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Abstract
Three species of emperor fish from the genus Lethrinus (L.h a r d , L. obsoletus and

L. atkinsono were selected for study due to their importance in the artisanal and
commercial 6sheries of Fiji The study aimed to establish some basic biological and
ecological information which would be useful for the management and conservation of the
stocks. More than 600 specimens of each species were collected between December 2000 and
January 2002 fmm fishermen operating in the S w a lagoon. The lengths of 15 body parts
were measured in an atfempt to establish a new key fbr identification. A dichotomous key
for separating Fijian Lethrinus species was produced. The length-weight relationship (TL
versus W) and size distributions were explored for each species. A proportion of the
samples was aged by counting growth rings on sectioned saggital otoliths, and their
demography was examined. Monthly values of the gonadosomatic index (GSI) along with
histological analysis enabled the spawning season to be determined. Gut contents were
analyzed for prey composition, and the ontogenetic variation in the diet of the three species
was also investigated.
Analysis of the lengths of the body parts indicates that bur (head, orbital girth and
dorsal length), when expressed as percentages of total length (TL) are tenable fbr
differentiation of the species. Each species had well developed growth increment bands that
were suitable fbr demographic studies. The species were relatively long l i e d reaching 12,14
and 17 yr, respectively. Their growth coefficients (k) were 0.9, 0.28 and 0.36 yr-l,
respectively. They became sexually mature at the age of 2 yr, 5 yr and 4 yr, respectively,
and at a total length of 23.6 cm, 25.3 cm, and 25.4 cm, respectively. Their length-weight
relationships were W = 0.0192 TL 231, W =0.0184 TL,'~' and W = 0.0148 TL '01, respectively.
The exploitation rate E indicates that L ufkinsoni may have already been over-fished (E =
0.74) while the other two species are optimally exploited (E = 0.51-0.52). L. obsoletus and L.
harak spawned throughout the year with L. obsoletus showing a peak spawning period from
July to October. Spawning for L ufkimoni occurred only from June to January, with a
peak spawning period between J d y and September. Each species fed mainly on benthic
invertebrates with diet overlap. However, there was a marked difference between the
species in the prey importance. L. utkinsonii fed mostly on tellinid bivalves, L. obsoletus on
crustaceans and annelids, while L. harak consumed both crustaceans and echinoderms in
equal amounts (by weight).
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CHAPTER ONE
GENERAL INTRODUCTION

1.1

Importance of reef-fish in the Fijian coastal fisheries

Fisheries in the South Pacific region are generally classified into the oceanic and
coastal fisheries. The oceanic fishery is characterized by large commercial operations
targeting large pelagic scombrids (tunas). The coastal fisheries, closer inshore, target
stocks of small pelagics, reef-fish, crustaceans, echinoderms and molluscs.

The oceanic fisheries production fiom the South Pacific region amounts to just
over 991,000 tomes per year, nominally worth US$1460 x106 (Dalzell et al., 1996).
Landings from the coastal fisheries are more modest (100,000 ton per year, nominally
worth US$262 x106), but this fishery has a far greater social and economic impact on the
residents of the Pacific Islands (Dalzell et al., 1996).

Fiji is among those Pacific Island countries whose coastal populations have relied
heavily on coastal fisheries resources as a readily available food source and as a source of
cash income. Fiji is made up of two large and scores of other smaller islands. The group
of islands is located on the international dateline at 16' - 20' South of the equator. Fiji
has a total land area of 19,379 km2 , a population of 84.4,330 1,129 km of coastline with
10, 020 km2 of coral reefs (Spalding et al., 2001). Thus, with 7478 persons per km of

more so considering that Fiji already has a high fish comsumption rate of 33 kg per year
per capita (Spalding, 200 1).

Fish is regarded as a prestigious and sought-after food by most Fijians.
Furthermore, in many coastal communities fish is the most easily available and accessible

source of food (Veitayaki, 1995). A huge proportion of coastal fisheries production is
consumed in the coastal villages. For example the average annual coastal fisheries
production in Fijian waters in 1996 was 23,253 tonnes, equivalent to 2.32 tonnes per km2
per year of which 16,600 tonnes (71%) with a nominal value of $US 46x lo6 was caught
by subsistence and artisanal fishers mainly for food in the coastal villages (Dalzell et al.,
1996).
Coastal fisheries also provide coastal dwellers with a means to earn a small
regular cash income which, for many is their only cash income (Veitayaki, 1995).
Fisheries resource managers in Fiji are well aware of the importance of coastal fisheries
as a source of food and income for coastal dwellers. Several case studies on fishing
communities in the outer islands of Fiji, (Veitayaki 1990, 1995) showed that a large
portion of the coastal populations is dependent or) fishing for their livelihood and as a
sole source of cash income. Studies on coastal fisheries in villages of Viti Levu have also
produced similar findings (Rawlinson et al., 1995). The remaining 29% of the above
annual catch yielded $US18.3 x lo6 at urban market outlets (Dalzell et al., 1996).

The major resources exploited by coastal fishers in Fiji are Teleostean reef-fish of
the lagoons and reefk, and small pelagic fish. The reef and lagoon fishes comprise a wide

variety of demersal species and account for almost 75% of total coastal fisheries
production (Dalzell et al., 1996). The small pelagics include tunas, jacks and mackerels
which range &om the near-shore pelagic regime to the inshore lagoonal waters. Small
pelagics account for almost 18% of total coastal fisheries production (Dalzell et al.,
1996). Finally there are invertebrates such as: sea cucumbers, lobsters, crabs, clams and
others of minor importance which account for about 7% of the total coastal fisheries
production (Dalzell et al., 1996).

Because so many low - income coastal dwellers in Fiji are heavily dependent on
fish, it is imperative that responsible authorities ensure that their fisheries resources are
well managed for fbture generations. However in recent years the growing population,
commercialization and availability of efficient fishing gear have increased the pressure
on the Fijian fisheries and led to a decline in some key resources (Dalzell, et al., 1992;
Fisheries report 1998; Spalding et al., 2001). This decline concerns resource managers
who stress the need for sustainable management. (SPREP, 1993; Veitayaki, 1995).

There are various methods to fish sustainably. In past decades, fisheries
management has become increasingly influenced by the concept of 'co-management'.
This involves representatives of both the user groups and the scientific community in
managing a particular fishery (Jentoft, 1985). An important feature of co-management is
that many disciplines (eg, legal, socio-economic, biological) are considered in the

encountered when using the traditional method of administrative management (Munro
and Fakahau, 1993).

1.2 Importance of biological information for co-management of coastal fisheries
The rationale for co-management has been appreciated by resource managers in
Fiji, (Veitayaki, 1995; Rawlinson et al., 1995; Fiji environment sub-committee report,
1999). However its practical application has not been possible because key biological
data on m y commonly exploited fisheries resources in Fiji are lacking (Munro and
Fakahau, 1993;Veitayaki 1995). There must be more active participation by the scientific
community in elucidating such information if comanagement is to succeed.

The kind of biological information often used for fisheries management include:
natural and fishing mortality rates (F, M);total mortality (2);mean age at capture, growth
parameters (k and La); mean age at sexual maturity; spawning season; fishing niortality
coefficient; stock biomass and recruitment. Once these parameters are known for a given
species, they can be used to estimate other biological reference points such as the
maximum constant yield (MCY), maximum sustainable yield (MSY), and the total
allowable catch (TAC). These reference points can be used to guide management
decisions. Details of the important biological information and its application in fisheries
management are described by a number of authors, including (Parker, 1980; Sale, 1980;
Pauly, 1986; Munro and Fakahau, 1993; King, 1998).

Such biological information has proved to be an important tool for managing coastal
f~heriesin several countries including the Great Barrier reef of Australia (Russ et al.,
1995; Adams et al., 2000) the US (Porch and Cass-Calay, 2001) and New Zealand
(Mace, 2002). It would be wise, therefore, to use biological data in the management of
Fiji's fisheries resources.

1.3

The Emperor fish (Family: Lethrinidae)
In assessing the reef fisheries resources of the South Pacific region, Dalzell et al.,

(1996) noted that 19 fin-fish families are commonly exploited either for subsistence or
commerce. The importance of each family varies for different island countries. In Fiji the
second most heavily exploited family is Lethrinidae, or the Emperor fish, which compose
17.6 % (Appendix One) of the annual catch (Dalzell et al., 1996).

This thesis focuses on three lethrinid species that are commonly exploited in Fiji:
Lethrinus harak, Lethrinus obsoletus and Lethrinus atkinsoni. Previously, these three
species made up almost 70 % of the weight of all lethrinid species caught in waters of the
Central Division of Fiji (Dalzell et al., 1992).
Lethrinids belong to the suborder Percoidei, a diverse group containing many
families. Within this suborder there is a super-family sparoidea which includes the
family Lethrinidae. Commonly called large-eyed breams and emperors, lethrinids are
medium size fish, which can reach 1 m in length. All but the smallest emperors are

eastern Atlantic (Carpenter and Allen, 1989). The largest genus Lethrinus has 28
species (Randall et al., 1990), including the three species in this study. Lethrinids are
bottom feeding, carnivorous, coastal fish occurring primarily on or near reefs. They
feed mainly at night on benthic invertebrates or other fish. Those with molariform
teeth feed mainly on hard-shelled invertebrates (Carpenter and Allen, 1989).
Lethrinids may be solitary or schoolingand do not appear to be territorial. They often
form large aggregations for pelagic spawning. Protogynous hermaphroditism has
been demonstrated in several species.

1.4

Previous research on lethrinids

There have been many biological studies on a wide range of lethrinid species within
the South Pacific region (eg, hubens, 1978; McPherson et al., 1985; Ralston and
Williams, 1988b; Sharrna, 1990; Mobiha, 1991; Dalzell et al., 1992;) and beyond (eg,
Toor, 1964; Lebeau and Cueff, 1975; Walker, 1975; Walker, 1978; Aldonov and
Dhruzinin, 1979; Kedidi and Bouhleil, 1985; Baddar, 1987; Wilson, 1998a; Wilson,
1998b). Some of these studies include information on spawning season, growth,
mortality, mode of reproduction and taxonomy and have increased our understanding of
lethrinid biology and produced general information for the family, genera or species.
However, such information cannot be reliably extrapolated to populations of congeners
and conspecifics, which inhabit locations far, removed fkom these studies, because the
ecosystem and physical environment can cause natural variability in populations. For
example, the growth parameters (k) differs between conspecific populations of Lethrinus

also exist in biological aspects other than growth. For example, Ebizawa, (1999) found
that the spawning season of two discrete populations of Lethrinus atkinsonii in Southern
Japan (at Yaeyama and Okinawa) differed markedly. Off Yaeyama the spawning season
was from late March to late June but in Okinawa the season was from April to
November. Similar variations have been observed for conspecifics of other fish families
such as the lutjanids. In Vanuatu, for example, the maximum fork length of Etelis
carbunculus was 127 cm compared with just 54 cm in Northern Mariana (Ralston and
Williams, 1988a; Smith and Kostlan, 1991).

These examples show that biological data from one location cannot be reliably used
to manage conspecifics at another. However, the biological data needed for the
management of fisheries in Fiji are generally lacking. Previous research on lethrinids in
Fiji includes a study by Jennings and Polunin (1996) who investigated the effect of
fishing in the Lau group on the biomass of the lethrinid genera Gymnocranius
(Klunzinger, 1870) and Gnathodentex (Lacepe.de, 1802). Dalzell et al., (1992) used
length frequency data to estimate the growth and mortality of L. harak, L. obsoletus and
L. atkinsoni. Prior to their study the reproductive biology, spawning season, recruitment,
diet, biomass and yield of the Lethrinidae had not been studied in Fiji and because it is
inappropriate to apply data from other countries, it imperative that empirical data is

1.5 Objectives/Aims
The main objective of the present study was to collect, for the three lethrinid
species in Fiji, the basic biological information which is needed for the management and
conservation of the local stocks of these fish. The specific aims were to:

develop a key to differentiate all Fijian Lethrinus species;
.estimate age, growth and mortality rates;
ascertain spawning season and mode of reproduction;
ascertain food habit.

1.6

Thesis outline
Following this, the General Introduction (Chapter One). Chapters Two to Five are

written as stand alone contributions. Chapter Six, which is the concluding discussion,
summarizes the results and suggests directions for fbture research. Chapter Two is
divided into two sections. The first provides information on classification, taxonomic
description, geographical distribution and local names for the three lethrinid species. The
second compares morphometric data on the three, species. A key for identifying Fijian
lethrinids of the genus Lethrinus is included in the chapter.

Chapter Three compares the age and growth models for each species, and
examines mortality rates and yield of various populations. Those results are discussed in
i

relation to fisheries management. Chapter Four examines seasonal spawning patterns by

maturity, sex ratio, reproductive mode are determined and discussed in relation to
management point of view. Chapter Five examines the main dietary habit of each of the
three species of fish and rank them in order of importance. Prey compositions are also
examined in relation to ontogeny and seasonal variation. Again the results are discussed
in relation to habitat management and conservation.
Finally Chapter Six concludes with the main findings of this study and discusses thesis

1.7

The study site
The fish collected for this study came fkom an area of the Suva lagoon on the

South Coast of Viti L e w between Lami in the west and (including) Naselai Reef in the
East (Figure 1.1). Micro-habitats within the sampling site include: sea-grass beds; inner
lagoons; fkinging and barrier reefs. The area was selected because it is close to the
University of the South Pacific, and supplies of target species inside the study area were
readily available at the local fish markets.

..._....

S O U T H

P A C I F I C

O C E A N

Figure 1.1 Map of study area showing the off-shore capture locations and fish markets.

CHAPTER TWO
SEPARATION OF THE SPECIES: TAXONOMIC DESCRIPTIONS,
BACKGROUND INFORMATION AND MORPHOMETRICS

2.1 Introduction
The genus Lethrinus contains many species that feature prominently in the
artisanal and commercial fisheries of Indo-Pacific and Arabian coastal countries (eg,
Kedidi et al., 1984; Carpenter and Allen 1989; Dalzell et al., 1996). In comparison,
species of related genera are commercially less important, because they are not common
and are smaller in size. This chapter describes the main distinguishing features of the
three species of the genus Lethrinus that were studied in this project.
The next section (2.2) presents general information on taxonomy, classification,
geographical distribution and a key for differentiating Fijian species of the genus

Lethrinus. The following section (2.3) on morphometrics explains the difficulty in
separating the three species studied. The objectives of this part of the project are given in
section 2.4, followed by a section (2.5) on materials and methods. The results section
(2.6) compare quantitatively the mean lengths of 15 morphological characters, expressed
as percentages of total length, h r the three species studied. This comparison was done to
identi@ tenable characters that could be used to separate the species, in particular when

2.2 Taxonomic description and background information
2.2.1 The Family Lethrinidae

The Lethrinidae (emperor fish) are perch-like sparoid m i n e coastal fish of the
tropical Indo-West Pacific and West Afiica. Along with 37 other b i l i e s , they are
classed under the order Perciformes (meaning perch-like or bass-like in form). Among
these h i l i e s , lethrinids are most closely related to the Lutjanidae and Sparidae. There
are two main differences between lutjanids and lethrinids: lutjanids have scales on their
head and cheeks, whereas lethrinids do not have scales or have few such scales; the
maxilla of the lethrinids are partially concealed under a pre-orbital bone when the mouth
is closed, whereas in lutjanids the maxilla is prominently exposed (this difference is
apparent when the mouths of the two species are stretched open). Like the lethrinids,
sparids have their maxilla concealed but they have 10-13 spines and 10-15 soft rays on
their dorsal fins compared with the 10 spines and 9-10 soft rays found on the other two
families. Like the lutjanids, sparids have scales on their head and cheeks.
Detailed descriptions of the Lethrinidae are found in Carpenter and Allen (1989);
Lieske and Myers, (1994); Myers (1999). Carpenter and Allen (1989) describe the
essential diagnostic features of the family as follows: dorsal fin continuous with 10 spines
and 9 to 10 soft-rays; anal fin with three spines and 8-10 soft-rays; pectoral fins with 13
to 15 soft-rays; pelvic fin thoracic with 1 spine and 5 rays; caudal

fin

emarginate or

forked, with 7 to 9 procurrent caudal rays; scales finely ctenoid and moderate in size;
mouth small to moderate, terminal, lips often soft and fleshy; upper jaw protrusible, the

1i

ligament well developed; maxilla mostly concealed below infka-orbital bones, not
articulating broadly with the distal tip of the premaxilla, without a supplementary bone;
ethrno-maxillary ligament absent; an outer row of canine teeth in front of both jaws; on
sides the teeth are conical or molarlike; an inner row of villiform teeth anteriorly; vomer
and palatine toothless; gill membranes broadly united to one another but separated from
isthmus; gills four; slit behind the fourth; pseudobranchs present; gill rakers short and
knob-like; four branchiostegal rays inserting on the cerahyal, the fifth at the inter-space
between the ceratohyal and the epihyal, the sixth on the epihyal; second epibranchial
tooth palate present, the third absent; two openings in pars jugularis; subocular shelf
reduced or absent.

Carpenter and Allen (1989) also reported that the pre-dorsal bones are present in
the following configurations: first pre-dorsal, first neural spine, second and third
predorsal second neural spine, first pterygiophore supporting the first two dorsal and the
second pterygiophore supporting the third dorsal spines, third neural spine, third
pterygiophore supporting fourth dorsal spine, fourth neural spine; two to three
trisegmental pterygiophores in the dorsal and anal fins; 11 epipleural ribs; accessory
subpelvic keel absent; postpelvic process well developed. Pyloric caeca few, usually 3.
The Lethrinidae comprise 5 genera: Gnathodentex, Gyrnnocranius, Wattsia.

Monotaxis and Lethrinus. Table 2.1 summarizes the major characteristics differentiating
the genera. Of the five genera, three (Gnathodentex, Monotaxis and Wattsia) are monospecific and two (Gymnocranius and Lethrinus) are polyspecific. There are 8 known

r

species of Gymnocranius and 28 known species of Lethrinus (see Table 2.2 for complete
listing of species names).

Table 2.1

Major charactens which vary amongst genera of the Lethriaidae tamily.

Table 2.2

Known species from the Lethrinidae family.

2.2.2

The genus Lefhrinus

The genus Lethrinus contains the largest number of species in the Lethrinidae
family. The genus was first described by Cuvier (1829) using Lethrinus nebulosus
(Forskaal, 1775) as the type species.

Carpenter and Allen (1989) describe Lethrinus as follows: body oblong,
compressed; head large; snout moderate to long and pointed; maxillary concealed; preorbital deep; palate toothless; cardiform teeth in front of jaws, with addition of canines;
lateral teeth in single series, conical or conical and molar-like, or obtuse molars;
branchiostegals 6; air bladder generally notched posteriorly and with short lateral
appendages; pyloric appendages short, 2 or 3; scales of moderate size finely ctenoid, 45

to 50 in lateral line; cheeks and upper surface of head naked; tubes in lateral lines simple;
dorsal with 10 spines and 9 rays; anal with three spines and 8 rays; species more or less
homogenous, variation of the teeth with age is often considerable (the young have lateral
conical teeth which become large or almost less molar with age).

2.2.3

Classification

Nelson (1994) classified the three species of Lethrinus (L. harak, L. obsoletus and
L. atkinsoni) according to the following designation. Photographs of the three species are
shown in Plate 2.1 a-c.

Kingdom: Anirnalia
Phylum: Chordata
Subphylum: Vertebrata
Super-class: Gnathostoma
Grade: Teleostomi
Class: Actinopterygii
Subclass: Neopterygii
Division: Teleostei
Subdivision: Euteleostei
Super order: Acanthopterygii
Series: Percormorpha
Order: Perciformes
Family: Lethrinidae
Genus: Lethrinus
Species: a) harak b) obsoletus c) atkinsoni.

L harak

*
L obsoletus

"

Plate 2.1
Pictures of the three emperor fish species that were studied (a) L hamk
(b)L obsoletus (c) L atkinsoni.
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Lethrinus harak

2.2.4

Table 2.3 presents the synonyms for L. harak. Junior combinations were found
mostly in old literature. Table 2.4 presents the common and vernacular names used for L.

harak in the countries where they are found. Their diagnostic features and geographical
description are given below.

Table 2.3

Synonyms of L harak.

SPO~F

Author

Status

Validity

Sciaena b a k

Forsskal(l775)

Original combination

No

Lethrinus b a k

Forsskal(l775)

New combination

Yes

Lethrinus azureur

Valenciennes (1830)

Junior combination

No

Lethrinus rhodopterus

Bleeker (1852)

Junior combination

No

Lethrim johnii

Castelnau (1873)

Junior combination

No

Lethrnim Papuensis

Alleyne and Macleay (1 877)

Junior combination

No

Lethrim bleekeri

Klunzinger (1884)

Junior combination

No

Diagnosticfeatures
Colour:

Olive or grey above, shading to silvery white below, a large elliptical
black spot often broadly etched in yellow on side directly below lateral
line and centered at a vertical near the posterior tip of the pectoral fin;
sometimes light blue dots bordering lower rim of the eye and around
nostrils. Pectoral, pelvic, dorsal and anal fin white to pinkish; caudal fin
orange or reddish; vertical fin sometimes lightly mottled or stripped.

Body:

20-26 (38) cm long (total body length) TL, 100-300 g (gutted weight),

depth 0.36-0.38 times standard body length (SL); lateral line: one lateral
line, 46-47 scales on lateral line, 4.5 -5.5 scale rows above lateral line, 1516 scale rows below lateral line; peduncle: 13 -14 scales around caudal

peduncle.

Head:

Dorsal profile: nearly straight, upper and lower jaws in line, inter orbital
space 0.9 -1 times body depth; head: 0.33-0.37 times SL, 4-7 scales on
supra-temporal patch; snout: short, blunt, 0.38 to 0.48 times head length
(measured without lip), 1-1.1 times cheek height, angle relative to lower
jaw 60-70 degrees; eye: black, inserted high close to dorsal surface, 0.24
to 0.28 times head length; cheek: without scales or spine, 0.33 to 0.4 times
head length; mouth: terminal and slightly protractile, lips thick and fleshy;
teeth: sharp pointed in fiont, molars rounded, lateral in adults; gill: 8-12
gill rakers, 4-6 on upper limb, 4-6 on lower limb; operculum: posterior
angle of operculum fully scaled.

Fins:

Dorsal: 10 fiontal spines, 9 soft rays, 4th or 5L dorsal spine the longest,
longest spine 0.32 to 0.4 times body depth; anal: 3 fiontal spines, 8 soft
rays with first soit ray the longest; pelvic: membrane on side close$ to
body does not have any melanophores; pectoral; inner surface of pectoral

fin covered in scales.

Name

hngnage

Country

Reference

Thumbprint emperor

English

Australia

Carpenter and Allen (1989)

Chifoussa hazi

Komwro

Cornmom

Agbayani (2002)

Kabatia

Fijian

Fiji

This study

Uul

Woleaian

Black-blotched emperor

English

Guam

Carpenter and Allen (1989)

Mato-hehki

Japanese

Japan

Masuda et a1 (1984)

Mchakufa

Swahili

Kenya

Carpenter and Allen (1989)

Ambitsy

Malagasy

Madam

Agbayani (2002)

Mempinang

Malay

Malaysia

Agbayani (2002)

Pelandok

Malay

Malaysia

Agbayani (2002)

Lililug

Othm

Marshall Islands

Agbayani (2002)

Alibek

Creole

Mauritius

Agbayani (2002)

Batadet

Creole

Mauritius

Carpenter and Allen (1 989)

Ladrao

Portuguese

Mozambique

Agbayani (2002)

Benin le kaleon

Fwai

New Caledonia

Bossu Tache

French

New Caledonia

Carpenter and Allen (1989)

Nibac

Jawe

New Caledonia

Agbayani (2002)

ltotech

Palawn

Palau

Johannes (I 98 I)

Bakutut

Tagalog

Philippines

Agbayani (2002)

Gwasawa

Pijin

PNG

Carpenter and Allen (1989)

Filovai

Samoan

Samoa

Agbayani (2002)

Portrait

English

Sechelles

Carpenter and Allen (1989)

Anba lassan

Creole

Seychelles

Agbayani (2002)

Swartkol-keiser

Akikaan

South M i c a

Carpenter and Allen (1989)

Emperador San Padro

Spanish

Spain

Agbayani (2002)

Changu kidra

Swahili

Tanzania

Carpenter and Allen (1989)

Changu kole

Swahili

Tanzania

Carpenter and Allen (1989)

Gahash hank

Arabic

Yemen

Carpenter and Allen (1989)

1

Geographic distribution
Lethrinus harak is widely distributed in the Western Pacific, as well as in the
Indo-Pacific e-nding

northward to Japan, southward to New Caledonia and eastward as

fbr as Samoa (Figure 2.2). The species is also found on the East Mican coast h m the
Red Sea to the Malagasy Republic and Mozambique, as well as in the waters around
various Indian Ocean Islands and near Sri Lanka and Southern India. It is not clear if the
species is distributed continuously across the Indian Ocean. The distribution of the
species is documented by the following authors. East f i i c a n Coast: Tanzania (Smith,
1959; Wee, 2003b); Mozambique (Wee, 2003b), Madagascar (Smith, 1959; Wee,
2003d); Kenya (Wee, 2003b). Red Sea: Israel (Wee, 2003b). Ethiopia (Wee 2003b);
Oman (Wee, 2003b); Djibouti (Wee, 2003b), Saudi Arabia (Carpenter and Allen, 1989).
Ethiopia (Wee, 2003b). Cows Keeling (Wee, 2003b). Comoros (Wee, 2003b). Seychelles
(Wee, 2003b). India (Carpenter and Allen, 1989; Wee, 2003b). Sri hnka (Carpenter and
Allen, 1989). Mauritius (Carpenter and Allen, 1989). Indonesia (Fowler, 1933; carpenter
and Allen, 1989; Wee, 2003b). Philippines (Fowler, 1933; Wee, 2003b). Japan
(Carpenter and Allen, 1989; Ebhwa, 1999). G y m (Carpenter and Allen, 1989). Palau
(Carpenter and Allen, 1989). Micronesia (Carpenter and Allen, 1989). Marshalls.
(Carpenter and Allen, 1989). Papua New Guinea (Carpenter a d Allen, 1989). Solomon
Islands (Carpenter and Allen, 1989; Wee, 2003b). American Samoa. (Carpenter and
Allen , 1989). Fiji (Fowler, 1959; Carpenter and Allen, 1989; Wee, 2003b). Additional
information on occurrence by country and locality is covered in detail at the FISHBASE
web-site :http://www.Fishbase.org.

Within these different locations the species tolerates a wide temperature range.
Minimum air temperatures around 9°C are encountered during winter in Southern Japan
(Okinawa), while in the Red Sea the monthly maximum in summer is as high as 45OC.

2.2.5

Lethrinus obsoletus

Table 2.5 presents the synonyms for L. obsoletus. Junior combinations were found
mostly in old literature. Table 2.6 presents the common and vernacular names used for L.
obsoletus in countries where they are found. Their diagnostic features and geographical
descriptions are presented below.
Table 2.5 Synonyms of L. obsoletus.
S~nonYrn

Autbor

Status

Validity

Sciuena obsdeta

Forsskal ( 1775)

Original combination

No

Letbinus obsoletus

Forsskal(1775)

New combination

Yes

Sciaena ramak

Forsskal(1775)

Junior synonym

No

Junior synonym

Lethrininus cutambi

Seale (1910)

Junior synonym

Lethrinus azureza

Valenciennes (1830)

Old synonym

LetbinuJlavescense

Valenciennes (1830)

Old synonym

Lethrinus ehrenbergi

Valenciennes (1830)

Old synonym

No

S p m ramak

Lacepede (I 802)

Old synonym

No

Diagnostic features

Colour

Body light-tan to olive-green above lighter below, five orange-yellow
stripes runs longitudinally down the body, the center 3 being more
noticeable than the other 2. The three noticeable stripes are located: in line
with the pectoral; between the pectoral and the lateral line; and on the
lateral line. The centre one being the most obvious. Stripes may fade if the
specimen is exposed or not kesh, head often with several broad indistinct
vertical and light and dark bands; sometimes white spots below eye;
posterior of edge of operculum dark brown; fins whitish or tan, sometimes
mottled. Colour at edge of tails red and mottled.

Body:

22-28 (37) cm long TL, 100-270 g (gutted weight), depth 0.34-0.38 (SL);
lateral line: one lateral line, 45-49 scales on lateral line, 5.5 scale rows
above lateral line, 15-16 scale rows below lateral line; peduncle: 14 -15
scales around caudal peduncle.

Head:

Upper and lower jaws in line; head: 0.9-1.0 times body depth, 5-7 scales
on supra-temporal patch; snout: slightly pointing, 0.43 to 0.56 times head
length (measured without lip), 1.1- 1.3 times cheek height, angle relative to
lower jaw 50-60 degrees, profile concave; eye: black, inserted high close
to dorsal surface, 0.2 to 0.28 times head length; profile near eye nearly
straight or slightly convex; cheek: without scales or spine, 0.31 to 0.4

times head length; mouth: terminal and slightly protractile, lips thick and
fleshy; teeth: sharp pointed in fiont, molars rounded, lateral in adults; gill:
8-12 gill rakers, 4-6 on upper limb, 4-6 on lower limb; operculum:
posterior angle of operculum fully scaled.

Fins:

Dorsal: 10 fiontal spines, 9 soft rays, 4& or 5& dorsal spine the longest,
longest spine 0.29 to 0.4 times body depth; anal: 3 fiontal spines, 8 soft
rays with first soft ray the longest; pelvic: membrane on side closest to
body does not have dense melanophores, pectoral: inner surface of
pectoral fin covered in scales.

Table 2.6 Common and vernacular names for L obsoletus.
Language

Country

Reference

English

Australia

Carpenter and Allen (1989)

Fijian

Fiji

This study

Orange striped emperor

English

Guam

Carpenter and Allen (1989)

Tateshimi-kefuki

Japanese

Japan

Masuda et al(1984)

Kiribati

~iribati'

This study

Malay

Malaysia

Wee (200 1)

Ladrao de bandas

Portuguese

Mozambique

Wee (2001)

Emperor a' bandes orange

French

New Caledonia

Carpenter and Allen (1989)

Palauan

Palm

Johanna ( I 981)

Creole

Seychelles

Carpenter and Allen (1989)

Orange-striped emperor

25

Huru

Gela

Solomons

This study

Nafaro

Gao,Ysabel

Solomons

This study

Orange-streep keiser

Afkikaan
Tanzania

Carpenter and Allen (1989)

Jana

Swahili

chang~

Swahili

Tanzania

Carpenter and Allen (1989)

Tanu tanu

Tuvalu

Tuvalu

This study

Geographical distribution
Lethrinus obsoletus is distributed h m the coast of East Afkica to the Red Sea and

the Persian Gulf, India and Sri Lanka, Indonesia to the Philippines and Southern Japan
(Figure 2.3). It is also found fiom Palau and Guam in the Northern Pacific to Australia,
Papua New Guinea and as far east as Samoa. The following authors describe the
distribution. East Mican Coast: Tanzania (Smith, 1959; Wee, 2003~).Mozambique
(Wee, 2003~);Madagascar (Smith, 1959); Kenya (Wee, 2003~).Red Sea: Israel (Wee,
2003~). Persian Gulf: Oman (Wee, 2003~);Djibouti (Wee, 2003~);Saudi Arabia
(Carpenter and Allen, 1989). Ethiopia (Wee, 2003~).India (Carpenter and Allen, 1989).
Sri Lanka (Carpenter and Allen, 1989). Mauritius (Carpenter and Allen, 1989). Indonesia
(Fowler, 1933; Carpenter and Allen, 1989). Philippines (Fowler, 1933). Japan (Carpenter
and Allen, 1989; Ebizawa, 1999). Guam (Carpenter and Allen, 1989). Palau (Carpenter
and Allen, 1989). Micronesia (Carpenter and Allen, 1989). Marshalls (Carpenter and
Allen, 1989). Papua New Guinea (Carpenter and Allen, 1989). Solomon Islands
(Carpenter and Allen, 1989). American Samoa (Carpenter and Allen, 1989). Fiji (Fowler,
1959; Carpenter and Allen 1989; Wee, 2003c).. Further information on this species'
distribution is provided at the FISHBASE web-site Fishbase.org.

The distribution of Lethrinus obsoletus is similar to that of L. harak. However L.
obsoletus appears to extend further south East on the Australian coasts and it may be

absent fiom the numerous small islands in the tropical Indian ocean. As with L, harak,

this species experiences a temperature range (air) fiom 9°C (Okinawa, Japan) to 45OC
(Saudi Arabia).

2.2.6 Lethrinus atkinsoni

Table 2.7 presents the synonyms for L. atkinsoni. Unlike the other two species L.
atkinsoni has only three synonyms. The species is misidentified many times in the
literature as L mahsena (eg, Fowler, 1959; Dalzell et al., 1992). Table 2.8 presents the
common and vernacular names used for L. atkinsoni in countries where they are found.
Their distinguishing features and geographical distribution are described below.

Table 2.7

Synonyms of L. atkinsoni

SYQMW

Author

Status

Validity

Lethrim h e m i d e s

Non Valenciennes (1830)

Misidentification

No

Lethrim atkinroni

Seale (1910)

Original combination

Yes

Lethrim sanguiemis

Non Smith (1955)

Misidentification

No

Lethrimis h e m

Non Forsskd (1775)

Misidentification

No

Diagnosticfeatures

Colour:

Colour is bluish-gray, tan or yellowish on the upper sides, and white on
the lower-underside. The head bluish-gray; lips reddish; caudal peduncle
yellowish tan. The fins are pale, yellowish, orange or reddish. The base of
the pectoral fins, the basal membranes of the anal fins and the edges of the
pelvic, dorsal, anal and caudal fins are often reddish. Sometimes there is a
broad yellowish indistinct band on the middle of the sides.

Body:

26-33 (45) cm long (total body length) TL, 400-600 g (gutted weight),
depth 0.38-0.43 times SL; lateral line: one lateral line, 46-47 scales on
lateral line, 4.5 -6 scale rows above lateral line, 14-16 scale rows below
lateral line; peduncle: 13 -1 5 scales around caudal peduncle.

Head:

Upper and lower jaws in line; head: 0.33-0.37 times SL, 6-7 scales on
supra-temporal patch; snout: moderately short and blunt, 0.38 to 0.58
times head length (measured without lip), 0.9-1 times cheek height, angle
relative to lower jaw 65-70 degrees, profile steep and nearly straight; eye:
black, inserted high close to dorsal surface (except in very large
individual), 0.2 to 0.3 times head length; dorsal profile near eye distinctly
convex; cheek: without scales or spine, 0.34 to 0.5 times head length;
mouth: terminal and slightly protractile, lips thick and fleshy; teeth: sharp
pointed in front, molars rounded, lateral in adults; gill: 8-12 gill rakers, 4-6
on upper limb, 4-6 on lower limb; operculum: posterior angle of
operculum fully scaled.

Fins:

Dorsal: 10 frontal spines, 9 soft rays, 4' or 5' dorsal spine the longest,
longest spine 0.32 to 0.4 times body depth; anal: 3 frontal spines, 8 soft
rays with fist soft ray the longest; pelvic: membrane on side closest to
body does not have dense melanophores; pectoral; inner surface of
pectoral fin covered in scales.

Table 2.8 Common and vernacular names of L. atkinsoni.
Name

LfWuagt

Country

References

Pacific yellow-tail emperor

English

Australia

Carpenter and Allen (1989)

Sabutu

Fijian

Fiji

This study

White emperor

English

Fiji

This study

Pacific yellowtail emperor

English

Guam

Carpenter and Allen (1989)

Is+hefLki

Japanese

Japan

Carpenter and Allen (1989)

Pelandok

Malay

Malaysia

Wee (2003a)

Pacific yellow-tail emperor

English

Marshall Islands

Carpenter and Allen (1989)

-

Ngero

Numee

New Caledonia

Wee (2003a)

Pit-bede cane

French

New Caledonia

Wee (2003a)

Bosudorre

French

New Caledonia

Wee (2003a)

Pacific yellow-tail emperor

Palauan

Palm

Carpenter and Allen (1989)

Tuarnotu emperor

English

Samoa

Carpenter and Allen (1989)

Nafaro

Gao, Ysable

Solornons

This study

Igukoni

Gela

Solomons

Foale (1998)

Tanu z u

Tuvalu

Tuvalu

This study

Bihilya

Geographic distribution
Lethrinus atkinsoni is more localized than the previous two species, being
confined to the Indo-Pacific and the eastern shores of the Indian Ocean (Figure 2.4). As
with the other species its distribution extends northwards to Southern Japan. This species
extends south on the Australian east coast to below the Queensland/ New South Wales
border at approximately 28's and it extends east in the Pacific to the Tuamotus
(Carpenter and Allen, 1989). The distribution is documented by the following authors.
Australia (Carpenter and Allen, 1989). Fiji (Dalzell et al., 1992; Wee, 2003d). Guam
(Wee, 2003d). Palau (Wee, 2003d). Indonesia (Wee, 2003d). Philippines (Wee, 2003d).
Japan (Ebizawa, 1999). New Caledonia (Loubens, 1980). Solomon Islands (Carpenter
and Allen, 1989; Wee, 2003d). Tuamotu (Carpenter and Allen, 1989). Further
information on the distribution can be accessed at the FISHBASE web-site www.
I

Fishbase.org.

Because of the localized nature of its distribution, this species encowiters a
temperature range, which is slightly narrower than for the two previous species. The
minimum air temperature in Southern Japan is around 9'C, while in Papua New Guinea,
Indonesia and the Philippines the monthly maximum can go as high as 38OC.

2.2.7

Lethrinus species in Fiji

Table 2.9 summarizes the Lethrinus species (commonly termed emperor fish)
recorded in the Fiji archipelago. The scientific and common names are presented, as are
the author's observations of their abundance at roadside and municipal markets.

Table 2.9 Emperor fish species from the genus Lethrinus that are reported in Fiji.
Scientific name and author

Common name

References stating that the

Author's comment

species is found in Fiji
L. harak,

thumbprint emperor

Forsskid (1775)

Carpenter and Allen (1989),

Most common of all the

Dalzell et al(1992)

emperors at the Suva and
Laqere market.

L. semicinctu,

black blotch emperor

Seeto and Baldwin (in prep)

Valenciennes (1830)

L. atkimonii,

not common
Pacific yellow-tail emperor

Seale (1909)

L. obsoletus,

Seen at the Suva market,

orange-stripped emperor

Carpenter and Allen (1989)

Fairly common at Suva and

Dalzell et a1 (1992)

Laqere market

Carpenter and Allen (1989)

Fairly Common

Dalzell et ul (1992) as L.

Forsskal ( 1775)

ramak

L .nebulosus,

spangled emperor

Forsskal, (1775)

L. ornutus,

Klunzinger (1870)

Fairly Common

Seeto and Baldwin (in prep)

ornate emperor

Valenciennes (1 830)

L. xanthochilus,

Carpenter and Allen (1989)

yellow-lip emperor

Dalzell et al. (1992)

Was not seen at the market

Seeto and Baldwin (in prep)

or roadside.

Carpenter and Allen, (1989)

Fairly common.

Seeto and Baldwin (in prep)

I

slender emperor

Seeto and Baldwin (in prep)

Was not seen at the market

spot-cheek emperor

Carpenter and Allen (1989)

Moderately common

Valenciennes (I 830)

L. rubrioperculatus,

Seeto and Baldwin (in prep)

pink-ear emperor

Seeto and Baldwin (in prep)

Was not seen at the market

small-tooth emperor

Seeto and Baldwin (in prep)

A specimen seen at the

Lacepede ( 1802)

Laqere market, rare

Valenciennes (1830)
grass emperor

Seeto and Baldwin (in prep)

Was not seen at the market

orange-spotted emperor

Seeto and Baldwin (in prep)

Several specimens seen at

Alleyne and Macleay (1877)

L. erytbacanthur,

the Suva market.

L. amboinensis,

ambon emperor

Seeto and Baldwin (in prep)

Was not seen at the market.

long hce emperor

Carpenter and Allen (1989)

Common.

Seeto and Baldwin (in prep)

commercial species

Seeto and Baldwin (in prep)

Was not seen at the

Bleeker (1854)

L. olivaceous,
Valenciennes (1 830)

red-snout emperor
Valenciennes (1 830)

Highly

markets

2.2.8 Dichotomous key separating Fijian Lethrinus species

Table 2.9 indicates that 16 species fiom the genus Lethrinus have been reported in
Fiji. These species can be classified into three categories. The first category includes
those that can grow to a large size (> 50 cm TL), are easily distinguishable, and are

commercially important. This category includes L. olivaceous, L. xanthochilus, L.

erythracanthus, L. microdon, L. rubrioperculatus and L. nebulosus. The second category
includes those that are small to medium in size yet are commercially important due to
their abundance. This includes L. harak. L. obsoletus, and L atkinsoni. The last category
includes the small and medium sized species that are not common. This includes species
such as L. variegatus, L. semicinctus, L. omatus, L. miniatus and L. reticulatus. A
dichotomous key developed by the author to differentiate the species is provided below:

1a. Inner pectoral base covered with scales ------2
lb. Inner base of pectoral without scales --------- 12

2a. A large black blotch below lateral line adjacent to dorsal ray ------L. harak
2b. Dark blotch absent------------------------------------ 3

3a. Head longer than body depth------------------------ 4
3b. Head shorter than body depth---------------------- 5

4a.Three prominent dark stripes radiating fiom the fore-eye to snout -----Lmicrodon
4b. No stripes radiating from snout. ------------3b

-

5a. Profile near eye straight-- --------------------- ----------L fentjan
5b. Profile near eye concave or convex------------------- 6

r

6a. Pelvic fin membranes between the rays closest to the body with melanophores---7

I

6b. Pelvic fin membranes between the rays closest to the body without melanophores-----

7a,Profile near eye concave--------------------------------- nebu[osm
7b. Profile near eye convex-----------------------------------L atkinsoni

9a. 17

on lateral l j e-------------------------------------L laticaudis

9b Greater or less than 17 scales on lateral line------------- 10

10a. Four large orange horizontal stripes-------------- L ornatus
lob. 'Zero or one hge
stripe---------------------------- 11

1la. One large stripe with 2 or 3 faint ones along its sides----------L obsoletus
1lb. No stripes on side, fin orange when fiesh----------------------L erythracanthus.

12a. Distinct hump on forehead------------------------------------L amboinensis.

12b. No hump, profile near eye straight or convex------------------- 15

1 'ja. Profile near eye

--------------------------------------L O ~ ~ V U C ~ O U S

13b. Profile near eye convex-------------------------------------- 14

14a. Pelvic fin membranes between the rays closest to the body with rne1anophores.-------

.........................................................

15

14b. Pelvic fin membranes between the rays closest to the body without me1anophores.---

........................................

16

15a. Head and areas around the mouth yellowish, distinct red blotch at the edge of the
operculum..............................

----------L. xanthochilus.

15b. Head and areas around the mouth not yellowish, no red blotch at the edge of the
operculum

-------------------- ------ 16.

16a. Distinct red mark on the edge of operculum-------------L rubrioperculatus.

17a. Body pale brown with reticulation and a dark spot under the dorsal ray.----------------

............................

L semicinctus.

17b. Body not pale brown, no dark spot--.................................

- 18

18a Greater than 7-10 scales in supra-temporal patch------------------ L reticulatus.
18b. Between 4-6 scales in supra-temporal patch.------------------------ L variegatus.

2.3 Morphometrics
2.3.1 Introduction

In fish taxonomy, many of the keys used to separate species are based on a
combination of characters such as colour, meristic counts and geometric morphometry
(eg, Fowler, 1959; Carpenter and Allen, 1989; Randall et al., 1990; Myers, 1999). Colour
includes variables such as the position of barred patterns, presence or absence of spots

and streaks, or colour on the body or specific parts of the fish. Meristics includes
variables such as scale counts along the lateral line of the body, or counts of soft-rays and
spines. Geometric morphometry includes attributes such as the profile of the head near
the eye, general shape of the body, or relative proportions of body parts. When fresh, the
species can be easily differentiated by colours and markings. Almost all the keys
available in the literature for separating species in the genus Lethrinus use colour as a
reliable character to separate the species (eg, Fowler, 1959; Carpenter and Allen; 1989;
Myers, 1999).

In general, differentiating the species becomes a problem when the
aforementioned characters are fairly similar. This task becomes even more difficult when

a specimen has lost all pigmentation and when reliance is on colours, or patterns of
colours. The three species of lethrinids in this study are difficult to differentiate
qualitatively after specimens have partially or fblly lost their colours. Moreover within
the size range 15 to 30 cm, these species are also morphologically similar and
differentiation is even more difficult. This difficulty is evident among the fishers and

vendors in the Suva and Laqere area and who, when questioned, often refer to the three
species as being "the same". In this situation it is desirable to have other characters which
separate the species and which are reliable and simple for field use (eg, market and creel
surveys).

2.3.2

Objectives

The main aim of this part of the project was to evaluate the reliability of a set of
characters to differentiate between the three species of lethrinids, for use in particular
when body colours have faded. The specific objectives were to:

construct a size (length) frequency diagram for each species;
measure the lengths of 15 different body parts (fork length, caudal length, dorsal
base, anal base, pelvic length, girth, head length, snout length, orbital length,
longest dorsal ray, first dorsal spine, longest anal ray, pre-pelvic length, predorsal length and first anal spine) for the specimens of each species;
weigh the skulls of each specimen;
assess the significance and tenability of the 16 chpracters measured through the use
of one-way ANOVA test and scatter-plot diagrams.

2.3.3

Materials and Method

Random samples of the three species of lethrinids were obtained from the catch of
artisanal and commercial fishers operating on the South Coast of Viti Levu, mainly in the

Suva lagoon (Figure 1.1). The samples were purchased directly from the fishermen at the
Nabukalou Jetty and Laqere Landing and were all fieshly caught. The term 'fresh'
applied to fish caught at night and sold in the morning; caught in the morning and sold at
noon; or caught at noon and sold in the evening. Buying only fresh specimens ensured
that the fish came from the immediate area.in the Suva lagoon. The fish were purchased
I

1

intact, ungutted, so that the stomach and gonads could be examined later to assess their
food and reproductive states (see Chapters Four and Five). After purchase the fish were
immediately transported on ice to the laboratory, the journey taking about 15 min, where
randomly selected specimens were labeled and photographed. The fish were then frozen
in bagged lots of 10-20. They were thawed within the next 3-7 days,

After thawing, the specimens were identified and separated according to species.
Fresh specimens were easily identified from an examination of their body marks and
colourations. The main features used to identify the species were as follows. Fresh L.

harak have an olive greenish colouration on their upper body with a large black dot
beneath the rear end of their dorsal ray. L. obsoletus also have green colouration on their
upper body. However, they possess five horizontal orange stripes, the central stripe being
large and prominent while those at the periphery are less prominent. Unlike the other two
species, L. atkinsoni has a dark to bluish upper body with a yellowish tail. L. atkinsoni
has a more ovate shape than the other two species, which tend to be more elongated.
These specimens whose colourations and marks had hded (and consequently were
dficult to identify) were excluded from the analysis.

Letters
A
B
C
D

E
F

G

H
I

Characters
Total length
Fork length
Head length
Pre-pelvic length
Pelvic length
Length of first anal spine
Length of anal ray base
Length of longest anal ray
Length of caudal peduncle

Figure. 2.4 The external lengths used for morphometric analysis.

The total length (shown as A on Figure 2.4) of each specimen was measured (+I
cm) on a customized fish measuring board fitted with a sliding stop. Total length was
from the tip of the m u t h to the tip of the longest caudal fin (Figure 2.4). The other
external characters B-P (see Figure 2.4) were measured (+I cm) using a pair of plastic
vernier calipers. To reach the skulls, fish heads are chopped off, labeled and boiled in hot
water. Once cooked, the flesh was removed and the skulls were oven dried at a
temperature of 60°C for 24 h before their weights were recorded (M.1 g). Values of
length were converted to percentages of the total length, and skull weights were
converted to percentages of total gutted wet weight.

Data were tested for homscedasity of variance and normal distribution before
being analyzed using one-way analysis of variance (ANOVA). ANOVA was used to
detect any significant difference in the 15 characters among the three species. Characters
that were significantly different were re-evaluated for their tenability by conside&

the

degree of data-point overlap in their scatter-plots. A character that was not significantly
different between the species was considered as not tenable for use. A character that was
significantly different among two or all the species, but had considerable overlap
revealed by scatter-plot, was also considered as not tenable. Tenable characters for
separating species are those that were both significantly different and revealed little or no
overlap on their scatter-plots.

Total length
The length frequency curves shown in Figure 2.5 indicate that members of L.

atkimoni can grow longer than L. harak and L. obsoletus. They can reach a maximum
size of about 45 cm TL compared with only about 34 cm TL for the other two species.
Consequently, a specimen which is 36 cm TL, or above, is likely to be a member of L.

atkinsoni. Other aspects of Figure 2.5 will be described in Chapter Three.
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Figure 2.5. Length frequency distributions of (a) L harak ( n = 607) (b) L obsdetus
(n = 621) (c) L atkinsoni (n = 712). Shapiro-Wilk's test shows that all
distributions are normally distributed (using 95% confidence limit).
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Figure 2.6 Morphological characters that are tenable for differentiating specimens

1

Tenable characters

Table. 2.10 summarizes the morphometric measurements (mean values

+ std

error) for each species, with values expressed as a percentage of TL. Of the sixteen
characters assessed, four met the tenability criteria (see section 2.5) for separation of the
species: the lengths of the girth, head, orbital and dorsal base. The remaining 12 character
failed to meet the two criteria and should not be used as basis for separating the species.

I

Table 2.10

Morphometric measurements for L. harak, L. obsolefusand L. afkinsoni.All

lengths are expressed as percentage (f std error) of the total length; skull weight
is expressed as % of the total gutted wet weight The sizes of fish ranged fiom 15

to 45 cm TL for L atkinsoni, and h m 15 to 35 cm TL tbr the two species. For
each species n was 70. Bold characters are those which are tenable for
separating the species.
Character

Species
L. ham&

L. obsoletus

L. atkinsoni

Fork length (un)

92 + 2

91 f 2

85f6

Head length (cm)

23k2 ***

27f 4

27 + 2

Pre-pelvic length (cm)

14f2

15f2

17 + 2

Pelvic length (cm)

16+ 2

17+3

19 _+2

Length of first anal spine 3.2 f 0.4

3.7 f0.7

3.8 0.5

(cm)
Length of anal ray base (cm) 13 k 1

13f2

15 1

Length of longest anal ray

9

+1

1O-t 1

+

12f2

12k1

Length of longest dorsal ray 9 + 1

10f 2

11f2

33+4

40k2 ***

8k1

+

+

(a)
Length of caudal peduncle

11 1

(-1
(cm)
Length of dorsal base (em)

33 + 3

'

' Length

of first dorsal spine 3-7 + 0.6

+

+

3.9 0.5

4.0 0.5

6+1

7+1

(cm)
Pre-dorsal length (cm)

6f 1

Orbital length (cm)

9 1 ***

+

12 f 1

10f 1

Snout length (cm)

11 + 1

12f 2

13 f 1

Length of girth (em)

29f3

30f5

37f 2 ***

Skull weight (g)

2.4 0.5

2.5 _+ 0.3

2.3 f 0.3

+

Figure 2.6 presents the scatter-plots (length (%) versus total length) for the four
tenable morphological characters identified in Table 2.10. Each graph shows minimal
over-lap between at least two of the species. The corresponding graphs for some
characters investigated (see Appendix Three, Four and Five) show many overlaps in their
scatter plots, despite there being significant differences between two or all three species
in the mean values of some characters. For other characters there were no significant
difference among the species and accordingly there many over-laps in their scatter-plots
(see Appendix Six).

The first of the tenable characters is girth. Table 2.10 shows that the mean girth of

L. atkinsoni (37% of TL) was significantly wider than that of both L. harak (29%) and L.
obsoletus (30%). Figure 2.6a reveals that the girths (%) of L. atkinsoni were normally

above 35%, and overlapped with the other two species only when TL exceeded about 30
crn The girths (YO)of L. atkinsoni remained relatively constant with size, and in the
approximate range 35-40 % of TL, whereas the girths (%) of the other two species
increased steadily as they grew. Girth (%) is a tenable character for use in separating L.
atkinsoni from the other two species when TL < 30 cm.

The second tenable character is the orbital length. Table 2.10 (and ANOVA
results, Appendix Two) shows that there was no significant difference between the mean
orbital length of L. harak (9.2 %) and L. atkinsoni (10.3%). However, there was a
significant difference between them and L. obsoletus (12%). Figure 2.6b shows that the
values of orbital length (%) for L. harak and L. atkinsoni lie mainly below the 11% value,
while for L. obsoletus the points lie well above 11%. There is little over-lap between the
data points for L. obsoletus and the other two species. Thus, on the basis of orbital length

I

L. obsoletus can usually be separated f?om the other two species.

The third tenable character is head length. Table 2.10 shows that L. harak had a
mean head length of 22.9 %, significantly shorter than the other two species: L. atkirzsoni
(27.0 %) and L. obsoletus (26.6 YO).Figure 2 . 6 ~shows that the head length (%) increased
with size for L. harak and L. obsoletus, whereas for L. atkinsoni this proportion decreased
slightly as they grew. At around 25 to 30 cm TL, there were overlaps in the values of
head length (%) for L. atkinsoni and the other two species. However, the data indicate
that head length (%) can be used to separate L. harak fiom the other two species when TL
< 28 crn The graph also indicates that head length can be used to separate L. atkinsoni

fiom the other two species when TL < 25 cm and when TL > 30 cm. The same graph also
shows that L. obsoletus can be separated fiom the other two species when TL

23 cm

and when TL > 27 crn

The fourth character is dorsal base. Table 2.10 shows that dorsal base length of L.

atkinsoni was 40.2 % of total length, significantly longer than that of L. harak (32.9 %)

and L. obsoletus (33.2 %). Figure 2.6d shows that the percentage dorsal base length for L.
atkinsoni remained relatively constant with size in the approximate range 35-45% of TL.

In contrast, the dorsal base length (%) for L. harak and L. obsoletus increased steadily as
they grew. There is minimal over-lap of data-points between for L. atkinsoni and the
other two species when TL <28 cm, and when TL > 33 crn

23.5 Discussion

In this study, efforts were made to collect a representative sample of fish from the
catch of the fishermen. On a particular day it was difficult to select fish randomly from
the fishers because their supply of fish was erratic. The fish were often available in
bundles, which contained a mixture of small and medium sized specimens. The largest
fish (>35 cm) were sold in separate bundles. The smallest size class (0-12 cm TL) was
unavailable because these fish are unpopular in the market. However, it is reasonable to
assume that, over the period of the study, a representative sample was obtained.

.

Existing keys to separate the species rely heavily on colour (eg, Fowler, 1959;
Carpenter and Allen, 1989; Myers, 1999). These include body colourations, stripes, spots
or dark pigment on certain specific body parts. In the Lethrinidae k i l y , these colours
can be crucial for separating the species. These colours however may fade when the
specimens are old or have been exposed for too long. This may make it impossible to
differentiate the species fkom one another.

The present study has identified four morphological characters (head length,
length of dorsal base, orbital length and length of girth), which can be used to

differentiate the three species of lethrinids (L. harak, L. obsoletus and L. atkinsoni) when
their colours have faded. Used together, these characters are considered to provide a
I

reliable method for separation of these species.
Although recent studies such as sequencing of cytochrome b (Lo Galbo et al,
2002) have made it possible to identify lethrinids to species level. Such a method is

!

expensive as well as requiring the service of highly skilled personnel. Furthermore such a
method is impractical for field use, especially when a large fish sample is involved. The
four characters that were identified have provided a cheaper and practical way of species
identification that can be used in field conditions.

1

Other species of Lethrinus have been found in the present study area of Suva
lagoon (Dalzell et al., 1992). These other species may occasionally be encountered and
confused with the three species described here. These other species were not sampled in
this study due to time and financial constraints. Future studies should be done to .mllect
morphological data on the remaining Lethrinus species in Fiji, especially the smaller
species, so that a more reliable key can be developed to separate the species.

1

CHAPTER THREE
AGE, GROWTH AND MORTALITY RATES OF L. HARAK,
L. OBSOLETUS AND L. ATKINSONI AT THE SUVA LAGOON

3.1 Introduction

I

Reef-fish are an important component of the Fijian coastal capture fisheries
(Dalzell et al., 1996). Excluding coastal pelagics, lethrinds are the reef-fish most

frequently exploited by commercial and artisanal fishers in Fiji (Fiji annual fisheries
report, 1987, 1998; Dalzell et al., 1992; Rawlinson et al., 1995). Because of their high
I
r

.

value (ca $F 4-5 per kg) and the strong demand for these fish, landings of lethrinids at
Suva municipal market almost doubled over the period 1982 (429 tonnes) to 1986 (826
tonnes) (Appendix Seven; Dalzell et al., 1992). Subsequently, these landings declined
steadily and in 1998 the catch was almost the same as in 1982 (480 tonnes). This decline
suggests that, at least in the Suva lagoon, lethrinids are being fished unsustainably.
Appropriate biological and monitoring studies on this fish population are urgently needed
so that the state of this resource can be assessed.

Comprehensive stock assessments require reliable catch data over many
consecutive years, and entail numerous observations on various biological aspects of the
fishery (Sale, 1980; Pauly, 1984; Munro and Fakahau, 1993; King, 1998). The biological
variables required for such assessments include the total biomass of the species,

spawning biomass, the total annual catch, mean length at fust capture, catchability
coefficient for the different gear types, catchability index and recruitment rate (Munro
and Fakahau, 1993). Consequently, a full stock assessment is time consuming and
expensive. However, the level of exploitation can be estimated fiom a single data set
collected at one time provided there is a reliable means of aging the specimens that are
collected (Pauly, 1979; Moreau, 1987; Carnpana, 2001).

Commonly, there are two ways for aging fish. One relies solely on analyzing
length fiequency data (length fiequency method) (Pauly, 1979). However, researchers are
critical of this method, especially for long-lived species, because of the tendency for age
to be underestimated (Hillborn and Walters, 1992; Newman et al., 1996). One reason this
method underestimates age is that, in the older age classes, increments in size usually
measured as length are relatively small. Indeed, in some species such as trout there may
be slight shrinkage in size when they age so that the largest size class may often comprise
individuals of different ages. The other aging method involves the use of growth
increments (bands) on hard parts such as the ear-bones, spines, and vertebrae (hard part
analysis) (Campana, 2001). This method is considered to provide a more reliable estimate
of age because in some species growth increments have been validated fiom tagged
specimens of known age.

Reliable information on population dynamics, particularly growth rate, is essential
in any stock assessment. However, the growth rate of fish is difficult to measure. Several

options are available: measuring the growth of captive fish (a method which does not

necessarily mimic natural conditions); following clearly defined cohorts in large samples
from a defined population (the length-frequency method); using a mark-capture-recapture
method (which assumes capture and tagging have no effect on growth rate); and finding a
reliable method of aging the fish by some anatomical means (hard part analysis).

When age can be determined reliably, it is possible to estimate growth rates and
maximum size. Mortality rates can then be estimated fkom these variables using methods
such as Pauly's equation (Pauly, 1980). Counting the incremental bands in the otolith has
been a common 'tool' for fisheries biologists wishing to determine growth rate since
Panella (1971) made definitive studies on fish otolith ultrastructures. For fish in polar and
temperate waters the incremental bands are assumed to be reliably annual. However, in
tropical waters where the seasonal temperature differences are less pronounced, some
authors (Munro and Fakahau, 1993) have argued that the number of increment bands in
fish otoliths is not a reliable aging tool.

In general, fish become larger as they grow older. Consequently, there is usually a
close correlation between size and age although, as mentioned above, there may be a
problem when several age classes are compressed into the largest size class. If there is

also a close correlation between size and the number of incremental otolith bands, then it
is highly probable that the increment bands are a usehl measure of age. This correlation
between band counts and size is the basis of the Von Bertalanffy growth knction VBGF
(Von Bertalanffy, 1938).

This chapter describes a study of lethrinid otolith and examines the relationship
between the number of increment bands in the otoliths and size (total length). As will be
demonstrated, these features are closely correlated and the data will be used to estimate
growth and mortality rates of lethrinids in Suva lagoon.

Dalzell et a1 (1992) established a theoretical mortality rate for lethrinids in Suva
lagoon. Their study is of doubtfbl validity because other research is critical of stock
assessments like theirs which are based solely on length hquency data, especially for
long-lived species (Choat and Robertson, 1975; Ferreira and Russ, 1994; Fowler, 1995;
Newrnan et al., 1996). However, the study by Dalzell et a1 (1992) is the only baseline
fiom which to measure change in the local population of lethrinids. By comparing the
present mortality rate with that calculated by Dalzell et a1 (1992) it should be possible to
assess any change in fishing mortality rate in Suva lagoon over the last decade. The
following section (3.2) presents the objectives of this part of the project. Section 3.3
describes the materials and methods used, including an outline of the mathematical
relationships explored. The results are given in section 3.4. The final section (3.5)
discusses these results.

3.2 Aims and Objectives

The broad aim of this part of the project was to utilize sectioned sagittal otolith
to study the growth, mortality and population structure of the three species of lethrinid in
Suva lagoon. It is intended that this biological information will be usefbl for stock
assessment and, hence, management of the stocks of each species. The specific objectives
for each species were to:

make a preliminary assessment of the banding patterns in sectioned otoliths, and
determines if they can be used validly for aging and growth studies;
determine the length and weight relationships with the number of rings;
use existing models to estimate the growth parameters;
determine the fishing and natural mortality rates, and use these to estimate the level of
exploitation over recent years;
ascertain changes in the population's sexual structure by analyzing the sex ratios within
construct an age fkequency distribution.

3.3 Materials and Method
I

3.3.1 Sample collection and sampling site

I

The method used to sample fish was described in Chapter 2 (section 2.5). After

I

fieezing and subsequent thawing, each specimen was gutted and the total gutted wet
weight (f 1 g) was measured using an electronic top pan balance. The stomachs were
prepared (Chapter 5, section 5.3.2) and the gonads were fixed in FAACC (formaldehyde
10 ml, glacial acetic acid 5 ml, calcium chloride dihydrate 1.3g and tap water to 100 ml)
for processing (Chapter 4, section 4.3.2-4.3.4). The otoliths were removed as described

3.3.2 Processing of otoliths

The fish were semi-decapitated to obtain access to the otolith. Holding the fish
I

abdomen upward, a lateral incision with a sharp knife was made fiom behind the pelvic

fm to the vertebral column just in fiont of the gut cavity. This exposed the rear of the
skull. Using a pair of stainless steel side cutters, a horizontal cut was made immediately
in fiont of the first vertebra through the back of the skull. With the side cutters still in
place, the top part of the skull was twisted upward to reveal the two shiny white otoliths
inside a separate cavity behind the brain case. The otolith, which were oval and dished, 4

- 10 m m long and embedded in a jelly-like substance, were easily extracted with coarse
forceps. The otolith were then washed in tap water, dried on tissue paper, labeled, and
stored dry in sample vials for processing.

The procedure for processing the otolith was a modification of the method
developed by Secor et a1 (1991). Essentially, the procedure was to grind away opposite
edges of the otolith to leave a thin sliver of otolith through the mid-point of the centrum
and which could be examined under a microscope.

Before grinding, one of each pair of otolith was weighed ( k0.01 g) to allow
comparison with the total gutted wet weight and length of the fish. The weighed otolith
was then examined under a dissecting microscope and the position of the centnun on the
concave side was marked with a finely tipped felt pen. The centrum is the point of origin
of a series of radiating lines, which are almost invisible to the naked eye. The centrum is
usually positioned in the middle of the concavity, but may be displaced towards the
perimeter of the otolith.

The grinding procedure commenced by gluing the convex surface of the otolith to
the flat surface of a glass microscope slide, close to the end of the slide and with the
longer axis of the otolith in the mid-line of the slide. A thermoplastic glue
(CrystalbondTM 509, AREMCO Products INC) was used as the adhesive. The otolith was
positioned so that the end edge of the slide was directly beneath the midpoint of the
centrum This meant that approximately half of the otolith projected beyond the edge of
the slide. The projecting portion of the otolith was then ground away using 400 grit wet
and dry carborundwn paper attached to the rotating disc of a faceting machine. During
I

this process the bulk of the slide was used as a hand hold. When half of the otolith had

1
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been ground away to a level flush with the end edge of the ghss slide, the slide was
heated to soften the glue. The otolith was re-glued, flat sectioned downwards, to the
centre of another glass slide. When this glue had hardened, the other half of the otolith
was ground away almost down to the surface of the glass slide. This required a d.elicate
touch because the purpose was to leave a thin sliver of otolith, 200-500 pm thick, still
attached to the surface of the slide. This meant holding the edges of the slide with bare
fingertips. Practice grindings were made on approximately 50 otolith before sectioning
of the samples, by which stage the task could be done reliably. The thin sliver remaining
on the glass slide was covered with a coat of hot (300°C) Crystalbond glue and cooled on
a rack to room temperature.

3.3.3 Examination of otoliths and counting of increment bands

There have been no extensive studies on the otoliths of Fijian reef-fish.
Consequently, there is considerable uncertainty about whether the otolith show
distinctive banding, and if any banding is annual. To clarm these uncertainties for the
three lethrinid species, approximately 120 otolith of each species were sectioned with
the intention of relating the number of increment bands to the size of the fish.

There were incremental bands in the otoliths of all three species. These were
visible as alternating dark and pale bands under transmitted light. The dark bands were
counted using a dissecting microscope. Variable light intensity on a dark field improved
the contrast between the bands, as did the application of a thin smear of immersion oil
I

prior to examination. The dark bands in each otolith were counted independently by three
examiners including the author, all with experience in analyzing otoliths. The examiners
obtained identical counts for 80% of the otoliths examined. Of the remaining 209'0, the
disagreement among the examiners was commonly

+_

+

1 or +_ 2 bands, and occasionally 3

bands. In general, after the third dark band, successive bands were relatively closely
i
f

i

I

spaced. The darkness of the bands was fairly consistent throughout the sections. The
disagreement (small) among the examiners occurred for otolith in which there were faint

I

j

I

dark bands within the translucent spaces. Sometimes an examiner counted these relatively

i

I

I
1

I

pale bands as one year while another ignored them. Also, some dark bands, which did not
make a full 'circle', were interpreted differently by individual examiners.

For the purposes of this study, the only otoliths used for subsequent analysis were
those for which there was agreement on the number of bands. The frequencies of the
otolith growth increment bands for each species were plotted against size and age and
each distribution was tested for normality using the Shapiro-Wilk's test (Shapiro and

The central oval portion of the otolith, which is typically dark, was counted as one
year. Outside the central portion there is a relatively clear translucent band followed by a
narrower dark band. The second dark band was counted as year two, and successive dark
bands, separated by wider translucent spaces, were counted as years three, four, five and

so on (Plates 3.2). The largest number of dark bands counted was 17, possibly indicating
a fish (L. atkinsoni) that was 17 years old.

3.3.4 Relationships of otolith weight to the age, weight and total length of the fish

Sagittal otolith weight/ growth increment number (age) relationship
The relationship between whole sagittal otolith weight and age was determined by
fitting the best straight-line y

= mx+c

to the data using a least squares linear regression.

The otolith weight was treated as the independent variable (x) and age as the dependent
variable (y).

Sagittal otolith weight,total gutted wet weight relationship

The relationship between whole sagittal otolith weight and total gutted wet weight
was determined by fitting the best straight l i e y = mx+c to the data using a least squares

linear regression, with the otolith weight as the independent variable (x) and total gutted
wet weight as the dependent variable (y).

Sagittal otolith weight / total length relationship

According to King (1998), the otolith weight (g) Q to fish length TL (cm)
relationship is best described by the power fbnction

(1)

where m and n are constants (Wn-4). The values of m and n for each species were
determined fiom the data using a non-hear, least square estimation method.

3.3.5 Relationship between fish length an4 weight

Length-weight relationship

The relationship between the total length TL (cm) and total gutted wet weight W
(g) of the fish was studied using the power function
(2)

where the constants v and q can be determined empirically. The exponent q lies between

2.5 and 3.5 for species with isometric growth (King, 1998).
Lengthfrequency distribution

Length frequency distributions for the three species were studied using the
Shapiro-Wik's test, to ascertain their nature.
3.3.6

Growth

Several models describe the growth of fish. The model that best fits the present
data was determined by subjecting the size at age data to the test proposed by Schnute
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(1981). This test relates the growth function to the size and number of otolith bands using
non-linear optimization methods. A simplification of Schnute's equation is

where ddd?

= acceleration in growth, ds/dt = rate of growth (fish size s at

age t), p and h

are constants, and U = d(logs)/dt.
In Schnute's model, all other growth h c t i o n s (eg, VBGF, Gompertz, Richards
and logistics) are treated as special cases derived fiom equation (3) with their sum of
squares (SS) minimized. The 'right' function is identified as that with the lowest SS, and
with the constants, p and h falling within a specified range. The Australian Institute of
Marine Science provided a computer program, based on Schnute's method, to perform
this analysis. For the data collected in the present study, the VBGF provided the best fit
(see results).

The VBGF is defined by

TL = L, (1

(4)

where TL (cm) is the total length of the fish at age t (yr), L,(cm) is the mean asymptotic
total length, the growth coefficient k (yr-I) governs the rate at which growth approaches
the mean asymptotic length, and to (yr) is the hypothetical age when total length is
considered as zero. This equation was fitted to the length and age (growth increment
band) data for each of the three species. The equation was also fitted separately to the
data for the different sexual identities to determine if there were any differences in
growth between the sexes.

Because it proved difficult to sample juvenile fish (0-2 yr old) the intercepts of the
respective curves were constrained to approximate the total lengths at settlement, which
are 25 rnm for L. harak, 28 mrn for L. atkinsoni and 23 rnm for L. obsoletus (Wilson,
1998b). Growth curves and confidence intervals about the curve parameters were
calculated using MS Excel and subprograms of the Statistical Package for the Social
Sciences (SPSS). Almost 95% ellipsoidal confidence regions around the parameter
estimates for k and L, were used to compare growth hnctions among the species (Draper
and Smith, 1966; Meekan et al., 2001).

I

I

For L. atkinsoni, otolith data for the different sexes were obtained from a large

i
!

sample of fish collected between June and August. For this species, all the samples

1

examined between March and June were reproductively inactive, making it impossible to
differentiate the sexes. Data for L. harak and L. obsolerus were obtained fkom samples
obtained throughout the course of the study since their gonads were reproductively active
throughout the year.

3.3.7

Mortality

Total mortality

Total mortality in a fish population is usually expressed as an instantaneous rate,
viz.

where No and NI are the successive numbers in a population, affected by an instantaneous
mortality rate Z (y-')
during a time interval At (yr).
Estimates of Z can be obtained from age frequency distributions using an agebased catch c w e (Beverton and Holt, 1957; Ricker, 1975; Pauly, 1984). An age-based
catch c w e for each species was obtained by plotting the natural logarithm of the number
of fish at each age (1nF) against their corresponding age (t) (where age was presumed to
be the number of growth increment bands). The value of Z was estimated from the slope

of the best straight line fitted using a least square linear regression to the descending part
of the graph. Initial ascending points represent small fish, which were not fully
vulnerable to the fishing gear, and these points were excluded fiom the regression
analysis. Points at the terminus of the descending slope represent the largest age class
which were also not klly vulnerable to the fishing gear, and these points were also
excluded from the regression analysis.

Because the present number of samples was sufficiently large (according to Pauly,
1984), an additional estimate of the annual instantaneous rate of total mortality Z was
made using the length-converted catch c w e of Pauly (1984). Length fiequency
distributions were converted into relative age fiequency distributions by means of the
inverse Von Bertalanffy growth function using the parameters (k, L , and to) derived for
each species. The natural logarithm of the number of fish in each group divided by the
change in relative age (In N/dt) was plotted against the relative age (relative age is the age
corresponding to total length minus the age that a fish would have had at length zero, if it
had always grown according to the VBGF). The value of Z was estimated fiom the slope

of the best-fit line drawn through the descending data points using a least-squares linear
regression. Points representing less vulnerable size classes at either end of the distribution
were excluded fiom the regression analysis.

Natural mortality
The annual natural mortality rate M (yr")for each species was estimated using the
empirical equation given by Pauly (1980), viz

I
1

where k (yr-')and L , (cm) were derived fiom the VBGF and T ( O C ) is the annual mean
water temperature. The value T = 27°C was estimated fiom information provided by the

i

I

i

Fiji Weather Bureau (2000).

The value of Z (y-')
derived fiom equation (5) is a simple combination of natural
mortality M and of fishing mortality F, ie, Z = M+F. Values of F were estimated (2-M).
These values of F, in turn, permitted an estimation of the exploitation ratio E according to

Gulland (1971) suggests that, when a given fish stock is optimally exploited, the fishing
mortality rate should be equal to the natural mortality rate, i. e

o r E = 0.5

(9)

where Fw is the optimal fishing mortality rate.

3.3.8 Population sex structure

The sexual structure of the populations for individual species was examined using
X2

goodness of fit tests. Independent tests were conducted to determine whether sex ratios

differed significantly fiom unity for whole samples and age categories within samples.
The probability level was set at 0.5 (a = 0.05). Yate's correction factor was used because
there is only 1 degree of fkeedom for each comparison.

Where least squares linear regression was used in the analyses, the assumption of
linearity was tested using graphical methods. Scatter plots were used to check the
assumption that residuals are normally distributed. Plots of standardized predicted values
against standardized residuals were used to check the assumption that residuals were not
correlated with the size of predicted values. Variables were log transformed to satisfy the
assumptions of regression, where necessary. The ANCOVA analyses were performed
only where there was no significant difference in the rate of increase in size with age.

1

3.4

Results
3.4.1 Assessment of increment bands

Increment bands were observed in all the otolith sectioned. The bands observed
in the otoliths increased with the size of the fish fkom which they were extracted (Figure
3.5). Increment bands of large (and presumably older) specimens tended to be more

clearly defined than for the smaller specimens. These findings indicate that the three
species of Fijian lethrinids possess well-defined increment bands in the sagittal otoliths
that are suitable for growth studies. The use of incremental bands as measure of age was
not validated in this study because of time and financial constraints. However, on the
basis of the high frequency with which such ,validations have been achieved for similar
tropical species (eg, scarids, Choat et al, 1996; serranids, Ferreira and Russ, 1994;
acanthurids, Choat and Axe, 1996; lutjanids, Newman et al., 1996; lethrinids, Hillomen,
1998; Grandcourt, 1999; Pilling et al., 2000) it is reasonable to assume that the lethrinid
bands were deposited annually. There is no evidence available to cast doubt on this
assumption.

3.4.2

Age estimation

Plates 3. la-c show whole otoliths of different ages for the three species. The

I!

present observations indicate that L. harak and L. obsoletus have small, similarly sized
otolith for a given age, while L. atkinsoni have comparably large otoliths. The sectioned
otolith of the three species displayed a clear pattern of alternating translucent and
opaque zones for individuals older than 1 yr (see plates 3.2 a-c).

atkinsoni
m

Plate 3.1

Whole otoliths of L. irarak, L obsoletus and L. atkinsoni.

Plate 3.2.

Photomicrographs of transverse sections of the saggitae by transmitted
white light showing increment bands (R)in: (a). L. haraks: 12 yr old
(b) L obsoletus :9 yr old and (c) L. atkinsoni: 14 yr old. Scale bar
includes b and c.

Lethrinus harak
Incremental bands on the sectioned otoliths of L. harak were less easily
distinguished than those on the otoliths of L. atkinsoni. The bands were least evident
amongst the youngest class (1-4 yr) for which an inexperienced otolith examiner might
often count the rings wrongly. The older classes of L. harak usually had clearly defined
incremental bands. The highest number of bands (counted fiom the largest size specimen
of 35 cm TL ) was 12, suggesting that L. harak has a longevity of around 12 yr.

Lethrinus obsoletus
As with L. harak, determination of the incremental bands for L. obsoletus was
difficult for the youngest individuals (1-4 yr). Incremental bands for the older individuals
were easily identified due to the high contrast between alternating opaque and translucent
bands. The highest number of bands (counted from the largest specimen of 34 ern TL)
was 14. This suggests that L. obsoletus have longevjty of around 14 yr.

Lethrinus atkinsoni

L. atkinsoni had much heavier otoliths than the other two species and the
incremental bands fiom the ground sections were much more clearly defined. Because of
this, it was easy to identify the bands and the presence of pseudohands was largely
reduced. The highest number of bands (counted fiom the largest specimen of 44 cm TL)
was 17. This suggests that L. atkinsoni may have longevity of around 17 yr.

When determining age, it was always important to identify correctly the first
increment band and this was done according to the following criterion: the distance
between the first and second ring is, roughly, less than half the distance £iom the centnun
to the first annulus (see Plate 3.2~).From the third incremental band and beyond, the
distance between any two consecutive band is generally uniform and much smaller than
the distance between the first and the second and between the second and third (see Plates
3.2a-c). For a 1 yr old fish, the first band is usually deposited at approximately 95% of
the distance into the otolith section, while for 3-8 yr olds the first band would be at
around 60-80% of the distance. For fish aged 10 yr and older, the first ring mark is
usually found at 50%, or less, of the distance into the otolith section.

3.4.3

Otolith weight as predictor of age, weight and length

Figures 3.1, 3.2 and 3.3 show that otolith weight is a reasonably good predictor of
growth ring number (age), total gutted wet weight and total length, respectively, for the
three species. The first two relationships are best described by straight lines; the slope
and intercept of which are presented below the graphs. The third relationship is nonlinear, and is described by a power h c t i o n in the form of equation (1). The respective
values for the constants m and n are given below the graphs.
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Figure 3.1 Graphs of increment number versus sagittal
otolith weight. The linear function y = mx + c
was fitted to the data.
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(a) L. h a m y = 52x 0.9 (b) L. obsoletus: y = 42x + 2.0
(c) L. atkimoni: y = 63x 0.9.
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Figure 3.2 Graphs of total gutted wet weight versus otolith weight.
The linear function y = mx + c was fitted to the data.
(a) L. h a m y = 3195x+ 3 (b) L. obsoletus; y = 1623x + 31
(c) L. atkinsoni; y = 3264x + 186.
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Figure 3.3 Graphs of total length versus otolith weight. The power function
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3.4.4

Length and Weight Data

Length - Weight relationships
Figure 3.4 shows that the total gutted wet weight increased non-linearly with total
length for each species (4> 0.96) in accordance with equation (2). Values of the constant

v ranged fiom 1.5 to 1.9 (~10")).As expected, values of the exponent q are close to 3.0
(ie, 2.9, 2.9 and 3.0 for L. harak, L. obsoletus and L. atkinsoni, respectively). The small
differences in these q values may reflect a slight difference in the general body form of
the species: L. hurak and L. obsoletus are slightly elongated relative to L. atkinsoni which
tends to have a deeper body. Values of q around 3.0 indicate that tissue accretion was
isometric and proceeded in the same dimension as the cube of the total length (King,
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Figure 3.4 Graph of total gutted wet weight versus total length. The exponential
growth function W = v ( T L ) was
~
fitted to the data.
(b) L obsoletus; W = 1.84*10-2 TL2.91
(c) L. atkimoni; W = 1.48*10-2 TL3.01
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Figure 2.5 (Chapter two) showed that the total lengths of the three species were
normally distributed (for L. harak the Shapiro-Wilk's value (W) = 0.95, P > 0.05; for L.

obsoietus W = 0.95, P > 0.005, and for L. atkinsoni W

=

0.95, P > 0.005). Individuals

(samples) of L. harak ranged in total length from 13.5 to 35.5 cm, with more than half of
this species between 22 and 27 cm (Figure. 2.5a). The total length of L. obsoletus
individuals ranged fiom 14.5 to 33.5 cm, with the size class 24 to 27 cm being the most
numerous (Figure. 2.5b). For L. atkinsoni, individuals ranged in total length fiom 13.5 to
45 cm with the size class 26 to 32 cm being the most numerous (Figure. 2.5~).Figure 2.5
also showed that L. atkinsoni attains a larger maximum size (>40 cm) than both L.

obsoletus and L. harak whose maximum lengths were 33.5 and 35 cm, respectively.
I

However although L. harak and L. obsoletus attained a similar maximum size, their
length frequency distributions are markedly different. L. obsoietus exhibited a narrow
distribution with few individuals in the two extreme classes. L. harak exhibited a broader
distribution with markedly more individuals in the two extreme classes, in
smallest class.

the

3.4.5

I

Growth

As indicated earlier, the Schnute (1981) model selected the VBGF as the 'right'
model to describe growth in the three species. The parameter p of Schnute's model
equation (3) was less than 0.5 for each species with values of 0.06 for L. atkinsoni, 0.17
for L. obsoletus and 0.32 for L. harak. The parameter h ranged from 3.7 for L. obsoletus,

4.0 for L. atkinsoni to 4.3 for L. harak.
Figure 3.5 shows the total length plotted against age (as determined fiom the
number of increments on an otolith) for each species. The closed circles represent males
and the open circles are females. The graphs reveal asymptotic growth trajectories,
consistent with equation (4).
Table 3.1 presents the growth parameters for each species, estimated by fitting the
unconstrained and constrained (to settlement) VBGF to data in Figure 3.5. Comparison of
the parameters determined fiom the unconstrained and constrained VBGF reveals marked
differences in the k and to values (and also in L,).

The higher k values and the

substantially lower to values obtained fiom the constrained function confirm that poor
representation of the younger age classes can bias both parameter estimates and lead to
biologically suspect values (Russ and Ferreira, 1992). Only those parameters determined
from the constrained VBGF only will now be considered. The solid lines drawn through
the data points in Figure 3.5 show the growth predicted by the constrained VBGF.

Table 3.1. Effect on the growth parameters (male and female combined) of constraining to
settlement size in the Von Bertalanffy growth function when fitted to total length
versus age data for the three species. n = sample size; L, = asymptotic total length
(cm); k = coefficient of growth (yr-'); to = theoretical age when length is zero (yr); SS
= sums of square;

Species

2 = regression coefficient.

Parameters
Unconstrained
SS = 362.4
Loo = 32.5
k = 0.27
to = -2.4
8 = 0.82
n = 109

L. harak

L. obsoletus

L. atkinsoni

constrained
SS = 566.4
Loo = 28.5
fo=-0.11

n = 109

SS = 614.3
Loo = 32.5
k = 0.18
to = -1.8
3 = 0.67
n = 100

SS = 633.0
Loo = 30.0
k = 0.28
to = -0.29
3 = 0.66
n = 100

SS = 902.2
L w = 38.4
k = 0.20
to = -2.24
3 = 0.70
n = 100

SS = 1047.9

k = 0.37
to = -0.24
? = 0.66
n = 100

Table 3.1 shows that the values of the giowth coefficient k are 0.28 yr-' for L.

obsoletus, 0.37 y-'for L. atkinsoni, and 0.90 yr-' for L. harak. These values indicate that
individuals of L. harak reach L , Easter than the other two species (as evident in Figure
3.5). The L, values of 28.5 cm for L. harak, 30.0 cm for L. obsoletus and 35.3 cm for L.

atkinsoni, indicate the disparity in sizes between L. atkinsoni (the largest) and the other
two species. The corresponding values of to were 4 . 1 1 yr for L. harak, -0.24 yr for L.

atkinsoni and 4 . 2 9 yr for L. obsoletus.
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Figure 3.5. Graph of total length versus age for each species. The Von Bertalanffy
growth curve was fitted to the data and constrained to settlement sizes
for males and females including juveniles.

Table 3.2 Parameters (k, L , and to) of the Von Bertalanffy growth function by sexual
identity when constrained to settlement sizes.
to O
-0.1 1
-0.10
-0.09

3
0.73
0.56
0.42

n
109
74
74

30.0
3 1.O
29.2

-0.29
-0.39
-0.36

0.66
0.72
0.62

100
74
74

35.3
32.8
35.5

-0.24
-0.22
-0.26

0.66
0.72
0.83

100
75
74

Species
L. harak (all)
(Male)
(Female)

k Or-')

~ a(an)
,

0.9
1 .O
1.2

28.5
27.6
27.1

L. obsoletus (all)
(Male)
(Female)

0.27
0.24
0.29

L. atkinsoni (all)
(Male)
(Female)

0.38
0.40
0.37

,

The maximum recorded sizes of the fish samples were consistently larger than the
values of L , shown in Table 3.1. The maximum total lengths observed were 35 cm for L.
harak, 34 cm for L. obsoletus and 45 cm for L. atkinsoni. However, such large
individuals are relatively few in number and, consequently, the average lengths of the
largest sample class were significantly below the maximum observed.
Approximately 95 % ellipsoidal confidence regions around the estimates of k and

L , were used to compare the VBGF among the three species (Figure 3.6). An overlap of
the ellipsoidal confidence region for any two or more samples indicate that there is no
significant difference among the sample populations tested (Draper and Smith, 1966).

The non-overlap among ellipses of the three species shows that there were significant
differences between the three species in the parameters of the VGBF. Table 3.2 shows a
similarity in average size of the sexes

L. atkinsoni
L. ohsoletus

I

Assymptotic Total Length (cm)

Figure 3.6 Plots of approximate 95 % confidence regions around the parameter estimates k and L infinity
of Von Bertalanffy growth curves( sexes combined ) for the three species.

II.

3.4.6

Mortality

Total mortality

The total mortality rate Z for each species was estimated from the slopes of the
straight lines fitted to the descending data points (see section 3.3.7) in Figures 3.7 and

3.8. The six straight-lines in these graphs have high 3 values (range 0.82-0.96),
indicating minimal scatter in the data points considered. The values of Z determined from
the plots of Wagainst t (Figure 3.7) are 0.58 yr-' for L. harak, 0.49 yr-' for L. obsoletus,
and 0.19 yr-' for L. atkinsoni. The corresponding values of Z from the plots of lnNldt
against relative age (Figure 3.8) are 1.52, 1.10, and 2.1 1

wl, respectively. The difference

between these two sets of Z values is considered later in this section.

...

(a) L. hamk

( b ) L. obsoletus

(c) L. atkinsoni

Figure 3.7

Age (yr)
Agebased catch cuwes: least-squares regressions of In frequency versus
age. Z values were estimated from the slope of straight line flttd to the
decending data points.
(a) L. ha& y = -0.58x+10.1
(b) L. obsoktus y -0.49x+14.2
(c) L. atkimoni y = -0.19x+ 16.7

.

(a) L. harak

.
Relative age (years)

L. obsoletus

Relatiie age (years)
7

1

I

.

•

(c) L. atkinsoni

? = 0.92 .

Relative age (years)

.

Figure 3.8 Length-converted catch curves (InNldt plotted
against relative age).Z values were estimated from the slope
of the straight line fitted to the descending data points.
(a) L. harak: y = - 1 . 5 ~+ 10.8
(b) L. obsoletus: y = -1.lx + 9.1

(c) L. atkinsoni: y = - 2 . 1 +
~ 17.1

Natural mortality
The annual natural mortality rates M were estimated by substitution of the
constrained VBGF parameter k and L , and temperature values into equation (6). The
values of M obtained are 0.53 yr-' for L. obsoletus, 0.55 yr-' for L. atkinsoni and 0.75 yr-'
for L. harak.

Fishing mortality and exploitation ratio
The values of Z obtained from the length-converted catch curves (Figure 3.8)
were based on a large sample of fish collected throughout the study. These values were
then used to estimate the fishing mortality F. These values of Z were used instead of
those fiom the age-based curve (Figure 3.7) because estimates of Z from the latter are
untenable ie, they are smaller than the values of the natural mortality M. This anomaly is
likely to have been caused by an inadequate number of fish samples aged 2yr and
younger.

The values of F (calculated as Z-M)were 0.77, 0.57 and 1.56 yr-' for L. harak, L.

obsoletus and L. atkinsoni, respectively. Estimates of E equation (7) were 0.5 1, 0.52 and
0.74 yr-' for L. harak, L. obsoletus and L. atkinsoni, respectively. Gulland (1971)
suggested that a fish stock is optimally exploited when E

=

0.5. The present analysis

(summarized in Table 3.3) suggests that stocks of L. harak and L. obsoletus in Suva
lagoon are at, or approaching, the level of optimum exploitation. For L. atkinsoni, the
analysis suggests that stocks have already been over-exploited.

Table 3.3

Mortality rates and exploitation ratios for L. harak, L obsoletus and L.

atkinsoni. Estimates of Z were derived from the length-converted catch
curves. Natural mortality rate values were obtained by substituting the
constrained values of VBGF parameter k and L , into Pauly's (1980)
equation.
Total
Mortality
Rate Z (yi')

Natural
Mortality
Rate M (yr-')

Fishing

Species

L. harak
L. ohsoletus
L. atkinsoni

1.52
1.10
2.11

0.75
0.53
0.55

0.77
0.57
1.56

3.4.7

Exploitation
Mortality Rate Ratio
F(Y~')
E(Yr-'1
0.51
0.52
0.74

Population structure

Population age structure
The age frequency distributions for the three species are shown in Figure 3.9. The

age structures for L. atkinsani and L. harak were skewed to the left with a preponderance
of numbers in the age class 1-4 yr.
The Shapiro-Wilk's test for normality showed that the distributions for L. harak
and L. atkinsoni differed significantly fiom normal, whereas for L obsoletus the
distribution was normal. Each species has a different average age and distribution pattern.
The average ages are 2.8, 6.9 and 5.1 yr for L. harak L. obsoletus and L. atkinsoni,
respectively. L. atkinsoni, which has an estimated longevity of 17 yr, is dominated by the

2-4 yr age class. In comparison L. harak and L. obsoletus have estimated longevities of
10 and 14 yr, respectively, and are dominated by the 1-2 and 6-8 yr age classes,
respectively. The youngest L. atkinsoni and L. obsoletus individuals sampled were 2 yr
old, while youngest L. harak individuals were less than 1 yr.

1
2

(b) L obsoletus

(c) L afkinsoni
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Figure 3.9. Age frequency distribution (frequency versus age) for the three species.
Shapiro-Wilk's test for normality (W) indicated that only the sample for
L obsdetus (b) was normally distributed.

Population age structures by sexual identity.

The overall sex ratios (male: female) for the three species (n

=

700) are 1:1.6,

1:1.9 and 1:1.4 for L. atkinsoni, L. harak and L. obsoletus, respectively. The goodness of
fit tests (Table 3.6) showed that these ratios are significantly female biased (L. atkinsoni,

x2 =12.5, p< 0.001; L, harak, x2 =32.1, p<' 0.001; and L. obsoletus, x2 ~11.44,p< 0.001).
For comparison, when the sex ratios were based on the samples used for age analysis
(n-90 for each species) the ratios were 1:1.3, 1:l.l and 1:1.1, respectively. The
corresponding goodness of fit tests (Table 3.5) showed that the overall sex ratios were
fairly balanced (ie, L. harak; x2 = 0.059, p

= 0.808;

L. obsoletus, ~2 = 0.783, p

=

0.376;

and L. atkinsoni ~2 = 1.309, p = 0.253). The different sex ratio for the two sample sizes
reflects the need to obtain a large sample size when estimating such parameters. It was
obvious fiom the data collected (also confirmed fiom the above results) that the overall
sex ratios are female biased.

The ANCOVA results, which compared size at age for the three species, show
that for L. harak and L. obsoletus sizes of sex at a given age are not significantly different
(Table 3.5). For L atkinsoni, the females are significantly larger than the males at a given
age. This is reflected in the average mean maximum length TL (Table 3.2).

The goodness of fit tests for the different age categories (Table 3.4) showed that
there was no significant difference fiom unity in the sex ratios for all age classes of L.

harak and L. obsoletus that were tested. For L. atkinsoni, the goodness of fit test shows
that the sex ratio was significantly male biased for the youngest age class of 1-3
4.84, p = 0.028), while for the class 8-1 1 yr
significantly female biased.

yr ( X 2

=

(x2 = 8.333, p = 0.004) the sex ratio was

Table 3.5.

Results of ANCOVA comparing size at age between sexes for: L. harak, L
obsoletus and L. atkinsoni. Females of L. atkinsoni are significantly larger

than their male counterpart.

Sources
variation
L. harak
Sex
Age

Error

MS

F- value

p-value

1
1
65

0.00727
0.000

1.199
42.223

0.278

1
1
69

0.0074
0.5 15

0.679
47.06 1

0.41 3

1
1
77

0.109
1.297
0.244

33.673
400.7

< 0.000 ***

of df

L. obsoletus
Sex
Age

Error

L. atkinsoni
Sex
Age

Error

3.5 Discussion
A knowledge of the age distribution of fish in a population forms the basis for

calculations of growth rate, mortality rate and productivity. Consequently age is ranked
amongst the most influential of the biological variables (Hilborn and Walters, 1992;
Newman et al., 1996; Campana, 2001). Fowler and Doherty (1992) set three criteria
which the otolith of a given fish should meet in order to be used for age determination:
an internal structure that shows increments; continuous growth at a perceptible rate
throughout the life of the fish; and correspondence of increment formation to a known
regular time interval.

The otoliths of the three species of lethrinids studied here have clear alternating
bands of opaque and tramlucent zones (see Plates 3.2a-c) and, hence, fulfill the first
criterion. The decreasing distances observed between consecutive opaque bands from the
first to the fifth annulus reflect a decreasing otolith growth rate during the fir& five years
(see Plates 3.2a-c). The generally uniform distance between consecutive opaque bands
after the fifth band indicates a steady (slower) otolith growth rate thereafter. This growth
of the otolith appears to reflect the somatic growth of the fish (Boehlert, 1985).
The plots of otolith weight versus number of increment bands (Figure 3.1) and
otolith weight versus gutted wet weight (Figure 3.2) provide compelling evidence to
support the contention that otolith grow throughout the life of these fish, despite the
asymptotic growth curves for total body length (Figures 3.1 and 3.2). Thus, the second
criterion of Fowler and Doherty (1992) is satisfied. This peculiar property of otoliths

No validation was done in the present study to ascertain the periodicity of the

I
I

bands and, hence, fulfil the third criterion. Nevertheless, the alternating opaque and
translucent patterns observed in the otolith structures of these lethrinids are consistent
with validated studies on the same taxa at similar geographical locations elsewhere.
These other studies, which show that the opaque bands are formed mually, include
observations on Lethrinus mahsena in the Seychelles, (Grandourt, 1999), L. harak and L.
lentjan in the Great Barrier Reef (Hillomen, 1998), L. nrbrioperculatus and other

lutjanids and acanthurids in American Samoa (Ralston and Williams, 1988b) which lies
at a similar latitude to Fiji. The assumption that the opaque bands in the otolith of Fijian
lethrinids are formed annually forms the basis of the age-based growth and mortality
analysis presented in this chapter.

These other studies have also helped to dispel the notion prevailing before the
1980s that it was not feasible to determine the ages of tropical reef fish .from their otolith
due to the absence and unreliability of growth increment marks. Moreover, these other
studies provide evidence that many reef-fish species live longer and have lower natural
mortality rates than previously thought. However, these studies represent an alternative
hypothesis to size-based estimates of age and would benefit fiom fiuther testing.
Recent studies on reef fish reveal the strong tendency for otolith weight to predict
fish age consistently. These studies include work on Lutjanus malabaricus and Lutjanus

sebae (Cappo et al., 2000) L. harak and Lutjanus fulviflumma (Hillomen, 1998), L.
mahsena and L. lentjan (Grandcourt 1999), and three species of darnselfish (Meekan et
al., 2001). Similarly, the present study has demonstrated a strong correlation between
otolith weight and age for three species of lethrinids (Figure 3.1 a-c). This correlation
provides a potential technique for the rapid assessment of age, growth and mortality of
these species. Cappo et a1 (2000) tested the reliability of this technique by using
sectioned and whole otoliths to construct the VBGF for three lutjanid species. They found
that the growth curves were not significantly different using the likelihood ratio test
(LRT), thus providing credence to the reliability of this technique.

The Shapiro-Wilk's test showed that the size Erequency distributions for the
sample population of each species were normally distributed (Chapter 2). It was
anticipated that the age frequency distributions would mirror this result, but this was not
the case (see Figure 3.9). The age frequency distribution for two of the species (L. harak
and L. atkinsoni) differed significantly f?om normal. This finding gives credence to the
contention that an age frequency distribution gives better information than a size
frequency distribution on recruitment and growth. With the age frequency distributions,
the 'pile up' effects (ie, multiple age classes in single length modes) are eliminated
(Beamish and MacFarlane, 1987) to give a clearer picture of the population distribution.
The different distributions for L. harak and L. atkinsoni (Figures 3.9a and 3.9c,
respectively) may be due to: a) previous high exploitation in the older age classes, b)
highly periodic recruitment in which strong recruitment has occurred only over the last

few years. Information on the population structure is useful in monitoring the recruitment
and exploitation of a population, particularly if sampling is carried out annually.

The numbers of both L harak and L. atkinsoni declined progressively with
increasing age, the frequency of the 1-2 yr old fish being the highest (Figures 3.9a and
3 . 9 ~respectively). This result indicates that recruitment is steady with high exploitation
in the medium to older age classes. The absence of random kequency peaks indicates
little variation with time in the recruitment. In contrast, the normal age kequency
distribution for L. obsoletus (Figure 3.9 b shows kequency peaks at the 8 and 12 yr
classes) indicates a strong recruitment or cohort during those years. General observations
made in the landing areas suggest that L. obsoletus was less common than its two
congeners. Variation in recruitment may be a factor governing its abundance. The
numbers of fish in the 1-2 yr class for L. obsoletus were significantly lower than for L.

harak and L. atkinsoni. However at that age (1-2 yr), members of L. obsoletus are
deemed too small for consumption so that fishers selectively exclude them fiom their
catch. Without such selectivity it is likely that the age kequency distribution for L.

obsoletus would have resembled that of the other two species.

The present study indicates that the potential maximum longevity for the three
species ranges kom 12 yr for L. harak, 14 yr for L. obsoletus, to 17 yr for L atkinsoni.
Although these longevity values may imply a slow growth rate, the initial 1-3 yr of
growth for all species was rapid.

The Von Bertalanffy Growth Function (VBGF) provided the best fit to the size-atage data according to the parameter estimates of the Schnute (1981) growth function. The
95% ellipsoidal confidence regions (Draper and Smith, 1966) around the parameter
estimates for k and L, (from VBGF) show that each species has a significantly different
value or combination of these growth parameters (Figure 3.6).

The growth coefficient k can be used to estimate growth using a variety of growth
(Schnute, 1981). This coefficient is a measure of the curvature at the initial phase of the
Von Bertalanffy growth trajectory. This curvature is also commonly referred to as the
'knife-edge' section. A high value of k implies that the 'knife-edge' section is abrupt and
the curve is pronounced. A low k corresponds to a gently sloping or pointed, knife-edge
curve. L. harak has a high value (k = 0.90) compared with the values for the other two
species (ie, L. obsoletus, k = 0.28; and L. atkinsoni, k = 0.36). L. harak grows rapidly to
reach its asymptotic total length (28 cm) after 5-6 yr, after which somatic growth
proceeds at a slow rate. L. obsoletus and L. atkinsoni take longer to reach their asymptotic
length (30 cm TL after 9-1 1 yr, and 35 cm TL after 7-8 yr, respectively), after which
somatic growth slows but proceeds at a aster rate than for L. harak.

The values of k obtained in this study differ from values reported elsewhere for
the same species in Fiji and other parts of the Pacific (Table 3.6). However, meaningful
comparison of these values cannot be made due to the differences in the experimental
methods used. Furthermore, most researchers do not provide any measure of confidence
for their estimates of k. It is important that future studies report confidence limits so that

differences in the growth parameters can be accounted for in a meaningkl way. The
present study is the first to use the otolith method in Fiji to determine growth parameters
and will serve as a baseline for fbture studies involving Fijian lethrinids.
Comparison of the preseat growth parameters k and L, for L. harak, L

Table 3.6.

atkinsoni and L. obsoletus (Swa lagoon) with those for the same species at
other locations. Abbreviations A d : Standard lengths (SL), Total length
(TL), and Fork length (PI,).
Method
otolith
Parameters

Species

k

w')

Study location

Author(@

Comments

Present study

Present study

The length used
is TL for both
methods

Dalzell et a1
Lengths used:
(1992)
SL.
Kitalong
and Length used :FL
Dalzell(1994)
Hillomen
SL
(1999)
Loubens (1980) Use SL

Length frequency

L4cm)

Panmeters
k w-') L a
(em)

L. harak

0.90

28.5

0.46

33.9

L. obsoletus

0.27

30.0

0.50

32.5

L. atkimoni

0.36

35.3

0.23

47

0.49
0.3 1
0.38

33
41.3
34.5

Suva
Fiji
Palau

32.7

Lizard
Island
GBR
New Caledonia

L. harak

' L. atkimoni
L. obsoletus
L. harak

0.30

L. atkinsoni

35
0.29

Lagoon,

The usual mode of sexuality in lethrinids is protogynous hermaphroditism, ie,
when sexually mature they are initially females and then change sex (Shapiro 1981,
Young and Martin, 1982; Carpenter and Allen, 1989). This mode explains certain
characteristics of lethrinid populations: males tend to be larger on average than females,
and the sex ratio is slightly in favour of females. The present sex ratio data for the three
species (n = 700) are in agreement with these characteristics. However, the data on sexual
identity by age showed no difference in the mean age between the two sexes for L. harak
and L. obsoletus, while for L. atkinsoni females were older on average than their male
counterparts. This result could be an artifact of the small sample size. A close inspection

of large amount of size frequency data (by sexual identity) shows that while females
tended to dominate the smallest size class, males were not significantly larger than
females. These findings suggest that high fishing pressure may have affected the sexual
behaviour of the fish. Instead of females changing sex at an older age, depletion of older
males (fiom high fishing pressure) may have reduced the mean age of the sex change.

Using data fiom the sectioned otoliths (Table 3.3) unusually low values were
obtained for the total mortality rate Z of each species. In some instances, the estimates
were lower than the empirically computed M values, making realistic F and E values
impossible to calculate. This problem is most likely to have been caused by a failure to
use a large enough sarnple of sectioned otoliths to estimate Z, ie, the sample (n -100) was
not representative of the population. Consequently, the extreme sizelage brackets of the
population may not have been sampled correctly. In addition, a problem probably
occurred because the samples were obtained fiom commercial fishers, with an'in-built
bias against small fish and fishing gear, which may have been selective against large fish
(the largest size class, in theory, contains the males).

The Z values obtained fiom the length-converted catch curves are more tenable
(Figure 3.8). These values of Z are much larger than the empirically calculated M values,
and were used to compute the corresponding values of F and E. It is clear that the large
sample size (n

- 600) obtained for each species gave a better reflection of the population

structure and, hence, a better estimate of Z, Using the converted catch curves derived
fiom length-frequency data, Dalzell et al(1992) estimated the E values for L. harak, L.

the present values are 0.51,0.52 and 0.74 yil respectively. The present analysis indicates
that the exploitation ratios for L. harak and L. obsoletus are optimal but that L. atkinsoni
may be over-exploited. Furthermore, over the last 10 yr fishing pressure on stocks of
I

I

these three species of lethrinids in Suva lagoon has increased. This finding is
corroborated by a decline in landings as revealed by fisheries data (Appendix Seven) for
the same period.

CHAPTER FOUR
REPRODUCTIVE BIOLOGY OF L. EURAK, L. OBSOLETUS, and L.

ATKINSON1 IN FIJI
4.1

Introduction
Information on the reproductive biology of reef-fish can assist in their

management as a fisheries resource (Agarwal, 1996; King, 1998). The, specific
information needed includes their size or age at first sexual maturity, peak spawning

I

period, spawning biomass, mode of reproduction and kcundity (King, 1998). Such
information can be used to assess the status of a fishery and may lead to a change in
fishing practice. For instance, a steady decline in the spawning biomass over several

I

consecutive years might signal the imminent collapse of an exploited fishery, and it may
be necessary to take conservation measures (eg, regulation of fishing) to reverse the

trend. Similarly, data on size at first maturity can be used as the basis for the introduction
of a size limit in a fishery, which is under intensive fishing pressure. Long term data on
size at first sexual maturity can also be used to assess changes with time in the status of a
fishery. Carpenter and Allen (1989) suggested that in species whose members school and

i

spawn in harems, the loss of the largest sexually mature members can cause smaller and

!

younger members to become sexually mature more rapidly such that there is a reduction

I

in the average age at first sexual maturity. In effect, information on age at first sexual
maturity collected over time enables the fishing pressure to be gauged.
A knowledge of the reproductive cycle can be used to decide on when to regulate
the fishing of those species that exhibit mass spawning and have a peak spawning season

100

(Munro and Fakahau, 1993). Potential recruits to the fishery are generated during the
spawning season. The management strategy should be to maximize the number of
potential recruits and, hence, the number of recruits. Thus identification of the spawning
season for these species will guide regulation of fishing at the approphtetime of

Families of reef fish display a variety of reproductive modes including
gonchorism protandry, protogyny and true hermaphroditism (Froese and Pauly, 2000).
Dioecism is the most common mode of reproduction in fish, while the hermaphroditic
mode accounts for only a small percentage of species (Froese and Pauly, 2000).
Hermaphroditism appears to become less common at increasing distance fi-omthe tropics.

Lethrinids display mostly protogynous hermaphroditsm (Carpenter and Allen,
1989). This means that some individuals, which start off as males, may later change into
females. Lethrinids are non-guarder open water egg scatterers and tend to spawn in
batches (Carpenter and Allen, 1989). The reproductive biology of several lethrinid
species has been studied, but mostly outside the South Pacifc region (Table 4.1). These
studies show that reproductive behavior of lethrinids varies considerably with
geographical location.

Table 4.1 Species of lethrinids and countries in which their reproductive biology was
studied.
Species

Country

L. miniatus
Australia

Reference
Kailola et a1 (1993)

L. lentjan

McPherson et a1 (1985); Kuo and Lee
(1 986); Kailola et a1 (1993)
Walker ( 1 975)

L. harak

Hillomen (1998)

Egypt

L. nebulosus

Sanders and Morgan (1989)

India

L. lenljan

Toor ( 1964)

Japan

Ebizawa (1999)
Ebizawa (1997)

Kuwait

L. atkinsoni
L. rubrioperculatus
L nebulosus

New Caledonia

L. olivaceous

L. nebulosus

L. nebulosus
L. obsoletus
L. hard

Carpenter and Allen (1 989)
Myers (1999)

Lethrinids display a variety of reproductive strategies as shown in the variations
among population parameters such as the spawning season, spawning biomass and age at
first sexual maturity. Ebizawa (1999) noted that even conspecific populations of
lethrinids, which inhabit geographically similar sites, can have different spawning
seasons. These variations may be caused by environmental or biological factors. The
environmental factors include variables such as water temperature, photo-period, annual
rainfall, water circulation and nutrient conditions (Asahina and Hanyu, 1983; Asahina,
1989). The biological factors include the sexuality of the species (Ebizawa, 1999). For

example, Randall and Randall (1963) observed that in several reef fish species a
difference in the movement pattern of the sexes at the spawning site can affect the sex
ratio of mature adults during spawning aggregations. In turn the sex ratio influences the
duration of the spawning season

4.2 Objectives
The main aims of this part of the study were to
determine the seasonal spawning pattern of three lethrinid species (L. harak, L.
obsoletus and L. atkinsoni) in Fiji;
describe ovarian developmental stages for the three species, based on histology and
macroscopic observations;
determine the size and age at first sexual maturity of these three species.
ascertain changes in the sexual structure of populations with age through analyses of
sex ratios within age classes.
4.3

Materials and Method
4.3.1

Sampling

Fish samples were collected from artisanal and commercial fishers operating in
the Naselai - Suva coastal waters (see Figure 1.1) in the Central Division of Fiji. Details
of the sampling method are presented Chapter 2:

43.2

Gonad morphology

After defrosting, the fish were gutted with a sharp knife to obtain access to the
gonads. The gonads (both sexes) are located in the posterior portion of the body cavity,
suspended by mesenteries and extended antero-dorsally along the ventral wall of the air
bladder (Plate 4.1). Gonads of the three species appeared similar in their morphology.

The ovaries, which were orange -yellowish in colour, were composed of two
almost symmetrical tubular lobes, which were fused in the medial-caudal portion near the
urogenital sinus (Plate 4.2). The testes were also constructed of two almost symmetrical
lobes. However, in comparison with the ovaries they were whitish in colour, smaller and
were dorm-ventrally compressed.

rrare 4.1. Marure remale L. harak showing the relative position of o v q (Ov) witbin the gut

cavity. The position and orientation of the ovary inside the cavity is the same in all three
species.

Plate 4.2 Mature ovaries of the three species

Ovaries were staged using macroscopic criteria (size, colour and appearance of
the gonads) before being labeled and fixed in FAACC solution (formaldehyde 10 ml,
glacial acetic acid 5 ml, calcium chloride dihydrate 1.3 g and distilled water), in
preparation for histological analysis. The purpose of this analysis was to corroborate the
GSI data on the spawning patterns. In addition, the histological analysis was used to
ascertain the mode of reproduction in each species. Male gonads were excluded fiom the
histological analysis due to time constraint.

Gonad samples were processed using a modified version of the method described
by Winsor (1984). Whole gonad samples were dehydrated through a series of increasing
ethanol concentrations, cleared in xylene, before infiltration with paraffi wax. Waxed
gonads were sub-sampled by removing transverse sections (6 vm thickness) along the
length of the lobes by means of a microtome. Representative samples of the testes and
ovaries were dissected longitudinally to facilitate descriptions of their macroscopic
structure.

Sections were mounted on glass slides and stained with Mayer's haematoxylin
and Young's eosin-erythrosin (HE stain). Following Yamamoto (1956) and West (1990),
the ovaries were classified into chromatin nucleolus, early peri-nucleolus, late perinucleolus, yolk vesicle, primary yolk globule, secondary yolk globule, tertiary yolk
globule, migratory nucleus, pre-maturation, maturation and ripe egg stages. However, to
avoid confusion, some of these stages were combined and summarized as follows in the

analysis: chromatin nucleolar stage, peri-nucleolar stage, cortical alveoli stage,
vitellogenic stage, early mature stage and late mature stage. Descriptions of the female
gonads followed those of Sadovy and Shapiro (1987). Male developmental stages are not
described in this study due to time constraint.

4.3.5

Environmental variables

Long term data (collected over the last 40 yr) on relevant environmental variables
(temperature, photoperiod and rainfall) were compiled as monthly averages for
comparison with the seasonal trend in GSI. The temperature (air) and rainfall data were
obtained fiom the Fiji Meteorology Official web-site (WWW.met.gov.fi), and data on
photoperiod were obtained fiom the Fiji Hydrographic Ofice in Suva (Anon, 2001).

4.3.6 Sexual maturity

The size at first sexual maturity LSOis defined as the total length TL (cm) above
which more than 50 % of the individuals are sexually mature. For each species, the
percentages of mature and immature female individuals were plotted against the total
length TL and a curve (logarithmic function) was fitted to the data points. Using the
computer graphical software SIGMAPLOT 2001 (SPSS INC), the function y

=

a/l+[x/x~]~
was selected to describe the curve since it produced the best fit. The value of
L5()was obtained by interpolation fiom the curve. This value LSOwas inserted into the
Von Bertalanffy growth fbnction (Figure 3.5) to estimate the age at first sexual maturity.

4.4

Results
4.4.1

Gonadosomatic index

Figure 4.1 shows the mean monthly values of GSI for the three species plotted against
time (month). The vertical ban indicate standard errors.

Mar Apr May Jun

Jul Aug Sep Oct Nov Dec Jan

Month

( b ) L. obsoletus

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Month

3.5
-

(c) L. atkjnsoni

-

I

I

I

I

I

I

I

I

I

I

1

Aug Sep Oct Nov Dec Jan
Month
Figure 4.1. Monthly changes in GSI in females of a) L harak
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Lethrinus harak
Gonad samples examined histologically showed that both mature and maturing
ovaries were present throughout the year in L. harak specimens. Figure 4.la shows that
the minimum mean monthly value of GSI of about 1.0 % occurred in May; the maximum
value of 3.6 % was observed in August. Generally, the GSI values were above 1.5 %
throughout the year. However, given the magnitude of the standard errors, there is no
clear evidence in Figure 4. l a of a seasonal variation in GSI for L. harak When ovaries in
May were examined histologically, unspawned eggs and oocytes at various
developmental stages were observed (Plate 4.3). This finding shows that L. harak is a
batch spawner and that spawning takes place throughout the year.

One-way ANOVA followed by Tukey's test shows that the monthly mean GSI value
for August was significantly higher (P< 0.001) than for the other months (Table 4.2).
This analysis suggests that L. harak may have a spawning peak in that month. However,
the large standard errors in GSI for all the months make such a conclusion unreliable.

Table 4.2

ANOVA test, comparing mean monthly.GSI for L. harak females among the 11

months when the study was conducted.
Source of df
variation
Month
10
Error
214
Total
225

Tukey's
HSD
test
results
Month
Mean GI
Tukey's
group

Aug
3.75
A

SS

MS

F

P

2.45
5.9
8.35

0.245
0.028

8.86

0.00

Oct

Mar
2.54
AB

Jun
2.52
AB

Nov
2.36
AB

3.37
AB

Jul
2.26
BC

Sep
1.89
CD

Jan
1.8
CD

Apr
1.48
CD

Dec
1.47
CD

May
1.02
D

Lethrinus obsoletus
L. obsoletus had female gonads that were mature or maturing throughout most of the
year. Like L. harak, spawning occurred throughout the year. From March to June, the
mean monthly values of GSI were consistently low (below 2.0 YO),
with values ranging
fiom 0.6 to 1.7 %. The specimens were mostly in stages 1-3 of the macroscopic
classification. The ANOVA test (Table 4.3) sho'ws that during these four months, the GSI
values were significantly lower than during the months July to December (inadequate
data for November). The values of GSI increased sharply fiom 0.6 % in June to 2.7 % in
July, and a GSI level above 2.0 % was maintained until December. The GSI then fell to
0.8 % in January. The largest GSI value of 3.3 % was observed in October. Figure 4.lb
clearly suggests that there was a peak in the spawning period for L. obsoletus fiom July
to perhaps December.

Table 4 3 ANOVA test comparing mean monthly GSI for L. obsoletus females among the

10 months when the study was conducted.
SS

MS

F

3.303
5.275
33.01

0.37
0.03

12.3 0.00

Oct

July

Aug

Sep

Dec

Mar

Jan

Jun

2.74
AB

2.59

2.16

1.99

1.64

Apr
1.17

May

3.29
A

0.99

0.64

0.52

AB

AB

AB

AB

B

BC

C

C

Source gf df
variation
Month
9
Error
177
Total
187

P

Tukey' s
HSD
test
results

Month
Mean GI
Tukey' s

group

Lethrinus atkinsoni

No mature gonads, either male or female, were observed for L. atkinsoni during
the months February to June. In these months, the large mature fish had shriveled gonads
with a thickened gonad wall. The structures of such gonads resembled a stage 1 ovary,
but were large and empty by comparison. Furthermore, it was impossible to differentiate
between male and female gonads in this condition because their reproductive structures
did not differ. Thus, for five months of the year (February to June), all reproductive
activity within the population appeared to have ceased. In this regard, the reproductive
cycle of L. atkinsoni differs fkom the other two species. Mature gonads of both sexes
were obtained during the period July to January. The mean monthly GSI was below 0.5
% during the period March to June (Figure 4.1~).GSI then increased to reach a peak of

2.8 % in August. The ANOVA test followed by Tukey's test showed that the GSI value
for August is significantly higher than values for the other months (Table 4.4). An
elevated GSI level of around 2.0 %, or above, was maintained until November, after
which GSI decreased sharply to 0.7 % in December and January. Plate 4.8% which
illustrates the presence of asynchronous oocyte stages in mature L. atkinsoni ovaries,
shows that this species is a batch spawner. The peak spawning period is from July to
November.

Table 4.4 ANOVA test comparing mean monthly GSI for L. atkinsoni females among the

I

11 months when the study was conducted.

I

I
I

I

Source of df
variation
Month
Error
Total

Tukey's
HSD
test
results
Month
Aug
Mean GI
2.81
Tukey's
A
group

4.4.2

SS

MS

F

P

6.45
2.65
9.1

0.65
0.015

42.6

0.000

Sep

Nov
2.14
AB

Oct

July

Jan

Dec

Jun

Mar

Apr

May

1.65

0.99

0.53

0.46

0.35

0.27

0.26

0.22

BC

CD

D

D

D

D

D

D

2.57

AB

Histological analysis

Stages of oogenesis
Oocytes at various stages of development were embedded in the tissues of the
ovarian lamellae, which projected into a central lumen fiom the dorsal and lateral walls
of the gonad. The oocytes were classified into five maturity stages, which are similar for
the three species. Plates 4.3-4.5 present a detailed description of these stages for each
species. Plates 4.6-4.8 present cross-sections of predominantly mature and immature
ovaries for each species. Plate 4.9 present transverse section of male gonads for each
species.

Description of the different stages of oocyte development,
cytoplasm marks the onset of this stage. Cortical
alveoli appears as white vacuoles (I-1Opm) within
the cytoplasm. Mean diameter of oocytes is 180-200

Clm

i. C h m a i i n nucleolur stage
Appears as small dark blob, irregular or spherical in
shape (mean diameter = 20-30 pm) in size. Large
nucleus (N) appears at the centre with a single
nucleolus. Cytoplasm is unvacuolated (C)

iv. ViUogenic s&ge
Appearance of yolk globule (yg) and lipid droplets
(Id) is characteristic of the vitellogenic stage. The
chorion consisting of the theca (t), granulosa (g) and
zona pellucida (zp) is now well developed. Mean
diameter of oocyte is 200-300 pm.

ii Pehwleolar stage
Multiple nucleoli (n) at the periphery of the germinal
vesicle (gv) and a uniformly stained unvacuolated
cytoplasm define the perinucleolar stage. Diameter
size is (50-150 pm). Oogonia, chromatin nucleolar
and perinucleolar stages are present in the ovary
through-out the entire annual cycle and are referred
as the primary growth phase.

v. Mature stage.
Nucleus migrates to animal pole together with a
large oil droplet formed by fusion of lipid inclusions.
Mean diameter of oocyte is 250-3 10 pm.Yolk granules are fused in homogenous mass, creating hydrated oocyte with mean diameter of 320-345 p.
Nucleus is not visible due to disintegration of
nuclear membrane. When oocytes reached the
hydrated stage, spawning is imminent.. However for
other reasons, the hydrated eggs may not be
spawned and hence may disintegrate and reabsorbed by the animal.

ii C o d d alveoli stage
Formation of cortical alveoli (Ca) within the
Plate 4 3
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Formation of cortical alveoli (ca) within the
cytoplasm marks the onset of this stage. Cortical
alveoli appears as white vacuoles (I-1Opm) within
the cytoplasm. Mean diameter of oocytes is 180-200

CLm.

i. Chromatin nucleolar stage
Appears as small dark blob, irregular or spherical in
shape. Cytoplasm (C) dark-purple when stained with
eosin-hematoxylin, (mean diameter = 20-35 pn)in
size. Large nucleus (N)appears at the centre with a
single nucleolus.

iv. I'rtelrogenic stage
Appearance of yolk globule (yg) and lipid droplets
(Id) is characteristic of the vitellogenic stage. The
chorion consisting of the theca (t), granulosa (g) and
zona pellucida (zp) is now well developed. Mean
diameter of oocyte is 200-300 pm.

ii Perinucleohu stage
Multiple nucleoli (n) at the periphery of the germinal
vesicle (gv) and a uniformly stained unvacuolated
cytoplasm define the perinucleolar stage. Diameter
size is 50-150 pm. Oogonia, chromatin nucleolar
and perinucleolar stages are present in the ovary
through-out the entire annual cycle and are referred
to as the primary growth phase.

iii. C o M alveoli stuge

Plate 4.4

Stages of o o p d s in Lethrinus obsoletus

v. Maftue stage.
Nucleus migrates to animal pole together with a
large oil droplet formed by fusion of lipid inclusions.
Mean diameter of oocyte is 250-3 10 pm. Yolk granules are fused in homogenous mass, creating hydrated oocytes with mean diameter of 320-345 pm.

i. Chromatin nucleolar stage
Large nucleous appears at the centre with a single
nucleus surrounded by uniformily unvacuolated
cytoplasm (C).Mean diameter size 22-30 p.

iL Perinucleolar stage
Multiple nucleoli at the periphery of the germinal
vesicle (gv) and a uniformly stained unvacuolated
cytoplasm define the perinucleolar stage. Diameter
size is 50-150 pm.

iii. C0rth.l alveoli stage
Formation of cortical alveoli (Ca) within the cytoplasm marks the onset of this stage. Cortical alveoli
appears as white *~~.cuoles
( 1 - 1 w ) within the
cytoplasm. Mean diameter of oocytes is 180-200

Plate 4.5

Stages of oogenesis in

~~atRins0n.i

iv. VileIlogenic stage
(a). Early vitellogenic stage: appearance of yolk
globule (yg) and lipid droplets (Id) is characteristic
of the vitellogenic stage. The chorion consisting of
the theca (t), granulosa (g) and zona pellucida zp is
now well developed. Mean diameter of oocyte is
200-300 pm.
(b).Late vitellogenic stage: increased Id and yg, gv
begins to break down.

v. Mahue stage.
Nucleus migrates to animal pole together with a
large oil droplet formed by fusion of lipid
inclusions. Mean diameter of oocyte is 250-310
pm. Yolk granules are fused in homogenous mass,
creating hydrated oocyte with mean diameter of
320-345 pm. Nucleus is not visible due to
disintegration of nuclear membrane.

Cnm-sectionsof (a)an immature and (b) mature f
Plate 4.6
HE. Codes are p = primary oocytes, m = mature oocytm
116

d gonad of L e W u s harak stained in

Plate 4.8
Cmxwedons of (a) an immature and (b) mature female gonad of L e W u s atkinsoni stained in
HE. Codes are p = primary oocytes, m = mature ooeytes and at = atretic oocytes.

Plate 4.9
Transverse section of male gonads of (a)L hamk (b) L atkirrsoni and (c) L obsoletus. Note the
presence of central cavities 'cv' inside the sections is evidence of former ovarian lumen, indicating sex change
k m female to male.
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In the first development stage (the chromatin nucleolar stage), oocytes were
surrounded by follicle cells. At this stage, the oocytes were typified by a single large
nucleolus enveloped in a relatively thin unvacuolated cytoplasm. By the next stage (the
perinucleolar stage), the nucleus had increased in size with multiple nuclei appearing at
its periphery. As with the previous stage, the cytoplasm remained unvacuolated. The
appearance of yolk vesicles in the cytoplasm signaled the onset of the cortical alveoli
stage. This was followed by a proliferation of yolk proteins in fluid filled spheres and
lipid droplets in the cytoplasm. Also, components of the chorion were well formed,
together with the previous characters defined the vitellogenic stage. In the mature stage
prior to release of the oocyte into the ovarian lumen, the germinal vesicle underwent
peripheral migration and yolk granules and lipid droplets coalesced. At the final
maturation stage, the diameters of the oocytes were approximately 0.73 mm for L. harak,
0.75 mm for L. obsoletus and 0.85 rnm for L. atkinsoni.

Correlation of the ovarian and oocyte development stages
Based on macroscopic criteria the ovaries of L. harak and L. obsoletus were
categorized into six development stages, and those of L. atkinsoni into seven
development stages. Histology for each species was done on a sample of gonads, which
comprised representatives fiom all the macroscopic stages. Tables 4.5-4.7 describe the
macroscopic and microscopic stages of development in an ovary.

The macroscopic stages embrace both the ontogenetic and seasonal changes in the
adult female gonads. Ovaries in various macroscopic stages were present in all mature

fish specimens, with the majority at the maturing and running stages. Figure 4.2 shows
the macroscopic plotted against GSI for each species. These graphs indicate that GSI
should not be used to estimate developmental (macroscopic) stages for L. harak (r2 =
0.26) and L. obsoletus ( 3 = 0.23), although a better correlation ( 8 = 0.59) was obtained
for L. atkinsoni.
The histological method proved more reliable (than the macroscopic method) for
the estimation of ovarian developmental stages. There was a high regression coefficient
for each of the three species ie, L. harak ( 3 = 0.89), L. obsoletus ( 3 = 0.92), and L.

atkinsoni ( 3 = 0.88). Figure 4.3 shows that, for each species, as GSI increased there was
an almost linear rise in the percentage of mature oocytes.

Table 4.5 Development stages of the ovaries of L. harak in Fiji.
Stages

Macroscopic description

J-Immature female

Small compact and translucent bi- Short and closely packed
lobed gonad adherent to swim ovigerous folds, projecting into
bladder wall. Ovarian cavity and the ovarian cavity. Primary germ
ovigerous
folds
not cells (PGC), oogonia ( 0 ) and
distinguishable (GSI = 0.20).
small previtellogenic oocytes
(PVG) both along the edge and
the axis of the lamellae.
Ovary palsyellow i~
colour. Oocytes in lipid vesicle stage,
Small in size and turgid (GSI = PGC, 0 and PVC are present in
1.1).
significant
amounts.
They
compose of more than 95 % of
the oocytes present. In the case of
previously spawned, mature
females, scattered remains of
post-ovulatory follicles (POF)
.
.
I from stage 6 & still be seen.
Oocytes in lipid vesicle stage, I Batches of oocytes in vitellogenic
PGC, 0 and PVC are present in and mature stage. ~ r o ~ o r t iofk
significant amounts.(GSI = 2.8).
CN PGC and 0
reduced.
70 % of oocytes are immature
I while 30% are mature.
Ovary yellowish orange in 1 The lumen is dominated by
colour. Eggs may be visible.
Ovaries are swollen to the
maximum. (GSI = > 5.7).

I -Developing female

Microscopic description

ma

3-Mature female

I

present. PGCs present made up of
less than 30% of oocytes.
Evidence of spawning activity
revealed by thepresence of postovulatory follicles. The release of
mature eggs and the continued
increase of PGC, which led to,
increased proportions of PGC, 0
and PVG.
Many
atretic
vitellogenic
follicles, few hydrated okytes
still present. PGC, 0, CN and PN
begin to appear in increasing
proportion.
-

I

5-Post spawning female

1 Flaccid ovaries, brownish yellow
1 in

wlor with thickened gonad
wall. For larger specimen this is
easily distinguishable, for smaller
specimen, this may be mistaken

Table 4.6

-

Development stages of the ovaries of L. obsoletw in Fiji.
Microscopic description

Macroscopic description

Stages
I

J-Immature female

1-Developing female

Small wmpact and translucent bi- Short and closely packed
lobed gonad adherent to swim ovigerous folds, projecting into
bladder wall. Ovarian cavity and the ovarian cavity. Primary germ
ovigerous
folds
not cells (PGC), oogonia (0) and
distinguishable.(GSI = 0.20).
small pre-vitellogenic oocytes
(PVG) both along the edge and
the axis of the larnellae.
Ovary pale-yellow in colour. Oocytes in lipid vesicle stage,
Small in size and turgid (GSI = PGC, 0 and PVC are present in
0.9).
significant
amounts.
They
compose more than 97 % of the
oocytes present. In the case of
previously spawned mature
individuals, scattered remains of
Dost-ovulatory follicles (POF)
.
,
&om stage 6
still be seen. 1 Oocytes in lipid vesicle stage, ( Batches of Oocytes in
PGC, o and PVC are present-in vitellogenic and m a t i e stage.
significant amounts.(GSI = 2.2).
Proportion of CN PGC and 0
further reduced. 70 % of oocytes
are immature while 30% are
mature.
Ovary yellowish orange in The lumen is dominated by batch
colour. Eggs may be visible. of hydrated oocytes and groups of
Ovaries are swollen to the vitellogenic oocytes. Minute
maximum. (GSI = > 5).
amounts of PGC are present.
PGCs present made up of less
than 20% of oocyies.
Same as in mature but may Evidence of spawning activity
become more flaccid (GSI = 2.8). revealed by the presence of postovulatory follicles. The release of

I

2-Maturing female

3-Mature female

4-Running female

I

Flaccid ovaries, brownish yellow
in color with thickened gonad
wall. For larger specimen this is
easily distinguishable, for smaller
specimen, this may be mistaken
as stage 1 or 2 (GSI = 0.8)

5-Past spawning female

mature eggs and the continued
increase of PGC, which led to,
increased .
proportion
of PGC, 0
.
and PVG.
Many
atretic
vitellogenic
follicles, few hydrated o&ytes
still present. PGC, 0, CN and PN
begin to appear in increasing
proportion.

Table 4.7 Development stages of the ovaries of L. afkinsoni in Fiji.
Stages
J-Immature female

Resting stage

I -Developing female

I Macroscopic description
I

Microscopic description

Small compact and translucent bi- Short and closely packed
lobed gonad adherent to swim ovigerous folds, projecting into
bladder wall(GS1 = 0.2)
the ovarian cavity. Primary genn
cells (PGC), oogonia (0) and
small previtellogenic oocytes
(PVG) both along the edge
- and
the axis of the l&llae.
Pinkish blue in appearance, ovary Very few PGC along periphery
- of
shriveled and relatively reduced ovarian folds. ~Ga;ian cavity
in size. Gonad wall thickened. largely empties.
(GSI = 0.2 -0.3).
Ovary paleyellow in colour. Oocytes in lipid vesicle stage,
Small in size and turgid (GSI = PGC, 0 and PVC are present in
significant
amounts. ' They
compose of more than 90 % of
the oocytes present. In the case of
previously spawned, mature
females, scattaed remains of
post-ovulatory follicles (POF)
l?om stage 6 can still be seen.
Oocytes in lipid vesicle stage, Batches of oocytes in vitellogenic
PGC, 0 and PVC are present in and mature stage. Proporti& of
significant amounts (GSI = 3.2).
CN PGC and 0 &her reduced.
70 % of oocytes are immature
while 30% are mature.
yellow or yellowish Batches of hydrated oocytes and
orange in colour. Eggs may be groups of vitellogenic oocytes
visible. Ovaries are swollen to the dominate the lumen. Minute
maximum. (GSI = > 5.2).
amounts of PGC are present.
PGCs present made up of less
than 20% of oocyte count.
Evidence of spawning activity
more flaccid. (GSI = 3.5).
revealed by the presence of postowlatory follicles. The release of
mature eggs and the continued
increase of PGC, which led to,
increased proportion of PGC, 0

T
2-Maturing female

5-Post spawning female

Flaccid ovaries, brownish yellow
in color with thickened gonad
wall. For larger specimen this is
easily distinguishable, for smaller
specimen, this may be mistaken
as stage 1 or 2 (GSI = 1).

and PVG.
Many
atretic
vitellogenic
follicles, few hydrated m y t e s
still present. PGC, 0,CN and PN
begin to appear in increasing
proportion.
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Figure 4.2 Macroscopic stage plotted against GSI for each species. The linear function
y = mx + c was fitted to each set of points.
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Figure 4.3 Percentage maturity of oocytes plotted against GSI for each species.
The linear function y = mx + c was fitted to each set of points.

4.4.3

Environmental variables

Fiji experiences two distinct seasons: wet (December to May) and dry (Anon,
2002). Season influences several environmental variables, which, in turn,may affect the
reproductive biology of reef fish. Figure 4.4 shows that the monthly average water
temperature for the Suva-Laucala Bay area follow a sinusoidal pattern during the year.
The average water temperature is between 30.5 and 31.0°C fiom January to March then
progressively drops to a minimum of 26.5"C in June after which it steadily increases
again. The rainfall and photoperiod follow a similar pattern (Figure 4.4). The highest
monthly rainfall occurs during the period January to April, with a peak value of almost
400 mm in April. After April there is a steady decline in rainfall, with the lowest value of
about 150 mm in July. Rainfall then increases steadily until the end of the year. From
January to March, the average monthly photoperiod is between 12.5 -12.8 h per day,
after which it drops steadily to about 10.5 h per day in June and July. After July, there is a
steady increase in photo-period until the end of the year. For comparison, Figure 4.4 also
shows the mean monthly values of GSI for each species (fiom Figure 4.1). As indicated
earlier, there is a distinct seasonal pattern in GS1 for at least two of the species.

Rainfall

10.0

I

Feb

4

m

Mar

Apr

May

Jun

Jul

Aug

Sep

Od

Nov

Dec

Jan

Month
Figure 4.4. Annual trend in GSI for the studied species compared with trend
in environmental Variables (rainfall, temperature and photoperiod).
Raw data were unavailable (for the environmental variables )
hence errors cannot be estimated.

4.4.4

Mode of sexuality

Size and age at first sexual maturity
Previous studies have suggested protogynous hermaphroditism as the mode of
sexual development in this family (Carpenter and Allen, 1989). Protogynous
hermaphroditsm refers to the behaviour in fish where upon attainment of first sexual
maturity they are initially females and later in life they change sex. Figure 4.5 shows the
percentage of mature fish by sexual identity in each species plotted against total length.
The graph shows that the average female L. harak reached sexual maturity at 23.6 cm,
while the males achieved sexual maturity at 25.8 cm. The corresponding values of Lso for

L. obsoletus are 25.3 and 26.2 cm, respectively, and 25.4 and 26.8 cm, respectivelyfor L.
atkinsoni. In each species, females, became sexually mature first (ie, at a smaller size)
than the males. By making inferences fiom the VBGF (Figure 3.5) the ages at first sexual
maturity were estimated as follows: L. harak females 1.8 yr, males 2.3 yr; L. obsoletus
females 5.7 yr, males 6 yr; L. atkinsoni females 3.6 yr, males 4yr.

Sexuality
Although the data (Figure 4.5) show that females attained sexual maturity before
the males, the differences in size and age between the sexes of each species were not as
large as would be expected in a strictly protogynous hermaphroditic species. The
population distribution by sexual identity for L. hurak and L. atkinsoni (Figure 4.6) shows
a fairly high percentage of males at the low age (an hence, size) classes. The distribution

of males with age (and size) for L. oboletus is unclear since few individuals of the low
sizelage category were sampled. In a strictly protogynous hermaphroditic species, males
would be found mainly amongst the large age or size classes, with few amongst the low
classes. As the distribution for L. harak and L. atkinsoni are inconsistent with this

cf~'reho~\he~tw~s~ks~y
not be protogynous hermaphroditic in Fiji.

However, if the species (L. harak a d L. atkinsoni) are protogynous (as indicated
by the prescence of a secondary L. harak male in Plate 4.9a), they must undergo a
complex pre-maturational sex change. Alternatively, they may be gonochoristic. To
ascertain their mode of sexuality, especially in Fijian waters, future studies need to be
done to carry out a more detailed histological examination of the gonads of aged prematurational individuals of both sexes.
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Figure 4.6 Population age structure by sexual identity.

4.5

Discussion
Seasonal spawning pattern

Lethrinus harak
The occurrence of asynchronous stages of oocytes in mature gonads of L. harak
(Plate 4.6) suggests that this species is a batch spawner. Asynchronous stages of oocytes
were observed in all months of the year, indicating that spawning occurs throughout the
year.
It is not clear fiom the present study if the spawning has a seasonal pattern: there
are no clearly defmed peaks in the GSI values (Figure 4.la). Figure 4.3 revealed that the
percentage of hlly mature oocytes increased progressively with GSI. Consequently, the
large GSI values during the months June to November may represent increased spawning
activity. Likewise, the low GSI value (April-May) may correspond to a period of reduced
spawning activity. Although the percentages of mature oocytes were low during the
period April and May, their relative abundance inside the ovaries appeared sufficient to
trigger spawning. It is unlikely that a total cessation in spawning activity occurred during
these months.

The present results are consistent with the fmdings of Myers, (1999) that L. harak
spawns all year around in Palau. However, Myer's study does not reveal whether
spawning was uniform, or not, throughout the year. Environmental factors may influence
the spawning period. Palau and Fiji are located at almost the same distance fiom the
equator and share the same weather patterns. In contrast, L. harak populations fiom the
Great Barrier Reef (GBR) in Australia spawn only from October to February (Hillomen,

1998). Hillomen's experimental site is fiuther fiom the equator (22"s) than Fiji and Palau,
and almost within the temperate region. The larger seasonal changes in water temperature
at his site may have contributed to the difference in reproductive pattern.
Biological factors may influence the spawning period. For example, Ebizawa
(1999) reported that the spawning duration for conspecific populations of a number of
lethrinid species in Japan was affected by the size of the populations. He found that
spawning periods were longest in the small populations of L. harak. The size of
populations also influenced testicular size, spawning style, mode of reproduction and,
hence, spawning duration. It may be that the population sizes of L. harak in Fiji and
Palau are small compared with that at the GBR, thus contributing to the protracted
spawning period.

The present study was limited by the failure to sample weekly under different
lunar phases. Such information would have provided better information pn lunar
spawning frequency. The mostly even and protracted nature of spawning in L. harak
(Figure 4. la) indicates that spawning should not be used as a basis for regulating harvests
in Fiji.

Lethrinus obsoletus
The asynchronous stages of oocytes found in the mature gonads of L. obsoletus
(Plate 4.7 indicate that this species (like L. harak) is a batch spawner. Asynchronous
stages of oocytes were observed each month, indicating that spawning occurs throughout
the year. Figure 4.lb shows a broad peak in GSI (>2.0%) between July and December,

with a less prominent peak (GSI< 2.0) around March, indicative of peaks in the spawning
pattern

Mature oocytes were present in most mature ovaries during May, June and
January. However, their proportions and relative frequency during these months were low
compared with the ovaries collected during those months (July to December) associated
with the broad peak in GSI. The small number of mature ooyctes present during May,
June and January implies that little or no spawning activity occurs in these months
(assuming that the pattern follows an annual cycle).

!'

The environment may have influenced the spawning pattern. Figure 4.4 shows
that the spawning activity for L. obsoletus was greatest during the dry season (June to

I

November). Post hoc analysis using Tukey's HSD test classified the monthly GSI values
into 6 distinct groups. The GSI values of the two highest groups classified hierarchicalIy

i

fall within the dry season, while the three lowest groups falls within the wet season
(Table 3). The lowest GSI was recorded in June, on the approach to the dry season.
During the period May to June the average dayiight hours are close to their lowest level
(Figure 4.4). The synergic effect of relatively high rainfall (wet season) and low
photoperiod may not be conducive for spawning, resulting in the lowest spawning
activity in June.

For comparison, the spawning period for populations of L. obsoletus in Palau are
less protracted: it occurs from November to April only, and coincides well with the dry

season (Carpenter and Allen, 1989). Carpenter and Allen's work provides more evidence
that the local environmental conditions may influence the spawning pattern of L.

obsoletus.

L. atkinsoni
Asynchronous oocyte stages were observed from July to December (throughout
the sexually active period). The presence of asynchonous oocytes shows that L. atkinsoni
is a batch spawner. However, compared with the two species, it has a short and clearly
defined spawning period. The GSI and histological data show that spawning activity
occurred between July and December, with a peak of activity between August and
September and coinciding with the dry season. Figure 4.4 shows that both the rising
temperature and increasing photoperiod fiom July to November coincided with the
sudden rise in GSI. There was no spawning during the wet season. For comparison, the
sea cucumber HoZothuria atra which are found within the Suva lagoon also has a

seasonal reproductive pattern (Seeto, 1994) and which is similar to that of L. atkinsoni.
This similarity suggests that some coastal marine faunas in Fiji may spawn during the dry
season when reproductive conditions are optimal. .

The values of GSI differ considerably between the two seasons (Figure 4.1). Post
hoc analysis using Tukey's HSD test classified the monthly GSI values for L. atkinsoni
into 5 distinct groups. GSI values of the three highest groups classified hierarchically fall
within the dry season while the two lowest groups fall within wet season (Table 4.4).

spawning in L. atkinsoni amongst populations in Yaeyarna and Okinawa, Japan. This
study revealed that the spawning season at Yaeyama is short, fiom February to July,
while in Okinawa there is a longer spawning period fiom February to November. The
author noted that the population size in Yaeyama is significantly larger than that in

1

Okinawa. The population size correlated (positively) with testicular size in males, along
with adoption of a group spawning strategy (as opposed to pair spawning) which in turn
led to a reduced spawning period. It is possible that the spawning data in the present
study were derived £+oma large population of L. atkinsoni.

Size atflrst sexual maturiv

The present study indicates that, on average, L. harak reached first sexual
maturity at a total length of 24.7 cm at 2-3 years of age (females at 23.6 cm, males at 25.8
cm): This value of L5()is about 1 cm higher than that (23.6 cm) obtained by Hillomen,
(1999) for the same species at the GBR The present value of 24.7 cm represents 86% of
the maximum length (ML),and the corresponding age represents 22% of the life span
(LS). For comparison, Hillomen's values represent 50 % of ML and 20 % of LS. The

difference between the two studies is not considered significant.

1

One of the direct consequences of fishing is a reduction in population density,
which reduces the spawning biomass of the affected population. Ecological and
evolutionary theory suggests that populations tend to respond to such changes. The
response to a reduction in population density caused by fishing can be rapid changes in

the reproductive strategy to maintain the status quo, and may involve reproduction at a
smaller size or age. An early onset of sexual maturation in terms of size or age may be a
consequence of high exploitation of a population. This happens when mature individuals
are harvested intensively, leaving spawners that are smaller and younger. The almost
identical size at first maturity for L. harak at the two sites (Suva lagoon and GBR) may
indicate comparable levels of fishing mortality at the two sites. However at the GBR, L.

harak is not an esteemed species and the fishing mortality is low (Froese and Pauly,
2000). Consequently, it may be inferred that the Fiji population in the present study is not
over-fished.

L. atkinsoni reached first sexual maturity at an average size of 26.1 cm TL at 5-6
years of age. The females matured at 25.4 cm TL, and the males at a relatively large size
of 26.8 cm TL. For comparison, Loubens (1980) estimated that L. atkinsoni in New
Caledonia reached first sexual maturity at an average size of 25.8 cm TL at 5-6 yr. The
males in his study matured at 23.3 cm TL, while the females matured at a larger size of
28.2 cm TL.

L. atkinsoni is a protogynous hermaphrbdite (Ebizawa, 1999, Carpenter and
Allen, 1989). The present study indicates either gonochorism or a pre-maturational
transition fiom female to male. The New Caledonian study strongly suggested that sexual
transition is post-maturational. The average size at the onset of first sexual maturation in
the present study was 73% of ML and 31% of LS. Unfortunately the maximum size and
life span were not reported for the New Caledonian population, and a comparison of
percentage values cannot be made.

The average size and age at first sexual maturity for L. obsoletus were 25.8 cm TL
at 3-4 yr, respectively. These values are approximately 86% of ML and 28% of LS,
respectively, and may be the first such estimate for this species. The females tend to
mature at 25.3 cm TL, while the males mature at a larger size of 26.2 cm TL. The smaller
sizes of females compared to males at the age of first sexual maturity indicated prematurational protogynous sex cahnge for L. obsoletus in Fiji. However more samples
fiom the lower age category needs to be analyzed to ascertain this.

Gametogenic cycle

The histological data showed similar stages of oogenesis among the three species
(see Plates 4.3-4.5 and Table 4.2 4 . 4 ) . Development of ovarian tissue can be divided
into two phases as for other teleosts (Forberg 1982). During the first phase, the previtellogenic phase, growth is comparatively slow with few cytoplasmic changes. The
second phase, the vitellogenic phase, is characterized by faster growth and the deposition
of large amounts of yolk in the ooplasma. Mature ovaries of the three species contained
asynchronous oocytes stages of both the pie-vitellogenic, vitellogenic and postvitellogenic stages. Fish with asynchronous oocytes are considered to be multiple or
batch spawners (West, 1990).

The present study shows that the relative GSI provides a good estimate of the
percentage of mature oocytes (post-vitellogenic stage) in the ovaries (Figure 4.3). The

other hand, estimates of oocyte stages based on macroscopic criteria can be grossly
inaccurate for estimating maturity stages in all three species, and should be used with
caution. This finding lends support to West's (1990) assertion that in studies of the
reproductive biology of fish histological techniques are the most accurate, even though
they are time consuming and expensive.

Although histological data have been used to corroborate GSI data, to support the
evidence about the trends in spawning season, they cannot be used to ascertain the actual
spawning interval. The actual spawning interval can be calculated fiom the proportion of
hydrated versus matured ovaries (Demartini and Fountain, 1981). However this
calculation cannot be done in the present study for the following reasons. All the samples
collected for this study were obtained fiom commercial and artisanal fishers. The exact
time of catch could not be specified, as there was no control over time of sampling. In
most cases, when gonad samples are brought in atresia will render distinction between
hydrated and mature ovaries blurry (Hourigan and Kelly, 1985, Matsuyama et at., 1988).
Thus, an estimation of spawning interval would be biased. Future reproductive studies
should include an estimation of the spawning interval.

CHAPTER FIVE
FOOD HABITS OF L. H A R M , L. OBSOLETUS AND L. ATKINSONI
IN THE SUVA LAGOON
5.1 Introduction

Reef fish form an important component of Fiji's coastal fisheries. However, with
a burgeoning local human population and increased fishing pressure, these resources are
in danger of being over-exploited in the near future. Several fisheries management
strategies can be used to address the problem. Ecosystem management (EM) is one of
such option. EM is an ecosystem-based approach to resource management that address
the challenges, which arise from disturbed habitats and over-exploitation. Fundamental to

EM is an understanding of the trophic ecology of fish within the area to be managed. This
understanding requires scientific information on aspects such as the habitat, food items,
diet composition and predators of the various fish species. Such information can be used
to assess ecological functions to construct ecosystem models. The information is
fundamental to the understanding of coastal marine ecosystems and, hence, the
management or conservation of the fishery resources (Ross, 1986).
In Fiji, 25 families of reef fish are commonly exploited by both the artisanal and
commercial fishers (Dalzell et al., 1996). These families include the major trophic
categories of fish i.e. the herbivores, carnivores and omnivores. The Lethrinidae, which
are mostly carnivores, are amongst these families. The food intakes of the three species
studied here consist largely of molluscs, fish, echinoderms and crustaceans (Carpenter

and Allen, 1989). However this information, on food habits was obtained from studies
done outside of Fiji and the food intake may differ for local stocks.

5.2 Objectives
The present study aims to collect data on the local food habits of the three
lethrinid species in Suva lagoon. In addition to providing information useful for
management of the resources, the data collected should serve as baseline information for
hture studies of the ecosystem.

The main objectives of this part of the study were to:
a) identify the prey taxa in the gut of these three lethrinid species, and rank them
according to their geometric index of importance (GII);

b) identify any shift in diet that may be related to ontogenetic changes.

5.3 Materials and method
5.3.1 Sampling

The same fish samples described in previous chapters were used for this
investigation. After purchase, the fish were labeled and stored in a fieezer at -5°C for
later analysis of their stomach content.

5.3.2

Identification and sorting of prey, and size of fish

After defkosting, the stomachs of the fish samples were removed and their
contents emptied into beakers, which were then filled with tap water. After vigorous
shaking, the dirty black supernatant portion was decanted and the solid content rinsed

with fkesh water. This process was repeated until the preys were clean and identifiable.
The prey were then identified to their lowest taxa, scored for their fkequency, and placed
in different containers according to their taxa with the use of specialized keys for each
group. For the colonial forms, each colony was counted as an individual. The prey items
were further categorized according to fish (predator) size and species.

The prey items were sun-dried and weighed to within

+ 0.5 g. Recognizable

fkagments of prey were included in the analysis; each fiagment was counted as an
individual unless several were recognized as coming fkom the same prey item.

L. harak and L. obsoletus were classified into four sizes: TL = 0-19 crn; 20-23 cm; 24-27
cm; and TL > 28 cm. L. atkinsoni were categorized into five sizes since they grow larger:
TL = 0-21 cm; 22-25 cm; 26-29 cm; 30-33 cm and 33-45 cm.

5.3.3

Geometric index of importance

The contribution of each prey item to the diet was determined according to three
Relative Measures of Prey Quantity (RMPQ): gravimetric percentage weight % W
(weight of a prey item divided by the total weight of contents fkom all stomachs); the
numerical percentage % N (number of individual species of a prey item divided by the
total number of specimens); and fkequency of occurrence % F (number of stomachs with
a prey item divided by the total number of stomachs with food).

The geometric index of importance GI1 (Hyslop, 1980) was computed in order to
evaluate the relative importance of the prey items. This index is a mathematical

representation, based on the geometric distribution of RMPQ's treated as vectors. This
analysis enables a graphical comparison and hierarchical ranking of prey in classes of
importance (using the large discontinuities in the sequence of points that represent the
decreasing index values). The GI1 is defined by Hyslop as

GIIj = ~ v i ) j l d n
where GIIj = index value for the j-th prey category, Vi = the i-th RMPQ of the j-th prey
category, and n = number of RMPQ's used for the analysis.

5.3.4 Ontogenetic variation in diet composition
For each species of fish, only one measure of RMPQ (ie, frequency of occurrence
% F) was plotted against size (fish) in order to investigate the relationship between prey

preference and size. The use of only one RMPQ was due to time constraint.

5.4

Results
5.4.1

Ranking by GII

Prey items corresponding to more than 30 iaxonomic categories were found in the
stomachs of each species. The prey items, and their ranking in terms of GII, are presented
for the respective species in Tables 5.1 to 5.3.
L. harak
The fish ranged from 12 to 35 cm TL. Of the 323 stomachs analyzed,

95 %

contain food items and 5 % contained items that were digested beyond recognition or
were empty. The stomachs contained a wide range of prey items, corresponding to 39

taxonomic categories (Table 5.1). These prey items were dominated by gastropods,
bivalves, crustaceans and echinoderms (Plates 5.1 and 5.2).

Table 5.1

Qualitative and quantitative composition of the diet of L. harak (% W = weight

percentage, % N = numerical percentage, % F = frequency of occurrence, GII =
Geometric index of importance).

Cephalopod
Chitonidae
Crustaceans
Total
Decapod
and
stomatopod Total
Brachyura Total
Portunidae
Xantbidae
Majidae
Grapsidae
Calapidae
Other brachs

0.3
0.5
28.6

0-4
0.7
39.3

0.9
3.6
55.5

0.9
2.8
71.5

2.6

1.8

1.5

3.4

26

37.5

54

68.1

6.1
9.3
1.2
4.7
3.5
1.2

8
11.4
3.4
4.5
6.8
3-4

13.2
18
1.2
4.8
14.4
2.4

15.8
22.4
3.4
8.1
14.3
4.1

Teleosts Total
Echinoderm
Total

Ophiuroidea
Clypeasteridae
Holothuroidea
Tempnopleuridae
Echinometridae
Diadematidae
Other echinodemns
Worms total
Annelida
polychaeta
Braehiopod
Nudibranchia

0-7
41.7

1.2

3.6

3.2

19.7

58

68.9

13.5
2.7
1.3
4
10.8
6.7
2.7

6.6
1.8
0.4
2.2
4.8
2.6
1.3

21.6
3.4
2.3
5.7
12.5
8
4.5

24.1
4.5
2.3
6.9
16.2
10
4.9

1.O

4.9

14.1

11.5

1.O

4.9

14.1

11.5

0.1
0.5

2.0
1.2

3.5
4.1

3.2
3.3

-

In Figure 5.1, the prey taxa are divided into three categories of importance, set
arbitrarily according to their GI1 values as: first, GI1 > 60; second, 60> GI1 > 18; third,
GI1 < 18. This graph indicates that crustaceans (GI1 value 71.5) and echinoderms (GI1
value of 68.9) were the most important food categories for L. harak. On a weight basis,
the echinoderms were more important than the crustacean, 41.7% W compared with
27.6% W. The crustaceans were dominated by the brachyurans from the families
Majidae, Portunidae, Xanthidae, Calapidae and Grapsidae, and had the higher value of
GI1 because of the higher % N value. These brachyurans contributed to 97% of the GI1
value for the crustaceans while stomatopods and other unidentified decapods made up the
other 3%. The echinoderms consisted of more than 7 families, of which the ophiuroids
were the dominant taxa contributing 35% of the GI1 value.
The gastropods (GI1 value 35.5) and bivalves (GI1 value 29.2) made up the
second most important food category (Figure 5.1). The gastropods were represented by 7
families: Cypraeidae, Naticidae, Nassaridae, Volutidae, Littorinidae, Cerithidae, Mitridae
and other minor unidentified families. Nassaridae and Volutidae were the dominant
families of gastropods. The bivalves were dominated by three unidentified species fiom

the Tellinidae family. Other bivalves of minor importance include Myrtilidae, Anadara
and Anodonta. The third category, ( GI1 < 18,) made a smaller contribution to the diet of

L. harak.

Plate 5.1

Samples of (a) gastropods and (b)echinoderms from guts of L hamk.
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Figure 5.1 GI1 alimentary index values of the stomach contents of L. harak. The horizontal
lines indicate the ilmits of the importance levels, based on discontinuities in the
sequence of points that represent the decreasing index values. Codes am Cru
= crustaceans, Ech = echinoderms, Gas = gastropods, Biv = bivalves, Wo =
w o r n , Nud = nudibanchs, Teo = Weosts, B a = bachiopods and Cep =
cephalopods.

L. obsoletus
The size of fish ranged fiom 13 to 34 cm TL. Of the 301 stomachs analyzed, 80 %
contained food items and 20% contained items that were either digested beyond
recognition or were empty. Food items corresponding to 3 1 taxonomic categories were in

the stomachs (Table 5.2). The prey items were dominated by gastropods, bivalves,
crustaceans and echinoderms (Plates 5.3 and 5.4).

Table 5.2

Qualitative and quantitative composition of the diet of L. obsoletus (YOW =

weight percentage, % N = numerical percentage, % F = frequency of occurrence,
GI1 = Geometric index of importance).

0.8
0.2
0.5
24.4
6.1
6.9
3.1
3.4
2.3
1.1
0.4
1.1
54.7

5.8

7

P

Tellinidae spp 4
Psammobidae
Gastropods Total
Cypraeidae
Littorinidae
Nassaridae
Cerithidae
Eulinidae
Haliotidae
Turritidae
Chitonidae
Crustaceans
Total
Decapoda
and
stomatopod Total
Brachyura Total
Portunidae
Xanthidae

4.1
2.1
4.7
0.8
1.3
0.7
0.3
0.5
0.2
0.1
0.4
36.0

1.O
1.O
13.9
2.8
3.6
2.5
1.4
2.O
0.6
0.3
0.7
44.0

0.2

1.O

2.3

2.0

35.8
14.8
9.9

43.0
18.1
6.8

75.7

Other brachs
Chordata Teleosts
Echinoderms
Total
Ophiuroidea
Other echinoderms
Worms total
Annelida
polychaeta
Nudibranchia

3.7
0.8
12.1

5.7
1.7
11.2

52.4
20.7
16.2
9.3
6.2
3.4
23.7

0.9
11.2
3.9
3.9

2.0
9.2
17.8
17.8

4.6
19.1
33.6
33.6

4.3
22.8
31.9
3 1.9

0.9

0.7

1.5

1.8

2.1
24.4
5.6
6.8
3.6
2.9
2.8

P

.

0.4
1.2
77.7

P

Sea snake

Porifera

( 0.2

1 0.1

1 0.2
1 0.3

( 0.4
( 0.4
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Figure 5.2 shows the prey taxa divided into the same three categories of
importance as in Figure 5.1. This graph shows that crustaceans were the most important
food category for L. obsoletus (GI1 value 77.7). The crustaceans were dominated by the
brachyurans from the families Majidae, Portunidae, Xanthidae and Calapidae. Portunid
crabs accounted for about 43% of the GI1 value for the crustaceans. Stomatopods
contributed less than 3% of the GI1 value.

Bivalves (GI1 value 38.0), polychaetes (GI1 value 32.0) echinoderms (GI1 value
27.0) and gastropods (GI1 value 24.0) were in the second most important food category.
The bivalves comprised mainly a few species of the Tellinidae family, which accounted
for 70 % of the GI1 value, and the Psarnrnobidae. The worms were dominated by annelid
polychaetes. Due to partial digestion it was dacult to separate the worms at family level.

In addition, echinoderms proved difficult to identifjr at family level due to fragmentation
of the prey items and, hence, are classified into two groups: the ophiuroids and the
echinoderms. Ophiuroid fragments were easily differentiated from the other echinoderms
because their arms, though hgmented, were easily identifiable. The ophiuroids
accounted for 15 % of the total GI1 value for the echinoderms. The gastropods were
represented by 8 different fhmilies: Cypraeidae, Littorinidae, Nassaridae, Cerithidae,

i

Eulinidae, Haliotidae, Turritidae, and Chitonidae. The dominant fanilies in this group
1

were the Cypraeidae and the Littorinidae, contributing for more than 5 1% of the total GI1
value of the group.

The remaining preys made much smaller contributions to the diet of L. obsoletus, and are
classified in category three (Figure 5.2).

moderate level by this size class, while echinoderms and bivalves were the least
frequently exploited taxa.

In the 20-23 cm size class, values of %F increased for all taxa except worms and
gastropods, which declined in comparison with the 0-19 cm class. For the 24-27 cm size
class, %F for the bivalves, crustacean and the ophiuroid taxa declined relative to the 2023 cm class. The value of %F for gastropods remained almost the same as the previous
size class, whereas %F for echinoderms increased. For the largest class size (TL > 28
cm), echinoderms were the most frequently exploited taxa followed by gastropods,
bivalves, crustaceans, ophiuroids and worms.

Figure 5.5 shows that ophiuroids, gastropods and crustaceans were the most
frequently exploited species by the smallest size class (0-19 cm) of L. obsoletus, while
worms, echinoderms and bivalves were exploited less frequently. However, ophiuroids
and gastropods were consumed less frequently with increasing size class and they were
the least important taxa for the largest size class. In contrast, %F for bivalves increased
fiom about 10% for the 0-19 cm size class to 35% for the 20-23 cm size class, and
remained above 20% for the two larger sizes. The %F for polychaetes increased steadily
from 15% at the smallest size class to 32% at the largest size class. Echinoderms were the
least frequently consumed prey (3%) at the smallest size class.

ow ever, at the medium

(20-23 cm and 24-27 cm) and largest size class their %F had increased sharply to 2733%.

Figure 5.6 shows that the two smallest size classes (0-21 cm and 22-25 cm) of L.
atkinsoni exploited echinoderms, ophiuroids, crustaceans, gastropods and worms at

almost the same fiequency (20 - 35 %). For the medium size classes (26-29 cm and 30-33
cm) the frequency of these prey taxa declined while that of bivalves increased. For the
largest size class, %F of bivalves remained around 25%, while that of crustaceans,
echinoderms and ophiuroids appears to have increased slightly. The %F for worms was

3% only for this size class.
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Figure 5.4 Frequency of occurence of prey taxa in stomach
content of L harak versus size class. Vertical bars represent
standard error (se).
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Figure 5.6 Frequency of occurence of prey taxa in stomach content of
L. atkinsoni versus size class. Vertical bars represent standard
error (se).

5.5 Discussion
Stomach content analysis has shown that the three species of lethrinids in this study
are carnivores that feed almost entirely on benthic invertebrates. This finding is
consistent with previous studies (Carpenter and Allen, 1989, Masuda and Allen, 1993;
Sommers et al., 1996).
For L. harak, crustaceans (GI1 = 71.5) and echinoderms (GI1 = 68.9) were the most
important prey taxa. Studies done outside of Fiji have reported the occurrence of similar
prey taxa in the guts of L. harak. For example, these other studies have found crabs and
gastropods (Walker, 1979, worms and other annelids (Masuda and Allen, 1993), and finfish and echinoderms (Carpenter and Allen, 1989). However, as most of these authors
have reported only the prey types without ranking them according to importance, it is not
possible to make a more meaningfbl comparison with their findings.

For L. obsoletus, the crustaceans were the most important food category (GI1 = 77.7)
followed by the bivalves (GI1 = 37.6), polychaetes (GI1 = 31.9), echinoderms (GI1 =
27.1) and gastropods (GI1 = 24.4). The bivalves consumed were mostly thin shelled and
belonged to the Tellinidae family (Larnprell and Whitehead, 1992). Outside Fiji, Sornrner
et a1 (1996) reported that L. obsoletus inhabits sea-grass beds, and sand and rubble areas
of lagoons, and feeds mostly on crustaceans, molluscs and echinoderms. Their results are
consistent with the information presented in Table 5.2.

For L. atkinsoni, the bivalves were clearly the most important prey (GI1

=

81.4).

Echinoderms (GI1 = 35.8), gastropods (GI1 = 26.1) and crustaceans (GI1 = 19.1) were of
second level importance followed by other less important taxa such as the polychaetes
(GI1 = 4.5), teleosts (GI1 = 2.0) and the syngnathids (GI1 = 1.1). The tellinids accounted
for almost 90% of the GI1 value for bivalves. The tellinids were represented by four
unidentified species that were small in size (1-1.5 cm shell length). These prey species
had mostly thin, ovate to elongate shells that were compressed laterally. Some were
nearly circular and were quite inflated. These prey inhabit littoral sandy areas associated
with the outer reef slopes (Lamprell and Whitehead, 1992). L. atkinsoni also inhabits
seagrass beds and sandy areas of the outer reef slopes (Froese and Pauly, 2000). In
contrast, L. harak does not inhabit sandy areas of the deeper outer reef slopes (Carpenter
and Allen, 1989). This difference in habitat may explain why the L. harak guts had fewer
tellinid bivalves. The percentage of tellinid bivalves in L. obsoletus guts was higher than

in L. harak guts, but less than in L. atkinsoni guts. This result suggests that L. obsoletus
may have exploited prey from a wider range of micro-habitats than the other two species.
This sort of difference in prey importance allows resource partitioning among the three
species (Ross, 1986).

This study has shown that the diet composition of the three species shifts with
ontogenetic changes. Randall (1967) noted that such shifts in diet composition are
common in almost all reef-fish. Most of these ontogenetic changes are accounted for by
morphological and maturational changes, particularly an increase in mouth size,
improvement of locomotory ability and an increase in jaw strength.

At a smallest size ( 4 9 cm), L. harak fed mainly on crustaceans, gastropods,
ophiuroids and worms (Figure 5.4). When they reached their medium size range, the
important prey taxa were echinoderm, bivalves, ophiuroid and crustacea. Echinoderms
were the most fiequently exploited taxa by the largest fish. The decrease in the fiequency
of gastropod prey consumed by the medium (and large) size class may be a result of an
increased ability, such as strength and agility, to exploit higher energy prey (Grimes,
1979).
The gradual reduction in crustaceans with size above 20-23 cm may be a result of this
prey's change in food preference by the fish and which resulted in an expansion of habitat
range to exploit echinoderms that are usually found in more exposed micro-habitats.

For L. obsoletus, worms and echinoderms became increasingly important as the
fish grew (Figure 5.5). Most echinoderms eaten within lagoons possess sharp spines that
may deter the smaller fish. However, as these fish increased in size, there is likely to have
been a corresponding improvement in their ability to exploit such problematic prey. L.

obsoletus may also have a special ability to exploit worms as evident fiom their longer
head length and pointed snout (Chapter 2). This ability may have contributed to the high
%F value for worms compared with the other species. The %F of bivalves also increased
as they grew fiom small to medium size, this may be a result of a change in habitat.
Gastropods and ophiuroids inhabit shallow water micro-habitats. The decrease in their
fiequency of occurrence with fish size indicates that, as the fish grew, they tended to
move away fiom such habitats to exploit other prey types.

Juveniles (0-21 cm TL) of L. atkinsoni have the ability to exploit echinoderms and
other crustaceans (Figure 5.6), a feature not found in juveniles of the other two species.
These juveniles possess a strong jaw and a well-developed pharynx, which enables them
to exploit urchins etc. For the medium size class (26-29 cm and 30-33 cm) bivalves had
become the dominant prey. These bivalves were probably exploited fiom sandy areas of
outer reef slopes which they usually inhabit (Lamprell and Whitehead, 1992). This
implies that members of L. atkinsoni which have reached 26 cm TL start to emigrate fiom
the inner lagoonal habitat to the outer reef-slopes. This finding is corroborated by the
observation that fishers operating within the lagoons sell fish, which are mostly below <
26 cm TL, while those fishing the deeper outer reef slopes tend to supply the bigger
specimens. For the large size class (34-45 cm TL), large echinoderms such as starfish
(Linckia) and crustaceans such as the xanihid crabs are likely prey.

CHAPTER SIX
CONCLUDING DISCUSSION

This study has provided basic biological information on three highly exploited
species of Fijian emperor fish. The information presented describes aspects of their
morphology, reproductive biology, growth, age, mortality, and food habit. Although this
information cannot be used directly to estimate major biological reference points such as
maximum sustainable yield.(Munro and Fakahau, 1993), it will nevertheless be usehl for
the management and conservation of fish stocks in Fiji. The main findings and their
relevance to fisheries management are considered in the following sections.

6.1 Identification
Out of the 16 morphological characters that were investigated, four.were deemed
suitable for the identification and separation of the three lethrinid species: the lengths of
girth, orbital, head and dorsal base expressed as percentages of TL. L. harak can be
separated fiom the other two species since it has the shortest head length (%). L.
obsoletus is identifiable by its short percentage orbital length (%). L. atkinsoni can be
separated fiom the other two species since it has the longest girth and dorsal lengths (%).
Other lethrinid congeners have been reported in the lagoon (eg, Dalzell et al.,
1992). Future studies should compile data on their morphometrics to allow them to be
separated fiom the three species studied here (L. harak, L. obsoletus and L. atkinsoni).

6.2

Age, growth and mortality
Growth increment bands were found in the otoliths of the three species studied.

The number of bands was proportional to the size of the fish fiom which they were
extracted. The larger, and presumably older, fish tended to have the most clearly defined
rings. In general, each species possessed growth rings that were well enough defined for
growth studies.

Estimates of longevity, determined fiom the number of increment bands, ranged
fiom 12 yr for L. harak to 17 yr for L. atkinsoni, with a value of 14 yr for L. obsoletus.
The growth of L. harak was more rapid during the early life span than for the other two
species, which had more protracted growth. Growth for L. atkinsoni was more protracted
than for L. obsoletus. These results suggest that L. harak have a higher recniitment rate
than the other two species. This may explain why supplies of L. harak are more abundant
at the local markets than L. obsoletus and L. atkinsoni.

The exploitation rates E caused by fishing were estimated to be 0.51, 0.52 and
0.74 yi' for L. harak, L. obsoletus and L. atkinsoni, respectively. These values suggest
that stocks of L. harak and L. obsoletus are at, or approaching, their level of optimal
exploitation whereas L. atkinsoni stocks have been over-exploited (Gulland, 1971).

Implications and future research
The low exploitation rates for L. harak and L. obsolerus populations compared
with L. atkinsoni support the notion that these two species have higher recruitment rates
in terms of biomass production. A high recruitment rate would help to offset the effect of
fishing pressure. Conversely, a low recruitment rate or inability for stocks to quickly
recover would allow fishing pressure to have a pronounced effect, as demonstrated for
the L. atkinsoni population A serious management effort must now be directed towards
regulating the harvest of L. atkinsoni in the Suva lagoon.

It was assumed in this study that the growth rings in the otoliths of all three
species were laid down annually. This assumption was based on previous studies of
conspecifics and congeners in other countries. Because latitude can affect the rate of ring
deposition, W h e r studies are needed to .validate the periodicity of these rings for fish in
Fiji. Then, the parameter estimates (age, growth rate etc) can be used with more
confidence for management purposes. During such a validation, it is important that fish
fiom the smallest size classes are obtained as their under-representation in the sampling
could introduce substantial errors in the parameter estimates.

The sampling method used in this study was not focussed on a particular reef or
site within Suva lagoon. The lagoon occupies an area of about 30 krn2.Consequently, the
samples may have come fiom different populations within the lagoon and the results may

be 'blurred' a s a consequence. Future studies should focus more clearly on individual sites
or populations within the important fishing areas of Fiji.

As indicated earlier, it is reasonable to assume that over the period of the study a
representative sample of fish was obtained fiom the catch of the fishermen. However this
catch may not represent the natural population in the lagoon. This is because fish of the
smallest size class were not included amongst the samples due to fisheries regulations.
The fishermen caught most of this fish using large (>5cm) mesh size nets, because it is
illegal in Fiji to use a smaller mesh. Permission has been granted to the University for the
use of a small mesh size for research purposes. However, independent sampling has

proved to be costly and futile. Future studies should carehlly address the logistics of
sampling.

6.3 Spawning season and reproductive mode.
The GSI data indicate that L. harak spawns throughout the year, with perhaps a
peak spawning activity around August to September (Figure 4.1). However, the data for

this species are limited by the failure to sample under different lunar phases in each
month. Such sampling would have provided better information on the monthly spawning
frequencies. The data show that L. obsoletus also spawns throughout the year. The

monthly trend in GSI shows two peaks during the year. The first and most prominent
peak occurred around July to October, while the less prominent peak occurred around
February and March. The lowest monthly GSI values for L. obsoletus were recorded
around May and June as well as in January. In contrast, the GSI and histological data
show that L. atkinsoni has a relatively short spawning season. Spawning activity occurred
only fiom July to December, with peak of activity fiom August to September. From

January to June, there was no spawning activity. During the dormant period, the ovaries
became contracted and shriveled with a thicker gonad wall.

The imposition of a ban on fishing during the spawning season is a strategy often
used to manage a fishery. The rationale is that individuals of spawning potential are given
the chance to contribute towards the recruitment process before they are caught. This
study has shown that L. harak and L. obsoletus have more protracted and less intensive
spawning seasons than L. atkinsoni. Consequently, such a management strategy would be
ineffective for these two species. However, such a strategy would be effective for L.
atkinsoni because of its short, intensive and clearly defined spawning season.

Implications andfuture research

In a fish population, the

of adults that contribute to spawning and,

hence, perpetuation of the population is known as the spawning biomass. The spawning
biomass is an important biological reference point because it can be used to assess rapidly
the size and condition of the fish stock. A severe reduction in spawning biomass has
increasingly become a problem in many reef-fish fisheries in the Indo-Pacific region
(Prein, 2002).
Future researchers with an interest in calculating the spawning biomass for the
three species of lethrinids in Fiji should focus their attention on the spawning periods,
which have been identified here. Future researchers should also take into account the
mode of reproduction, ie, the hermaphroditic nature of these species.

6.4 Prey importance
This study has shown that echinoderms, molluscs and crustaceans are the most
important prey taxa consumed by the three species of emperor fish in the Suva lagoon.

Implications andfuture research
The habitats of these prey taxa need to be identified and protected. The predatorprey relationship also needs investigation to ascertain the extent to which this relationship
influences the local fisheries production. Information from such studies will help in
conservation of prey and, hence, of the fish populations in the lagoon.

6.5 Recommendation
In Fiji and other Pacific Island countries, the inshore marine fisheries resources
are exploited with little thought for the fbture (MSP Annual Report, 2001). The dernand
for these resources is likely to increase with time, because of an increasing human
population, the use of more efficient fishing gear and increased commercialization of the
fisheries. It is imperative that national authorities create the necessary framework to
ensure that these fisheries are not exploited above their maximum sustainable yield. It is
only through such an arrangement that these countries can hope to see the introduction of
responsible fishing practices.
A useful first step would be the creation of a database that stores relevant

information on the important species. This information should include aspects of their
biology such as their habitat, exploitation rate, key parameters and reference points (ie,
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APPENDICES
APPENDIX ONE
Percent composition of reef fish catches from various countries in the South
Pacific region.
Family
Lethrmidae
Chanidae
Balistidae
Albulidae
Hemiramphidae
Serranidae
Scornbridae
Carangidae
Mullidae
Lutjanidae
Acanthuridae

Fiji

PNG

Solomon
IS

Kiribati

Palau

szunoa

Tonga

N.
Caledoni

17.66
0.32
0.33
0.0 1
1.66
12.62
18.74
7.4 1
1.48
11-01
4.06

29

6.2

7.8

14

19.5

38.36

3 1.02

9

4.55

16.5
1
3
10
8
5
5
7

6.6
15.3
10.2
5.1
19.2
6.4

3.1
24.3
3.2
2.9
11.1

4
1
12
14

8.05
8.05
1.75
19.5

1.39
1.59
4.56
1.33

Source: Dalzell et al., 1996.

APPENDIX TWO
One-way ANOVA results comparing mean of the various characters among samples of L

harak L. obsoletus and L. atkinsoni.
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APPENDIX FOUR
Scatter plots of percentage longest dorsal ray, anal ray and pelvic
length plotted against TL
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APPENDIX FIVE
Scatter plots of percentage snout, anal base and fork length
plotted against TL

Snout length,

v

14

00

0

L. harak

r L. obsoletus

Lylgth of

15 -

?.

Q)

8
a

-

.

14-

Q

13

0 0
03
0
0

C

8

2

trial base

11-

I

m0
0

r

L. harak
L. obsoletus

I

Fork length

.

.

0

r

Total length (cm)

L. harak
L. obsoletus

L. atkinsoni
L. obsoletus

APPENDIX SEVEN
Annual landings of lethrinds at fuh markets in and around the S w a area from 1982-1998
Year
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Source: Fisheries Division Fiji

Catch (tomes)

429.1
451.6
677.7
842.5
885.6
796.3

619
51 1
509
616

