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Growth and reproductive biology of Lethrinus mahsena from the St

Brandon stock.

Abstract

Lethrinus mahsena (family Lethrinidae), commonly known as *Dame Berri’. is the most
important species fished from the St Brandon bank. It is a protogynic hermaphrodite and

is generally found associated with the sea-bed in areas of sand or coral.

Most of the studies concerning Lethrinus mahsena on the Mauritian banks have been
made by using data from Saya de Malha and the Nazareth banks. No report of studies
made in St. Brandon about Lethrinus mahsena were found. This project is probably the

first of the type in St Brandon.

The main objective of the project was to investigate certain growth and reproduction
parameters for Lethrinus mahsena. Data were collected between July 1998 and October
1999. The parameters to be determined were the life span, growth rate, length at first
capture, natural mortality, total mortality, fishing mortality and length-weight relationship

of the fish from the St Brandon bank.

The length and weight data obtained from sampling have been used to calculate the above
parameters. For calculation purposes the following packages have been used: FAO-

ICLARM Stock Assessment Tools (FiSAT), BASICA and EXCEL.




The values of *a’ and ‘b’ in the formula W=aL" were found to be 0.0165 and 3.0007
respectively. This was in accordance with data reported from Saya de Malha (a = 0.012
and b= 3.160 by Bertrand er al in 1986. The Fulton’s condition factor (cf) was also
calculated and no general trend was found during the sixteen months of study. The
asymptotic length (Leo) was found to be 63 ¢cm and the growth constant K was found to
be 0.12 in 1999. The total mortality Z, natural mortality M and fishing mortality F were
calculated as 0.65, 0.34 and 0.31 respectively. The Gonado Somatic Index (GSI) was
directly related to the Hepato Somatic Index (HIS) between July 1998 and August 1999
and was inversely related for the last two months implying that spawning may have
started by September1999. The length at first capture (Lc50) was found to be 31.8 cm,
that is, it exceeded the value of the length at maturity (Lm50) which was found to be

below 30 cm. Data were in accordance with those from Saya de Malha and Nazareth

bank.

However, due to the limited data available and Lethrinus mahsena being a slow growing
fish, further studies need to be carried out. A wider sampling time span is thus suggested.
The sample was taken from a commercial catch and thus the sample was biased due to

gear selectivity.

For proper management measures, otolimetry should be performed so as to obtain better
age data for analysis. This project having been interrupted in the middle of the sampling

period, such data was not available.



Growth and reproductive biology of Lethrinus mahsena from the St

Brandon bank

This report has been prepared following collection of a series of data of fish length and
weight on the banks of St-Brandon. It covers the work carried out from July 1998 to
December 1999,

The data were collected by an M.Phil student for award towards a post-graduate degree.
However, the candidate abandoned the project after 16 months of sampling. The data
already collected were used for this report. The best possible use of existing data have
been made. However, several gaps exist in the data collected. For example, data on
otolith and gut contents were not made available and thus this report is unable to present

a complete picture of age and reproductive biology of Lethrimus mahsena.



1.0 Aims of project

The aim of the project is to understand certain key aspects of the growth and reproductive
biology of Lethrinus mahsena so as to help decision makers apply appropriate measures
for sustainable fisheries management on the St-Brandon Bank. These include age of the

fish, spawning time, spawning frequency and mortality rate estimation.

1.1 OBJECTIVES

To determine:

o The asymptotic maximum length, L.,
o Growth Coefficient, K

o Length/Weight relationship

o Condition factor

o Gonado-Somatic Index (GSI)

o Hepato-Somatic Index (HSI)

o Relationship between GSI and HSI
o Natural mortality, M

o Total Mortality, Z

o Fishing mortality, F

o Le50

o Spawning period/frequency



2.0 INTRODUCTION

Fishes of the family Lethrinidae (commonly known as Emperor) constitute an important
fishery in Mauritius as well as in other areas of the world. They are among the
economically important fishes in the tropical countries and represent a large part of the

commercial fishing for Mauritius.

Lethrinidae are widespread throughout warm waters of the world. They are highly
valued food fish in many tropical countries, for example, Seychelles (Mees, 1989).
Mauritius (Ardil, 1986), Australia (Kailola er al., 1993). the Caribbean (Thompson and
Munro, 1974), Hawaii (Okamoto, 1982; Parrish er al.. 1997) and Tonga (Langi et al..
1992). They represent both a cheap source of protein, and, where they form the basis of
an export trade. an important component of the national economy of many developing
countries. Fisheries based on these species are therefore important both to artisanal and

semi-industrial fishermen.

Pressure from the increasing trends in the human population is currently the subject of
concern over coral reef fish exploitation. The biology of exploited species is also a
contributing factor for such concern (their slow growth, low reproductive capacity and
low rates of natural mortality makes them vulnerable to overfishing (Koslow er al., 1988:
Russ, 1991: Haight ef al., 1993a). The localisation of stocks that results from fragmented
habitats on coral reefs, combined with particular fish life history strategies, would suggest
that reef fish stocks may provide more limited yields than previously believed (Smith,
1978). Sound management advice is therefore important for the long-term sustainability

of fisheries targeting these species.

Studies of age structure and growth rates of a fish population are an essential component
in the assessment of exploited population dynamics (Rowling and Reid, 1992). Von
Bertalanffy growth parameters (L4, K, t,) are inputs into many assessment methods
which estimate further biological and fishery parameters (e.g. mortality, vield-per-

recruit). Hence, they are important for fisheries management.

L]




3.0 LITERATURE REVIEW

3.1 MAURITIAN FISHERY

The Mauritian fishery is based on fishing on the relatively shallow banks to the north of
Mauritius: Cargados Carajos (St Brandon), Nazareth and Saya de Malha banks. Part of
Saya de Malha is in international waters but Mauritius exercises traditional fishing rights
there. Fishing began in the eighteenth century, with salted fish coming from the copra

islands of St. Brandon, Agalega and Chagos Archipelago.

Table 1 Fishable areas (km®) of Mauritian fishing banks. (AFRC).

Area Km~

Banks Fishing Grounds  Code fishable

Saya de Malha Saya North SMN 4000

Saya South SMS 8500

Nazareth Nazareth NAZ 10000
St Brandon Albatross ALB 3000
St Brandon SitB 3000




Figure 1: Map of Cargados Carajos (St-Brandon)



More extensive exploitation of the banks began in the mid 1960s (Samboo and Mauree,
1988). Fishing currently occurs from refrigerated mother vessels which carry up to
twenty 6-8m pirogues or ° dories’. Three fishermen operate from each dory, using
handlines rigged with between three and eight baited hooks (Samboo, 1983). Up to 1.000
fishermen are currently employed, 500 of whom are regularly active, spending 37 up to

150 days at sea per annum.

Table 2 Production and effort on the banks in 1995

Bank Fishing Travel Bad Catch % Fmen CPFD

days days weather (t) days (kg)
days

Saya de 892 199 168 2682 52.4 46400 57.8

malha
Nazareth 525 128 71 1609 31.4 26734 60.2
St Brandon 206 57 30 469 5.8 5008 59.8
Chagos 94 31 22 2177 43 5042 43.2
Albatros 125 89 16 3122 6.1 6364 491
Total 1842 504 307 5291 100 89548 57.2

The fishing trips for La Derive, the fishing company from which the sample was
obtained, is about twelve days. The vessel of the company is quite small and has no
dories. For each trip there are four handline fisherman and one master fisherman. The
catches on each fishing campaign consist of Dame Berri (Lethrinus mahsena), Capitaine
(Lethrinus nebulosus), Caya (Lethrinus rubrioperculatus), Vielle (Epinephelus sp).
Cordoniers (Siganus sutor), Cateaux (Scarus sp), Mullets (Mugil sp). Carangues
(Caragoides sp) and a few other species. The target species for this study (Lethrinus

mahsena) comprises about 85-90% of the catch.



In general the banks fishery contributes about 60% of the marine catch in Mauritius. In
1993 and 1994, catches from the Mauritian banks reached 5,000t, but still failed to meet
domestic demand. Fish exports are therefore controlled, since it is necessary to import

the deficit in order to meet requirements (Morel, 1989).

Table 3 Annual production (t) by banks in the Mauritian Exclusive Economic Zone

Year Vessels Saya de Malha Nazareth St Chagos Albatross Total catch

7 Brandon o
1977 8 1587 1482 95 32 - 3196
1978 8 1529 1198 97 - - 2824
1979 6 372 1407 77 - - 1856
1980 5 277 955 172 - - 1404
1981 4 378 874 140 81 - 1473
1982 7 1701 1282 43 135 - 3161
1983 8 1245 920 112 - 3 2280
1984 9 833 1104 283 143 - 2363
1985 13 2207 1072 386 163 - 3828
1986 15 2767 1200 533 127 - 4627
1987 13 3363 1475 374 237 - 5449
1988 13 2651 1448 727 314 - 5140
1989 13 2177 837 407 133 130 3684
1990 10 1410 914 347 300 135 3106
1991 13 1782 793 369 358 161 3463
1992 15 2825 980 446 317 194 4762
1993 17 3173 1358 590 195 261 5577
1994 16 3167 1591 224 307 232 5621
1995 15 2682 1609 470 218 312 5291
1996 15 2283 1253 432 321 135 4424




1997 14 1798 1720 316 306 270 4410
1998 13 2054 1086 400 81 76 3697
1999 13 2107 1121 341 127 226 3922

Catches from the banks are primarily demersal species. The main components of the
catch are species from the family Lethrinidae, particularly L. mahsena. This is the
dominant species on Saya de Malha, comprising around 90% of the total catch weight
(Ardil, 1986: Bertrand et al., 1986)

The majority of the remainder of the catch comprises species of the families Lutjanidac
and Serranidae. Until recently the Sacré Chien Blanc., Pristipomoides filamentosus was
not targeted by Mauritian vessels, since it is found at depths of over 200m in these
locations; this meant that a large amount of effort was required by handline fishermen for
potentially little gain. Extremely limited fishing on Saya de Malha had occurred for this
species by vessels from other nations. In 1997, however, a Mauritian fishery for P.
filamentosus was initiated, comprising a single mothervessel and five modified dories

equipped with electric reel fishing gear.

It should be noted that most of the studies concerning Lethrinus mahsena on the
Mauritian banks have been made by using data from Saya de Malha and the Nazareth

banks. No studies about Lethrinus mahsena have been made in St. Brandon till now.

3.2 CURRENT MANAGEMENT REGIME

The objective of Mauritian Government policy was to increase fish production to 20kg
per capita (in excess of 10,000t in total), to stimulate frozen fish consumption, and
develop the fishery to a level sufficient to replace fish imports. Overall, the goal was to

provide a source of protein at an affordable price.




Current Mauritian legislation for the banks fishery relates to species prohibition (due to
their potential for ciguatera), minimum sizes for certain fish species, price controls on
frozen banks fish, and to a total allowable catch (TAC) quota system, which forms the

main management tool.

The restrictions on ciguatoxic fish apply to shallower water species, and do not affect the
species under study. Discarding undesirable fish has the potential to result in increased
mortality which will not be identified through catch data analysis. However, the impact
on Mauritian banks is felt to be minimal; targeting of desired species, through selection of
fishing location or hook size. is believed to be effective and the fishery is relatively
monospecific. It presents a greater problem in Chagos. as this area sustains a more multi-

species fishery.

Legislation on minimum length relates principally to the artisanal coastal fishery. A
number of fishing companies are now paying a reduced rate for what they consider
undersized fish, or refusing to purchase them, due to both difficulties in selling small
individuals on return to port, and the perceived size limits. Usually where catches of

undersized fish do occur, these are seized on return to port.

In order to ensure that fish were available to all social classes, price controls on the banks
fishery were initially introduced. Price controls have since proved useful as a
management tool to reduce effort. When controls were removed between 1981 and 1987.

both prices and fishing effort increased.

11




Table 4 Minimum size of demersal species in Mauritius. (From the fifth schedule of

Mauritian fisheries legislation.)

Scientific Name Local name Minimum size (¢cm)
Lethrinus sp. Capitaines 30
Parupeneus barbarians  Rougets 20
Lethrinus mahsena Dame Berri 30
Polysteganus baissaci  Guelles Pavees 30
Naso unicornis Licornes 30

A non-transferable quota system was introduced in 1994 for Mauritian banks fisheries.
Maximum sustainable yields for each bank were estimated through the Thompson and
Bell method (1934). These estimates were reduced by 10% in order to determine the
Total Allowable Catch (TAC) from each bank. The TAC was initially allocated on a per
vessel basis, based on historical performance. This value related to total fish catch. with
no reference to species. It was also recommended that the number of vessels should be
limited to seventeen (the number operating at that time), and that vessels dropping out of
the fishery should not be replaced. The system was amended in 1995, The catch quota
was then applied to companies rather than individual fishing vessels. Quotas reflected
the historical performance of each company, and could be traded off in whole, or part, if
unutilised. This was a single quota, allocated for the whole of the Mauritian banks, rather

than by an individual bank. TAC in 1995/96 was set at 4,750t.

The management rule cutrently in place calls for an annual 5% decrease in TAC until
‘consistent signs of stock recovery” are identified. Such signs include increases in catch
rate and catch mean length. These are monitored annually. Routine assessments are also

performed, for example, using length-based methods of total mortality estimation.




3.3  LETHRINIDS

The Emperor family (Lethrinidae) are tropical and sub-tropical bottom feeding
carnivorous (Fischer and Bianchi, 1984). They are generally found either on coral reefs
and rocky areas or soft substrates. Species are not thought to be territorial, and generally

form small shoals. Spawning aggregations also occur.

Lethrinids are carnivorous, feeding on crustaceans, echinoids, molluscs. and small fishes.
They are generally caught close to the bottom as they search for food. L. mahsena is
generally found associated with the seabed in areas of sand or coral, and is commonly
caught at depths ranging from 25 - 50m. The species feeds primarily on benthic

crustaceans, molluscs and echinoderms (Kulbicki, 1988).

L. mahsena is described as a protogynous hermaphrodite (Bertrand, 1986). Few females

are said to exceed 35cm in fork length (FL), and few males are less than 20cm FL. Sex
reversal occurs around 5-6 years of age, approximately 2 to 3 years after the earliest onset
of sexual maturity (Bautil and Samboo, 1988). On Saya de Malha bank, the species has a

single spawning season from October to February (Bertrand, 1986).

13




Figure 2 Lethrinus mahsena (Forsskal, 1775)

Photo courtesy: John E. Randall

3.4 FAOIDENTIFICATION

Lethrinus mahsena (Forsskal, 1775) forms part of the family of Lethrinidae. These are
perch like fishes with large heads, deep sub orbital space and terminal mouth. The lips
are often thick and fleshy, maxilla concealed, without supplementary bone, mostly
slipping below infra orbital bones. The outer teeth of the jaws are uniserial, caninelike.
conical. The enlarged canines in front of the jaws point outward is adults. The palate is

toothless

'he dorsal fin is continuous with10 spines and branched (soft) rays. The anal fish has 3
spines and 8 branched rays. The pectoral fins are moderately long and pointed, with 13
branched rays, the pelvig fins has | spine and 5 rays. The caudal fins are forked. The

scales are ctenoid and moderate in size. Lethrinus mahsena has 4 scale rows between the



lateral and median dorsal fin spines (excluding the very small scales at the base of the
dorsal fin). The cheeks, upper surface of the head and pre orbital area are scaleless.
The body coloration is grey with tints of red. The edge of the pectoral fins and the pelvic

fin axils are red.

3.5 THE MECHANICS OF LENGTH SAMPLING

At first sight nothing appeared to be simpler than sampling for length. It seemed to be a
matter of just going to some convenient point and measuring a proportion of the fish that
are available. In order to avoid latter difficulties in using the data, some practical points

were carefully considered.

These included:

¢ What characteristics (example total length, fork length or standard length) were to be
measured. and in what units and with what precision?

¢ How the measurements to be recorded?

¢ How many fish were to be measured.

It should be noted that since the otoliths and scales were spoiled, the anatomical methods

were not used in determining age of the fish.

3.6 WHY STOCK ASSESSMENT?

Capture fisheries exploit living and, hence, renewable resources. In the overwhelming
majority of cases, fisheries resources are “common property™. In many cases they are also
“open access™ —i.e., fishing license are not required, or are available at nominal fees. or

other limitations to entry are not effectively enforced. Open and free access generally




implies competition for the resources which. in an unregulated fishery leads to biological
and economic overfishing.

Biological overfishing has different effects (growth and/or recruitment overfishing with
regard to single species, ecosystem overfishing with regard to a multispecies resource).
Economic overfishing is also multifaceted. When one considers the first boat operating in
a fishery, “trouble™ actually when a second unit starts fishing, thus reducing the biomass
(and hence, catch/effort and economic returns) available to the first unit. Progressive
reduction of the resource then occurs, until there are so many units that the boats cannot
manage to break even, and fishery operators clamor loudly for subsidies ( for example in
the form of tax reductions on fuel or gear, subsidies for the renewal of boats, or even

more research and management).

At the level of the society, trouble begins when the difference between the total revenue
in a fishery and the total cost of fishing —i.e. the net economic yield or resource rent —

starts to decline. Fisheries resource rents can be considerable, but are dissipated in

unmanaged fisheries.

Providing a basis for a rational management of exploited resources thus involves dealing
with a wide variety of issues, ranging from political problems to socioeconomic and

resource conservation issues.

In essence, the ultimate goal of fish stock assessment is to provide technical advice to

maintain the productivity of fish stocks.
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A few fisheries resources in the world may still be underexploited — particularly in inland
water bodies in which a combination of factors (remoteness. lack of suitable gear and
crafts, lack of markets, or insecure conditions) have hindered the build-up of fishing
capacities. To account for such cases, fish stock assessment should also-

* Evaluate the potential yields of underutilized water bodies, taking the need for
resource conservation into account:

e Consider adoption and improvement of suitable fishing gear and craft
combinations (for example through fishing trials), and of processing methods and
marketing;

® Define technical assistance schemes that allow a phased growth of the fisheries.

and the adjustment of effort to those levels leading to high, but sustainable yields.

Living aquatic resources have become a major source of food protein, especially in the
tropics, providing a quarter of the total animal protein in many developing countries and
up to three quarter in some others. Yet despite their importance, tropical and subtropical
fisheries are most badly managed (if not all) — the resources are generally overexploited

and the fisheries overcapitalized.

Fisheries scientists alone cannot remedy this situation: however, they can provide the
biological advice required to rehabilitate stocks that are mismanaged. The methodology

for this exists. It consists of various refinements of standard assessment techniques,

17




together with the judicious application of new methods developed for use in tropical

walters.

3.6.1 Basic Concepts of Fisheries Science

Fish are usually not seen, counted or weighed before they are caught, and hence fisheries
research has, from the very start, depended on indirect inferences (mathematical and
statistical) for quantifying the vital statistics of fish populations required for fisheries

management.

Thus, some of the earliest applications of mathematics and statistics (outside of the
physical sciences) are those of fisheries biologists. However, when describing the

dynamics of an exploited aquatic resource, the first concept that needs defining is that of

the stock.

3.7 REPRODUCTIVE BIOLOGY OF THE FISH

The study of the reproductive aspects is also important for the determination of spawning
periods and frequency. This provides valuable fisheries management guidelines (e.g

determination of closed fishing seasons) for the regulation of the fishery.

3.8 ASSESSMENT OF AGE AND GROWTH

The ability to accurately determine the age and growth rate of fish are essential features

of population dynamics and stock assessment. Such knowledge is crucial for

(1) analysing the reproductive strategy of the fish,

(2) development of resource management plans,

18




(3)  evaluation of the effect of various environmental or genetic factors on one or on
various populations (by comparing the growth rate and the abundance of the age
class of which it is made),

(4) determination of population dynamics.

Growth can be estimated by a number of methods. In temperate fish species, growth is
frequently determined using age data derived from counts of annual growth rings in hard
tissues such as otoliths. Such annual banding is believed to be formed in many tropical
species, although the process is said to be complicated by reduced seasonality (Manooch
and Drennon, 1987). For this reason. and due to financial constraints, cheaper length-
based methods of growth assessment are more commonly used. However, these methods
are not particularly well suited to long-lived, slow-growing species, such as Lethrinids.
These methods commonly utilise modes in length frequency data (assumed to represent
individual cohorts) to estimate growth parameters. In slow growing species, modes
representing fish cohorts frequently overlap, offering limited information on growth,
Under such circumstances, the accuracy of growth parameters derived through length-

based methods is uncertain.

The method of separation of modal classes (considered to correspond to distinct age
classes) of the length — frequency distribution was the first to be applied to the
determination of growth (Peterson, 1891). The early tropical fish growth studies used
length-frequency analysis. However, the superimposition of successive modal classes
and difficulty of collecting representative, non-selective population samples are a
frequent source of problems in the application of this method (Mathews, 1974: Morgan,
1983: Morales-Nin, 1989).

The relative uncertainty inherent in all growth determination methods suggests the use of
two independent techniques to confirm the findings. The use of length-frequency

analyses and the simultaneous interpretation of growth marks probably offer the best

results.
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