie, males
females and undetermined sex) was raiscd to the total number
caught as indicated 1in Table 7.3.2., based on the catches
reported in Table 7.3.1.. The following length-weight relation
ship was employed:

W(Kg) = 0.00005353 x FL(cm)?2-7004

TABLE 7.3.2. TOTAL CATCH OF PRISTIPCMOIDES FILAMEWTOSUS PER MCNTH (MNo's), 1990,

f S B e v =———————— |
|MLADATE 1 2 3 4 5 6 78 9 10 11 12 TOTAL|
— — E
[25 8 8|
|27 15 1 294
|29 35 17 35 0 21 &2 17 187]
{31 35 130 B6 142 38 10 1% 8 28 0 &9 50 611
|33 69 65 222 249 229 25 38 B 27 92 69 17 1204|
135 106 173 36 3200 229 60 122 45 21 133 1v1 M7 1811
137 277 374 291 481 343 85 260 30 69 236 139 a3 2678|
|39 830 497 547 605 516 140 245 53 207 667 195 167 4647|
141 1246 540 838 1104 629 206 413 53 236 482 306 367 6418
{43 1350 454 633 1068 991 195 240 6Y 221 615 472 233 6553
|45 1626 410 975 1086 7B1 125 107 B 97 657 375 367 6624|
ja? 1488 454 838 979 781 60 &9 15 159 503 319 367 6042|
|49 1142 454 Y077 1424 TA3 55 6Y 15 248 698 486 400 7003
{51 1350 324 1043 1264 648 65 92 8 358 513 736 500 4901
|53 1004 475 718 979 Y24 65 107 15 303 472 S7O &O0 6032
|55 1107 518 770 908 457 30 122 0 248 369 417 400 5546|
[57 588 347 667 BI7 324 20 & 8 172 533 375 617 4592
|59 346 497 B21 ¥97 438 20 130 8 269 380 486 800 5192
{61 796 194 735 1353 419 20 76 23 207 658 481 700 5872
|63 588 259 547 1157 %14 20 46 8 131 328 425 750 4973
|65 588 302 445 1068 571 20 38 30 76 308 361 400 4207
l67 381 196 257 516 305 10 8 B 34 226 153 283 2375|
169 346 410 359 V3D 381 10 B 15 27 267 264 200 3017
|71 138 108 S5t 392 10 15 3 27 113 11 117 1293
{73 138 &5 34 196 575 0 62 56 50 683
{75 0 22 w3k 14 S 1% 0 17 229!
|77 69 7 18 57 21 7199
|7¢ 1% 17 34]

4
| !

| s 15641 7236 12581 17944 10696 1266 2332 442 3206 8425 7376 8153 94898

|Sample |
l na. 452 335 727 1008 551 293 305 58 465 B21 S3T 489 5995‘
l wt, 1.05 0,81 1.7% 2.45 1.36 0.44 0.55 0.1 1.0% 1.98 1.42 1.37 1&.53|

|Catch 36,3 17.6 29.3 47.2 25.9 2.2 4.2 0.8 7.5 20,3 19.7 22.8 233.8|
i , )
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Since the von Bertalanffy growth parameters are considered to be
preliminary and require further refinement the sexes were not
treated separately and the VBGF parameters were pooled giving an
average for both sexes of L, = 81.7 cm and K = 0.2875., These
values were used with a mean water temperature of 229 for depths

of 70m and greater in the estimation of the mortality
coefficients.

Using the above data the length - converted catch curve gave a Z
value of 0.811 (see Figure 7.3.1). M was calculated as 0.534
giving an F value of 0.277. The result from the length converted
cohort analysis (Table 7.3.3.) with M = 0.534, and a terminal
exploitation rate (F/Z) of 0.45 (the wvalue giving a constant F/Z
in the last groups) gave a mean value for F of 0.294 for the
fully exploited part of the stock (> 50cm), which is consistent
with that derived from the former method.

Mees (1990) indicated that P. filamentosus was caught 1in all
fishing areas (See Section 2.1) by schooners, but that it was not
a target species everywhere, the largest catches deriving from
the southerly locations. Table 7.3.4. indicates catch and effort
by fishing location over the period January 1985 - July 1990 for
schooners (after rliees, 1990).

TABLE 7.3.4. CATCH AND EFFCRT DETAILS BY FISHING LOCATION (F_G)
FOR PRISTIPOMOIDES FILAMENTOSUS (PF) CAUCHT BY SCHOONERS DURING
THE PERIOD JANUARY 1985 TO JULY 1990

—
F G KG PF % PF IN PF CATCH TRIPS PF % TOTAL
/TRIP CATCH (KG) CARUGHT TRIPS/F G
ALP 313.00 16.90% 421.8 1 100.00%
AMI 442.52 22.20% 19082.6 473 32.32%
PLA 29,25 3.27% 78.8 3 50.00%
??7?  155.95 15.11% 34255.2 220 40.85%
ouT 723.82 30.61% 18532.7 26 47.50%
E 214.51 19.92% 19078.5 89 47.83%
ENE 29.50 2.56% 79.5 3 50.00%
ESE 106.35 8.48% 3439.6 32 45.28%
N 237.02 25.53% 6068 .7 26 31.67%
NE 267.72 23.36% 18399.4 69 46.36%
NNE 539.02 43.11% 3631.9 7 55.56%
NNW 50.00 7.05% 336.9 7 17/.86%
NW 114.59 11.91% 8801.9 77 35.40%
S 139.16 11.43% 10501.6 75 50.45%
SE 712,16 38,.78% |107176.1 139 58.52%
SSE  769.04 36.51% 29017.5 38 66.67%
SSW  796.67 47.73% 3220.7 4 42.86%
SW 172.80 13.20% 4424.4 26 41.30%
W 221.50 16.89% 35221.6 159 44.03%
WNW 214.70 17.68% 19963, 4 93 47.26%
WSW 27.00 2.98% 3G3.8 13 5E8.82%

TABLE 7.3.3. JONES' LENGTH COHORT ANALYSIS FOR P. FILAMENTOSUS
CAUGHT IN 1990 USING THE PARAMETERS : Loo = 81.7cm, K = 00,2875
per year, M = 0.534 per year.
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l ;
|Interval C x*) ] FfZ F z W) meandT) meand*y C*wW

1
I
I
| a-2 0 1.0233 98£227.5 0.0000 0.0000 0.3340 0.0002 83092 4.4 9:4 |
| 2- & g 1.0239 9418SA.1 D.0000 0.0000 0.5340 0.0013 81322 106.1 0.9 |
| 4- 6 0 1.0245 B%H4?9.B 0.0000 0.00O0 0.5340 D.0045 79548 358.8 0.0 |
| &- B g 1.0252 655951.0 0.0000 0.0000 0,5340 0,007 77766 83473 0.0 |
| &-10 0 1.025% 414423.8 0.0000 0.0000 0.5340 0.0208 75978 1578.5 0.0 |
|10-12 0 1.0286 775351.6 0.0000 0,0000 0.5340 0.03%&F 74182  2625.6 0.0 |
|12-14 01,0274 VELE3A.4 0.0000 0,0000 0.5340 0.0553 72378 4000.9 B9 |
|14-1& D 1.0282 &55588.0 0,0000 0.0G00 ©.5340 D.0BT) 70588 5721.3 0.0 |
{16-18 0 1.0291 6457904.5 0.0000 0.0000 0.5340 0.1134 68750  7798.5 0.0 |
j18-20 0 1.0301 6211%1.8 0.0000 0.0000 0.5340 0.1529 66924  10234.8 2.0 |
|20-22 0 1.0311 585454.3 0.0000 0,0000 0.5340 0.2002 65089 13024.2 0.4 |
|22-24 0 1.0322 5504696.5 0.0000 0.0000 0.5340 0.2557 63246 16170.5 6.0
|24-26 8 1.0333 514%22.8 0.0002 Q.0007 O0.5341 (0.3200 61304  1RA4T.V 2.5 |
|26-28 29 1.0345 4B4130.4 D.0009 0.0005 0.5345 0,3937 59529 234307 1.4 |
|28-30 187 1.0359 452312.4 0.0060 0.0032 0.5372 0Q.4774 57664 27517.0 89.2 |
|30-32 611 1.0373 421343.0 0.0201 0.0110 0.5450 00,5714 55710  31830.7 349.0 |
|32-34 1284 71,0389 JI70982.4 0.0403 D.0224 0.5564 D.6762 53695  I5311.6 814.2 |
[34-36 1811 11,0406 341105.0 D.0&17 0.0351 0.56%1 0.7925 51582 408a0.2  1435.2 |
C|36-38 2618 1.0424 331749.0 0Q.0%04  0.0530 0.5BT0 0.9207 49350  45434.6 2410.2 |
|38-40 4667 1.0445 302777.9 0.1571 0.0996 0.6338 1.0611 4AB78  4U743.7  4952.2 |
[40-42 6418 V.0467 2735077.7 0.2142 0.1456 0.47% 1.2144 44080 535301 7793.8 |
|[62-44 6553 1.0492 243120.7 0.2299 0.1594 O0.6934  1.3B09 4103 9ATEG.3 90488 |
jat-46 6624 1,039 214618.2 0.2457 0.1739 0.7079 1.5611 3E0ES  59456.2 10340.5 |
[46-48 6042 1.0550 187655.9 0.2438 D.1722 D.F062 1.7554 35096 61408.6 10606.2 |
[48-50 7003 1.0585 162872.5 0.2904 0.2186 0.7524 1.9663 32038 62935.1 13756.3 |
[50-52  A901 1.0524 13BTEO.B 0.30%2 0.23%1 O.FTET 2.1883 28865  £3166.3 15101.3 |
[52-54 6032 1.0659 1716445.5 0.30D47 0.2340  0.TERED  2.4277 25776 62576.5 14B43.6 |
|34-56 5546 1.0721  SeLLB.9 0.3128 D.2430 0.F7I0 2.6829 22RP0  61223.6 14879.2 |
I56-58 4592 1.G781  8917.0 0.3004 0.2293 0.7633 2.§544 20022 59155.2 13566.5 |
[58-60 S192 1.0853  &£3532.8 0.3607 0.3012 0.B332 3.2426 17234  59885.8 14835.5 |
|60-62 5872 1.0940  49237.3 0.6362 D0.4131 D947 3.5479 14213 iDL27.7 20833.1 |
[62-64 4973 1.1045  35775.3  0.4540 0.4440 0,9780 3.5707 11169 43348.5 19248.9 |
|64-66 4207 1.1178  2eAZZ.0 0.4825 0.4979 1.0319 4.2114 BG4SO 35587.2 17717.2 |
l66-68 2375 1.1349  16102.5 0.41¢/2 0.3822 0.9162 4.5704 6214 22400.8  10854.4 |
[68-70 3017 1.1578  10409.2 0.5746 0.7214 1.2354 4.9481 4182 IDE9R.E 14928.7 |
{70-72 1293 1.1902  513E.9 0.4967 0.526% 1.0609 3.3448 2453 13115.0  6910.8 |
[72-74 663 1.2392 253%.6 D.4048 U,4638 Q.9%7H 5.7610 1429 8235.3  3819.5 |
|[74-76 225 1.3222  1129.2 D.3443 0.2804 0.B144  6.1971 802 4972.8 1394.3 |
[76-78 199 1.4938 475.7 0.5028 0,500 1.0740 64.6534 356 2360.7 1324.0 |
|78 plus 36 4.0000 80.0 0.4500 0.4369 0.9709 7.1277 &2 587.3 256.5 |
.l = .
[Total 1141304.6 233924.7 |
1 — =
*) X = ((L8-L{1i))/(LB-L{i+1))) "~ (M/2K)
¥) meanN (i) = (N(i)-N(i+1))/z(i).
+) W(1) = g*(L(1) "b+I.{i+1)"b)/2
Mean F (L >= 53 ) : 90,2935 (welghted by stock number)
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The total catch of P. filamentosus over the period January 1985
to July 1990 taken by schconers was 342.1 tonnes of which 5.7%
was caught at locations distant from the Mahe Plateau. 5.4% was
reported as being caught on the Plateau itself, and 10% was from
unreported fishing grounds. Thus, assuming the unreported areas
were in the same proportion to those reported, 88.9% of the total
catch of P. filamentosus landed by schooners was caught on the

offshore banks and periphery of the liahe Plateau, the southerly
locations especially.

For whalecrs only 0.61% of the total catch landed in 1990 was P,
filamentosus and only 1.9% of fishing trips that year caught this
species. Of the catch landed, 31.0% was from unreported
locations, and 15.4% was from the Mahe Plateau 1itself. The
largest proportion was reported as being caught at the eastern
edge of the Plateau (which 1s also the closest to Mahe and so
most accessible to whalers with a limited range), followed by the
South eastern edge of the plateau. 84.6% of the P. rilamentosus
catch taken by whalers was from the offshore banks and periphery
of the Mahe Plateau.

It is known that P. rilamentosus 1s caught principally in the
depth range 70 - 120 m and thus it 1is to be expected that the
greater proporticn of the catch will derive from the offshore
banks and periphery of the Plateau. By reducing the estimate
derived in Table 7.3.3 from length cohort analysis by 15% (\1) to
take account of catches 1landed from the Plateau and outlying
areas, the estimated biomass of P. filamentosus on the peripheral
edge zone of the Mahe Plateau was 970 teonnes. This corresponds to
a density of 2.59 mt/km? for an area of 374 km‘.

Gulland (1971) proposed that the Maximum Sustainable Yield of a
stock may be determined by applying the formula:

MSY = 0.5 x M x By

where M 1is the natural mortality and B, the virgin biomass.
However, Beddington and Cooke (1983) studied this commonly used
formula and indicated that it generally produced an overestimate
of the MSY. They produced tables that, given bicmass, the natural
mortality, M, the growth constant, K, and the age at first
recruitment into the fishery, Tr, 1indicate the MSY as a
proportion of the initial biomass.

For exploited stocks a medified eguation was proposad (Cadima, in
Troadec, 1977):

MSY = 0.5 x 4 = Dy

\1) This gives exactly the sane result as reducing the initial cateh weight snd rusbers by 15% as inputs for
length cohort analysis. Strictly, only length frenuency data from the offchore banks and peripheral edge
zone should have been used as input tegether with a reduced catch volume equivalent te that from those arcas
enly. However, fishh measured =t the SHB Fish Diviszion often originate from several boats making it
imposzsible to determine esactly where the fndividuals measured for length frequency sample data were ceught.
Attempts have since been made to address this problem, Ter the purposes of the anelyses presented here, the
assumptien js made that the 19% of the L-F sample representing outlying islands and the inshore areas of the
Platead exhibits the same structure as those (rom the offshore banks and edoe zone. It should alse be noted
that in practice whalers seldom land to SHE so the sample data relates nostly to fish caught by schaoners

which 15 principally from the of fshore areas.
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where Z 1s the total mortality and B, the standing stock. Garcia,
Sparre and Csirke (1989) also proposed a formula for determining
MSY from exploited biomass. However, Beddington (pers. comm.)
argues that these formulae should not be applied to an exploited
stock which is not in equilibrium, and that it is invalid to do
so. Instead, the exploited biomass estimate should be used as a
'best estimate of virgin biomass' in conjunction with the
analyses 1in Beddington and Cooke (1283). This will of course lead
tc an underestimate of MSY depending upon the degree of
exploitation of the stocks. If the latter 1is known, it |is
theoretically possible to work back to derive B,.

For P. filamentosus with an initial recruited biomass of 970
tonnes, M = 0.534, K = 0.2875, and Tr = 3 years (30 cmt+) the MSY
is approximately 24 % of By, ie. 233 tonnes, equivalent to an
annual sustainable yield of 0.623 t/km?.

Application of the length based Thompson and Bell model to the
output from the Jones' length cohort analysis (using MIXF1ISH of
LFSA) produced an MSY value of 272 tonnes per annum (0.75 t/km?)
with a seven-fecld increase in fishing effort, at whieh point the
standing stock would be 446 tonnes (Table 7.3.5). These results
are considered unrealistic and reinforce the fact that the values
for growth, mortality and production presented here should be
regarded as preliminary estimates only requiring further
refinement as more data become available.

Despite the reservations about these estimates, they would appear
to be of the correct order. Information from the handline catches
of Pecheur Breton indicate that at depths greater than 75m P.
filamentosus form approximately 50% of the catch. Data from the
SFA research wvessel Etelis indicates that during commercial
fishing trials P. filamentosus formed 54.2% of the catch of
demersal species (excluding shark) for all gears used, 79.8% of
the gill net catch, and 43.6% of the catch of handlines and
droplines combined (Boulle, pers. comm.). Thus assuming equal
catchability of all species 1in this depth range, the total
sustainable yield for the intermediate depth zone is 1.25 - 1.5
t/km2 or 466 - 560 t in total for the two estimates of MSY (area
of fringing drop off is 374 km?, see 2.1) applying a proportion
of 50% for P. filamentosus.

TABLE 7.3.5. THOMPSON AND BELL LONG TERM FORECAST (units Kg) FOR
DATA PRESENTED IN TABLE 7.3.3.

X Yield Mean Biomass
0.0000 0.00 1842637.87
1.0000 233739.96 1139549.75
2.0000 289952 .68 891215.506
3.0000 311437.40 756166,0606
4.0000 321171.84 668768.,68
5.0000 325725.53 606900.18
6.0000 327656.56 560581.62
7.0000 328152.40 524513.006
8.0000 327827.34 495579 .12
9.0000 327022.4¢ 471814.93

10.0000 325937.15 451917.12

11.0000 324691.93 434985.84
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MSY = 328152.4 A= 7 Biom.msy = 524513.1
Less 15% to eliminate inshore areas and cutlying islands:

MSY = 278929.5 Biom.msy = 445836.1
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7:3.2. LUTTANUS SEBAFE

The catch of Lutjanus sebae per month by boat type was 1indicated
in Takle 7.3.1. For small boats, the entire catch may be assumed
to derive from the inshore / central zocne of the Mahe Plateau.
Analysis of the data relating to whalers for 1990 indicated that
80% of trips landing L. sebae where the fishing grounds were
recorded were in the inshore / central zone of the Mahe Plateau,
and 67% of the catch of this species was from that area.

Data relating to schooners tor the pericd January 1985 to July
1990 is indicated in Table 7.3.6 (after Mees, 1320). 3.5% of the
catch of L. sebae over this period was caught in the inshore
areas of the Mahe Plateau, and 0.3% from the outlying islands.
Thus 96.2% of the schooner catch of this species originated from
the offsheore banks of the lahe Plateau.

TABLE 7.3.4. CATCH AND EFIFORT DETAILS BY FISHING LOCATION (F G)
FOR LUTJANUS SEBAE (LS) CAUGHT BY SCHOCONERS DURING THE PERICD
JANUARY 1985 TO JULY 1990

YR F G KG LS/ % LS IN CATCH OF % OF TOT NO TRIPS % TRIPS
~ TRIP CATCH LS (KG) LS CATCH LS CAUGHT LS CGT.
85 ALL 343.40 38.31% EE579.9 12.72% 2ha 72.66%
86 ALL 371.06 37.07% 150350.2 21.59% 405 78.22%
87 ALL 378,27 37.47% 188801.8 27.11% 499 79.48%
88 ALL 276.58 29.70% 103372.5 14.84% 374 74.16%
89 ALL 404.40 28.38% 108534.0 15.59% 268 72.34%
90 ALL 388.60 23.58% 55835.6 8.02% 144 60.42%
0 272727 343.87 36.33% 162186.,9 23.29% 472 87.72%
0 ALP 0.00 0.00% 0 0.00% 0 0.00%
0O AMI 7/1.63 5.20% 2220.1 0.32% = i 23.23%
0 PLA 0.00 0.00% c 0.00% 0 0.00%
0 OUT 625.02 38.52% 24425.0 3.51% 39 72.50%
0 E i56.16 36.68% 56634.4 8.13% 159 85.51%
0 ENE 12G.33 14.49% 486.4 0.07% 4 75.00%
0 ESE 581.77 49.24% 39198.9 5.63% 67 94,34%
0 N i57.01 20.00% 8674.9% 1.256% 55 68.33%
0O NE 246.16 26.09% 31845.0 4.57% 129 87.27%
0 NNE 153.683 13.85% 1656,7 0.24% 11 88.89%
O NNW 173.42 24.40% 3271.7  0.47% 19 50.00%
O NwW 238,16 27.17% 3b94b.1 5.16% 151 69.57%
0 s 475.90 44.42% 60283.3 B.66% 127 84.68%
0 SE 516.33 34.85% 89757.4 12.8%9% 174 73.30%
0 SSE 495.97 30.82% 24060.8 1.465% 49 85.71%
0 55W 530.40 44.57% 2859.0 0.41% 5 57.14%
0 SW 374.4¢ 35.55% 15644.2 2,25% 42 67.39%
0 W 359.35 32.53% 96850.3 13.91% 270 T4.63%
0 WNW 253.40 26.38% 35513.5 5.,10% 140 71.23%
0 WSW 240.83 21.23% 4868.0 0.70% 20 88.24%

The number of whalers landing bourgeois to SHB is negligible and
thus length freguency data given in this report relates to stocks



of L. sebae taken by the schooner fishery, and consequently to
the offshore banks of the Mahe Plateau. Since different fishing
pressures apply in the central and offshore zones of the Plateau
it would be invalid to ralse the sample numhers to the total
catch from all areas. Thus in the following analyses only the
schooner catch is used (reduced hy 3.8% as indicated above), and
estimates of mortality and production relate only to the stocks
occurring on the offshore kanks of the Mahe Plateau.

The tcotal length frequency =sample (males, females undetermined
sex) was raised to the total number caught by schooners on the
offshore banks of the Mahe Plateau, as indicated in Table 7.3.5.

The following length-weight relationship was used, from Moussac
(1988) :

W (kg) = 0.0000157 x FL3-C2

The length converted catch curve analysis was applied to this
data using the VBGLI parameters derived by the Gulland and Holt
plot and through application of ELEFAN L. A mean water
temperature of 24°C for depths of 40 - 60 m was used. The M value
derived was used as input for Jones' length converted cohort
analysis. Neither of these sets of parameters produced a
consistent F value from the two methods, and the estimated
biomass was unrealistic. The VBGF parameters derived by Lablache
and Carrara (1988} for this specles were next used and similarly
inconsistent results were achieved. These results are shown in
Table 7.3.6, but the analysis was not taken further and the
results of Jones' cohort analysis are not shown. The appropriate
routines 1in LFSA were executed to derive these data. The

equivalent routine in ELEFAN II gave slightly higher estimates
for 2 and F.

TABLE 7.3.5. THE TOTAL NUMBER OF L. SEBAE CALGHT DURING 1990, 12 MONTHS DATA PCOLED

MLA\DATE 1990 1 ML\DATE 1990
19 i5 63 2159
21 169 65 2089
23 352 67 1454
25 543 69 1376
27 719 L 1242
29 1002 73 847
31 1376 75 656
33 1263 77 487
35 1220 79 339
37 1178 81 212
39 1002 83 78
41 797 85 7
43 769 87 7
45 748 00 | |mmmmmmmmmm e e
47 663 Total (n) 33065
49 812 Sample (n) 5571
51 840 Catch (t) 103.2
53 1186

55 1306

57 1574

59 2279

61 2279
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TARLE 7.3.6. ESTIMATES OF MORTALITY FOR L. SEBAFE BASED ON THE
CATCH DATA IN TABLE 7.3.5 AND VARIOQOUS VBGF PARAMETERS.

METHOD CATCH CURVE COHORT AN.

SOURCE for VBGF Loo K z M F F Biom.

Gulland+Holt plot 92,92|0,157|0.548|0.361|0.187(0.274|837.7¢
ELEFAN T 95.1270.307(1.157(0,557|0.59%|0.757|278.9t
Lablache and Carara|96.00|0.230(0.891|0.460(0.438(0.567|387.9tC

ELEFAN II was used to estimate the mortality coefficients for the
sample data relating to males and females using the VBGF
parameters given in Table 7.2.20 for non seasonally oscillating
growth. The results were Z = 1.141, M = 0.650, F = 0.491 for
males, and Z2 = 1.500, M = 0.530, F = 0,970 for females. The
result of a higher fishing mortality for females 1is in agreement
with the observed proportion of males and females 1in the catch
reported in section 5.

7.3.3., APRTION VIRESCENS

Length frequency data relating to A. virescens is derived mostly
but not exclusively from whalers. 77% of the whaler catch of this
species derived from the inshore areas of the Mahe Plateau during
1990, By contrast, only 2.3% of the schooner catch was from this
area, 5.3% from the ocutlying islands, and the remainder from
offshore banks o©of the Fahe Plateau (Table 7.3.7). The small bhoat
catch derived entirely from the inshore areas of the Mahe
Plateau. Thus, 1in the absence of accurate data relating to
fishing location in respect to length frequency samples, it must
be assumed that the sample relates to fish caught both inshore
and offshore on the Mahe Flateau.

Table 7.32.1 indicates the catch of Aprion virescens per month in
1990. The length frequency sample data was raised to the total
number caught per month wusing the following 1length weight
relationship from Moussac (1988):

W (Kg) = 0.0000162 x FL(cm)2.999

The data are shown in Table 7.3.8. These data were used with the
VBGF parameters derived previously (L,, = 104 cm, K = 0.26 pa)
and a mean water temperature of 25°C for depths of 20 - 60 m to
estimate the mortality coefficients using a length converted
catch curve. This method was also applied to the sample data for
males and females separately.

Using the above data the length - converted catch curve gave a &
value of 1.602. M was calculated as 0.496 giving an F value of
1.106. The result from the 1length converted cohort analysis
(Table 7.3.8.) with M = 0.496, and a terminal exploitation rate
(F/Z) of 0.4 (the value giving a constant /2 in the last groups)
gave a mean value for F of 0.956 for the fully exploited part of

the stock (> 72cm), which is similar but less than that derived
from the former method.
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Mortality coefficients for males and females
parameters derived in Section 7.2 were : males, Z = 1.296, M =
0.547, F = 0.749; females, 7 = 0.989, M = 0.327, F = 0.662

indicating greater fishing pressure on males than females, as was
observed.

using the VBGF

TABLE 7.3.7. CATCH AND EFFORT DETAILS BY FISHING LOCATION (F G)
FOR APRION VIRESCENS (AV) CAUGHT BY SCHOONERS DURING THE PERIOD
JANUARY 1985 TO JULY 1990

YR F_G KG AV/ % AV IN CATCH OF % OF TOT NO TRIPS % TRIPS
TRIP CATCH AV (KG) AV CATCH AV CAUGHT AV CGT.
85 ALL 130.136 13.43% 37288.6 13.7% 286 80.58%
86 ALIL 119.7% 11.33% 54053.5 19.9% 451 87.11%
87 ALL 83.17 7.93% 46091.7 17.0% 554 88.25%
88 ALL 108.34 11.46% 423081.7 18.1% 453 89.89%
89 ALL 169.55 10.11% £5140.5 20.3% 325 87.66%
90 ALL 220.42 10.07% 41009.7 15.1% 186 88.60%
0 94.56 9.64% 44089.7 16.2% 466 86.72%
0 ALP 50.00 2.70% 67.4 0.0% 1 100.00%
0 AMI 113.92 7.43% 13662,9 5.0% 120 89.90%
0O PLA 130.3%2 14.87% 702.5 0.3% 5 100.00%
0 OUT 147.861 7.37% 6305.3 2.3% 43 80.00%
0 E 83.70 8§.13% 13319.0 4.9% 159 85.51%
0 ENE 206.00 21.50% 1110.4 0.4% 5 100.00%
0 ESE 62.81 5.21% 3o7s8.1 1.5% 63 88.68%
¢ N 124.88 13.45% 9255.7 3.4% 74 91.67%
0 NE 140.44 13.94% 17600.6 6.5% 125 84.55%
0O NNE 61.72 5.33% 748.06 0.3% 12 100.00%
0 NNW 155.360 17.81% 5652.7 2.1% 36 96.43%
0O NW 148.70 16.21% 28855.4 10.6% 154 89.44%
0 s £§6.59 7.76% 11552.0 4.3% 133 89.193%
0O SE 132.73 7.35% 23610.0 8.7% 178 75.00%
0 SSE 118.67 6.27% 6076.8 2.2% 51 90.48%
0 SSW 49.86 3.51% 470.3 0.2% 9 100.00%
0 5SW 92.50 7.66% 4736.7 1.7% 51 82.61%
oW 138.81 12.24% 47912.5 17.5% 342 94.78%
0 WKW 157.32 14.45% 27984.1 10.3% 178 90.41%
0 WSW 201.77 18.08% 4078.5 1.5% 20 88.24%
The Jones' cohort analysis derived an estimate of B,
standing (exploited) biomass of 1835.6 tonnes. If the assumption
is made that the sample data related to the inshore areas,

reducing this estimate by 25% to account for the offshore catch
by whalers and schooners gives a standing biomass of 1377 tonnes
equivalent to 0.23 t/km? for the inshore areas (6000 km?)
available to a handline fishery. For M = 0.496, K = 0.260 and Tr
= 3 the MSY is approximately 20% of B, (Beddington and Cooke,
1983), 1ie. 275 tonnes, cguivalent to 0.046 t/km?.
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TABLE 7.3.,8. JONES' LENGTH COHORT ANALYSIS FOR A. VIRESCENS
CAUGHT IN 1990 USING THE PARAMETERS : Loo = 104cm, K = 0.26 per
vear, M = 0.496 per year.

[ 1
[Interval C x*) N Frz F 2 Wo+)  maanN*) meanN*d C*W
F— {
{10-12 0 1.0207 1149924 0.0000 0.0000 0.4940 0.0000 ©33192.0 1.6367  Q.0000 |
[12-14 0D t.0272 1103701 0.0000 0.0000 0.4960 0.0000 91371.4  2.5905 0.0000 |
|14-16 D 1.0217 1058381 0.0000 0.0000 0.4960 0.0000 B$546.3 3.8319  0.000Q |
[16-18 0 1.0222 1013946 0.0000 0.0600 0.4960 0.0001 B7717.9 5.3851  0.0000 |
|18-20 ¢ 1.0227 970457 0.0000 0.0000 0.4960 0.0001 89885.9 7.2700  0.0000 |
[20-22 0 1.0233 927858 0.0000 0.0000 0.4960 0.0001 84049.7 9.5020 0.0000 |
|22-24 0 1.0238 884149 0.0000 0.0000 0.4960 0.0001 82209.1 12.0926 0.0000 |
| 24-26 35 1.0244  B45394  0.0007 0.0004 0.4964 0.0002 B80363.1 15.048%  0.0066 |
|26-28 0 1.0251 805498 U.UUD0 0.C000 0.4960 0.0002 78512.7 18.3743  0.0000 |
[28-30 184 1.0258 766556 0.0048 0.0024 0,4984 0.0003 76649.8 22.0658  0,0530 |
[30-32 448 1.0265 728354 0.0119 0.0060 0.5070 0.0003 74759.7 26.1118  0.1565 |
|32-34 1507 11,0272 690825 0.0401 0.0207 0.5167 0.0004 72794.2 30.4787  0.6310 |
|36-36 2489 1.0280 653212 0.0663 0.0352 0.5312 D0.0005 7C713.0 35.1166  1.2361 |
|36-38 2017 1.0289 615649 0.0560 0,029 0.5254 0.0006 68593.6 40.0252 1.1769 |
|38-40 2036 1.0298 579607 0.USB7 0.0309 0.5269 0.0007 66503.2 45.2054  1.3976 |
j40-42 2839 1.0307  54456& 0.0817 0.0441 0.5401 0.0008 64352.6 30.5746  2.2312 |
[42-44 3106 1.0318 5093808 0,0916 0.0500 0.5440 0.000¢ 62131.4 56.0664  2,8028 |
[44-46 4932 1.0329 475835 05,1426 0.0825 0.5785 0.0010 59770.4 61.5427  5.0782 |
|46-48 4201 1.0340 441306 0.1287 0.0735 0.56%93 0.0012 57332.7 66.9739  4.9074 |
|48-50 4137 1.0353 408568 ©.1318 0.0753 0.5713 0.0013 54940.4 72,43%4  5.4541 |
|50-52 3882 1.0367 377281 0.12% U0.0/39 0.569% 0.0015 52562.3 77.8292 5,748 |
|52-54 4175 1.0387 347328 0.1437 00,0832 0.5792 0.0017 S0172.7 B835.06/6 6.9123 |
[564-56 2960 1.0397 318267 0.1109 0.0419 0.5579 0.001A 47846.2 88.2089 5.4570 |
[56-58 4382 1.0414 291576 0.1626 0.0963 0.5923 0.0020 55490.6 93,0298 8.9613 |
[58-60 7686 1.0433 264630 0.2661 C,17%9 0.6759 0.0023 42734.7 96.5975 17.3734 |
|60-62 8603 1.0454 235748 C.3045 0.2172 0.7132 ©.0025 39610.4 08,6348 21.4225 |
|62-64 10122 1.0476 207498 0.3602 0.2/92 G.7752 0.0027 36252.7 9%.1386 27.6801 |
|64-66 10597 11,0501 179395 0.3952 0.3241 G.8201 0.0030 32694.8 97.9019 31.7319 |
|66-68 11229 1.0529 152581 0.4383 0.3871 0.8831 0.0033 25C09.9 94.8587 367173 |
|68-70 15620 1.0560 126963 0.5597 0.6305 1.1265 0.0036 24772.7 B88.2263 55.629% |
|70-72 16282 1.0395 99056 0.6218 0.8154 1.3114 0.003¢ 19967.0 77.2633 63.0037 |
|72-74 16767 1.0635 72870 C.66%4  0.9689 1.4649 0.0042 15241.6 63.9327 61.9420 |
|76-76 12685 11,0680 50543 0.f024 1.1597 1.6557 0.0045 10938.1 49.46276 57.5535 |
|76-78 6805 1.0732 32433 0.6410 0.8856 1.3816 0.0049  7684.4 37.6345 33.3274 |
|78-80 4871 1.0793 21816 0.4407 0.8845 1.3805 0.0053 5506.9 29.0553 25.7000 |
[80-82 3649 1.08585 14214 0.65%96 0.9610 1.4570 0.0057  3797.2 ?21.5434 20.7024 |
[B2-84 2221 1.0952 8682 0.4398 0.8810 1.3770 0.0967 2520.9 15,3523 13.9257 |
|B4-86 1000 1.1057 5210 0.53%6 0.5814 1.0774 0.0065 1720.0 11.2252  6,5299 |
[86-88 604 11,1189 3357 0.4969 0.4899 0.9859 0.0070 1232.8  8.6074 4.2171 |
|z8-90 321 1.1358 2142 0,4200 0.3592 0.8552 0.0075 E95.7  4.6660  2.3941 |
|90-92 253 1.1584 1377 0.4443  0,3966 0.892& 0.0080 657.9  5.0752  2.0128 |
|92-94 70 1.18%9 808 0.2363 0.1534 0.6494 0.0085 456.2  3.8660 0.5932 |
196-96 86 1.2372 512 0.3482 0.2649 0.7609 0.00%0 322.6 2.7088 0.7752
[96 tu 106 0.0000 265 0.4000 0.3307 0.8267 0.0096 320.5  3.0690  1.0148 |
) {
[Total 1835.6447 536.05 |
L = — = — S —— |
*) meanN{i) = (NCPd-NEi+1)0/72¢0). #) W) = g*(L(i) bri(i+1) b)/2

Mean F (L »>= 72 ) : .9583 (weighted by stock nuiber)

Application of the Thompson and Bell yield analysis to the data
in Table 7.3.8. gave an estimate for the maximum sustainable
yield of 590.45 tonnes per annum. Reduced by 25% to relate to the
inshore areas this gives 443 t equivalent to 0.074 t/km2. In 1990
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A. virescens accounted for 27% of thc demersal species caught by
whalers. Assuming this proportion relates to the inshore areas,
the estimated total yield from inshore areas would be 0.12 - 0,20
t/kmé¢, or 744 - 1200 t in total for the two estimates of MSY.

TABLE 7.3.9 THOMPSCON AND BELL LONG TERM FORECAST FOR APRION

VIRESCENS, BASED ON DATA FROM JONES?’ COHORT ANALYSIS IN TABLE
7.3.8,

X Yield Mean Biomass
0.0000 0.00 3684.71
0.5000 424.65 2317.94
1.0000 535.72 1833.41
1.5000 571.60 1594.82
2.0000 584.81 1445.76
2,5000 589.53 1338.19
3.0000 590.43 1253.86
3.5000 589.36 1184.39
4.0000 587.18 1125.34
4.5000 584.34 1074.04
5.0000 581.09 1028.75
5.5000 577.59 988.28

MSY = 590.45 Biom.msy = 1266.788
X = 2.921875
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7.3.4. EPINEDHELUS CHLOROCSTTIGMA

The total landings of E. chloreostigma during 1991 by boat type
are indicated in Table 7.3.1. Each of the boat types contribute a
significant proportion of the landings. That caught by small
boats originated trom the inshore areas ot the Mahe Plateau. For
whalers, the fishing grounds were unrepcrted in 54% of cases but
of the remainder, 84% of the catch of this species was from the
inshore areas. For schooners approximately 95% of the catch came
from the offshore banks of the Mahe Plateau (Table 7.3.10),

Sampled length treguency data relates to both landings by
schooners and whalers but not to small boats., It is not possible
to assign the sample data to specific fishing grounds for 1990,
or to make assumptions, as for the other species, that it was
most likely derived from one location or another,

TABLE 7.3.10. CATCH AND EFFORT DETAILS BY FISHING LOCATION (F _G)
FOR EPINEPHELUS CHLOROSTIGMA (EC) CAUGHT BY SCHQONERS DURING THE
PERIOD JANUARY 1985 TO JULY 1990

¥R F G KG EC/ % EC IN CATCH OF % OF TOT NOC TRIPS % TRIPS
~ TRIP CATCH EC (KG) EC CATCH EC CAUGHT EC CGT.

85 ALL 84.25 8.58% 20226.06 12.92% 240 67.63%
86 ALL 86.94 8.59% 33325.84 21.29% 383 74.00%
87 ALL 74.31 7.25% 39527.37 25.25% 532 B4.70%
88 ALL 70.96 7.58% 28530.7¢0 18.22% 402 79.78%
89 ALL 75.81 4.52% 21219.27 13.55% 281 75.74%
90 ALL 76.23 3.35% 12778.56 8.16% 168 79.82%
0 92.01 9.73% 43644.,067 27.88% 474 88.22%
0O ALP 214.00 11.56% 288.38 0.18% 1 10G.00%
0 AMI 59.39 2.87% 2961.21 1.89% 50 37.37%
0 ouUr 82.03 4.32% 3426.79 2.19% 42 77.50%
0 PLA 39.27 4.57% 158.76 0.10% 4 75.00%
0 E 85.66 3.74% 14082.88 9.00% 164 88.41%
¢ ENE 77.33 9.31% 312.62 0.20% 4 75.00%
0 ESE 90.52 7.33% 5733.18 3.66% 63 88.68%
0 N 66.53 8.55% 3%44.79 2.52% 59 73.33%
0 NE 90.59 8.98% 11109.01 7.10% 123 82.73%
0 NNE 116.90 1C.39% 1102.72 0.70% 9 77.78%
0 NNW 36.05 4.54% 874.44 0.56% 24 64.29%
O NW 45,55 5.08% G874 .80 4.39% i51 69.57%
Q5 83.81 7.98% 10616.40 6.78% 127 B4.68%
0 SE 36.97 4.86% 16525.03 10.56% 190 80.11%
0 S55E 95.34 4.96% 4753.69 3.04% 50 88.10%
G S5W 45,88 3.79% 247,31 0.16% 5 57.14%
¢ SW 67.90 5.62% 2836.51 1.81% 42 67.39%
0O W 60.94 5.40% 17081.24 1C.91% 280 77.61%
0 WNW 62.00 5.78% 9106.92 5.82% 147 74.66%
O WSW ©50.12 4.57% B78.03 C.56% 18 76.47%

The sample data was raised to the total numbers caught each
month, pooled for the year of 1990 (Table 7.3.11), using the
following length-weight relationship, from Moussac (1988),
relating to Total Length, as measured for this species :

W (kg) = 0.00000612 x TL3-245
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TABLE 7.3.11. THE RAISED MONTHLY CATCH (NUMBERS) OF EPINEPHELIS
CHLOROSTIGMA, POOLED FOR 1990,

ML\DATE 1990
23.5 76
24.5 151
25.5 353
26,5 655
27.5 604
28.5 957
29.5 1410
30.5 3627
31.5 4282
32.5 6675
33.5 7707
34.5 9747
35.5 11888
36.5 14483
37.5 14508
38.56 15037
39.5 12392
40.5 8186
41.5 4735
42.5 3299
43.5 2342
44.5 1410
45.5 1536
46.5 1385
47.5 1310
48.5 1939
49.5 1562
50.5 1360
51.5 1385
52.5 1058
53.5 957
54.5 579
55.5 529
56.5 781
57.5 302
58.5 227
59.5 176
60.50 25
61.5 176
62.5 25

TOTAL (N) 139836

Sample (N) 6478

Catch (MT) 126.5

The VBGF parameters L,, = G4.45 and K = 0.175 were applied with a
mean water temperature of 25°C to the data presented in Table
7.3.11. to derive the mortality coefficients. The length
converted catch curve indicated that the fish experienced a
higher mortality at sizes between 39 - 48.,9cm total length than
larger fish. Thus two estimates of Z were derived. For fish 39 -
44 cm TL, Z = 1.878; for fish greater than 49 cm TL, Z = 0.514.
Pauly's formula for estimating M gave a value of 0,438 for a
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temperature of 25°C. Thus the respective values of F for each
size range were 1.440 and 0.076,

The result from Jeones' length converted cohort analysis (Table
7.3.12.) with M = 0.438, and a terminal explecitation rate (F/Z)
of 0.15 (the value giving a constant F/Z in the last groups) gave
a mean value for F of 0,079 for the fully exploited part of the
stock (»= 49cm), which is consistent with that derived from the
former method for that size range.

TABLE 7.3.12. JONES' LENGTH COHORT ANALYSIS FOR E. CHLOROSTIGMA
CAUGHT IN 1990 USING THE PARAMETERS : Loc = 64.45cm, K = 0.175
per year, M = 0.438 per year.

1
| Interval C x*) N F/z F £ Wlt)+) meard*) meanN*W  C*W
.y : {
|23-24 76 1.0310 1i23835 0.0011 0,0005 0.4385 D.0002 152128 26,229 0.0131
j24-25 151 1.0318 057126 0.0023 0,000 0.43%0 0,0002 146564 28.925  0.0298 |
[25-26 353 1.0327 §%2780 D0.0057 0.0025 0.4405 0.0002 141650 31.6%2  0.0793 |
|26-27 655 1.0335 Q30647 0.0109 0.0048 0.4428 0.0003 135547 34.507  0.1847 |
[27-28 604 1.0345  &70412 0.010% G.0046 0.4426 U.UD0S 150142 37.353  D.1734 |
[28-29 957 1.0354 813006 0.0172 0.0077 0.4457 D.0003 124764 40,207  0.3084 |
[29-30 1410 1.0365 757402 (0.0263 D.0118 0.44%8 0.0004 119399 43.030 0.5082 |
[30-31 3627 1.0376  TFO3493 0.0578 0.0318 0.44698 0.0004 1713800 45.731  1.4564 |
[31-32 4282 1.0387 650144 0.0828 0.0396 0.4776 0,00064 08224 48.249  1.90%0 |
[32-33 6675 1.039% 598500 0.12v6 0.0652 0.5032 0.0005 10237¢ 50,512  3.2934 |
|33-34 7707 1.0413  S66wE3 D.1543 0.0800 0,5780 0.0005 96324 52.433 45,1953 |
[34-35 9747 1.042Y 497086 0.178] 0.1082 0.5462 00006  POCES 53,945 5.8368 |
[35-36 11888 1.0442 447867 0.2452 0.1423 0.5803 00007 85550 54.871  7.8702 |
[36-37 14483 1.0458 309399 D0.3013 0.1889 0,6269 0.0C07  7edédd 55.178  10.4123 |
[37-38 14508 1.0475 351236 0.3223 0.2083 D.6463 0.0008  £P645 54,658 11.3860 |
[$8-3% 15037 1.0494 305523 0.3338 0.2398 0.6778 0.0009 62693 53.587 12,8529 |
[3¢-40 12392 1.0514  2bi427 0.3352 0.2208 0.6583 0.0009 55115 52.124 1%1.5107
[40-41 8186 1.0536 226856 0.270% 0.1623 0.4003 0.0010 50449 50.820  8.2462 |
[41-42 4735 1.0561 196573 0.1%10 0.103% ©.5414 0.00%1 45803 49.93%  5.1424 |
[42-43 3299 1.0587 ¥AVF6 0.1525 0.,0733 0.5143 0.0012 41832 49.296  3.8857 |
[43-44 2342 1.0616 150146 0.1225 0.0612 0,4992 0.00%3 38298 48.645  2.9747 |
j44-45 1470 1.0648 131029 0.084U 0,0402 0,4782 0.00%4 35083 47.970  1.9280 |
[45-44 1536 1.0683 114253 0.G986 0.0479 0.485% 0.0015 32057 47.109 2.2573 |
|a6-47 1385 1.0722 FRei6 0.0980 0.0476 0.4856 0.0076 29115 45,913 2.1841 |
|47-48 1310 1.07é6 BASIA 01027 0.0498  0,4878 0.0017 24290 44,421 2.2134 |
[48-49 1939 1.0816 71713 D.1588  0.0827 0.5207 0.0018 23450 42.394  3.5053 |
|49-50 1562 11,0873 59502 D-1472 0.0756 0.5136 0.001% 20662 39.910  3.0171 |
|30-51 1340 1.0939 48890 0.14646 Q.0752 0.5132 0.0G21 12073 37.250  2.8030 |
{51-52 138% 1.3075 39614 0.1684 0,0887 0.5267 0.0022 15610 34.287  3.0420 |
|52-53 1058 1.1105 51392 0.1336 0,0/95 ©0.5173 0.0023 13310 31,106 2.4734 |
[$3-54 957 1.1212 24504 0.1632 10,0854 0.5234 0.0025 11202 27.842  2.3785 |
[54-55 579 1.1341 183640 0.1243 0.0822 0.5002 D.0074 §315 24,587 1.5282 |
|55-56 52§ 1.1502 135781 0.1366 0.G&93 0.5073 0.0028 7636 21.379  1.4810 |
|56-57 781 1.1707 10107 0.2297 0.1306 0.5485 0.0030 3979 17.739 2.3170 |
|57-58 302 1.19/7 6707 0.1323 0,0448 0.5048 0.0031 4523 14.207  0.9484 |
|58-59 227 1.2347 4426 01331 0.0672 0.3052 0.0033 3376 11.213 0.7539 |
|59-60 176 1.2a84 2718 0.1445 0.0740 0.5120 0.003% 2575 8.3%4  0.6176 |
|&0plus 225 1.3757 1500 0.1500 0Q.0773 0.5153 0.0037 290 10.779 0.8332 |
— — :
|Total (tonnes) 1468.357 126,4925 |
! 1
)K= (QLB-LCTrCLB-L0ie1))) (/2K
Y meand{i) = (NCI)-NQIeidy/2CE). +) W(1) = g*(L(i) B+L{1+1) b)s2
Mean F (L >= 4% ) @ 0793  d{weighted by stock murber)
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The mean standing biomass (B,) derived from Jones' cohort
analysis was 1468 tonnes. Assuming this relates to the inshore
and offshore areas fished by whalers and schooners on the Mahe
Plateau this equates to a density of 0.12 t/kmé for a total area
of 12,500 km? (6000 km? 1inshore, 6,500 km? offshore). For M =
0.438, K = 0.175 and Tr = 2 years MSY is equivalent to 11% of B,

(Beddington and Cooke, 1983), ie. 161 tonnes, equivalent to 0.013
t/km2,

The Thompson and Bell long term yield analysis applied to length
cohort data in Table 7.3.11 produced an estimate of the maximum
sustainable yield of this species of 2%0 t per annum {Table
7.3.12). As with P, filamentosus the result (12 times increase in
fishing pressure, low wmean blomass) is questionable, bhut
nevertheless, 1t is of the order expected and should be regarded
as a preliminary estimate to be refined in the future. The MSY
estimated 1s equivalent to 0.023 t/km?. E. <chlorostigma
represented 6.9% of the demersal catch by schooners, 5.3% of the
demersal catch by whalers, and 6.5% of the total demersal catch
during 1990. Applying the latter proportion and assuming all
handline species to be of equivalent catchability, the total MSY
for all handline caught species from the inshore and offshore
areas of the Mahe Plateau 1s 2484 -~ 4460 t, equivalent tc 0.199 -
0.357 t/kmé for the two estimates of MSY.

TABLE 7.3.12. THOMPSON AND BELL LONG TERM YIELD FORECAST FOR E.
CHLOROSTIGMA, BASED ON DATA IN TABLE 7.3.11.

X Yield Mean Blomass
0.0000 0.00 1983.21
2.0000 194.76 1155.39
4.0000 256,26 823.69
6.0000 278.28 665,89
8.0000 286.52 579.88

10.0000 289.43 527.17

12.0000 290.14 461.46

14.0000 289.91 465.21

16.0000 289.28 444,69

18.0000 288.47 427.90

20,0000 287.60 413.71

22.0000 286,71 401.42
MSY = 290.12 Biom.msy = 487.1675
X = 12.29688
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8. PRODUCTION ESTIMATES

Estimates of the demersal fishery resource 1in Seychelles have
largely keen confined to the granitic Mahe Plateau. They are
based upon the swept area method applied to trawl surveys in four
instances, and through application of length cohort analysis to a
representative speciles to determine population size in one case.

For demersal fish resources, Birkett (1979) estimated the total
biomass of the Mahe Plateau to be 42,000 tonnes, and Marchal et.
al. (1981) estimated 75,000 tonnes. Tarbit (1980) estimates the
biomass for 4176 square nautical miles of the Plateau covered by
trawl surveys to be 80,000 tonnes. Kunzel et. al. (1983)
estimated the total biomass for the whole of the Mahe Plateau to
be 51,000 tonnes. Lablache and Carrara (1988) estimate a total
biomass of large demersal fish exploitable by a handline fishery
of 8,400 tonnes for the offshore banks of the Mahe Plateau (1,900
nm“). Information from these surveys has subseguently been
applied to determine the potential yield of demersal species
availakle to a handline fishery (Lablache and Moussac, 1987;
Lablache et. al. 1988; Lablache and Carrara, 1983).

It is argued that these resource estimates should be revised in
relation to stratified fishing locations by depth and substratum
fished. Revised estimates of the potential yield available to a
handline fishery are presented by location and fishing stratum.
Estimates of the potential vyield take 1into account new
information presented in this study and from analysis of the

catches of the mothership-dory fishing operation of Pecheur
Breton.

8.1. A REVIEW OF LITERATURE RELATING TGO THE AVAILABLE DEMERSAL
FISH RESOURCES IN SEYCHELLES

TARBIT (1980)

Tarbit (1980) based his estimate of blomass on the analysis of
research cruises between 1972 and 1979 by the vessels KOYO MARU,
PROFESSOR MESYATSEV (2 cruises, alsoc reported by Birkett, 1979),
DR FRIDTJOF NANSEN and NAKUA. These vessels undertook a total of
419 demersal trawl surveys cf which 5 were conducted on Fertune
Bank, 4 on the Amirantes Plateau and the remainder on the Mahe
Plateau. Little trawling was conducted at depths of less than 45
metres and most of the trawlable ground was found to lie between
depths of 50 and 65m on substrata composed of fine or silty sand.
No trawlable ground was found to exist below 70m.

The total area of the Plateau was eatimated to be around 11,000
nm® of which 4176nm? were trawlable. The estimated biomass for
the trawlable area was 33,685 t from day trawls and 42,964 t from
night trawls. Tarbit suggested that  these figures were
underestimates since they were based on one hour tows and did not
allow for escapement. Two hour tows produced a greater catch per
hour than one hour tows, and Tarbit alsc assumed 80% efficiency
of the gear., Applying these two factors a revised estimate of the
total biomass for the trawlable area was 80,000 t.

In total 280 species were recorded in the demersal trawl catches.
These included a large number of species not normally taken by
the demersal handline fisghery. Tarbkit estimated the Maximum



Sustainable Yield (MSY) from the trawlable areas by applying the
following formula to 13 species of importance in the catech:

Ymax = O-SXMBO

where M=the natural mortality coefficient which varies according
to species, and Bp=the original biomass. For these species (see
Table 9 in Tarkit, 1980) the MSY was 10,727 t, equivalent to

15,300 t pa for all species, assuming a sSimilar average
mortality.

For the key demersal species estimates of the biomass obtained by
the swept area method are available for L. sebae and A. virescens
on trawlable grounds. Subtracting species not caught by handline
a total biomass of large handline caught species may also be
derived from Tarbit (1980), although this latter figure is still
an overestimate since 1t is not possible to subtract all unwanted
species. This data appears in Table 8.1. MSY has been calculated
by the method of Beddington and Cooke (1983) wusing K, and M
values quoted for the respective cpecies. For the whole fishery a
recruitment age, Tr of 3 years, mean M of 0.3 and mean K of 0.22
were assumed. The MSY is compared with that derived for L. sebae
by Lablache and Carrara (1988, see also below)} and for A.

virescens (7.3.3. this report) for offshore and inshore areas
respectively.

TAELE 8.1. : BIOMASS ESTIMATES FOR T.ARGE DEMERSAL SPECIES
(AVAILABLE TO A HANDLINE FISHERY)} ON TRAWLABLE SUBSTRATA (TARBIT,
1980) AND ESTIMATES OF MSY.

SPECIES BIOMASS % TOTAL T/KMz| MSY T/KMe| OTHER EST.T/KM2

From To Area
L. SEBAE 7348 34.21% 0.5%25%| 1102 0.079| 0.054 0.058 OFF
A. VIRESCENS 1276 5.94% 0.091 252 0.,018| 0.046 0.074 INS
TOTAL 21482 1.5330 1719 0.123

KUNZEL ET. AL. {1983)

These authors analysed the results of 108 wvalid demersal trawls
conducted by two German trawlers on the BMahe Plateau. The
operation had commercial okjectives so the trawls were not randoem
but concentrated on grounds giving the best catch rates. Unlike
Tarbit (1980) the estimate of biomass related to the total
productive ground on the Plateau, and not Jjust the trawlable
areas. No adjustment was made for escapement, but factors leading
to an overestimate o©f the biomass (non random samples) were
assumed to balance those leading toc an underestimate (escapement,
smooth trawling grounds covered yet fish are known to aggregate
in rough coraline areas). The total biomass for the Mahe Plateau
was estimated as 51,000 tonnes: 32,338 t from 8,740 nm? of the
central zone, and 19,000 t from 3,800 nm¢ of edge zone,

The specles landed were classified as big marketable fish (14
families, about 33 spccics), small marketable fish (17 families,
about 48 species) and trash fish. MSY was calculated using the
formula Ygax = 0.5xMBg for the small fish, and Ygay = 0.5xZB; for
the big fish since they were already exploited by handlines. Z is
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the exponential rate of total mortality (F+M) and B; the standing
stock size during the survey. The MSY was 21,264 t pa in total of
which 4,406 t were big fish (1,803 t central zone, 2,603 t edge
zone) and 16,858 were small fish (12,564 central zone, 4.294 edge
zone) .

LABLACHE AND CARRARRA (1988)

These authors used length frequency measurements relating to
Lutjanus sebae (Bourgeois) taken from data collected in the above
trawl surveys, and from samples of fish landed by schooners.
Landings by schooners were also analysed. Using length cohort
analysis they estimated the biomass of this species on the
offsheore banks of the Mahe Flateau (1,900 nmz) to be 2,360t. They
assumed that this speclies was representative of all fish
exploited by the schooner handline fishery. Since it represented
28% of the catch the total biomass was estimated to be 8,400t.
However, it should be noted that this represents the standing
biomass of an exploited stock and does not represent the virgin
biomass.

ESTIMATES OF POTENTIAL YIELD AVAILABLE TO A HANDLINE FISHERY

For trawlable substrata on the Mahe Plateau a density estimate
relating to demersal fish species available to a handline fishery
of 1.46 tonnes/sqg. km (5.0 t/nmz) was derived by Lablache and
Moussac (19%87) and Lablache et. al. (1988) from data presented in
Tarbit (1980)}. This was achieved by examining the estimated
biomass for handline caught species only, divided by the total
area of trawlable grounds. Lablache and Carrara (1988) indicated
that this may be an overestimate because Tarbit (1980) provides
biomass estimates only for selected species and a total for the
overall fishery. Thus 1t was not possible to subtract all the
unwanted fish species from the calculation, (Note that from the

same data Mees derived a slightly higher estimate of 1.53 t/Km2 -
see above)

Lablache and Carrara (1988) provide density estimates for
demersal fish species availabhle to handline fisheries on the Mahe
Plateau based on the above reports. This information is included

in Table 8.2. Big fish species refer to those identified in
Kunzel et. al. (1983).

TABLE 8.2. DENSITY ESTIMATES (T/NMz) FOR DEMERSAL FISH IN
SEYCHELLES

REFERENCE SURFACE ALL BIG FISH HANDLINE SURVEY  REF.
AREA AREA SPECIES SPECIES SPECIES  PERIOD
CENTRAL  8740nm2 3.70 0.80 0.50 1981 1
EDGE 3800nm 5.00 2.70 2.10 1981 1
TRAWLABLE 4176nm2 19.15 5.30 5.00 1976-79 2
TRAWLABLE 7000nm? 10.71 4.30 4.50 1980 3
BANKS 1900am2 - 4.40 4.40 1984-85 4

REF 1: Kunzel et. al. (1983); 2: Tarbit (1980); 3: Marchal et.
al, (1981); 4: Lablache & Carrara (1988)
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Lablache et. al. (1988) have utilised these density evaluations
to derive estimates of total biomass and maximum sustainable
yield of handline caught species on the Mahe Platcau. They use a
value of 1.4 tonnes / km? (4.78 t/nm“) being an approximate
average of the estimates derived from Tarbit (1980) and Marchal
(1981). They have defined the fishing grounds as inshore (0-35m
depth), offshore banks (36-100m depth) and trawlable. By surface
area, the ocffshore banks correspeond to those in Lablache and
Carrara (1988}, and the trawlable grounds to, those in Tarbit
(1980). The inshore dgreounds (6000 km® / 1760 nm2) are not defined
elsewhere and do not correspond to the Central zone in Kunzel et.
al. (1983). They apply the same density estimate to each of these
areas and derive the following wvalues for _biomass: inshore 8,500
t (6000 kqf), of fshore 9,000 t (6500 km?), trawlable 19,600 t
(14,000 kp®), Total 37,100 t (26,500 km¢ of fishable grounds of
43,300 km® tectal Plateau area).

MSY was calculated using the formulas:

i) Msy 0.4xMB (Gullands formula, 0.4 substituted)

and ii) Msy = mp(¥/MB-1)

(Garcia, Sparre and Csirke, 1989)

Where B is the estimated bkiomass and M the natural mortality
coefficient, given the wvalue 0.3. From application of these
formulae, the estimates of MSY on the Mahe Plateau were: (1)
inshore 1,000 t, off shore 1,000 t, trawlable, 2,400 t, total

4,400 t; (il) inshore 1,300 t, offshore 1,400 t, trawlable 2,200
t, total 4,900 t.

DISCUSSION OF RESOURCE ESTIMATES

In considering the above estimates of potential yield there are
two important peints to bear in mind. Firstly, apart from the
estimate of Lablache and Carrara (1988) they relate toc trawlable

grounds, and secondly they relate principally te the Plateau
surface at depths of less than 70 m.

Tarbit states that 'the as yet unsurveyed portion of the Mahe
Plateau, some 7000nm“, must bear populations of these species not
included in this analysis' and that 'those areas not covered by
the surveys will support similar ©populations at average
densities'. Kunzel et. al. state that 'as a general observation,
fish concentrate near reefs, slopes and edges of the sea bed' and
that trawl catches confirmed this. They also state that 'most
trawls were conducted on smooth trawlable drounds whereas the
biggest fish concentrations are known to be in rough coraline
areas'. Bean (Pers. Comm.) 1indicates that the most productive
areas are on the drop off at the edges of banks and Plateaux
which would net have been accessible to trawlers.

Next, the above estimates of bilomass were based on trawls in
depths of 50 to 60 m whilst at depths of greater than 75 m
Pristipomcides filamentosus 1s known to become increasingly
significant (Mees, 1990, Mees, 1991). This species was not
referred to specifically in the above surveys and did not form a
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significant part of the landings (1\). Similarly, Lablache and
Carrara (1988) base their estimates on Lutjanus sebae which is
predominantly caught in depths of 60 m or less, and on the
catches of schooners operating between 1984 and 1985. Mees (199%0)
examined the catches of schooners between 1985 and 1990 and found,
that whilst L. sebae was the target species in 1985 comprising
26.7% of the catch, by 1989 with the introduction of electric
reels certain boats were targeting deeper water species and the
proportion of L. sebae had fallen to 19%. Pristipomoides
filamentosus on the other hand had increased from 2.1% of the
catch in 1985 to 16% in 1989 (and the proportion was even dreater
for the first 6 months of 1990). Overall catch rates and catch
volumes increased despite a fall in apparent effort, partly
explained by the fact that a new stock was being targeted which
had largely been unfished previously.

Thus 1t may be argued that the biomass and density estimates
presented to date relate only to trawlable grounds to a maximum
depth of 60 - 70 metres. These densities may not be applicable to
rocugh ground or to depths greater than 70m. On the rough ground
the substratum and habitat 1i1s reputed to support 1larger
populations. In the deeper water discrete fish populations exist
which were not assessed in the shallow water trawls. It is thus

necessary to refine the biomass estimates based on fish densities
in different strata thus:

1. Shallow water 0 - 75 m on the Mahe Plateau
a) Inshore zone
b) Offshore banks
c) Trawlable grounds

2. Intermediate depths 75 - 150 m -~ drop offs of banks and
plateaux

3. Deep bottom resources > 150 m - drop offs of banks and
plateaux

Strata 2 and 3 are not confined to the offshore banks defined in
Lablache and Carrara (1988) hut relate to any part of the drop
off of the Plateaux and Banks at those depths. In some parts the
drop off shelves so steeply that fishing would be impossible, but
Bean (SFA Masterfisherman / Operations Manager, Pers. Comm.)
indicates that most parts of the edge zone of the Mahe Plateau,
including those not traditionally fished are suitable for
exploitation. Thus, whilst previous estimates claim to encompass
the area to 100m depth they should be adjusted to represent
stocks to 75 m depth . In Sectieon 2.1 infact, no adjustment to
the area fished was made since the surface area of the rim from
75 - 100m is negligible compared to the total Plateau area. Thus
no adjustment to the estimates for this stratum is necessary.

1\) Pristipomocides argyrogrammicus was reported in Kunzel et. al.
(1983) and formed 1.11% of the total catch. This species was also
reported in Tarbit (1980) where the local name was given as
Batrican. The volume of the catch represented by this species was
not reported separately and so it was presumably not considered
to be significant. Tarbit notes that P. argyrogrammicus was
recently synonymised with P. filamentosus (Kamil,1973).
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Finally, it wmay be argued that estimates of MSY based on
Gulland's formula (MSY = 0.5MB;} are overestimates, and that
those wusing formulae relating to the exploited biomass (eg.
Cadima; Garcia et., al.) are invalid (as discussed in Section
7.3.1., after Beddington and Cooke, 1983). Taking the approach of

Lablache et. al. (1988), and utilising B, = 1.4 t/km?, average
population dynamic parameters for all demersal fish of M = 0.3,
and K = 0,22 the MSY is equivalent to 7% or 8% of the virgin

recruited biomass for the ages of recruitment, Tr, of 2 and 2
vears respectively (Beddington and Cooke, 1983), The wvalue of MSY

= 0.4MB; used by Lablache et. al. (1988) gave an MSY equivalent
to 12% of By.

This tends to indicate that a downward revision of the present
estimates would appear to be in order. However, the application
of M = 0.3 may be somewhat conservative. For each of the key
species studied M was greater (0.438 - 0.534). Ralston (1987)
lists mortality rates for a number of snappers and groupers which
range from 0.08 to 0.83 with the majority greater than 0.3. He
alsc found that as a rough guide, M is equal to twice the wvalue
of K. Thus if M = 0.5 were substituted the MSY estimate becomes
10 - 13% of By for Tr = 2 and 3 years respectively.

Next, the approach taken by Lablache and Carrara (1988) of
raising up single speciles estimates to represent the whole stock,
also adopted in this report, may be guestioned. This approach not
only assumes equal catchability of all species, but also assumes
equal population dynamics (le. growth, mortality and age at
recruitment). This is illustrated in Tabkle 8.3 by using the data
from Table 8,1:

TABLE 8.3. : ESTIMATES OQOF THE TOTAL MSY AVAILABLE ON TRAWLING
GROUNDS.

SPECIES BICMASS % TOT ul K Tr SPECIES TOTAL

MSY MSY

L. SEBAE 7348 34,21 6.480 0.230 2 1102 3221

A. VIRESCENS 1276 5.8%4 0.496 0.260 3 252 4242

TOTAL 21482 0.300 0,220 3 1719

TOTAL 21482 C.500 0.220 3 2793

Growth and mortality parameters for L. sebae were obtained from
Lablache and Carrara (1988) and for A. viresccns from this
report. The age at first recruitment for L. sebae was 2 years

and 3 years for A. virescens. For all species mean values of 0.3
and 0.5 for M were applied.

The total MSY for all speciecs from individual species data was
calculated as 3221 t from L. sebae and 4242 t from A. virescens,
indicating that if the species chosen is not representative of
the whole population, then taking this approach will lead to a
significant miscalculation of MSY. Both estimates were
significantly higher than that assuming mean parameters for the
population as a whole. Idecally the MSY of each species should be
calculated and summed. Owing to lack of data on sufficient
numbers of species this i1s not possible and the best approach is
to take the mean of the data available.



8.2. REVISED ESTIMATES OF THE BIOMASS AND MSY OF COMMERCIALLY
IMPORTANT DEMERSAL SPECIES AVAILABLE TO A HANDLINE FISHERY

8.2.1. DISCUSSION OF THE BASIS UPON WHICH REVISED ESTIMATES ARE
TO BE MADE

1. FOR THE SHALLOW WATER STRATA:

The mean population dynamics parameters for the shallow water
species (A. virescens, E. chlorostigma, L. sebae), K = 0.22, M =
0.47 and Tr = 2-3 years, were applied to an estimate of B; = 1.4
t/km2 to derive an estimate of MSY by the methed of Beddington
and Cooke (1983). MSY was equivalent to 10-~12 % of B, with these
parameters. This virgin biomass estimate which, as discussed
above, relates to trawlable substrata, was applied also to the
areas of the inshore and offshore fisheries. Estimates of the
exploited biomass and MSY of individual species (see Section 7.3,
and Lablache and Carrara, 1988) were raised up to represent all
spccics (assuming equal catchability and population dynamics) in
relation to area fished (inshore or offshore). The results are
compared in Table 8.4.

TABLE 8.4. AVAILABLE ESTIMATES OF BIOHMASS AND MSY FOR DEMERSAL
SPECIES CAUGHT BY HANDLINE ON TIIE MAIIE PLATLAU

[ i . T ~ = T = P—— 1

jsua - DETAILS|PREVIOUS ESTIMATES|FROM TRAWL DATA| L. SEBAE A, VIRESCENS E. CHLCROSTIGMA]
|STRATUM [ Froa To | Frem To. | From To From To From To |
| {Ref.1)| (i | 48,1;M87,2)  |(8,3;4,2) (3) (2 (2) |
'r : - b - i
| INSHCRE  BIO/KMZ|  1.4D0  1.400 | 1.400  1.400| 0.62D  0.620 1.807 1.807]
| (6000 KM2) BICMASS|  BSDD 8500 | 8400  8400| 1722 3722 10842 10842|
| MSY/XME|  0.147  0.217 | 0.140  0.168| 0.124  0.200  0.199  0.357|
| MsY | 1000 1300 | 80  1008| 744 1200 1194 2142]
| ) I I
|OFFSHGRE ~ BIO/KM2|  1.400  1.400 | 1.400 1.400| 1.250  1.290 1.807  1.807|
| (6500 KM2) BICMASS| 9000 9000 | 9100 9100 8400 8400 1746 11746
| MSY/KM2|  0.154  0.215 | 0.140 0.148| D.194 0,209 0.199  D.357|
[ MSY | 1000 1400 | 910 1092 1240 1357 1294 2321
I I | | |
|TRAWLABLE BIC/kM2| 1.400 1.400 | 1.400 1.400| [
14000 KM2)BIOMASS| 19600 17400 | 19602 19600| |
] MSY/KMZ)  0.15¢  0.177 | 0.340  0.168| |
| MSY | 2200 2400 | 1960 2352 |
| | | | — — |
References: 1) Labklache et, al. (1988); 2) Mees, Present report;
3) Lablache and Carrara (1988)

In relation to the inshore areas Kunzel et. al, found

substantially lower stock densities (see Table 8.2.) suggesting
that the estimate for this area should be reduced. However,
information relating to Aprion virescens (this report, 7.3)
indicated a potential yield per unit area very similar to that
derived from trawl surveys (although the biomass indicated was
less). Information relating to E. chlorostigma suggested a higher
stock density than derived from trawl surveys. Although, as
pointed out above, raising single species data to represent the
whole stock may lead to errors, the fact that these estimates are
based on exploited biomass will in part compensate for
overestimation arising from application of this technique, since
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they will underestimate the virgin bicmass. Thus, on balance, it
would seem justified to retain the estimate of 1.4 t/km? used by

Lablache et. al. (1988) from trawl survey data for the biomass of
this sub stratum.

For the offshore areas it has been argqued that trawl survey data
would underestimate the true stock density. The estimated density
for offshore aresas from cohort analysis applied to L. sebae was
similar to that observed on the trawlable grounds suggesting no
adjustment 1is necessary, whilst that based ¢on E. chlorostigma
suggests that upward revision is indeed required. However, since
L. sebae was a target species for the schocner fleet, the
proportion in the catch may not be representative of the true
populaticn structure and thus the total stock size (all species)
would have been underestimated 1in the study of Lablache and
Carrara (1988). In the case of E. chlorostigma, this species
represents only a small proportion o¢f the total demersal
landings. Thus, by applying the method o¢f raising up the
estimated yield for this single species to the whole population
of all species, any errors will be amplified., Thus, in the
absence of further stock estimates 1t is considered expedient to
pe conservative and retain the estimate based on trawl survey
data, but to highlight the fact that this estimate in all

probability underestimates the resocurces availakle <¢n the
cffshore banks.

The density of fish stocks on trawlakle grounds have been
established.

Thus for the shallow water stocks an estimate of the MSY will be
based on the assumption that the virgin biomass is 1.4 t/km? for
all strata. The mean populaticn parameters M = 0.47; K = 0.22 and
Tr = 3 years result in an estimate of MSY = 12% of B,, ie. 0.168
t/km¢. The choice Tr = 3 rather than 2 resulting 1in a higher
estimate of MSY appears iJjustified for the reasons given above
which argue that the (SY is probabkly underestimated, particularly
for the offshore areas. The application of these values results
in an MSY very similar to the lower estimate derived by Lablache
et. al. (1988).

2. FOR THE INTERMEDIATE DEPTHS:

Two methods of deriving an estimate of the biomass available in
this depth range (75 - 150 m) are presented. The first applied
the estimated vyield for P. filamentosus derived from c¢ohort
analysis to the whole resource at this depth on the assumption
that this species (at 50% of the catch at this depth range) is
representative of all fish in this fishery (see 7.3.1). The
estimated sustainable vield was 466 - 560 tonnes per annum,
equivalent to 1.25 - 1.50 t/km? for all species. The second
relates to application of the Leslie constant catchability wmodel
(in Polovina, 1986) to data from the mothership dory fishing
operation of Pecheur Breton on isolated sea mounts. Pecheur
Breton fished intensively on the banks to the South East of the
Mahe Plateau and accurate catch, effort and species composition
data by depth were recorded and analysed (iees, 1991).

In order to determire the virgin biomass the constant
catchability Leslie model defines the catch per unit effort
during a time 1interval of t (CPUE(t)) as the product of
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For Small Constant Bank the first twoe days of data were excluded
on the assumptioen that P. filamentosus was not the target species
(the depth fished was slightly less on these days than the latter
cnes). The regressicn was not significant when they were
included. The results are shown below in relation to the fishing
area and length of 100m contour at each locatioen.

TABLE 8.6. ESTIMATED STOCK DENSTITY BY LCCATION FROM THE RESULTS
OF THE LESLIE MODEL APPLIED TO PECHEUR BRETON CATCHES

DETAILS / LOCATION sCo COR M20 MEAN
LENGTH 100M CONTOUR KM 55.6 33.3 11.1

AREA AT 250M WIDE  KM2 13.8% 3.33 2.78

CATCH KG 12209 5444 69509
ESTIMATED BIOMASS  KG 21266 28483 11148

BIOMASS / CATCH 1.7 5.2 1.6

BIOMASS kg / km 382.48  855.35 1004.32  747.38
BIOMASS kg / km? 1531.03 3419.33 4010.07 2986.81

At the three 1locaticns concerned, P. filamentosus represented
50.17% of the total demersal catch. Thus the total virgin
biomass, B,, 9of demersal fish available to a handline fishery is
5973.62 kg/km2 based on the mean value for P. filamentosus fronm
the three loccations. The MSY 1is calculated from the mean
population parameters K, M, Tr and By applying the method of
Beddington and Cooke (1983, See 7.3.1). Tarbit states that for
seml demersal predators such as A. virescens or P. filamentosus
natural mortality is usually in the range 0.4 - 0.7. In this
report a wvalue of M = 0.534 was derived for P. filamentosus,
which represents 50% of the stock, so 0.5 would seem a valid
choice. K was 0.2875 for P, filamentosus, but the slightly lower
value of 0.25 is used to represent the population mean. Tr was 3
years for P. filamentosus and is the assumed value for the whole
stock in this stratum. For these parameters MSY is 22 % of By,
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ie. 1.314 t/km? (1). This figure is similar to the mean of the
estimates derived by cohort analysis (1.375 t/km?) which will ke
applied.

When using this figure, the following must he borne in mind

i) Small Constant Bank has previously been fished by schooners
so the estimate does not relate to 'virgin biomass'.
Correira and Sea Mount '20' are unlikely to have been fished
previously, or if so, only very 1lightly. The density
estimate for these two banks was greater than that for Small
Constant. Thus by applying the mean value, the total biomass
may be underestimated.

ii) Pecheur Breton was fishing commercially and 1left each
location as the catch rates began to fall. Thus the data is
only limited (3 days in the case of M20), so the estimates
may only be regarded as preliminary values to be refined
with further research.

iii) Pecheur Breton may not have concentrated on P. filamentosus
every day thus affecting catch rates and invalidating these
data. Information relating tec depth fished does however,
indicate that for thesc data (see Meeg 1991) P. filamentosus
was the target.

Polovina et. al. (1990) have applied stock depletion models
including the Leslie model to deep bottom stocks of demersal fish
in the Pacific Islands and have derived the following cstimates
of biomass at the 200 m isobath : Marianas, 1.08 t/Km of isobath;
Tonga, 0.81 - 4.60 t/Xm; Fiji, 0.27 - 3.80 t/Km; Vanuatu, 0.16 -
1.24 t/Km; and Papua New Guinea, 0.11 - 1.78 t/¥m. The 1lower
limits tend to relate to islands or reefs (mean value = 0.38
t/Km), whilst the higher ones relate to sea mounts (mean value =
1.46 t/km).

For the Banksz and Seamount 20 studied in Seychelles the range was
0.38 - 1.00 t/Km for P. filamentosus only, and 0.76 = 2,01 t/Km
for all species at the 100m isobath. Although at a different
depth, Pristipomoides species featured in most of the catches
from the Pacific Islands and so these estimates may be compared.
It may be seen that infact the Seychelles data compares
favourably with that from the Pacific, falling within the range
of values observed, and the mean value being approximately equal
to that of the seamounts in the Pacific. The application of the
mean value (rather than the maximum value observed) to estimate
the biomass of the MNahe Plateau appears 7justified since the
Pacific experience indicates that the production reported for Sea
Mount 20 is likely to be higher than that for the fringing drop
off of the Plateau.

1) For P. filamentosus only, applying the population parameters
derived for this species in this report to the mean virgin
bicmass above gives an MSY of 0.71 t/km? which is similar to the
upper estimate from cochort analysis, and gives some contidence to
the results from the two methods.
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9., SUMMARY AND DISCUSSION

A summary of all results is presented tor each study species. The
findings are discussed in relation to information on the same
species studied previously in Seycheles or elseswhere.

9.1. PRISTIPOMOTIDES FTILAMENTOSUS

Of the key study species P. filamentosus 1is regarded as a deep
water inhabitant. In this study, the depth range over which P.
filamentosus were caught extended from 15 m to 137 m with a mean
depth of between 72 - 84 m. The largest number were caught in the
range 70 - 75 m. No sexual differences (sex ratio, frequency
distribution) were apparent in relation to depth. 1In the
Seychelles Agathine (Pers Comm.) confirms these findings and
states that the usual depth at which P. filamentosus are caught
is 70 - 112 m, whilst Intes and Bach (1989) report catching this
species down to 250 m. Elsewhere, Brouard and Grandperrin record
that this fish 1s usually caught at depths of less than 120 m in
Vanuatu, although the range at which it is caught extends from 80
- 320 m.

During the study period (November 1289 - December 1990) 7,241
specimens of P. Filamentosus were measured in length frequency
studies and 1,189 were examined 1n the labkoratory in biometric
studies. The maximum fork length observed was 79.8 cm for a fish
"of undetermined sex, and 77,6 cm for each of males and females.
Larger specimens have been reported in Seychelles (Total length
80,0 cm, males ; 84.0 cm, females, Moussac, 1938) and Hawaill
(Standard Length, 94.7 cm, Kikkawa, 1984). The mean length was

approximately 50 cm, and was slightly less during the period June
tc August,

No appreciable sexual differences were recorded with respect to
length frequency distribution, and the sex ratio did not differ
significantly from unity (ie. egual numbers of each sex in the
catch). This was true at all lengths except at the wvery greatest
lengths recorded in LFS wvwhere more males were caught. Ralston
(1981) also reported that the sex ratio for P. filamentosus 1n
Hawall did not differ significantly from unity whilst Kami (1973)
observed more females than males in populations in Guam (M:F —
1:1.4) and Min ef. al. recorded the opposite in the Andaman Sea
(M:F = 1:0.7a6).

Sexual maturity was examined by means of visual observation of

the gonads and by examining the gonadosomatic index (GSI). First
maturity for the population is achieved at an estimated age of 3
years and a fork length of 40 - 42 cm for males and 36 =~ 38 cm

for females, although indivduals may differ. The smallest female
fish with a matured gonad measured 33.2 cm and the smallest
spawning fish was 38.1 cm. {aturity stage was positively
correlated to fork length, and a second peak in the GSI cccurred
at 50 - 52 cm for males and 46 - 48 cm for females. The
difference of 10 cm between peaks corresponds approximately with
12 months growth (12 - 15 cm pa), and indicates that a greater
proportion of the population reach maturity in successive years,
50 % of all female fish were mature at a length of 52 - 53 cm.

Ralston (1981) also concluded that first maturity was achieved at
around 3 years for male and female P. filamentosus in Hawaii, and



at the transition from the 30-35cm length class to the 35~40cm
class, although he alsc observed a spawning female at 33 cm FL.
By contrast, also for Hawailian populations, Kikkawa (1984) found
the minimum size at maturity for females to be 42.5 cm FL and the
nminimum size at spawning to be 52 cm. In relation to the length
frequency distribution of the catch it may be seen that the
first sizes recruited into the fishery are below the minimum size
of sexual maturity, and that over 50% of the catch is less than
52 cm FL, the length at which half the females become mature.
This c¢ould have serious conseguences for the reproductive
capacity of the stocks {see Conclusions).

Mature and spawning fish were observed throughout the year but
there would appear to be a protracted spawning period from
October to April with peaks of reproductive activity in the
periods February to April and November to December, Fewer mature
fish were observed between June and August. The peaks correspond
with the intermonsoon periods. Data relating to the GSI indicates

that the development of testes and ovaries coincide and follow
this seasonal pattern.

Protracted spawning periods and year round production of gametes
are reported by other authors, the particular times of peak
activity being related to local conditions (Min, et. al., 1977;
Ralston, 1981; Kikkawa, 1984). Ralston (1981) highlighted the low
proportion of body welight represented by the ovaries (4% maximum
in Hawail) and argued that this was due to multiple spawning.
High reproductive activity is achieved through a rapid turnover
of small gonads 1in contrast to temperate water species which
spawn once a Yyear and have gonads between 10 - 31% of body
weight, In the Seychelles the maximum proportion of body weight
represented by the gonads was 1.45% (population mean as opposead
to maximum of one individual).

The relative growth of different body dimensions against fork
length was examined to assess sexual dimerphism and the
possibility of discrete populations in different geographical
areas. There was no evidence of sexual dimorphism. Body parts
displaying isometric growth indicated no conclusive geographical
differences, but examination of the positively allometric length
welght relationship tended to indicate that the population in the
North of the Plateau was significantly different from that in the
South and East of the Mahe Plateau. That in the North showed no
difference from the population in the Amirantes. On the basis of
length weight relationships ‘larbit (1980) concluded that
populations of Aprion virescvens on Fortune Bank and the Mahc
Plateau were different, but no comparable work has been done for
P. filamentosus in Seychelles. The length weight relationship for
all fish sampled 1in the present study was

W(kg) = 0.00005353%FL{cm)2.740

Length frequency data indicated that the mean length of fish
caught in the North of the Plateau was significantly less than
that of fish caught in the South and East, supporting the above
observation. However, whether these observations truly reflect
population differences or are an artefact of the data requires
further study. Fish from the North were cauyght between September
and January at a mean depth of 92.4m whilst those from the South
sere caught petween January and July and in December at a mean
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The value of Phi’ differs between the Hawallan population and
that in the Seychellea, ayain stressling the need to check the
present results with additional data.

For the whole population the total mortality, Z, was estipated to
be 0.811, the natural mortality, M, was 0.534 and fishing
mortality, ¥, was 0.277 Jones’ length cochort analysis gave an F
value of ©.294. Ralsten (1%81) derived an estimate of natural
mortality for P. filamentesus in Hawali of 0.24. However, alse in
Hawail, Halston and Williams (19832) derived a value of 0,55 [or
M, and in Vanuatu Brouard and Grandperrin (1984) obtained a value
af 0.53 which are similar values to that of the natural mortality
repaorted tor this species in Seychelles.

The preduction of this species was egtimated from length
freguency analysis and by application of the Leslie Constant
Catchabillity Model to eateh and effort data from a metheorship
dory fishing operation. The MS5Y Was estimated to be bhetween 2311 -
279 tonnes from the Tormer, or 0,62 - 0.75 t/Km?, and 0.6¢ t;Km’
from the latter for the fringing drop off of the Mahe Plateau.
Other =studies have shawn that at the Jdepth range at wWhich
P.filamsptosus are caught they represent approximately 50t ol Lhe
cabeh. Assumlng equal catchability of all speciez the teol (1 pa¥
available te a handline fishery at depths between 75 - 14 mw
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ol ygiowtta aod oen the Teindling dvep affeg ol the Ylatbsauk s
Barke, This repurt Gdentil lwil a separate subsabealum relat hag Lo
the depth jange % « 1U0 m whers prodyuetivily dppeonta to be
hitggher than on the Plalqdaux curface, P, [llamentosis  wias tha Koy
apeien atudled from thin dapth range and which las beenh used to
durlve the wetimaten of blomang lur Ulile sule ptratum, Thile s the
Cirmt tlwe bthat The vata haw keen pregsnbed in Lhiv way tor
dwvchwllvea nnd revioml wabimsbes ol Lhe Lervtal blomasa avallabidw
to & handline [Lluhery en demormsl plovke was gl odanted.,

The total productiocn atul Muy poer eguare Kllusetss of sobetrate
baxed on doba relating Yo P, filapentosus was cenmldecably higher
than tha eustlmnlea based on the other key #atudy wspecles: L.
nebaw, vgLal MUY {all apeclios) 0,500 Linm! {Lalilaches and Carrara,
\OOR} ; Ay virescens, lotal MY (all specles) U, 120 - 0,700 LyHm
(Mu@n, this repurt); K, ghlortewf lgmwa, tobtal MUY (all wpoolies)
.00 « 0,380 E/Nr, lDewwver, thn other spedlod ocUur muatly on
the plateaur al vhallewe: depthin, The esurfaus asrea of Lhe
fringliyg drup oft In Lhe rabge 7% = B0 m ovoupied by ».
Fllamentoeus Ly limkted due te Lhe steeply shelving nature of Uhe
Hroep ofl, Yhia Limite Vthe available hakltat Tor this speclies amn
cativentyates Gt giving a highes relative productlon per unit
At Fuarthvrmod e, o Hisgh degvee of hydrodynamio aet lelby doguys
ab the Mateawr sdgon (upwebdimn tempovatures clanyes oto) wWhich
cunid soomlrdbubg Lo ralat Lvely thghe: prbmaey P OCbLE bon bb Blite
reqlon. Kuntel o, al, teparl greator produotion o Cough geou!
mntl at the drop off b Ehe FPlatauus.

The high preductlon wof thie specles and limited vertlaeal
distribution mean that catoh rates tor P. fillamentosus are hlgh.
Catoh rates are alwo hlgh at present slnce the deeper water
Fishery 12 a rwelat!vely new ene and the stocks have not
previously beun subjectsd to significant fishing pressure.
However, the total availalile biomass for exploitatien is limited
due to the small ares el the tringing drop off (374 Em® far the
Mahe Plateaux vompared Lo a total [ishable area on the Plateaux
of 26,500 Fm'}. Thus stecks in this stratum will he more
susceptible te ocvorlishing since a larger proportion of the
population may be exploited ip a relatively smaller fishing area,
and becauvse the tobtal size of the stoeck is not that great.

9.2. APRION VIRESTEAS

Aprion vircsoons were caught dyer a wide depth range (1% - 137
m). The mesn depth was 65 g wnd no differences between the sexes
were wobserved in rolation te depth. The largest Eish caught
measured 101 o¢m 'L and the medan length was 64,668 cm. The
frequency disty ibutpon was okewed towards large €ish and the

*hnF males was significantly
5 - o or=nyen Lreguedicy vistribution of the
gexer revealed moare Jemales ot sneller sizes bthan nales, 'Thus
there was 4 signifcant currnlub won befiveen ‘sax ratio and



increasing fork length. The sex ratio was significantly biassed
in favour of males (1.8 M : 1 F), and during the intermonsoon
periods which coincide with the peak reproductive periods, the
number of males caught was more than twice the number of females.

Moussac (1988) reported fish of 112 ¢m TL in Seychelles, whilst
the maximum length observed in Hawall was 102.8 cm FL (Everson
et. al., 1989). In contrast to this study, Everson et. al. (1989)
recorded a similar number of males and females (1.05 M : 1 F) and
alsoc observed that there were meore females than males at the
greatest lengths. Fish 1in both studies were caught by hook and
line. Moussac (1988), referring to trawl caught data, indicated
that no sexual differences occurred in relation to the length
frequency distribution of A. virescens 1in Seychelles, Thus,
either males are more aggressive and take the hooks more readily
in Seychelles than females, or the sex was incorrectly recorded
from the remnants of the gonads of eviscerated fish employed in
length freguency studies. The latter, whilst deserving attention,
is not considered to be the case, and thus it wmay be concluded
that this species in the Seychelles behaves differently from the
same species in Hawallan waters to baited hooks.

The smallest female with a mature gonad was 48.7 cm FL, the
smallest spawning female measured 56.6 cm, and 50% of all females
were mature in the size class 64 - 66 cm. Maturity stage was
positively correlated with length. Whilst mature fish were
observed throughout the entire year, spawning fish were mainly
observed between September and April, with peaks of reproductive
activity in September to Nowvembher and March to April,
corresponding with the intermonsoon period.

Unlike P. [filamentosus, most tish caught by the commercial
fishery were larger than the 1length at which 50 % of the
population become mature. In East Africa (Talbot, 1960) reported
that the minimum size at sexual maturity for A. virescens was
46.5 cm SL whilst in Hawail Everson et. al. recorded a length of
42.9 cm FL., Similarly to Seychelles these authors reported a
protracted spawning period but with periecds of peak activity
wlthin the year., Other authors have found the peak periods in
Seychelles to be between September and April (Lablache and

Carrara, 1983; HMMoussac, 1988), and 1in East Africa where climatic
conditions will be similar to Seychelles the peak periods were
November to IMarch (Talbot, 1860), and Octcber, January and

February (Nzicka, 1977).

Scparation of length fregquency data into cohorts indicated two
recruitment periods per year, consistent with the spawning cycle,
and a growth of approximately 10 cm per year. The growth
parameters were as follows:

POPULATION K L, Phi’

Seychelles (ELEFAN) 0.260 104.0 3.449
Seychelles (MBA) 0.294 84.9 3.326
Maldives 0.348 78.0 3.325
New Caledonia 0.310 65.6 3.125

Munro’s Phi’ indicates good agreement of the growth parameters
with those for the samc species in the Maldives (Van der Knapp
et. al., 1988} and New Caledonia (Loubens, 1980} giving some
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confidence in the results, despite the difficulties in achieving
consistent growth between cohorts in the method of Modal
Progression Analysis (MPA).

The total mortality, Z, was estimated to be 1.602, natural
mortality, ™M, was 0.4%6, and fishing wmortality, F, was 1.106.
Jones’ length cohort analysis gave an F value of 0.956. For the
Maldives population natural mortality, M, was cstimated to be
0.490 (Van der Knapp et. al., 19%88) which is similar to that in
Seychelles. Fishing mortality was high, but this is consistent
with the fact that Aprion virescens is the single most important

species catch from the demersal fishery 1in terms of volume
caught.

The biomass of A. virescens from the inshore areas of the Mahe
Plateau was estimated to be 1377 tonnes. The annual MSY of this
species was estimated to be 275 - 443 t from the Mahe Plateau,
equivalent to 0.046 = 0.074 t/Km?. This 1s approximately one
tenth o©of the production per unit area calculated for P.
filamentosgus but rclates to the surface area of the Plateau so
the total volume of A. virescens available to a handline fishery
on demersal stocks 1s greater +than that of P. filamentosus.
Present annual catches of this species are around 535 tonnes
(from all 1locations), which exceeds the estimated sustainable
catch from inshore areas indicating that these 1locations are
fished to capacity. This agrees with the high estimate of F, the
fishing mortality, and may explain the peculiarities in
population structure reported in Seychelles not cobserved
elsewhere, Assuming egquivalent stock densities on the offshore
areas the MSY would increase by 299 - 481 t to a total of 574 -
924 t for both strata.

9.3, ILIITJANDS ZFHAER

Lutjanus scbae was caught at depths from 25 to 110 m but the
majority were caught petween 55 and 70 m. Intes and Bach (1989)
record the depth range in Seychelles as being to 80 m and Nageon
(Pers, comm) indicates that the usual depth range is 50 - 55 m.
In Hawaii this species occupies the range Q@ - 100 m and is
usually c.uaght at 20 - 50 m (Ralston, 1981b), whilst in Vanuatu
Brouard and Crandperrin (1984) record a depth range of 100 - 220

m, this latter being significantly deeper than the other reported
depths,

The largest specimens observed were: males, 86.0 cm FL and
females, 78.2 cm. The mean length was 53.9 cm for all fish, 58.9
cm for males and 50.4 cm for females. The difference between the
sexes was highly significant, and the structure of the population
alsc differed significantly, there heing more small females. The
sex ratio was biassed in favour of females (0.83 M : 1 F). With
increasing fork length the ratio of males increcased until at the
largest lengths there were no females. Examination of the gonads
of the females revealed that 74.5 % of all fish caught were
immature.

Trawl survey data from Seychelles reported in Tarbit (1980)
agreed with the sex differences 1in relation to populatien
structure observed for line caught fish in this study, and the
sex ratio was similar (0.67 M : 1 F). However, the majority of
the fish were greater than 60 cm (10 % females and 12 % males
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The total biomass of E. chlorostigma on the inshere and offshore
areas of the Mahe Plateau was estimated to be 1468 tonnes,
equivalent to ¢.12 t/Km?. The MSY from the Plateau was calculated
to be 161 - 290 tonnes p.a. or 0.013 - 0.023 t/Km?. The catch of

this species in 1990 was 125 tonnes indicating the potential for
a limited increase in landings,
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19. CONCLUSIONS

Information relating to the population structure, population
dynamics and production of key specles from Seychelles demersal
fishery has been presented in this report.

Data relating to 1length frequency and sex ratio of the
populations of key study species will provide historical wvalues
against which futurc comparisons may be made when assessir _hese
stocks. Yor L. sebae the present data compared to historical
trawl caught data on the Mahe Plateau indicated a decrease in
mean length of the population since the late 1970’s, ..nd also
indicated that presently the major part of the catch consists of
immature females whilst previously the majority were mature fish.
This may be a recsult of heavy fishing pressure on stocks of this
species. For A. virescens the length frequency structure did not
differ from previously recorded data in Seychelles but the sex
ratio compared to line caught Hawailan populations was markedly
different, 1t 1is not c¢lear 1if this 1is a result of fishing
pressure or of behavioural differences kbetween the populations.

A combination of the analyses of length frequency data and
relative growth indices for P. filamentosus 1indicated the
possibility of discrete populations 1in different geographical
locations., Tarbit (1980) also indicated that the populations of
A. virescens on the Mahe Plateau and Fortune Bank were discrete.
It is most 1likely the case that discrete populations of most
demersal species exist where submerged water bodies and banks are
separated by an expanse of water deeper than, say, 250m. However,
from the present data it was not possible to separate all the
potential variants (season, location, depth) and confirm the
existence ol discrete populations. Thus all data were pooled.
However, thece question of whether or not stocks are discrete 1is
important. Different population dynamics may relate to different
stocks in which case it is not wvalid to pool all the data.
Furthermore, 1if stocks are discrete and without significant
emigration or immigration then the possibility of overfishing
certain areas is greater. Thus it is important where pessible to
cbtain a good timce series of data for each location, and to
improve the reporting of location when statistics are collected.
Although steps have been taken to improve this situation those
collecting the data must rely on the fishermen to provide a

reliable answer, and fishing location tends to be a sensitive
issue.

From the data presented in this report relating to 3 Lutjanid
species and from other data in the literature which includes the
Serranidae 1t 1is now well established that TLutjanids and
Serranids in Seychelles experience continual spawning throughout
the year with peaks of reproductive activity corresponding to the
intermonsoon periods. There are thus btwo peak periods per year
around November and April, with slight wvariation from year to
vear according to the timing of the onset of each trade wind /
monscon period. The intermonsoon periods are also the peak
fishing periods when the greatest catches are landed due to the
favourable weather conditiens.

The South East Trade Wind period from July to September is

consistently a poor fishing season due to inclement weather
conditicons, and catch volumes fall in these months. However, this
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may not be regarded as a rest wveriod for the fishery from a
management point of view since little reproductive activity
occcurs at this time. PFurthermore, hydrological changes occurring
at that time resulting in lower water temperatures may retard
growth. Bean {(Pers. comm.) has reported that at the onset of this
season although fish could be located on the echo sounder they
would not take the hooks and those that did were torpid on
hauling to the surface perhaps due to a temperature change. Thus
catchabkility may also reduce in this season in addition to the
difficulties caused by poor conditions.

The size at capture of a large proportion of the sampled catch
was below the size at which 50% of the population reached sexual
maturity for P. filamentosus and L. sebae, and for E.
chlorostigma the major mode corresponded to this length. Only for
A. viresecens was most of the catch above the size at which 50%
reached maturity. Thus for the former species there 1is the
potential of recruitment overfishing. However, there is some
debate as to the optimum age / length at which a fishery should
be exploited. Removing smaller fish 1s more energy efficient
since growth is greatest in the early years, and by protecting
large fish and preventing thelr exploitation a fishery may
benefit since larger fish are more fecund. Nevertheless 1t 1is
necessary for a certain numpber of fish to escape to grow into
large fish and maintain such a system, and classically the
approach has been to target larger fish above the size at
maturity. The policy of the SiiB Fish Division to pay a greater
price for small [ish exacerbates this probklem.

Practically for a hook and line fishery it wmay not easily be
possible to regulate the size of fish caught. Another management
tool 1is to allocate nursery areas so that 1f recruitment
overfishing were to occur the stocks could be replenished from
the unfished stocks. The presence of fish on the trawlable
surfaces of the platcau could act as such. Whilst trawling is
illegal and the stocks are too dispersed to be fished by
handlines these stocks remain relatively secure. However, recent
proposals to exploit these stocks using gill nets or large scale
fish traps would, whilst allowing the targeting of otherwise

underutilised resources, result in the loss of this management
tool.

Regarding the practicality of allocating nursery areas certain
other questions remain: 1If the stocks are discrete then
emigration will not occur to replenish depleted stocks on the
rough grounds; What 1s the dispersal mechanism for eggs and
larvae from the trawling grounds, and will settlement occur on
the rough grounds ? If the stocks are not discrete but occupy the
rough grounds at a certain phase of the life cycle and the smooth
trawling grounds at another (this is one possible interpretation
of the L. sebae data in this report) then depleting stocks on the
rough grounds will also cause depletion on the trawling grounds
(particularly in the example of L. sebae where hook caught fish
on rough grounds were mostly immature female fish); How does the
allocation of the trawlable areas as nursery grounds affect the
estimates of sustainable vyield from the fishery ? - presently
2350 tonnes of handline caught species are said to be available
on a sustainable basis from smooth ground. Is it justified to
assume this additional amount may be taken from the rough grounds

or should the MSY estimatc be reduced by this amount ?; Would the
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dispersal of eggs and larvae from the trawlable grounds of the
Mahe Plateau be sufficient to replenish depleted stocks on
distant banks and Plateaux (eg. Amirantes) or would separate
nursery grounds be required.

Growth studies Dbased on length frequency analysis proved
challenging due to the difficulty of achieving consistent
positive growth between cohorts separated through the Bhatacharya
analysis. As a result modal ©progressien analysis and the
derivation of wvon Bertalanffy growth parameters was often rather
subjective, and frequently unrealistic results were achieved.
Thus the method of Pauly (1981) through application of ELEFAN I
was used to derive these parameters. It has sometimes been argued
that this method overestimates the value of K. However, in the
absence of other information these results were used and as
indicated in the discussion provided reasonable estimates for A.
virescens and E. chlorostigma compared to other authors. The
estimate for P. filamentosus, whilst requiring refinement, was
also considered acceptable. The least reliable results related to
L. sebae. FEIFFAN I also allows inclusion of a <seasonally
oscillating model of growth. This model fitted the best in each
case, as might be expected due to the seasonal hydrological
changes. Seasonal oscillation was 1least pronounced for E.
chlorostigma, perhaps because those in the samples derived from
the Plateau surface and inshore strata where temperature changes
would be less felt.

Owing to the difficulties of conducting modal progression
analysis it would be pertinent to repeat these estimates as more
time series data become available. It may also help to analyse 2
or three years of data pooled gquarterly in order to 1increase
sample sizes. Since the growth parameters are used in deriving
mortality coefficients any errors will be reflected in subsequent
analyses. Certainly all estimates given in this report, whilst
providing preliminary information for use in management of the
fishery, regquire refinement.

Estimation of growth by reading daily rings on otoliths of L.
sebae has Dbeen achieved by Chauvelon (1990) using samples
collected in Seychelles, and the procedure has been applied to
other 1lutjanids 1including P. filamentosus elsevwhere. However,
this procedure is expensive and could not be achieved 1in
Seychelles at present. The classical methods of reading annual cr
biannual rings on otoliths would appear possible from the limited
sample of P. filamentosus and A. viresecens otoliths sent to a
consultant in the UK, although the growth parameters differed
from those derived through length frequency analysis. The
consultant confirmed the presence of growth rings. Since the
hydrological conditions on the HMahe Plateau change seasonally,
since there is a peak of reproductive activity at certain times
of the year, since the seascnally oscillating growth models fit
the data Dbest, and since subjective information indicates
metabolism slows down at certain periods, there 1is a strong
possibility that growth rates will differ throughout the year and
that these changes will be retlected in the oteoliths. Thus an
otelith reading unit 1is to be established in Seychelles to
develop this procedure.

The énalyses were used to derive estimates of the biomass and
annual sustainable vyield of each species. Assuming equal
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catchability and population dynamics of all species, the relative
proporticons of the key species 1n the catch were employed to
derive biomass and MSY estimates for the total f{ishery. These
estimates relate to large species available to, and caught by, a
demersal handline fishery only, and do not relate to all demersal
species. It was argued that restratificatien by depth was
necessary in order to adequately describe the demersal fishery.
Having done this, revised estimates of biomass and MSY were
produced which supersede all previous estimates. For the Mahe
Plateau the revised estimate of MSY was 4960 t compared to 4,400
- 4,900 t previously. The MSY for all Plateaux, Banks and Islands
was estimated to be 6,180 t tc a depth of 150 m and 6,435 t 1f
the depth range is extended below 150 m.

Biomass and MSY estimates were given 1n relation to location. The
potential for depleting stocks on large Platcaux  where
populaticens are contiguous or overlapping 1is low compared to
isolated banks and Sea Mounts. Dalzell (1990) describes examples
from the Pacific where sea Mounts have been heavily fished and
catch rates, and therefore populations, have nct recovered. This
highlights the limited potential for repopulating overfished
areas by recolonisaticon from the planktonic phase. Thus fishing
in such areas needs to be regulated to ensure sustainability of
the resources. The intermediate depth strata, 75 - 150 m 1n which
P. filamentosus occurs also requires careful monitoring. Although
present catches are below the MSY tfor this stratum, the total
yield available is limited due to the small area of fringing drop
off. Stock densities are high within a narrow band making
targeting the fish and overfishing easier.

In relation to fisheries by species, the data indicated that A.
virescens 1in inshore areas of the Mahe PFlateau were presently
fished at or above their maximum, Assumirsgy equal concentrations
of A. virescens in offshore areas suggests that this species has
not yet been overfished but within strata problems may exist. For
L. sebae catches apprcached MSY for the offshore stocks but
assuming similar stock densities elsewhere catches were below
MSY. For P. filamentosus present catches were similar to the
lower estimate of MSY indicating only limited room for expansion
of this fishery (1), whilst for E. chlorostigma the present
catches were below MSY 1indlicating the stocks could sustain
limited increased exploitation.

Thus 1t appears necessary to investigate methods of regulating
the fishery on a species basis in addition to location and depth
fished. For all speccies the demersal catches are around 2,000
tonnes per vyear, indicating the potential to more than double
catches on the Mahe Plateau (if the trawlable areas are

1) It should be noted that since this stratum consists of the
narrow band between 75 - 150 m depth fringing the plateaux any
small error in the estimation of the area will lead to
significant errors in the estimation of the yield available. It
would be useful to fully determine the width of this stratum at

different points around the plateau in order to refine the
estimate of the area.

Note also that data for 1991 just available (see abstract)

indicates that P. filamentosus catches were significantly less in
1991 than 1990.



included), and triple <catches from the whole of Seychelles
demersal fishery res=ource. However, much of the present catch
derives from the inshore areas of the Mahe Plateau, and limited
amounts from the offshore Dbanks. ©On the PMMahe Plateau the
potential for incresed catches lies within the trawlable areas,
in the intermediate depth zone, and to a limited extent the
offshore areas. Turther areas suitable for expleoitation tend to
be the more distant locations off the Mahe Plateau requiring
larger vessels. The species composition from the outlying areas
tends to include a higher proportion of lower value species (see
Lablache and Carrara, 1984) so the viability of exploiting these

stocks must consider this tactor 1n addition to the 1increased
fuel costs.

On the question of regulating / managing the demersal fishery it
may be seen that of the potential management tools each of the

following are problematic for the reasons given above : nursery
grounds, regulating size at first capture, introducing a non
fishing fallow season (unless it  coinclided with what is

traditionally the peak ficshing season!). Regulating individual
species catches 1is also difficult in a mixed fishery based on
handlines, although a c¢ertain amount of targeting does take
place. Alternative approaches are to work within the 1location
specific MSY wvalues and to 1limit the number of licensed vessels
(cffort) by vessel type, size, and range engaging in the fishery.
Catch quotas could be set for specific locations and vessels to
ensure equitable distributiocn of the catch. However, policing and
menitoring such a system may prove difficult.

Thus it may be seen that in order to regulate the fishery a
number of options are available, but each has its own drawbacks,
and indeed regulation may not be what is required at the present
time, although the structure f[or regulating the fishcry should be
established. Given that there appears to be room for expansion,
what is infact reguired at the present time 1s a clearly defined
policy for the further exploitation of this resource which
determines the most benneficial way to develop the fishery.
Ultimately this comes down to fleet compositicon. This nust be
both politcally and economically acceptable and will probably
allow access to a nunmber of different vessel types in different
locations. For the ‘outer islands’ distant from Mahe the question
is not Jjust one of fleet composition: 2 mothership - dory
operations are probably the most economically viable answer to
the explcitation of these stocks. However, the development of
outer island fishing centres each with its own infrastructure and
fleet of wvessels would promote island development. This would
lead to spin offs which could not soley be treated in terms of
economic viability alone, and indeed the economics would need to
encompass more than just the fishing operations,

In order to establish such a policy it 1s suggested that a
detailed social and economic appralsal 1is required based on
different models of development for the demersal fishery, firstly
on the Mahe Plateau and agsociated Banks, and secondly for the
cuter islands. With this information it will be possible to
establish the appropriate fleet coumposition and a ceiling should
be set for each boat type. If the present unregulated expansion
of the fishery continues overcapitalisation in c¢ertain boat
types (specifically whalers), and overfishing in certain
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locations (inshere and middle grounds of NMahe Plateau) will
become a real problem, if it is not already.

Mees (1989b) proposed the maximum number of whalers (55) and
schooners (3% schooners or Lavenir) tc support a viable demersal
fishery on the Mahe Plateau. In the 1light of the revised
estimates of vyield available they should be medified. 1In
addition, since publication of that report gill net operations,
and a mothership dory fishing operation have bkegun.

Table 9.1. indicates the number of each boat categery required to
fully expleit the vield available in each location. The numbers
assume no other boat types are exploiting the stocks. They do not
indicate that the stocks on the drop off, for example would
support 14 schooners, 5 gill netters, and 1 mothership. Rather
they indicate stocks would support 14 schooners, OR 5 gill
netters, OR 1 mothership. &An eguilibrium would need to be
achieved between the numbers of each category depending upon the
development strategy adopted for the fleet as a whole. The
numbers alsc do not take 1nto account economic yield, simply
biological yield, and thus it may not be economlically feasible tc
invest in the number of vessels indicated in any cne category.
The economic wviability of both whalers (Hageon, 1987) and
schooners operating with the catch rates indicated is already. in
question (Parker, 1988).

The following details were employed in Takle 9.1:

Whalers - 0.386 t/trip of demersal species, 410 trips/year (Mees,
1992 : unpuklished analyses of whaler database for 1991, based on
Mahe results). These are restricted to the inshore areas.

Schooners - 1.5 t / trip, 23 trips/year (demersal species only,
12.5 m laPigue schooners with electric reels, Mees 1990). These

are restricted to the Mahe Plateau and drop off except in good
conditions.

Gill netters - (fibre glass Cygnus type) 3 t/trip, 36 trips/year
(estimated, Bean Pers. comm. - presently 22.5 m schooner Taurus
catches on average 3.5 t/trip 22 trips/year with gill nets).
These will target the fringing drop off of the Platcaux.

Mothership - Dories - 300 kg/dory/day (demersal species), 12
dories, 200 fishing days per vyear (See Mees, 1991). This
operation is not restricted to any location and appears to be an
efficient way of exploiting the stocks, particularly those
distant from iMahe.



TABLE 9.1. AN ESTIMATE OF THE NUMBER OF VESSELS OF EACH BOAT TYPE
REQUIRED TO FULILY EXPLOIT THE DEMERSAL FISHERY YIELD BY LOCATION

STRATUM MSY |WHALERS SCHOONERS GILL M.SHIP+
NETTERS 12 DORY

MAHE PLATEAU

INSHORE 1008 62.7

OFFSHORE 1092 6€7.9 31.7 1.5
TRAWLABLE 2362

DROP OFF 514 14.9 4.8 0.7
TOTAL 4966 130.6 46.6 4.8 2.2

e e —— o | e e | e e b = et = —— — = — A= —— — —n — ——— — —

OTHER LOCATIONS

PLATEAUX 835 24.2

1.2
DROP OFF 380 11.0 3.5 0.5
TOTAL 1215 0.0 35.2 3.5 1.7
GRAND TOTAL 6151 130.6 81.8 4.3 3733

The mean existing fleet size during 1991 (mean number operating
per month) was 86 whalers, of which 68 engaged primarily in the
demersal fishery, 20 schooners, 1 gill netter (Taurus, Verseau
may alsc begin thig method shortly), and 1 mothership dory
opcration. The present increase 1in the number of whalers is ot
some concern since these boats are restricted in range and
exploit that part of the stock which is already heavily fished
(inshore and midddle ground areas of Mahe Plateau). By December
1981 there were a total of 90 whalers fishing of which 77 engaged
in the demersal tishery, exceeding the maximum number required to
exploit the inshore resources. The whalers also fish the middle
ground and in good weather the offshore banks. Thus it is
difficult to say that the number has exceded the maximum
possible. However, what can be construed i1s that as the number of
whalers increases more pressure is excerted on stocks close to
Mahe thus forcing these boats to fish further afield. It is to be
guestioned whether this 1is desirable diven that they are
uncomfortable wvessels and not ideally suited to laong fishing
trips (Nageon, 1%87). It is considered that the nubers of vessels
in this category should not continue unchecked, thus limiting
potential number of more suitable vessel types to exploit the
offshore stocks.

It should be noted, however, that the term ‘Whalers’ includes
traditional wooden beats and fibreglass Lekonomi and Lavenir.
Unpublished analyses indicate that the Traditional and Lekonomi
whalers favour shorter trips and fish on the plateau rather than
at the periphery, whilst Lavenir undertake longer trips to the
more distant tishing grounds. Thus the above argument applies
principally to traditional and Lekcnomi whalers. ‘l'he number of
Lavenir actively fishing in Harch 1992 was only 5, le a small
proportion of the total whaler fleet.
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No estimate was made for the number of boats required to exploit
the trawlable grounds. Here stocks are too dispursed to be viably
fished by handline so a new method (gill nets, traps) will need
to be developed 1f it 1s intended to exploit them, and boats will
need to be suitably egquipped. No estimate of potential catch
rates is available.

Finally, although there appear to be some species and location
specific problems in relation to exploitation of the demersal
fishery resources, overall, the fishery has the potential to
expand. However, any expansion should be managed carefully and
strict policy guidelines need to be introduced now. This is
particularly the case now that more efficient methods (eg, drop
lines and gill nets) and operations (eg. mothership - dory
fishing operations) are being introduced. This is not to say that
such changes should be resisted, rather they should be promoted
if they increase the efficiency and profitability of the
explcocitation of Seychelles demersal fishery resources. However,
to ensure full exploitation of this valuable resource whilst at

the same time ensuring sustainability of the resource requires
careful management.
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BIOMETRIC STUDY OF Aprion virescens F/Method

BOAT NAME TYPE SK [PPER/OWNER :
FISH NO. :
PURATTON OF FISHING TRIP FISHING DETAILS DATE OBSFRVED
FROM: LOCATION
TG: DEPTH RANGE :

MEASUREMENT BEFORE EVISCERATION

TOTAL LENGTH: FORK LENGTH: STANDARD LENGTH:

WHOLE WEIGHT: LENGTH OF FIRST DORSAL SPINE: DIAMETER OF EYE:
DISTANCE OF FIRST DORSAL SPINE FROM MOUTH: PRE-OPERCULE:
DISTANCE BETWEEN LATERAL LINE & lst DORSAL, SPTNE: OPERCULE:

EVISCERATTON
SEX: GONAD WEIGHT: MATURITY STAGE: LIVER WEIGHT:
GONAD'S DESCRIPTION: WEIGHT SAMPLE
FOR FECUNDITY
SAMPLE 1
SAMPLE 2
SAMPLE 3
REMOVAL OF OTHOLITHS ——> YES/NO
HEASUREMENTS AFTER EVISCERATION
TLe: FlLe: STe: GUTTED WEIGHT:

1473





