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Non-technical summary 

Exploratory fishing for the tropical sardine, Sardine/la lemuru, offshore of Geraldton on the 

mid-west coast of WA in the early 1990s, led to the establishment of a developmental 

purse seine fishery in this region. This fishery showed potential for substantial expansion, 

but as there was no information on S. lemuru in WA there was a need to undertake 

research during the developmental period. The biology and fishery for S. lemuru in WA 

were therefore investigated over a three year period between July 1995 and June 1998 

with the aim of providing stock assessment advice. 

The biology of S. lemuru (reproduction, age, growth, diet) was examined using samples 

obtained from the commercial fleet. While most samples were collected during the 

project, others from 1990 to 1994 were also available. Preliminary investigation of stock 

structure was undertaken by analysis of certain chemical components of otoliths of S . 

/emuru from Fremantle, Geraldton and Carnarvon. Plankton surveys to collect eggs of S. 

/emuru were undertaken off Geraldton regularly between September 1995 and March 

1996 to examine the distribution of spawning in the region of the fishery. A further 

plankton survey was undertaken in the region between Kalbarri and Dongara in February 

1997 and with concurrent sampling of adult fish aimed to provide an estimate of spawning 

biomass of S. lemuru off the mid-west coast. Detailed data on catch, effort and fleet 

dynamics (e.g. effects of vessel size and weather) were collected from research logbooks. 

Strong winds limited fishing to non-summer months and also necessitated the use of 

relatively large vessels, with nearly 50% of potential fishing days lost due to rough sea 

conditions. Most fishing thus occurred between May and September. The lack of regular 

monthly samples in any one year impacted negatively on the collection of biological data. 

Diet of S. lemuru is typical of sardines, consisting predominantly of zooplankton. 

Spawning occurs from December to March, with a peak in January to February. The 

duration of peak spawning was relatively short and also variable between years. 

Densities of planktonic eggs between September 1995 and March 1996 peaked for only 

two weeks in February. 

Age of S. lemuru was difficult to determine. A combination of methods indicated a lifespan 

of six or seven years, with growth to an average length of 82 mm at one year, 122 mm at 

6 



two years, and then to an average at age seven of 166 mm. Maturity occurs at about 140-

150 mm. Three and four- year aids dominated the catch, with few younger and older fish 

present. The annual total mortality rate (i.e. both natural and fishing mortality) was 

relatively high, being greater than that for pilchards off the south coast of WA. Chemical 

analyses of otoliths indicated that smaller S. lemuru had been living in warmer water than 

the adults, which partially explains the scarcity of younger fish in the catch. The scarcity 

of older age classes was attributed to the relatively high total mortality. 

Otolith chemistry provided no evidence for the existence of separate stocks of S. /emuru 

between Fremantle and Carnarvon. The results did , however, along with those from 

plankton surveys, suggest that the stock may be widespread , patchy and highly mobile. 

Sardine/la /emuru eggs were typically found over the outer half of the continental shelf and 

were widely distributed along the shelf. No estimates of spawning biomass resulted from 

the concurrent sampling of eggs and adults, due primarily to insufficient samples of adult 

to estimate spawning parameters. 

While there are recognised problems with estimating fishing effort, particularly for purse 

seine fisheries, three estimates of catch rates (kg/day, kg/litre of fuel, kg/hour searched) 

all indicated an increase from 1995 to 1996 and then a decrease in 1997. Assuming 

these changes reflect changes in abundance, the assemblage of S. lemuru in the 

Geraldton region declined in size markedly over a very short period, but the reasons for 

this could not be determined within the three year duration of this project. Possible 

causes were fishing mortality, poor recruitment, migration, or a combination of some of 

these factors. Given the short history of the fishery, the evidence for a widespread/patchy 

stock and the fact that the stock is close to the limit of its southern range, the decline was 

more likely due to migration and or poor recruitment rather than fishing mortality. 

The small number of age classes, high natural mortality and lack of an estimate of stock 

size, along with the large interannual variations in recruitment strength expected of 

sardine stocks in general, provide a strong basis for conservative management of this 

fishery. Furthermore, if low abundance of S. lemuru in the mid-west's current purse seine 

grounds occurs periodically, for whatever reason, the fishery in the vicinity of Geraldton 

may not be commercially viable in some years. Therefore, any further large inve~tment in 

the mid-west purse seine fishery would currently be unwise. If marked fluctuations in 
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catch rates could positively be attributed to stock movement, any future investment has to 

consider the need for a mobile fleet which could fish in other areas and still land fish in 

good condition. 

This project established a baseline of biological information for S. lemuru in WA, and 

represents the first intensive study of this species outside of Asia . This has immediate 

uses for FRDC project 98/203 on seabirds of the Abrolhos Islands. The biological, catch 

· and effort data acquired during the project provide a basis for management of the fishery. 

The research indicates that the original concept that the fishery could expand greatly was 

overoptimistic and expansion of the Geraldton based fleet is therefore unlikely to be 

economically realistic. Furthermore, the need for specialised purse seine vessels in order 

to operate viably in the mid-west coast sardine fishery has clearly been shown. 

Monitoring of catches should continue so that a longer time series of biological information 

can be gathered. In particular, ongoing analysis of relative age composition should 

provide a cost effective method of assessing the status of the stock. Likewise, vessels wi ll 

be encouraged to continue filling in logbook so that deviations in catch rates or spatial 

extent of the fishery can be detected. This level of monitoring should meet future needs of 

management. 
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SECTION 1 ... INTRODUCTION 

1.1 Background 

Interest in the usage and capture of baitfish stocks within Australia has increased 

substantial!:}' since the mid 198Os. The development of the rnarket for pet food in the mid 

198Os combined with the more recent demand to feed caged southern bluefin tuna at Port 

Unco!n, South .Australia, have expanded the markets for these species from their 

traditional base of suppiying bait to recreational angiers and commercial pot and line 

fishermen. Consequently, a number of new balffish fisheries have deveioped (e.g. Brerner 

Bay, Esperance, Port Lincoln) with considerable expansion occurring in fisheries that were 

already in existence (e.g. Albany, Frernant!e). The tota! production of clupeids ln Australia 

has, therefore, increased from less than 2000 tonnes in 1980 to be greater than 10 000 

tonnes by 1990 (Fletcher i 991 a) with the total catch for 1994 exceeding 15 000 tonnes 

(Fletcher 1994a; jones pers comm, MacDonald, pers comm). 

Until recently, nearly all fishing activities have occurred in temperate regions with the 

species composition restricted, almost exclusively, to the pilchard Sardinops sagax. In 

Victoria, occasional catches of the anchovy, Engraulis australis have been made off Lakes 

Entrance and there is a relatively even mix between pilchards and anchovies in the purse 

seine catch of Port Philip Bay (Hobday 1988; Fletcher 1991 a). Anchovies are, however, 

largely absent from catches by the purse seine fleet in Western Australia (WA) where the 

average annual production of this species is less than 50 tonnes. 

The tropical sardine Sardine/la lemuru has constituted a variable component of the purse 

seine catch in the Fremantie area of WA. The catches have fluctuated greatly, with over 

1000 tonnes taken in each of ·! 984 and 1985 but less than 20 tonnes was caught in 1993 

(Fletcher 1994a). Their market has traditionally been as bait for the western rock lobster 

fishery, receiving a premium price (7O-9Oc/kg), in comparison to the 28-35c/kg pilchards 

have received as rock lobster bait. This difference in price results from S. lemuro having a 

tougher body construction with scales that do not fall off (hence the local name, scaly 

mackerel). 
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Sardinei!a lemuru is a trc,pical specles with Fremant!e at the southern iimit of its range 

(VVhitehead, ·1985). The centre of their distribution lies further north within the indo­

Chinese region where, apparently, annual catches excet=:d 100 000 tonnes (VVhitehead 

1985, but see later). Within Australia, S. lemuru are distributed northwards. frorn 

Fremantle up to the PilbarH region (VVhitehead ·1985) but no information is avaHabifJ on the 

potential catches in this re:gion. In 1989, a number of development puma seine fishing 

zones were instiiuted within \NA ~o encourage a rationa! axpansion of fishing outside of 

the established areas of Fremantle and Albany. The development zone north of the West 

Co~ ,. -,.. e e t- ··d· 1~ ·- I • 0 ·: '3" 0 )1 O' ,... ,; .. "' 0 1 "' r·"' ~ '"'·t· p i-·· /r,6 ° r,8'•"~ 11 ':i 0 ,as1. L ... ,n x c.! 1 s rum i .. anc.J11n { , 1 · ;:;,, 1 , ,., v t:.J ,.o ,:, eep . o,rn \L v ::s, , "·' 
10'E) just south of Shark Bay (Fig. 1.1). This Mid--west Coast zone is centred on the port 

of Geraldton (400 km north of Fremantle). 

The first attempt at purse seine fishing ln this zone began at Geraldton in 'I 989, but whilst 

confirming that large numbers of S. lemuru were present ln this region, the venture failed 

because of a !ack of available onshore processing facilities. Subsequent ventures have 

also been restricted with the result that annual catches for the 1990-1992 period were 

each less than 200 tonnes. This small production was despite the vessels being 

comparatively large (20 to 30 m in length) with hold capacities between 20 and 80 tonnes, 

which is significantly larger than boats in the remainder of the WA purse seine fleet 

There are currently no restrictions on vessel size within this Mid-west Coast zone because 

the fishing grounds are about two hours steaming from port and the prevailing weather 

conditions in the Geraldton region are poor with consistently strong winds. Consequently, 

purse seine fishing in small boats would be dangerous. Furthermore, the relatively high 

water and air temperatures requires the fish rapidly be put into an ice slurry to maintain 

quality. Thus, al! vessels which have fished in this region have used fish pumps and 

ice/brine tanks to handle the catch. 

A major impediment to the development of this fishery has been the lack of blast-freezer 

space available at Geraldton. Whilst there were a large number of freezers in this region, 

these were almost constantly in use by either the rock lobster or scallop fisheries which, 

given the price differential, have first priority. As a consequence, two dedicated blast 
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Figure 1.1. Part of the Western Australian coast showing the position of purse seine zones along 
the mid- and lower west coasts. Zones along the southern coast have not been shown. 

freezers to process S. lemuru were constructed during 1993 & 1994, following which, 

production by the fishery increased rapidly. The catch in 1993 was 600 tonnes with 

approximately 2000 tonnes caught during i 994. In both these years, fishing did not occur 

in all months, with only one boat having fished in 1993 and at no time were ali three 

licenses being fished. The potential for effort to increase was therefore considered 

substantial. This, combined with the experience gained by skippers during 1994, was 

considered likely to result in further increases in catch if no limits were imposed. 
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There are additional considerations that need to be addressed, particularly if there is any 

possibility of the stock becoming heavily exploited. The majority of fishing occurs between 

tht: coast and the Abroihos !s!ands. These islands are the breHdln!J grounds for a large 

number of bird species (Hatcher et al. 1988) and this area is aiso a marine nature resorie 

in this region could have a deleterious affect on the breedlng success of the birds. This 

issuE~ is being addressed currentiy in FHDC project H8/203. Similar tears have aiso befm 

expressed in relation to the impact on recreationaily important fish species. 

Given these problems, management arrangements for this fishery needed to be 

introduced as quici<ly as possible. Consequently there was an urgent requirement to 

determine the stock size and population dynamics of S. lemuru so that the appropriate 

levei of exploitation could be determined. Interim management, in the form of a TAC set 

at 2700 was introduced in 1995. Given the size of capitai investment required for this 

fishery, the TAC was set with the aim of achieving a balance between conservationist 

fears and allowing sufficient room for the fishery to have a chance to become established. 

Catches in the early part of the fishery suggested that there was a potential for annual 

catch to expand to 6000 to 7000 tonnes per annum, equivalent to a production value of at 

least $4 million annually. 

There is no published information available on the biology of S. /emuro within Australia 

except for data on the presence of S. lemuru larvae within the Swan River (Gaughan et al. 

1990). Some preliminary information on their reproductive cycle was obtained from 

opportunistic sampling, which suggested that the spawning season may be relatively 

short, being restricted to the January to March period. 

Neither is there any published or unpublished information on the potential stock size of S. 

/emuru within Western Australian waters nor on the level of separation between 'stocks' 

along the coast. Moreover, the relationship between S. iemuru in Australia and elsewhere 

in the world is also unciear. Whilst Whitehead (1985) classed this species as the main 

sardine species caught in indonesia, many publications from this region identify their 

major sardine species as Sardine/la longiceps. Thus, there has been uncertainty 

regarding the taxonomic status of this species. 
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Given the lack of data avai!ab!e and the urgency with which information on stock size is 

required, it was thought that thH most effident method of stoGk assessment for this 

speGies wcu!d bH to app!y the rnethods deveioped for the south coast pilchard stock (e.q. 

This involves a combination of sampiing the catch from the fleet to provide thH basic 

biological parameters for aduits of reproduction, feeding and growth. From these, the 

population dynamics of the stock, inc!uding the overall level of mortality, can be 

caiculated. In addition, intensive and extensive ichthyoplankton sampling cornpleted 

during the peak spawning period can be used to ascertain the spatial extent of the 

spawning stock, the intensity of spawning w!U;in this area and, combined with 

simultaneously measured aduit reproductive parameters, allow estimates of stock 

abundance to be calculated using the daiiy egg production technique (Lasker 1985). 

1.2 Need 

The Western Australian Purse Seine Management Advisory Committee has clearly 

identified that research on this stock should have the highest priority. This is a new fishery 

for a resource about which no data is currently available either iocaily, nationally and 

possibly internationally. The catch of the fishery, whilst having already increased 

substantially during the 2 years prior to the start of the project, was considered to have a 

high potential for further increases. Furthermore, since this species has been identified as 

a potentially important prey of nesting seabirds at the nearby Abrolhos Islands, substantial 

declines in abundance of these sardines could have serious consequences for the 

breeding success of these unique seabird nesting colonies. it was therefore imperative 

that information on the biology and stock size of S. /emuru was collected quickly to 

determine the sustainable level of harvesting. 

1.3 Objectives 

Objectives 'i-5 are as in the proposal. Objective 6 represents additional work. 

1. Ascertain the correct taxonomic status of this species. 
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SECTION 2 "' METHODS 

-·1,, • rt r " rt .. .. • . t t f " . . 1 • • I ·-· th l , l!S pa. o, me repo. w!!ows i:t1e s.ruc ure o me ongma, project proposa . 1 nus, , .e 

methods ::-::re separated into five sections, most of \Nhich have been divided into 

subsections. Descriptions for rnateriais and methods for rHsearch additional to that 

originai!y planned, and also the subsequent results and di8cussion, are inciuded within the 

main body of this report as appropriate, or as appendices. 

2.1 Ascertain the correct taxonomic status of this species 

The rnorphologica! features of scaiy mackerel vvere closely examined with respect to the 

descriptions in Whitehead { 1985) of the species Sardine!la lemuru in comparison with the 

closely related species Sardine!la !ongiceps, S. aurita and Amblygaster sinn. Some 

specimens from the Bali Strait 'lemuru' fishery (Le. from Indonesia) were compared 

morphologicaily to the description in Whitehead (1985), but no genetic comparisons were 

made with fish from WA. Staff from t11e fish section of the WA Museum a!so provided 

assistance with the morphological comparisons. 

2.2 Describe the biology of Sardine/la /emuru, especially their 

reproductive cycles (including spawning biology and 

fecundity); feeding ecology; age and growth 

2.2.1 Sample collection 

Samples of S. lemuru were collected from commercial catches between January 1990 and 

Juiy 1997. In some of those months, where samples from commercial vessels were not 

available during the project {July 1995 to June 1998), samples were taken by one of two 

other methods. Mid-water trawling was conducted on board RV Flinders (see Research 

Trawling section of report [Appendix 1]). This technique proved effective, with 2 - 7 

16 



sarnples obtained during ali but one of the surveys conducted, with the other survey 

seriously hampered by strong winds. 

A "I' 1' I L • ,. ,.,,-. \ ' ' . f j . . • . t • ,. . • "L 1·\ tJi!i rnJ. ,rnesn size or ,.,o mm1 cmp1oyed .rom a vHsse. ancrn.xed overmgh m me v1ctrlilY 

of the fishing grounds 'Nas aiso used to sample S. lemuru. A :3000 watt surface light was 
I t * , .t· ' L '~ 4 _.,h. '' " } "f" ,. ·i ' ·+· I • ' usee, o £h..ract :1sn 1.0 tne ne1.. 1 is metnoo met wi,n 1irrme(:t success, w1d·i on1y :~ single 

sample of S. iemuru obtained, although the teG!-m1que vvas successful for catching 

sardines-type fish, with many round herring (Etmmeus teres) caught at anchorages near 

the Abro!hos !siands. However, S. femuru occur infrequentiy near the islands. Bec:ause 

of frequent strong winds in the region, samp!ing vessels typically sheite;ed overnight in the 

!ea of the isiands. The singie sample of S. lemuru was obtained on one of the three 

occasions when a vessel \Nas abie to anchor in the more exposed parts of Geelvink 

ChanneL 

Commercial purse seine vessels captured schools or portions of schools of S. lemuru, 

typica!iy during the night, with totai catches per night for a single vessel usualiy between 5 

and 30 tonnes. Three vessels (licenses) were permitted to operate in this fishery during 

the term of the project although only two actively participated. Due to various reasons, 

samples were normaliy obtained by only one, and less frequently two, vessels on any 

given night. The number of samples collected in each month varied from O to 23 (Fig. 

2.1 ). Aithough samples were obtained from virtually every month that fishing has occurred 

since 1990, fishing usually took place for less than eight months of the year, and in some 

cases fer on!y three or four months of the year (Fig. 2.1 ). 

Smaller catches constituted a single shot of the net, whereas larger catches often contain 

fish from up to three separate shots. Samples of 25-50 fish were obtained from the catch 

brought back by each vessel. An effort was made to obtain samples from each shot but 

this was only partly successful, largely due to the need for separate shots to be sampled 

at sea since fish from separate shots on any one night are mixed together in the holds 

prior to being transported to port. The large quantities of fish landed at any one time 

necessitated dividing the catch amongst the different holds of a vessel so that the weight 

was evenly distributed for the purpose of minimising vessel instability. Crew on the purse 
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vaiious reasons often failed to de so. 
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Figure 2.1. Numbers of samples of Sardine/la lemum coilected in each month from 1990 to 1998. 

2.2.2 Sa1nple treatment 

Each sample was frozen and returned to the laboratory. Fork length(± 0.5 mm) and 

weight(± 0.02 grams) were measured for twenty to 50 fish from each sample. Biological 

data of fish collected (fork length, weight, visual estimate of sex and gonad stage, gonad 

weight, gut weight) were recorded. Other aspects of the biological sampling relating to 

reproduciion, diets and ageing are described separately in iater sections. 

2.2.3 Reproduction 

Sex and gonad stage of ali specimens was determined after dissection. A visual 

assessment of the developmental stage was made based on the macroscopic appearance 

of the gonads. Nine stages of gonad activity for female fish were recognised (Table 2.1 ). 

Fish for which no gonads could be found were classified as immature. In this context the 

term immature does not refer to gonads in the resting stage. Assessment of gonad stage 

for a!! S. lemuru sampled allowed size at sexual maturity to be determined. 
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Gonads from the first ·10 '" 20 individuals from each sample were weighed and 

gonadosomatic indices (GSI) calculated using the formula: 

F.ssentla!!y all commt1rcial fishing for S. iemuru during the projf:;ct fell outside of the 

spawning season (.Jan. - Mar.). The majority of gonads collected from the fleet between 

1995 and 1997 Vi'ere very small and often in poor condition. Therefore ve1y fow wern 

retained. Thus, reiative!y few ovaries were preser,ed for estimation of fecundity or 

histo1ogical examination. Those ovaries retained were preserved in 10% buffered formalin 

(Hunter, i 985). 

Table 2.1. Descriptive criteria for macroscopic staging of S. lemuru ovaries. 
Stage 1 Innnatm;-~irgins - Small, thread like structures:~liffic=;;lt.to se~-~ack of II 
structure 

II Stage 2 Inactive/Resting - Gonads very small however still possible to determine sex. Gonad firm and red 
in colour. 

Stage 3 Active/Developing - Gonad is about two thirds of body cavity in length; yellow-orange in colour. 
Oocytes still difficult to see with the naked eye. 

Stage 4 Ripe - Ovaries now very large and occupy more then two thirds of body cavity. They are orange­
red and individual oocytes visible. 

Stage 5 Running ripe/ Spawning - Oocytes are hydrated and the ovary fills the entire body cavity. Eggs 
can be seen exiting the gonad under pressure usi.':lg fmger. 

Stage 6 Partially Spent - Ovaries have massive haemorrhaging and are red. Still occupy about half to two 
thirds of cavity. Individual oocytes can still be seen. 

Stage 7 Recently Spent - Ovaries are mid size but individual oocytes cannot be seen. Gonad is red with 
haemorrhaging throughout. Ovary is now very flaccid. 

Stage 8 Spent - Ovary red with haemorrhaging. Very flaccid and only about half the length of the body 
cavity. 

Stage 9 Inactive - Ovary small, less then half the length of the body cavity. Red and very flaccid. '--------------------------
Fecundity and oocyte size 

Ovaries collected from January and February of 1992 and 1994 showed a high degree of 

spawning activity. Most gonads from these times were judged macroscopically to be at 

stages prior to spawning (stage 4) or immediate post spawn (stage 6). However at this 

19 



t!m,3 no funds had been set as!de for histological examination of these ovaries. Batch 

fecundity was estimated for 37 individuals from these two spawning seasons ('1992 and 

1994 ). However, a major impediment to the usefulness of the fecundity estimates 

obtained was that the femaies used ranged in weight from 80 - ·120 grams, vvhHraas the 

averaqe size obtained durina the study oariod was substantial!v smaller { 40 g). The .._.. "-' .~ -' ' I 

difficulty in obtaininfJ samples through thf~ spawning s,~ason after this time did not ailow an 

assessment of batch fecundity to be made over tile typical size range of females. 

Ovaries macroscopically staged as being dose to spawning ( stage 4) were used for batch 

fecundity estimation since hydrated ovaries were rarely obtained. Each preserved ova1y 

was biotted dry and weighed to the nearest 0.0001 g. Smail sub-sampies (-0.05 g) of the 

ovaries vvere then weighed to the same precision, placed on a slide with a drop of water 

and gently smeared across the slide with a scalpel blade to separate eggs into a single 

layer so that they could be measured and counted. The preparation was viewed at 40X 

magnification with a compound microscope. So that oocyte size distribution could be 

examined, diameters of 200 were measured using an eyepiece micrometer. Because 

female sardines iypically release only a certain quantity of the oocytes present in the 

ovary at any one spawning event (Alheit 1993 ), only the largest size class of oocytes were 

counted to estimate fecundity. For each subsampie of ovary, a!I oocytes in the larger size 

class were counted. The counts from each subsample were then averaged before batch 

fecundity was estimated using the following formula: 

Batch fecundity = average oocyte count per gram in the sub-samples X weight of the 

ova,y. 

Relative fecundity, the number of eggs per gram of ovary-free body weight, VJas also 

calculated. 

Histological studies 

Of the samples collected during this project, only in February 1997 were ovaries obtained 

which were at a stage close to spawning. Therefore on!y these ovaries were subjected to 

histological examination. Ovaries were prepared for histological analysis using standard 

techniques, then stained using haematoxylin and eosin. 
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After spawning the rernnant eplthe!iai tissue which encapsulated each ovum, i.e. post 

ovulatory follicles (pofs ), remains visib!H for a short period of perhaps 1-2 days. For some 

species of fish these structures can be aged, for example, as either day 0 (<24 hours old) 

or dav ·J (24-48 hours old) ·,'Hunter & MaGEtwicz 1985'11 which allows identification of the - ' . 

actuai day of spawning. Knowiedge of what proportion within a sample had spawned on a 

given day a!lows the spawning fraction to be estimated, a parameter necessary for the 

daily egg production method of estimating spawning biomass. Sections of ovary were 

thus examined under a compound microscope for the presence of pofs. 

Also, to further assess oocyte size distribution, the diameters of 50 oocytes vvere 

measured on each of 1 to 3 ovaries at different developmental stages. 

2.2.4 Diets 

The gut contents samples of S. lemuru used in this study were collected over a 4 year 

period. Two different methods of preservation were used on those fish for which guts 

were examined. Firstly, samples of S. iemuru from the commercial catch were frozen and 

transported to Perth for biological pmcessing. The stomachs of a number of these fish 

were removed and individually preserved in a 5% formalin solution. Secondly, stomach 

contents samples of S. lemuru were collected during the various research cruises. Fish or 

just their stomachs were preserved fresh in a 10% formalin solution. 

Gut contents were examined from 10 stomachs from each sampling occasion. Both the 

pyloric and cardiac stomachs were cut open and the main bo!us of contents removed and 

weighed. The contents were then placed into a 5 mi vial and any remaining contents were 

washed in with a 5% formalin solution. The volume in each vial was then made up to 3 ml 

with the formalin solution. Once the gut contents were placed in the vials they were 

agitated to break up the bolus into an even mixture. 

To assess the numbers and types of zooplankton present in the stomach contents of each 

fish a 1 ml subsampie of the 3 ml volume in the vial was examined under a dissecting 

microscope. The zooplankton present in this portion were identified where possible and 
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counted .. Thesfi counts wera multiplied by 3 to estimate the total numbers of each food 

Item present. in some samples the numbers of zocp!ankton were very low or the samples 

did net n:.~adiiy break up during agitation. In these casHs the whole samp!f~ was examined 

and the zoop!anktor. present identified and counted. Additionally, the percentage of 

To a8sess the numbers and types of phytoplankton present in the stomach contents of 

each fish a o.·l ml subsarnple of the am! vo!ume in the via! ·was p!aced onto a slide with a 

cover slip and examined under a compound microscope. The phytoplankton present in 

this portion were identified as far as possible and counted. These counts were then 

multiplied by 30 to obtain the total numbers present. In some samples the numbei of 

phytoplankton was so large that further subsampling was required. 

Additionally, some '1996 samples were examined by Vvasei Hosja (Vvaters and Rivers 

Commission, WA). These results were presenied as volumes of diatoms, dinoflagellates 

and biue/green algae. 

To calculate the relative proportions of zooplankton, phytoplankton and detritus in the diet 

of S. lemuru, the approximate volume in the stomach contents was calculated for each 

fish. To calculate the volume of each phytoplankton group, a number of dimensions of 

specimens were taken to estimate volume of individual items. From a number of these the 

average volume of a specimen from each group was calculated. These were determined 

to be 20000, 50000 and 1000 cubic microns for diatoms, dinoflagellates and blue-green 

algae respectively. Similarly, the average volume of each zooplankton group was 

calcuiated using this method (Table 2.2) and these average specimen volumes were used 

to estimate the volume of each zooplankton type in the diet of S. lemuru. 

As detritus could only be measured as a percentage of each sample, its approximate 

volume was estimated by equation 

Vd = IOO(Vz+Vp¼d 

Where: Vd - the volume of detritus 
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Vz- the volurne of zooplankton 

Vp- the vo!ume of nhytop!ankton 

and Pd- percentage of detritus. 

lernuru was comparnd for each of the 10 sampling occasions, Tht~ samples ust'ld in this 

study a!iov1ted both seasonal and die! variations in the diet to be considered. 

Table 2.2. Estimated average specimen volumes (µL) of zocplankton orgai7isrns found in the diet 
of S. lemurn 

Eggs 2.5 

Amphipoda t:: 
,J 

Cladocera ...... 
L..0 

Calanoid Copepods 5 

Cyclopoid Copepods 4 

Harpaticoid Copepods 2 

Decapoda naupilli 2.5 

Ostracoda 0.5 

Bivalvia 0.5 

Gastropoda 0.5 

Tinntinnids 0.5 

Sa!ps 5 

2.2.5 Age and growth 

2.2.5.1 Overview 

The otoliths and scales of a random selection of each sample collected in 1995 were 

removed and prepared (approximately 100 individuals per month) according to the 

methods described in Fietcher (1991b). These structures were examined for the piesence 

and location of rings which may represent annuli. The validity of using these rings to age 
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fish was invHstlgated using the standard technique of rnarginal increment ana1ysis. These 

ages estimated using 'annuli' were compared with those ascribed using otoiith weight by 

the method used to age the south coast pi!chards (fletcher ·1991b, 1995). it was hoped 

that the rnost ar:,,propriate structure ( and the mHthod of examination) for long term use 

!enwru is described ba!ow. 

Assuming an appmpr!ate estimate of age can be made for individuais, the grmvth rate and 

parameter estimates for each sex wm be caicu!ated using standard equations ( e.g. Francis 

1990). 

2.2.5.2 Sample treatment 

The sagittal otoliths i1vere removed from a subsampie of 1 O to 30 fish from each sample. 

In most cases both sagittae were obtained, but occasionally one of the two was not 

recovered or broke during removai. Otoiiths were cleaned of al! adhering tissue in water, 

air dried for at least 24 hours and weighed(± 0.000 002 grams, 0.002 milligrams) using an 

electronic balance. For each of the fish from which otoliths had been removed during 

1995, three scales were removed from the dorso-lateral region of the left hand side of the 

body posterior of the head ('shoulder'). In some cases, particulariy for smaller individuals, 

there were no scales remaining at the time the samples were examined, due to total loss 

of scales during capture and handling. Scales were cleaned in water, dried and then 

mounted between microscope slides. 

2.2.5.3 Ageing Methods 

Age was estimated for individual fish by counting of translucent zones on scales, whole 

oto!iths and sectioned otoliths. In each case the 'best' estimates of age were used with 

fork length to estimate von Bertalanffy (vB) parameters. vB parameters were estimated by 

minimising the sums of squares for the fitted modei. The following constraints were 

applied: t0z-5.0, kz0.1, Li .. tz160. 

For each of the assessments of age, data were initially plotted so that extreme outliers 

could be identified. Such outliers typicaily resulted from errors in the databases. !f 
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reference to the original data did not perrnit a correction then such outliers ware removed 

from the data. 

2.2.5.4 Scales 

Ail scales coi!ected in '1995 were examined. The best of the three scales frorn each fish 

vvas chosen by the reader and the number of zones interpreted as armuH counted. Three 

readinas of the scales were DHrformed. The first readino \-Vas made bv one reader and the - ,; ..... . 
seeond and third readings were made by a second, more experienced reader. 

2.2,,5.5 Wt1ole otol1tt1s 

Preliminary analysis indicated that there was a positive reiaUonship between fork length 

and otolith weight, suggesting that the oto!ith kept growing as the fish grew. Therefore, 

early evidence suggested that otoliths cou!d be used to estimate age. 

Whole otoliths were examined for sub samples of fish from 1995, 1996 and ·1997. A single 

otolith from each pair removed from fish was mounted on a black, plastic, microscope 

slide in casting resin and covered with a coverslip. Oto!iths were viewed under a 

dissecting microscope using reflected light. The image was transmitted via camera to a 

desktop computer which employed an interactive program which enabled the reader to 

record ( 1) the number( s) of translucent zones, (2) the distance of each of these zones 

from the otolith core along the posterior axis, (3) the radius along the posterior axis and (4) 

whether the posterior edge of the otolith was opaque or translucent. 

Initial examination of several otoliths indicated that translucent zones were going to be 

difficult to consistently identify. A smail percentage of oto!iths were read with the date of 

capture, but not the size of fish, known. However, the level of subjectivity needed to count 

rings observed on the otoliths was considered sufficient to warrant examining otoiiths 

without knowing their details. Thus, the double blind method was employed for the 

majority of otoliths examined, with no details of the origin of each oto!ith known until after it 

had been read. To examine the readability of whole otoliths, which acts as a rneasure of 

the influence of subjectivity when identifying translucent zones, a second reading of the 

same otoliths was made by the same reader after an interval of two weeks. 
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the percentage of otoliths with opaque edges and the percentage of otoiiths with new 

edges {Ml<20%) were each examined to assist w!th validating the annual periodicity of 

rings. 

Sectioned otoliths 

Several studies have found that otolith sections provide an image for estimating age 

superior to that obtained using whole oto!iths (e.g .. Hyndes et aL 1992). 

For aach month in which samples were obtained during 1995 whole otoliths, representing 

those remaining from the same fish for which otoiiths were read who!e, were sectioned 

transversely using a Beuh!er low-speed !somet circular saw, fo!iowing embedding in resin. 

Because samples were collected from the fishery in only several months each year during 

this study, otoliths obtained in various months from other years between 1990 and '1997 

were also used. The sections were then ground down with a series of finer grades of 

abrasive paper until about 0.3 mm thick. The sections, which remained held within the 

blocking resin were then mounted on microscope slides. Rings were counted on these 

sections twice by one reader and then once by a second reader following the same 

methods used for whole otoliths, but with a combination of reflected and transmitted light 

for viewing under the microscope. 

2.2.5.7 Micro-increment analysis 

Larvae 

Sagittal otoliths were removed from larvae coliected in a plankton net in March 1995. The 

otoliths were mounted whole in clear finger-nail polish on a microscope slide. Micro­

increments were counted at least twice under a compound microscope at a magnification 

of X1000. Otoliths were read with the size of the larvae unknown. Increments were 

counted from the core to the otolith edge, along a single transect if possible. 

Juveniles and adults 

An attempt was made to count the micro-increments on the sagittae of fifty fish between 

120 and 180 mm. For each fish, a sagitta was mounted convex side down on a 
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series of sequentially finer abrasive paper. Micro-1ncrements were counted at !east ·1'Nice 

under a compound microscope at a rnagnificatlon of X1000. Otoiiths were read with the 

size and time of capture of the fish unknown. Any otoliths on which increments could not 

be foi!owed from the core to the posterior edge were not used further in this study. The 

radius to the posterior edge was also measured. 

2.2.5.8 Otolith weight frequencies 

SinGe otoiith weight (OvV) can be objectively measured and many can be processed in a 

relatively short period of time, this data set contains more measurements than those for 

sectioned oto!iths, scales and micro-increment analysis. To determine if OWs cou!d be 

used to estimate age, the frequency distributions of O\Ns in each year and selected 

months were subjected to modai analysis with Bhattacharya's (1967) method using the 

module in the FISAT software package (Gayanilo et al. 1996). Otolith weights were also 

compared to ages obtained for whole and sectioned otolith methods. Modal analysis and 

the relationships between OW and age estimated using ring counts were then jointly 

examined in an effort to determine if it was feasible to assign ages using otolith weights. 

2.2.5.9 Length frequencies 

Age and growth were assessed from monthly length frequency data subjected to the 

ELEFAN module of the FISAT software package. Length frequency data for a!I samples 

collected and for the period 1995 .. 1997 were analysed separately. The routines in 

ELEFAN estimated best fits of von Bertalanffy parameters and allowed a visual 

assessment of the associated von Bertalanffy growth plots. 

2.2.5.10 Catch at age distribution for the fishery and estimates of total mortality 

The data collected each month on the ages of individuals in the catch were combined with 

the relative magnitude of the catch to provide a suitably weighted, yearly catch at age 

distribution for the fishery. From this distribution, estimates of total mo1iality were 

calculated. it was intended to use any changes in fishing effort during the sampling period 

to separate total mortality into its two components, fishing and natural mortality. However, 

the changes and inconsistency in the fishery from year to year nullified this proposal since 

sufficiently comparable estimates of effort between years were not availabie. 
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2.2.5.11 Sampiing juveniles 

population. However, monitoring of the comrnerda! catch for Sardfnelia did not record 

n··,ar,v irv·i1·u1·d·u· =::~ ·1c: sma''"'.r tt,r·,r, ·"1,no ;·r••n F1..1 A' 1tn· •""·'u•gh fh" -~ me~!t' ~e·1s~r-th 1 it"v· cr·ulri o· e a ~ t.f ho'-.-t..,. '< ..... •..,.;- I dV-r '",_,I .... , -.,.~l.. • h. \.) { ... It"..,. ...... t ..... ~ -'-; :,·i/. ... "'-, h,_, " 

reason for this, it is doubtful whether juveniles and adults are schooling together to any 

large extent. For exarnple, the south coast purse seine fisheries in WA regularly catch 

smaii numbers of juvenile pilchards around 80 to 90 mm FL, even though this size class is 

not effectively captured by commercial purse seine nets and avoided by fishers when 

possibie. it was assumed that if juvenile S. iemuru <100 rnm FL co-occurred with the 

adults, even if only periodically, then some would have been caught by the fleet, but this 

i.vas not the case. Likewise, none were caught in the samples obtained using mid-water 

trawling, a!though the research mid-water traw! net was ab!e to catch reasonable numbers 

of small fish less than 100 mm FL (e.g. sandy sprats, l-lyperlophus vittatus, in Cockburn 

Sound near Fremant!e; slender sprais, Spratelloides gracilis, in Geelvink Channel). 

The lack of juveniles from the commerciai catch and the mid-water trawling program 

suggests that small S. lemum do not occur in any significant quantities in the commercial 

fishing area. It was therefore hypothesised that juvenile S. lemuru may use the shallow 

inshore areas along the mainland and or lagoons around the Abro!hos Islands as nursery 

sites. 

Although it was beyond the scope of this project to undertake comprehensive surveys to 

identify nursery areas of S. /emum, a brief examination for potential nursery areas in 

nearshore waters of the mainland and at the Abrolhos islands was undertaken since there 

was a need to catch fish from a small size class so as to obtain some data points for the 

early part of the growth curve. These surveys are described in Appendix 1 . 

2.3 Stock delineation 

!n an effort to determine if there were separate stocks of S. lemum along the lower and 

mid-west coast of WA, the isotopic ratios of otolith carbonate were compared for samples 

28 



of fish obtained from Fremant!e, Geraidton and Camaivon. \Nhi!e direct causes for 

differences In the isotopic ratio for carbon (Le. J13c·1) between samples of oto!ith carbonate 

cannot be oreciselv ascribed, differt:nces in the oxvaen ratio (0 180) has been shown to be I ..- wl' ~;., • • 

& F!etchr:H·, ~ 997). Difforences in 3180 can thus be examined with respect to a specific 

&:.'l\,1·1ro11mer,t:::.: V'V.;able Notp th--:.', .. a11-~·-,n.ua1·1 ,:13t". ;s not so p~~s,ly linK' 8u'1 tri ~ r·~r~,:cu1~,. \..-) ~ , l , : • ,, , ....,.,, ~ ( ... ,:, • • . ""·'" ... , ,,..... t..,J '-.., · .. ::J ~ (..J '""" a _ _ .. .... .. -(~ .. 1. _, ,__v ""4 t_,.!~ 1. :,At 

environmental variable, and is iikely influenced by biological factors such as diet, 

significant differences in this ratio sti!! indicate the presence of distinct groups of fish. 

The anaiyses undertaken on S. iemuru during this study represented only an introductory 

examination of stock structure. The techniques used follow those described in Edmonds 

& Fletcher ( 1997). 

2.4 Monitor the dynamics, locations and catch rates of the 

fleet 

Research logbooks were supplied to the commercial skippers for completion on a shot-by­

shot basis for the 1995 to 1997 seasons. Both skippers operating in the fishery at the time 

were consulted during, and thus contributed to, the development of the logbook. 

Measures of effort recorded in the logbooks were number of days fished, fuel-used, 

search-time-per-trip and number-of-blocks-searched. The latter measure of effort was 

found to be of no use because the areal extent of the preferred fishing grounds throughout 

· the study period were considerably smaller than the block-size used in the logbook (i.e. 5 

nm X 5 nm). 

The effort information was used to estimate monthly and yearly catch rates in the fishery. 

This information will provide one of the baselines for any future assessments of the status 

of the stock. 

1 This is a standard notation for isotopic ratios. 
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!n a further effort to assess relative changes in abundance, vessels a!so recorded the 

· ~ · · .cs· ·t t ·· · · ·· numners o, scnoOis 01 , . 1emuru ae.ec ect m.mng eacn tnp 

To assess thf3 spatial extent of the S. lemuru fishery the location of each catch was 

recorded. The logbook provided the option to identify the location as either a GPS 

coordinate {Le. finescale) or bv referrino. to individualiv numbered 5 nrn X 5 nm blocks 1,'i.e. '- . .,, ,.,,., -· 

broadscaie) provided in the logbook. 

In order to provide furthfJr understanding of the fishery, particularly in the context of a 

developmental fishery, other ancillary information were rncorded. These were incidence 

of zero-catches, masons for "lost" fishing days, position of S. !emuru schools in the water 

column and the presence of predators in the fishing grounds. 

2.5 Conduct ichthyoplankton surveys to provide data for the 

daily egg production method of estimating spawning biomass 

2.5.1 Plankton sampling 

Plankton surveys to collect eggs and larvae of S. lemuru in Geelvink Channel were 

conducted aboard the RV Flinders periodically between March 1994 and March 1995 

(Table 2.3). In March 1994 a series of 42 samples were taken opportunistically while the 

vessel was in transit between Shark Bay and Dongara. 

In March 1995 RV Flinders undertook a dedicated plankton survey in the waters between 

Geraldton and the Abrolhos islands. The aim of this survey was to investigate the 

distribution of spawning by S. !emuru between the mainland and the Abrolhos Islands. 

Poor weather severely disrupted the planned program, which was to sample in a grid 

pattern at regular intervals throughout the region. When it became obvious that there 

would be insufficient time to complete even part of the grid of proposed stations, this trip 

then focused on collecting larvae with surface tows. The net used had a 1 m square 

mouth and was constructed of 1 mm mesh. 
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The final plankton survey aboard RV Flinders, in January 1996, searched for S. /emuru 

eggs in Geelvink Channel specifically with the purpose of obtaining live eggs to culture. 

When a high concentration of eggs were found these were quickly transferred to on board 

aquaria and then identified as being those of S. lemuru. The vessel then moored in the 

lea of an island for two days while the development of eggs and then larvae was 

monitored. 

In order to assess the temporal and spatial distribution of spawning within the region of the 

fishery a grid of stations in Geelvink Channel was sampled at regular intervals between 

September 1995 and March 1996 (Table 2.3). Initial assessments of reproductive biology 

had indicated that the spawning season was from mid-summer to early autumn so this 

series of surveys was timed to track the seasonality of spawning. This program of 

sampling had an additional role of constituting a pilot survey for the DEPM survey to be 

conducted later. All samples were taken using 300 micron CAL VET nets ( set up as paired 

bongo nets) which were towed vertically from near the bottom to the surface. For all 

plankton surveys the volumes of water filtered by the nets were measured with 

flowmeters. 

ORV Franklin undertook a cruise from Dampier to Fremantle in late March 1996, with 

plankton samples taken at regular intervals across the continental shelf. Vertical tows 

were taken with a pair of 500 micron-mesh conical nets, and surface tows with the same 

net used for this purpose aboard RV Flinders (i.e. 1000 micron-mesh net, 1 m square 

mouth). 

2.5.2 The DEPM survey to estimate spawning biomass 

The daily egg production method has been used to estimate the spawning biomass of 

sardines and anchovies in various regions around the world (Alheit, 1993), including off 

the southern coast of WA (Fletcher et al. 1997). This technique was attempted for S. 

lemuru in the Geraldton region. 

The DEPM model is as follows: 

31 



Spawnino Biomass ,:;; (A *P*W*k)l(S"F''f{) V , r , ~ 

,I, • ., ...... .,..,.._ ::: spawrnng area t Kn1') 

P ' .. - . . ' . f r ,-- ,,. ,, b , ' r i , 1·. ' , = aa!!y egg proc!ucnon \numoers o Gggs per d.l.io m' erore iosses cue tO mona.l!y; 

\:V ~= average weight of spavming females (grams) 

k ~-::: convarsion factor to bring the various units to a va!ue in tonnes (k = 20) 

S = spawning fraction; the proportion of females that spawn per day 

F ::-.:: fecundity; number of eggs released oy a female of average weight 

R = ratio of females. 

This method of estimating biomass requires 1:\~o distinct sampling surveys which need to 

be conducted simultaneously; one for the adults (from commercial catches) and another 

for the eggs (plankton sampiing). 

Adult sampling was conducted in the area of the fishery as described in Appendix 1. 

Estimates of the above parameters follow standard procedures which have been 

described elsewhere in this report. 

During the DEPM survey in February 1997 a grid of plankton stations extended from 

inshore to the edge of the continental shelf and from Kalbarri in ihe north to Dongara in 

the south. Stations were sampled 300 micron-mesh CAVET nets towed vertically from a 

depth of 70 m or close to the bottom in shaliower water. 

Table 2.3. Details of plankton surveys conducted during the project. The dates shown represents 
the midpoint for each survey. PV = patrol vessel, LFB = licensed fishing boat 
Survey ves§el Date Region Number Tow type Mesh size 

sampled of stations Vertical, (microns) 

sampled Horizontal 

RV Flinders 21/03/94 Shark Bay- 42 V 300 

Dongara 

RV Flinders 23/03/95 Geraldton 53 V,H 300, 1000 

RV Flinders 23/09/95 Geraldton 27 V 300 

PV McLaughlan 29/11/95 Geraldton 34 V 300 
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2.6 The environment in the region of the fishery 
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The environment, particularly wind, had such a dramatic infiuence on commercial fishing 

activity and thereby the collection of samples for this project t.hat a thorough description is 

inc!uded in this report. Furthermore, knowledge of environment factors is necessary when 

studying the biology of any species. 

The main commercial fishing grounds for S. iemuru extends offshore between the 

Houtman Abrolhos Islands and Gera!dton on the mainland. In order to assess how 

weather impacts fishing effort, and consequently total catch, meteorological conditions in 

the region of the fishery were examined. Meteorological data were obtained from weather 

stations at North Island and Geraldton, the nearest facilities to the fishing grounds. North 

Island has an Automatic Weather Station (AWS), which was installed in 1990. This device 

records hourly air temperature, wind speeds (a.m. and p.m. averages) and wind 

directions. The weather station located in Geraldton is capable of recording more detailed 

atmospheric data. 

The Leeuwin Current in the region of the fishery is also described. Pearce et ai. ( 1997) 

has previously described environmental conditions in Geelvink Channel close to where the 

fishery operates. 

33 



SECTION 3 - TAXONOMY 
The FAO cata!ogue of c:!upeid species ('vVhitehead i 985) is the prirnary source of 

identificatlon for sardines. The ;dentity of the species of sardine caught at Geraidton and 

also at Fremantie, i.e. the scaly maGkerei, most c!oseiy resembled Sardineffa /1:Hnuru as 

described ln VVh!tehead ('l 985). This identification was also mached by staff at the WA 

Museum. 

The distribution of S. iemuru apparently extends northwards from \NA into Indonesia and 

then beyond into coastai waters of southern .Japan (Whitehead ·1985). There has been 

some confusion regarding the identification of sardines caught in Indonesia, particularly in 

the important Bali Strait sardine fishery. For example, some references indlcate that the 

major sardine species caught in the BaH Strait is S. longiceps (Ritterbush ·1975; Pet et ai. 

·199?a, b) while other works indicate that S. !emuru is the major species (Venema 1996; 

Merta 1995). The confusion with S. fongiceps is not surprising since both species are 

taxonomically quite similar, but the FAO identification guide for clupeids (Whitehead 1985) 

states that S. longiceps does not occur in the region. Subsequently, some specimens 

recently collected from the Bali Strait proved to be S. lemuru. Therefore, in accordance 

with the FAO guide, the dominant sardine in the Bali Strait fishery is deemed to be the 

same species which is addressed in this report, i.e. S. lemuru. Sardine/la fimbriata is 

another common, but far less abundant, component of the Bali Strait sardine catch, but is 

easily distinguished from S. /emuru. 

Although there was a suggestion that scaly mackerel could be Amblygaster sirm, this is 

not the case. A specimen of A sinn was examined and found to be easily distinguished 

from S. /emuru. During this study no A. sinn were recorded caught by the purse seine 

fleet in Geraldton. 

Recent research in other parts of Indonesia has found sardine species which are difficuit 

to identify using the FAQ guide, so there are possibiy clupeid species in the Indonesian 

archipeiago which have not been formaily described (H. van Oostenbrugge, P. Kailola, 

pers. comm). 
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SECTION 4 - REPRODUCTION 

4.1 Size at sexual maturity 

All individuals less than 120 mm FL were immature (i.e. stage 1) (Fig. 4.1 ). 

Fish began maturing at 120 - 130 mm FL and 50% maturity (i.e. >stage 1) was attained 

at 140 - 150 mm FL. 
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Figure 4.1. Relative proportion of gonad stages and maturity in each length class. 

4.2 Gonadosomatic indices 

The seasonality of the fishery combined with variations in the success of obtaining 

samples during certain months resulted in large differences between the sample sizes 

throughout the seasons (Fig. 4.2). However, a pattern of high GSls for several months 

over summer and very low GS ls (>0. 7) for the rest of the year was evident. During the 

1991/92 summer there was clearly a peak spawning period of one month (Jan., GSl=6.72), 

which followed a GSI of only 1.22 in the previous month. A very similar pattern of 

spawning activity was found in the following summer (1992/93) with GSI rising from 1.05 in 

December to 5. 76 in January. However, unlike the previous spawning season, spawning 

activity remained high into February (5.37). 
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Foiiowlng this perlod very few S. !emuru wern obta;ned during summer, with the result that 

the last sample: which contained a reasonable nurnber of fish with highly developed 
' • r-- ' -t 994 ..,... !1 t· .. I - S f . + ~· f . gonaas, was rr: i-eoruary 1 · . 1 ne co ,ec ron or samp.es ot . ,emuru pnor .o 1.ne .ormai 

reproductive bic!ogy vvould havH otherwise been possib!e. 

Because of substantiai 9aps in the data we also examined monthiy GSi data poo!ed from 

different years (Fig. 4.3). The monthly meari GSI values for females vvas highest in 

January witt1 a peak value of 6.23. The GS! dropped during the month of rebruary but 

remained relatively high at 4.7. Mean GSI decreased further during March to 1.44. GS! 

for males was also highest in .January with a peak of 7.53. As with the females, GS! 

decreased in February to 5.13 and then rnore rapidly in March to 1.3. Minimum GSI for 

females was 0.29 in April, and that for males was 0.164 in june. 

This pattern indicates a single spawning season, during the months of December to March 

with a peak in .January. 

4.3 Monthly changes in gonad stage 

The highest proportions of individuals with gonads close to spawning condition occurred in 

the same months that GSI was highest (Fig. 4.4). The macroscopic examination 

combined with the GSI monitoring for the winter months showed no evidence of spawning 

activity taking place outside the summer season from December - March. 

4.4 Sex ratio 

'II/hen the combined data for all years were examined there was not a large difference in 

the sex ratio for S. lemuru (Fig. 4.5). The proportion of males to females remained 

generally constant throughout the sampling period, apart from minor fluctuations at times 

when sampling was particularly poor. For the total all fish examined during this study the 

ratio was very close to 1:1 (0.49 females: 0.51 males). When the size classes were 

examined separately, differences were found in the sex ratio. For the <140 mm size class 

a ratio of 1.7:1 females to males was found. For the >170 mm size class there was also a 

tendency for greater numbers of females to males with a ratio of 2: 1. However, the 
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Figure 4.3. Monthly mean(± SD) GSI for (a) female and (b) male S. lemuru for all years 
combined. 
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Figure 4.5. Proportions of male and female Sardine/la for various size classes. 

4.5 Histology 

[oMa!e 7 
' .. Female! 
! .. ~---------1 

Developmental stages of ovaries were identified by examination of the structure of the 

oocytes in each slide (Fig. 4.6, Table 4.1 ). immature or virgin fish (stage 1) contained 

only primary cells of very small diameters. The oocytes present in resting/inactive ovaries 

( stage 2) were small and undeveloped. Wallace & Selmen ( 1981) described these 
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gonads as being in the 'primary growth phase'. Developing ovaries (stage 3) had oocytes 

where yolk vesicles had begun to develop and the nucleus had begun to enlarge. Oocytes 

showing this stage of development continue to enlarge, with the yolk becoming granular 

and the nucleus begins to migrate towards the edge of the oocyte (stage 4 ). 

(a) Stage 2 (c) Stage 4a 

Figure 4.6. Histological sections of S. lemuru ovaries showing oocyte development. (a) stage 1, 
(b) stage 2, (c) stage 3, (d) stage 4a and (e) stage 4b. Scale bar is equal to 0.5 mm. 

Table 4.1. Histological stages used to classify S. lemuru ovarv sections 

Stage 1 
Stage 2 
Stage 3 
Stage 4a 
Stage 4b 
Stage 4c 

Stage 5 

Stage 6 

Immature or virgin fish with primary oogonia within ovaries. 
Resting/Inactive ovaries with small resting oogonia. 
Developing ovaries with enlarging primary cells. 
Continued development with yolk becoming granular. 
Yolk now totally granular and nucleus migrates towards edge. 
Following migrating nucleus stage, primary hydration of oocyte 
commences. 
Hydrated. Nuclear membrane dissolves and oocyte is fully 
hydrated prior to spawning. 
Post ovulatory follicles can be observed in the ovary following 
spawning 
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Successive development during stage 4 can be further divided into stages 4a, 4b and 4c. 

The fina! phase before spawning is hydration of the oocyte during which the nuc!ear 

membrane breaks down and the oocyie eniarges (stage 5}. 

,,, 4 h - , • b • • th , .C • t' -r·t • * • . l er i: e pors on me as1s or · e rate 01 negenera ion. ! 1e most accura,a -.vay m deve,op 

criteria fm estimating the age of pofs is to spawn fish in the laboratory and sample at 

known times after spawnin9 (Hunter & Mac:ewicz 1985) so that degeneration of pofs can 

then be monitored in time series. However it is possible to monitor the age of pots by 

sampling fish at sea through the day and night (A!heit 1993). This was not accomplished 

for S. lemuru due to severai factors. Firstly, S. iemuru predominantly schoo! in tight 

aggregations at night and were very difficult to capture during the day. Consequently the 

commercial operators typically applied effort into catching them during the latter part of the 

afternoon and at night. Secondly, the limited fishing season made it very difficult to obtain 

samples during ihe spawning months and lastiy the research vessel, which operates with 

a single crew, is not permitted to work a continuous 24 hour shift. 

Post ovulatory follicles analysed from histology sections from the February 1997 biomass 

survey showed that only a few fish had recently spawned. Of the 172 ovaries analysed 

only 7 had pofs and the estimated spawning fraction was thus relatively low ( 4. 1 % ). 

These results were consistent with the plankton survey which found that the peak 

spawning did not occur at the time of the survey, with few eggs being found (see Figure 

9.2). 

In comparison to the low spawning fraction obtained for S. lemuru in February 1997, the 

range for pilchards in WA is 9 - 13% at time of peak spawning (Fletcher et al., 1996). 

Likewise, the low value for S. lemuro in this study is less than typical estimates of 

spawning fraction for various other dupeoids (Alheit 1993). Thus, the low value for S. 

/emuro off Geraldton was indicative of missing the peak spawning period. Furthermore, 

the estimate was suspect because it was based on only a small number of samples 

collected from only a limited area. 

For the purpose of organising DEPM surveys, prediction of the peak spawning month a 

year in advance, when we were required to reserve cruise time aboard the Fisheries 
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research vessel, was problematical. Lack of commercial purse seining during the summer 

spawning season compounded the problem and due to this paucity of samples it was not 

possible to track GSls in the months/weeks leading up to peak spawning, and thus, the 

peak spawning period was missed. 

4.6 Oocyte size frequency distributions from the histological 

sections 

The oocyte size frequency distributions for histological sections from different ovary stages 

generally supported the macroscopic staging. Thus, ovaries staged as two or three had 

single modes of oocytes with diameters of 0.03 to 0.11 mm (Fig. 4. 7). Stages from three 

to five had an increasingly large component of oocytes of greater diameter. By stage 4c, 

just prior to hydration, a second mode occurred at around 0.33 - 0.35 mm, and possibly a 

third mode at 0.43-0.45 mm. A similar trend was observed for fish staged as 4c/5. 

The presence of these modes indicate that S. lemuru is likely a synchronous batch 

spawner and that enumeration of the largest size class of oocytes would provide a basis 

for estimating batch fecundity. 

4. 7 Oocyte size frequency distributions for whole ovaries 

All S. /emuru ovaries examined had a very high proportion of undeveloped primary 

oocytes with diameters between 75 - 125 microns (Fig. 4.8). For ovaries with stages 

approaching spawning there were two modes of oocyte sizes, contrasting the three to four 

possible modes discernible for size frequency distribution obtained from sectioned ovaries. 

These ranged between 75 - 125 microns and the other mode at 525 - 600 microns (Fig. 

4.8). The smaller of these two modes constituted the undeveloped primary oocytes, while 

the larger represented the developed oocytes. This larger mode was assumed to 

constitute the next batch of oocytes to be spawned. 

The presence of two modes of oocyte sizes does not provide as clear evidence for ~erial 

batch spawning as does the three modes discernible for size frequency distribution 
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obtained from s;actioned ovaries. Again, sarnple size was Hmited. Serial batch spawning 

1s typical of many c!upeoids; induding most sardines and anchovies (A!heit 1993), 

and the evidence suggests this ls aiso the case for S. lemuru. 
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Figure 4.7. Size frequency distributions of oocyte diameters from ovaries at different stages. (a) 
stage 2 - resting/inactive, (b) stage 2/3 - resting/developing, (c) stage 3 - developing, (d) stage 3/4 -
developing with yolk formation, (e) stage 4a - fully yolked, (f) stage 4b - migratory nucleus, (g) 
stage 4c - pre-hydration of oocyte and (h) stage 4c/5 - hydration of oocyte & nuclear membrane 
begins to dissolve immediately prior to spawning. 
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Figure 4.8. Mean oocyte diameters from ovaries collected in {a) January and (b) February. Data 
from different years have been pooled. 

4.8 Fecundity 

The larger of the two modes in the size frequency distribution of oocyte diameters (>425 

microns) was used to estimate batch fecundity. Oocytes in this size mode were counted 

under a compound microscope. Batch fecundity varied from 7248 to 40 710, with a mean 

of 21 064 oocytes per female. The mean relative fecundity for S. lemuru was 436 eggs/g, 

similar to other clupeoid species (Alheit 1993). 
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4.9 Discussion 
<" .. II ' . 5no. . t .. t . . ,i ,.... . - F ..:.--,are11nr~,.a 1emuru reacnes u 1/o sexuai ma urny a, Dfit'l,veen i4v and 150 mm L. This 

qlves a ratio o'f length at maturity to maximum length of 0.66, which is auite ~-;irnliar to thE; - - . 

contrast the ratio for S. femuru is less than that for some ather sub-tropicai c!upeids, 

which generally reach sexual maturity at }'Ounger ages than simiiar species from coo!er 

waters. 

The sex ratio for S. lemuru in VvA coastai waters was close to unity. This is slmi!ar to 

some other species of Sardine!!a (e.g. Lazarus 1990) and vvas not unexpected. 

Sardine/la lemuru off the mid-west coast of WA spawns during summer with a peak in 

,January and February. Because S. lemunt is essentiaily a tropical species, spawning may 

occur during this period so as to coincide with maximum water temperatures. However, 

the series of plankton samples taken from September 1995 to March 1996 (Fig. 9.2) 

indicated that the peak spawning period was in February and may have been as short as 

two weeks. Thus, the month of peak spawning and duration of the spawning season can 

change markedly between years. Therefore, in any one year spawning may be 'early' or 

'late' and of a long or short duration. Alternatively, during the monthly plankton surveys 

there may have been significant spawning occurring outside the region sampled, resulting 

in a biased indication of peak spawning period. Finaily, considering that S. /emuru caught 

at Geraldton are relatively close to their southern limit, the water temperature in some 

years may be sufficiently low to partialiy inhibit spawning. 

in S. lemuru, as in other fishes, there are almost certainly a series of physiological 

changes causing gonad activity to range from inactivity ( stages 1 & 2), through the various 

stages of development to actual spawning (stage 5). Assuming that increases in water 

temperature provide the stimulus to these internal physiological changes in gonad activity, 

the apparent shift in period of peak spawning between years suggests inter-annual 

variability in the pattern of increases in water temperature during summer. Furthermore, 

such variability is expected due the inter-annual variations in the strength and position of 

the Leeuwin Current as it flows past the mid-west coast of WA (see Section 10.8). 
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SECTION 5 ~· DIETS 

The preserved gut contents sarnples from commerciai catches in ·1994 and ·1995 were 

found to be unsuitable for processlng. T'rtH stomach contents of thesE~ samples were very 

difficult to separate from the epitheiiurn, as aiso Hncountered by Kagwadn ( ·! 967). As a 

rHsult thE! samples used in this study were limited to those from the research cruises. 

5.1 Weight of stomach contents 

A iarge number of the S. !emuru stomachs examined were empty or almost empty (Fig. 

5.1 ). Thus, the ave;age weight of stomach contents for most of the samples was very low, 

often less than 0.05 g. Aii of the samples coiiected on the 29/09/97 and the 01/'10/97, in 

particular, had very low average gut content weights. 
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Figure 5.1. Average weight (+SD) of gut contents for each sample of S. lemuru. 

5.2 Food Groups 

Due to the large differences in the average weight of stomach contents between samples, 

the results are described in terms of relative occurrence of different prey categories. On 

all but one of the sampling occasions the diet of S. lemun, predominantly consisted of 

zooplankton and detritus (unidentifiable material) with relatively small quantities of 

phytoplankton (Fig. 5.2). 
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Figure 5.2. Relative occurrence of the major food categories for S. lemuru. 

5.3 Phytoplankton 
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There were a large number of genera consumed by S. lemuru. Each sample had both 

Diatom and Dinoflagellate genera present while the blue-green algae was only found in 

the stomach contents on a few of the sampling occasions, but occurred in all of the fish 

collected on the 08/03/96. Diatoms of the Chaetoceros, Bacteriastrum, Coscinodiscus, 

Nitzschia, and Thalassiothrix genera were consistently present in the diet while the 

dinoflagellate Ceratium lineatum was also usually represented by a few individuals in each 

stomach. 

The stomach contents of the fish collected on the 08/03/96 had a noticeably higher 

proportion of phytoplankton in the diet than those of the other sampling occasions (Fig. 

5.2). In most cases the diets of these fish were dominated by diatoms, but in three of the 

fish the blue-green algae, Trichodesmium, was dominant (Fig. 5.3). These differences 

were not found to be associated with the size of the fish. 
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Figure 5.3. Occurrence "'"~'"·'-'•.UU,VH groups in stomach contents of different sizes of S. 
lemuru coilected on the 08/03/96 

The three samples collected on the 29/09/97 showed a fluctuation in the average volume 

of each phytopiankton group in the stomach contents (Fig. 5.4). The sample coliected at 

2120 hours had a noticeably lower volume of diatoms and dinoflagellates. This may be 

associated with the sampling of different schoois during the night. 
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Figure 5.4. The average volume of each phytoplankton group found in the stomach contents of S. 
lemuru collected on the 29/09/97. Note that the blue/green algae were inconsequential. 
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5.4 Zooplankton 

The average numbers of different zooplankton types in the diet of S. /emuru collected on 

each sampling occasion is shown in Figure 5.5. Copepods, particularly calanoids, were 

present in the stomach of all S. lemuru in each sample. There were only a few other types 

of zooplankton that were regularly found in the stomach contents of S. Jemuru. Of these 

other zooplankton the salps (Tunicata) were of note as they occurred in high numbers in 

the stomachs of fish collected on the 20/02/98, but then occurred in low numbers in fish 

collected on the 23/02/98 and were found in no other samples. 
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Figure 5.5. Average number of individuals for each zooplankton group found in the stomach 
contents of the S. lemuru samples. 

In the three S. Jemuru gut content samples collected on the 29/09/97 the numbers of 

zooplankton decline progressively through the night (Fig. 5.5). In contrast, the later of the 

two samples collected on the 01/10/97 contained a higher number of each zooplankton 

type than the earlier sample. 
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5.5 Discussion 

This study found that for ail but one of the sampling occasions the ma!n pianktonic group 
. 4-h d" t f ~, . . . f~ ..... I . . . kt . ' , ' L i in l .e 1e, 01 0. !emuru :n waters o r l:Jera dmn was zoop!an .on anct tnat unrecogmsao.e 

detritus eonsistentiy made up at iHast 1 /3 of the stomach contents. Thus, S. fGmuru 

consumed a 'Nide variety of pianktonic organisms but ~;opepods were their main dietary 

component. However, on one occasion phytoplankton were the rnajor component of their 

diEit and on another occasion salps were dominant, indicating that extreme shifts in diet 

can occur, at :east periodicaily. There was arso some evidence to suggest that their diet 

may vary spatially between schoo!s. The presence of both zoopiankt.on and 

phytoplankton in the diet of S. !emum vvas not unexpected as most sardine species filter.­

feed, and thus have diets largely composed of plankton. As found for this species in the in 

the Bali Strait (Ritterbush i 975), copepods form a large component of tile diet of S. 

iemuru off the mid-west of \..VA. 

The presence of unrecognisable detritus or "marine snow" as an important component in 

the diet of S. iemuru has also been noted in other related species such as the Indian oil 

sardine Sardine/la longiceps (Kumar and Balasubrahrnanyan 1987). The importance of 

"marine snow", with its organic content and associated bacteria, has been noted in the diet 

of many pelagic species. 

The large numbers of Trichodesmium in the stomachs of only three of the 10 fish collected 

on the 08/03/97 could not be attributed to size of fish examined. Therefore, assuming the 

individuai fish have little if any capabilities of selectively filtering certain plankton, the 

simplest explanation is that the fish with Trichodesmium had been feeding in a different 

location or different depth to the other S. lemuru in that sample. Alternatively, because 

this sample was a subset of 60 S. lemuru captured with a gill net that had been set 

overnight (i.e. about 7 hours), the differences in diets may have also resulted from 

temporal changes in diet during the night. 

While examining the stomach contents of S. lemuru the occurrence of an internal parasite 

was noted. This was identified to be a Turbeliarian of the Fecampia genus. For most of 

the samples only 3 out of the 10 fish (i.e. 30%) contained the parasite and in numbers of 

less than 10 per :ndividual (Fig. 5.6). However, none of the fish collected on the 17/06/97 
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were found to have the parasite and ail of the fish co!iected on the 20/02i98 were found tc 

contain the parasite in numbers of up to 12 per indlviduai. Thus, there was considerabie 

variability in infection rate and parasite loading between sarnplinfJ dates, even those only 

Cl No. fish infected 16 Av. No.I fish 
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Figure 5.6. Numbers of infected fish and average parasite-loading in these fish. 
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SECTION 6 ~ AGEING 

6.1 Sarnpling ·for juveniles 

No juvenile S. lemuru {nor adults) were obtained in the brief sampiinfJ programs 'Which 

targeted nearshore areas on the rnainiand berNeen Cervantes and Lucky Bay ( see Fig. 

11.1 ). Nor were any captured in the shailow waters near Rat Island, in the Middle Group 

of the Abroihos Islands. Other studies 1-<vhich have sampled nearshore waters with beach 

seine along the mid--west coast of WA have aiso faiied to capture S. iemuru. In particular, 

rnonth!y sampling of five sites near Carnar.;on, north of the Geraldton fishery, was 

conducted between 1995 and 1998 by students at Carnmvon High Schoo! but no S. 

iemuro were caught. Monthly sampling between 1995 and 1998 at Cervantes, south of 

the Geraidton fishery, which was conducted as part of a project on Australian herring 

(Arripis georgianus) and tailor (Pomatomus saiatator), likewise did not record any S. 

!emuru. 

Since both the commerciai and research samples contained few juveniles, results of the 

following techniques for assessing age of S. lemuro therefore suffer from the common 

problem of having a poor representation of juvenile specimens. 

6.2 Scales 

Rings on scales of S. lemuru were difficult to consistently identify or interpret. 

Discrepancies between counts between different readers and for a single reader were 

reasonably large. While the same values (i.e. no difference between readings) accounted 

for most of the observations, there were large numbers of counts which differnd by one 

(Fig. 6.1 ). Because tropical sardines such as S. femuru are typically short-lived, this 

difference was considered to be significant. For both the same reader and for the different 

readers there was a tendency for counts to differ in the negative direction. This resulted 

from the second reader generally counting fewer rings in the third reading of the scales. 

There was 43.2% agreement for the second and third readings by the same reader, but 

oniy 17.15% agreement between two readers. The APE (i.e. average percentage error, 

Beamish & Fournier, 1981) measure also indicates a high rate of disagreement for counts 
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Figure 6.1. Discrepancies between three readings by two readers for counts of rings on the scales 
of S. lemuru. 

Ageing of S. iemuru using scales suggested that the commercial catch consisted of fish 

aged between one and five years, with fuil recruitment at 2 years of age and the catch 

largely comprising two and three year oids (Fig. 6.2). 
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A very poor fit was obtained for the data using a vBGF (Fig. 6.3a, t0=:: .• 5.0, i.e. the lower 

constraint). This curve employed much of the data obtained, including sca!es for which 

consecutive counts differed, since the use of those ring-counts with zero discrepancies 

P'rQ\ritu~;.::,d· i11~uf,fir~i.c,n, ,t rfQta /f'ig 6 3b1 - • ,,, ..... , ·=...., ·---~'-'~"',.£·'-A•,;. \ ,: .. " . ,. 

Table 6.1. Summary table of ageing techniques for S. lemuru 
·-I Memod Period 

I 
Agreement Agreement vB vB pararnete.·s I n ;;,.ge 

I 
Total annuai 

covered (%) and (¾)&APE parameters (with iarvae) mortality 
APE for 1 for 1 (L;nf1 k.j ts) (l .. ,.f. k, t0) ! 

I readei· readers I 

Scales 1995 I 361 43.2, 39.l l7.l,49A .. - 1-5 I .. 
Whole 1995-97 1336 40.4, 19.7 - 173.4, 0.42, 164.1, 0.86, 1 ,.7 1995: 1.26 
otoliths -l.78 -0.06 1996: 0.68 

1997: 1.05 
Sectioned 1995., 899 67.0, 10.3 32.8, 2LO 172.6, 0.97, 166.7, 0.60, 1-6 1995:1.48 
otoliths 1996 --1.01 o rn .vJ 1996:1.32 
Lengths 1990-98 7040 .. - 179, 1.52 178, 1.0 0-J 1-2 yr: 3.02* 

Rn=0.195* Rn=0.158** 2-4 yr: 1.59** 
Otolith 1995-97 4665 - - - - 2-6 -
weights 

However, inclusion of this data still failed to provide much contrast in the relationship 

between iength and estimated age, with the length for each age from one to five years 

va,ying little. Thus, counts of scale rings suggested that fish of each ring class were 

around 160 mm SL (Fig. 6.3a), which was probably due in part due to the more 

substantial scale-loss incurred by smaller fish. These results indicated that scales were of 

limited use for ageing S. lemuru and this technique was not investigated further. 
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> ;:; 
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Figure 6.2. Age structure of S. lemurn off Geraldton indicated by the scale rings. 
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Figure 6.3. (a) von Bertalanffy curve for S. lemuru based on counts ofrings on scales which 
included discrepancies between successive counts. (b) Length versus age, with age estimated using 
only counts for which there were zero discrepancies. 

6.3 Whole otoliths - translucent zones 

Whole otoliths were examined from 2267 S. lemuru from the Geraldton region. 

Translucent zones on whole otoliths were difficult to consistently interpret {see Fig. 6.4). 

Repeatability of readings for otoliths was relatively poor with the overall level of agreement 

between the two counts only 40.4% (Table 6.1). However, the APE of 19.7% was 

substantially better than that for scales. Most unequal counts differed by only one or two, 

but some counts differed by up to five in either the positive and negative directions (Fig. 

6.5), indicating a high level of subjectivity in assessing increments on whole sagittae of S. 

lemuru. As was initially attempted with count-data from scales, due to the likelihood that 

S. lemurt.J is a short-lived species, ring counts of whole-otolith (and sectioned otoliths, see 
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below) which differed were not considered in subsequent analyses unless otherwise 

indicated. 

Although readings of sectioned otoliths resulted in a higher rate of agreement (see below), 

an assessment of the total time (i .e. processing and reading) taken to achieve an age 

estimate with zero discrepancies between successive counts was much shorter with whole 

otoliths. Thus, zero-discrepancy counts could be achieve for eight whole otoliths in an 

hour, whereas for sectioned otoliths this was only three, primarily due to the substantially 

longer preparation time for the latter. Therefore, more whole otoliths than sectioned 

otoliths were examined during this study. 

Figure 6.4. Photomicrographs of a random selection of whole otoliths of S. lemuru, mounted on 
black slides. These are shown here to indicate the poor contrast of translucent zones. 
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Figm·e 6.5. Discrepancies between readings for whole S. lemuru otoliths. 

6.3.1 Marginal incren1ents (Ml) 

Attempts to use the data available from the otolith readings to validate an annual 

periodicity of ring formation produced contradictory results. The probiem of identify,ng 

translucent zones on whole otoliths was highlighted by the occurrence of Ml values which 

exceeded 100%, even when using only those otoiiths for which there was no discrepancy 

between counts. Furthermore, there was an extremely poor reiationship between 

estimates of Ml from successive readings of whole otoliths by the same reader (Fig. 6.6). 

Only 24.8% of the CVs for successive estimates of Ml fell below the 10% level, with 47.3% 

falling within the 20% level. Mean monthly Mis from data corresponding to these two CV 

levels are shown in Figure 6.7. Mean monthly Mis provided little evidence of an annual 

periodicity in the formation of translucent zones on the sagittae of S. lemuru. Given the 

extremely poor relationship between estimates of M! from successive counts of otolith 

rings, this was not surprising. Because of the problem identifying translucent zone there 

was no value investigating monthly proportions of otoliths with new edges (e.g. where 

Ml<10%). 
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Figure 6.7. Mean monthly marginal increments (±SD) of those otoliths for which the CVs between 
consecutive counts were (a) <10% and (b) <20%. 

6.3.2 Opaque edges (OE) 

in an attempt to determine if new rings (opaque area) formed on sagittae at a particular 

time of year, otoliths were allocated to classes having either an opaque or a translucent 

edge. However, this method of checking for annual periodicity in ring formation also 

proved to be difficuit, with very poor repeatability between successive assessments of the 

otoliths (Fig. 6.8). These results were therefore not analysed further. 
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Figure 6.8. Relative frequenc_y_ of otoliths with opaque margins for two readings of whole otoliths. 
(a) Those otoliths for which the CVs of successive assessments of marginal increment were less 
than 20%. (h) All otoliths for which there was no discrepancy between counts. 

6.3.3 Age determination using translucent zones on whole otoliths 

Based on GSls and data from plankton surveys, a birthdate of January was chosen for S. 

/emuru. Winter was chosen as the period of slower growth, when water temperatures are 

at their annual minima. Thus, time of formation of the first translucent zone was chosen to 

be July. Because it was unlikely that the otolith of a fast growing O+ sardine would 

develop a visible translucent zone during its first winter (i.e. at an age of 6 months), S. 

/emuru off Geraldton would be 18 months old at the formation time of their first translucent 

zone. Thus, those classified with having one ring may be up to 30 months old ( e.g. Jan. 

95 ·· jan. 96 -jul. 97, with the oniy visible translucent zone being that which formed in Jui. 

97). These criteria were used to estimate age (in months) of individual fish. 

Sardine/la lemuru in the Bali Strait have been estimated to reach 12.2 cm SL and 16.9 cm 

SL at ages 1 and 2 respectively. In Bali Strait temperature (25.5 ·· 30.4 ° C, Ritterbush 

1975) is typically several degrees warmer than the waters off Geraldton (19.2 - 22.9 ° C, 

Pearce 1997) and there are also signlficantly higher nutrient levels for the former via much 
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Figure 6.9. Relationship between mean age (±SD) estimated using whole otoliths and (a) otolith 
weight and (b) fork length. 
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Figure 6.10. Relationship between age estimated using whole otoliths and mean (±SD) otolith 
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Counts of translucent zones on otoHths suggested that the S. lemuru Hve to six or seven 

years and tllat the commercial catch was dominated by fish estimated to be between three 

and five years old (Fig. 6.11 ), which is two years older than estimated from scales. 
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?;?. 20 .L -
0 .~--- ·--- ____ I .. 

0 1 2 3 4 

Age {years) 

I •. , -----5 6 7 

Figure 6.11. Combined age structure (relative frequency) for 1995 to 1997 based on whole otoliths .. 

However, t0 with the fitted vBGF curve (Fig. 6.12a} was excessively iarge (-1 .78) for a 

species with a rnaximrnn age of only six or seven years. Also, the apparent growth rate 

had not reached the asymptote by age eight, which would be highly unusual for a sardine. 

This poor aspect of the vBGF fit was probably partly due to absence of fish less than 120 

mm FL in the samples. Age-length data for larval S. /emuru caught in the Geraldton 

region (see Micro-increments section below) were used to supplement the gap at the 

lower end of the growth curve. 

The addition of the data for larval fish resulted in a more acceptable growth curve, with t0 

equal to -0.06 years (Fig. 6.12b). However, the inclusion of this data also caused Lin1 to 

decrease from 173.4 mm FL to 164.1 mm FL (Table 6.1). 
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Figure 6.12. von Bertalanffy growth curves for S. lemuru aged using the whole otolith method (a) 
with and (b) without data for larval fish. 

Relative age structures of catches for 1995 - 1997 are shown in Figure 6.13a-c. Annual 

catch-at-age curves (Figs 6.14a-c) were produced using numbers of fish in each age 

class, estimated using monthly proportions of each age class, average weight of an 

individual fish in each month and the total catch in each month. In 1995, the catch 

predominantly consisted of three and four year olds. Recruitment was represented by two 

and three year olds, with full recruitment by age four. The 1996 catch predominantly 

consisted of four and five year olds, with much fewer two and three year olds. This could 

initially be interpreted as a recruitment failure. However, yet another pattern was 

observed in 1997, with very few two year olds but large numbers of three year olds. Thus, 

as in 1995, the 1997 catch consisted mainly of three and four year olds. 
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Figure 6.14. Annual catch-at-age curves each year (1995-1997) based on whole otoliths. 

Total annual mortalities for 1995, 1996 and 1997 were estimated from the regressions of 

fully recruited age classes (ages 4-7) against abundance (log millions). Total annual 

mortality varied from 0.68 to 1.26 for the years studied (Table 6.1 ). 

6.4 Sectioned otoliths 

Translucent zones on sectioned otoliths were easier to identify (Fig. 6.15) than those on 

whole otoliths. The level of agreement between different readings of translucent zones 

from sectioned otoliths by a single person was 67%, with an APE of 10.3 (Fig. 6.16, Table 

6.1 ). However, when both readers were considered the agreement dropped to 32.8% and 

the APE increased to 21.0%. Double-blind readings of sectioned otoliths indicated that 

the consistent interpietation of translucent zones was difficult, as was the case with whole 
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Figure 6.15. Photomicrographs of a random selection of sectioned S. lemuru otoliths. 

otoliths. Note that this was despite having guidelines and photographs of sectioned 

otoliths on hand specifically with the purpose of maintaining a level of consistency between 

different readers. Therefore, use of the second reader was not continued. As for whole 

otoliths, the levels of uncertainty in counting translucent zones on the sectioned otoliths of 

S. lemuru, and the strong likelihood that this species was short-lived, dictated 
68 
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Figure 6.16. Discrepancies between three readings of sectioned otoliths. 

Marginal increment analysis was attempted using sectioned oto!iths. The 1995 data was 

suppiemented with data from S. lemuru collected in the early ·t 990s so that values could 

be obtained for the "missing" months, particularly the summer months of January and 

February. However, as with whole otoliths, there was insufficient contrast in Ml between 

months and excessive variation between successive readings for this method to indicate 

an annual periodicity in the formation of transiucent zones (Fig. 6.17a). Likewise, edge 

condition ( opaque or clear) provided no evidence for annual periodicity of translucent 

zones (Fig. 6.17b). 

Age (in months) was estimated using the same criteria as for whole otoliths (i.e. January 

spawning, with new translucent zone forming in Ju!y). As with whole otoliths, there were 

positive relationships between estimated age and both mean otolith weight and mean 

length (Fig. 6.18a, b ). The decrease in mean length between the ages of five and six 
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years probably reflects both ageing errors in cider fish and the srnaH sample size of 

sectioned otcliths. Due to the latter, maies and femaies 1Nere not examined seoaratelv. ' . . 
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Figure 6.17. (a) Monthly marginal increments for sectioned otoliths (±SD). (b) Monthly 
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Figure 6.18. Relationships between age estimated using the sectioned otolith method and (a) mean 
otolith weight (±SD) and (b) mean length (±SD). 

Estimated age ranged from 1 to 6 years using sectioned otoliths, with full recruitment to 
the fishery at 3 years and the catch largely comprising 3 and 4 year aids (Fig. 6.19). Lint 

was estimated to be 172.6 mm FL, with k=0.97 and to=···I .006 yeais. When the data for 
larval fish were included Lint decreased to 166.7 mm FL, k declined to 0.60 and t0 moved 
much closer to zero {Table 6.1 ). 
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Figure 6.19. 
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Figure 6.20. von Bertalanffy growth curves for S. lemuro aged using the sectioned otolith method 
(a) with and (b) without data for larval fish. 

Relative proportions of age classes were essentially similar between 1995 and 1996, but 

with two key differences (Fig. 6.21). Firstly, whereas the '!995 and 1996 catches both 

consisted predominantly of three and four year olds, full recruitment occurred at age four 

in 1995 but at age three in 1996. Secondly, the catch at age curves (Fig. 6.22) indicate a 

substantial decrease in the abundance of two year aids in the 1996 catch. 
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6.5 Otolith micro-increments 

Micro-increments could be seen on otoliths from both larval and juvenile S. lemuru 

(Fig. 6.23). 

(d) 

(f) 

Figure 6.23. Micro-increments on the sagittae of S. lemuru. 
( a) & (b) The core region of juveniles ( 400X magnification) 
( c) & ( d) A portion of the outer edge of juveniles ( 400X magnification) 
( e) & ( f) Whole otoliths from larval specimens ( 400X magnification 

The relationship between number of micro-increments and length for juvenile and adult S. 

lemuru was very poor (Fig. 6.24), with the counts obtained for the larger fish being much 

less than expected. Thus, the maximum count was only 322 days (145 mm FL fish). The 
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counts obtained for S. 1£:unuru in this study can confidently be disregarded and appear to 

seriously undemsUmate age. Dayaratne and Gjosaeter ( 1985) underestimated age of the 

related Sardine/la iongiceps from Sri Lanka because use of a iight microscope enforces a 

restriction on resolution to increments wider than approximately 1 micron (Neilson 1992). 

Large errors in counts of micro--incrernents less tha;-1 1 micron are thus aBsociah-.?d with the 

use of Haht rrncroscoov . .....,. . .~ 

Counts for iaiva! otoliths for which consecutive readings differed by rnore than 5% were 

discarded. Sardine/fa femuru larvae in the length range of 9.6 to 20.3 mm SL were 

estimated to be 11 to 39 days old. The·counts for larval otoliths (Fig 6.25), which due to 

their smaller size and relatively fast growth are inherently less difficult to read, also 

suggest that the counts for juveniles and aduits gross!y underestimated age. As is typical 

of studies not focused on larva! growth dynamics, the periodicity of incrernents on larval 

otoiiths was not validated. However, the estimated ages of larvae collected in March, 

indicate a hatching times which fali within the summer spawning period. Furthermore, the 

widths of the increments counted on the larval otoliths (Fig. 6.26) are in the same range 

as those recorded for other larval clupeids (e.g. Thorrold and Williams 1989; Folkvord et 

al. 1997; Ohshimo et al. 1997). 

350 -C 300 ii\! 0., ~e E 250 8 
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Figure 6.24. Counts of micro-increments on otoliths of juvenile and adult S. lemuru. 
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Figure 6.26. Mean width of micro-increments on larval S. lemuru otoliths. 

6.6 Otolith weight 
Otolith weight frequency 

Otolith weight clearly increased with fish size (Fig. 6.27), ind!cating that this measure is 

potentially useful for ageing S. lemuru. Likewise, otolith weight increased for successive 

age classes as determined from examination of whole and sectioned otoliths (Figs 6.9a, 

6.18a). 
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Figure 6.27.. Relationship between fork length and otolith weight for S. lemuru from Geraidton. 

Monthly otolith weight frequency histograms were constructed for each year from 1991 to 
1997 (Fig. 6.28). Multiple (2:2) modes were discernible in some months, but mostly only 
for those whose sample size exceeded 100. Since the previous data suggested that S. 
lemuru live to more than 2 years, only those months which appeared to have >2 modes 
were subsequently analysed. While the number of modes which could be reasonably 
fitted to the observed distributions varied between two and five for those months where 
sample size exceeded 100 (Fig. 6.28), clear separation of >2 modes occurred irregularly 
(e.g. May 1995, August 1995). For each month with a reasonable sample size and >2 
obvious modes, objective identification of these modes was performed with 

Bhattacharya's ( 1967) method ( using FiSAT). For each analysis, and for the annual data 
below, various combinations of modes were tried, with the experience gained on each run 
being used to improve subsequent fits, thereby reducing the statistical difference between 
the observed and predicted data. Only in May 1995 was the predicted series of modes 
not significantly different to the observed data (Fig. 6.28, Table 6.2). In this case, six 
modes were identified, with the first four appearing to be quite well separated. 

To determine if modes were apparent for sampies taken over an entire year, annual otolith 
weight frequency histograms were also constructed for each year from 1993 to 1997. 
Although at least two modes were present for each year from 1993 to 1996, the plots for 
all years were quite different (Fig. 6.29). This may be attributed to both naturai variation in 
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the stock and the irrHguiarity in fishing periods between years. For each of ·19g3, 1995 

and 1996, Bhattacharya's ( 1967) method identified series of modes for which the fits were 

not significantly different to the observed data (Fig, 6.29? Tab!e 6.2). i/iihile the modes 

identified were obvious on the plots for 1993 and ·1996, the 'i 995 p!ot was much less 

previous contention that the recruiting fish are 2 years old, th,s result wou!d suggest a 

maximum age of eight years. This exceeds both the previous results for this study and 

the tvoicai maximum ages of trooica!/sub-tropicai sardines. _. I ~ " 

Table 6.2. Modes for those years or months for which the observed distribution v1as not 
significantly different (p<0.05) to the predicted. 
Data sat Modes (mg x 1000) 

May 1995 91 186 238 290 338 367 

1993 12'! 190 241 283 320 354 

1995 95 134 188 216 250 298 335 

1996 98 204 301 360 l 
I 

To further examine the validity of the modes chosen, the difference between each 

consecutive mode, within individual data sets, were plotted (Fig. 6.30). Assuming the 

growth rate of otoliths decrease as fish growth decreases with ageing, for the modes to be 

valid representations of year classes the difference in OW between consecutively higher 

modes must decrease, or at least remain level. This was clearly not the case for 1995. 

The other data generally showed the expected decline in the "gap" between consecutively 

larger modes. The means for these latter data sets have been included on Figure 6.30 to 

show the average trend. These results do not provide evidence that the modes reflect 

age classes, but given the problem of having samples from only several months within any 

given year, neither do they discount this hypothesis. 

The use of otolith weights as a tool for assigning ages requires several forms of 

verification (Pawson 1990; Fletcher 1991 b ), which has not been achieved for S. lemuro. 

Therefore, it is not currently possible to estimate age of individual S. !emuru using otolith 

weight. However, because otolith weight obviously increases as fish age (i.e. as they 

increase in size) and is relatively quick to measure, continuing to assess otolith weight 
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Figure 6.28 (and following 4 pages). Monthly otolith weight frequencies for S. lemuru from the 
Geraldton region. 
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Figure 6.29. Annual otolith weight frequencies for S. lemuru caught at Geraldton. 
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6. 7 Length frequency analysis 
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Plots of monthly length frequencies generally showed two distinct modes (Fig. 6.31 ). The 

mode 120 - 130 mm FL corresponds to the traditional notion of a recruiting age class, with 

the mode at 160 - 170 mm FL constituting the bulk of the catches. The recruiting class 

contains those fish deemed to be two years rather than one year old. Thus, based on the 

ages estimated using whole and sectioned otoliths the second mode very likely consists of 

several age classes. The lack of evidence for multiple modes within the size range of S. 

lemuru greater than the 120 - 130 mm (i.e. the recruiting size) was not unexpected. A 

similar pattern occurs for commercial catches of Sardinops sagax in southern WA 
(Fletcher 1995). Likewise, as found with S. sagax (Fletcher 1995; Fletcher and Blight 

1997), evidence for several age classes in S. /emum over 120 - 130 mm was provided 

both by counting translucent zones on otoliths and by modal analysis of otolith weight. 
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Figure 6.31. Monthly length frequency distributions for S lemuro caught in the Geraldton region. 
Dashed lines have been included to assists in the interpretation of the figure. 
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Analysis of thH monthly length frequency data with the ELEFAN module of the FiSA.T 

program did not provide a good fit (Rn== 0.19[-;) to the von Bertalanffy mode! (Table 6:1). 
Estimated Lint was 179 mm FL, vvhich is considarably larger than estimates obtained using 
oto!ith methods. Likewise, the k of 1.52 \Nas much higher than tho:::e obtained using 

oto!iths. Tota! rnortallty vvas estimated to b& 3 02. The high k and Z indicate fastar gr:w•lth 
and shorter !ife span than suggested by the otolith methods. ELEFAN essentially 

recognised only two age dasses, with full recruitment appamntly at less than tvvo years of 
age and a maximum age of !ess than three years. Comparative gro\¥1:h data for S. lemuru 
in the much more productive Bali Strait dearly indicates that lengths of 130 mm in the first 
year and 160 mm in the second year for S. lemuru in 'WA waters are extremely unlikely 
(Table 6.3). 

Employing know!edge of the spawning season of S. lemuru off Gera!dton, a count of 50 
fOi the 25 mm size was added to each February (i.e. pseudo--information) and the analysis 
pertormed again, with the constraint that the curve must originate at the iarval size class. 

The fit for this data was also poor (Rn = 0.158). Wi1ile Lint was similar to that obtained with 
the original length frequency data, both k and Z decreased to levels closer to those 

obtained using the otoliths (Table 6.1 ). 

6.8 Discussion of age and growth results with comparisons to 

S. /emuru from Bali Strait 

6.8.1 Age determination and growth parameters 
The estimates of age for S. /emuru should be regarded only as approximates due to lack 

of validation of an annual periodicity in ring formation on the sagittal otoliths. Further 

monitoring of commercial catches may allow some of the "gaps" in the data used to botl1 

validate age and determine number of year dasses to be addressed. 

For the data sets both with and without larval lengths and ages, Lint for whole and 

sectioned otoliths did not differ greatly (Table 6.1 ). However, there were considerable 

differences in k, which ranged from 0.42 to 0.97. As estimates of t0 were substantially 
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better when larval data were included in the vB models, the results for vB parameters Lint 

and k obtained from data sets which included the data for larval S. lemuru were used in 

the comparisons with age and growth data for S. lemuru from Indonesia (Bali Strait and 

Madura Strait). 

Estimates of age, and thus growth and mortality, derived from examination of whole and 

sectioned otoliths for S. lemuru from Geraldton, were conditioned on the assumption that 

this species grows at a slower rate in WA waters than in the more productive, and warmer, 

Bali Strait. Length-at-age estimates for S. lemuru from Geraldton, calculated using vB 

parameters derived from the otolith and length frequency methods which included 

information on larvae, are thus less than those derived for this species in the Bali Strait 

(Table 6.3). 

Although the age and growth estimates for S. lemuru that originated from the whole- and 

sectioned- otolith methods of estimating ages were similar, they contrasted those derived 

from length frequency data. Thus, for Geraldton fish aged using length frequency data, 

length at age, Lint and k were higher. The estimates for Geraldton S. lemuru derived using 

length frequency data were more similar to those obtained for S. lemuru in Bali Strait 

using the same type of data. 

Tied in with the above argument for slower growth is the general premise that faster 

growth within teleosts equates to a shorter life-span. Thus, the otolith methods estimated 

maximum age of S. /emuru from Geelvink Channel as six or seven years whereas that for 

Bali Strait is only 3 or 4 (e.g. Pet et al. 1997a; Merta 1995). However, the original length 

frequency analyses (i.e. no larval age classes used) suggested only two age classes, 

which is unlikely given the ages of S. lemuru from Bali. 

Even though forcing the length-frequency-generated growth curves to start at a pseudo­

cohort of larvae in each February resulted in the von Bertalanffy model predicting more 

age classes and a slower growth rate than when this constraint was not applied, length at 

age, k and Z were still much higher than estimated using whole and sectioned otoliths. 
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1 
INDONESiA 

1 Length ffequ.ency 69~-72 9,4 l.5.1 18.5 20.6 

,, 

" 

AverageTL 

AverageFL 

GERALDTON 

73 .. 74 

12.8 

77-78 

1979 

1980 

1991 

1977 

1978 

1979 

1980 

13,2 

17. l 

13.5 

16.7 

14.2 

15.4 

11.5 

133 

12.2 

19.0 

18.4 

21.4 

19.5 

19.9 

16.5 

18.2 

16.8 

20.3 

19.9 

20.2 

22.7 

21.4 

21.6 

19.0 

20.3 

18.7 

21.4 

21.0 

19.4 

---

18.l 0.950 

22.7 0.961 

20.4 0.956 

Whole otoliths 95-97 9.1 13.3 15.l 15.9 16.2 16.3 16.4 16.4 0.864 

1995 

1996 

1997 

Sectioned otoliths -· 95-96 7.3 l 1.5 13.8 15.1 15.8 16.2 16.3 16. 7 0.598 

1995 

1996 

1.4 

2 0 
,/ 

6.6 

4.4 

4.82 

3.1 

2.74 

2.76 

1.43 

2.89 

3.14 

(1.50) 

1.26 

0.68 

1.05 

1.48 

1.32 

2 

3 

4 

4: 
.J 

5 

6 

7 

8 

8 

8 

8 I 

Average of 8.2 12.2 14.4 15.5 16.0 16.2 16.3 16.6 0.731 1.16 · J 
otomh methods 'O ~ " 

~ .. HJ 
•••••••••••••••••••••n•••••••••••••••••••-••••••••••••••••• ••••••••••••••••~•••••••••••••••-••••••••••••••••,.••., ••o•,•••-•••••••••••••••-•••••••••••••••• ••••••••••••••-.• •••••••••••••••• ~•• 1 ••••••H•••••~•• .. ••••••••••••••-••••••••••••• Length 11.2 15.4 16.9 17 . .., 17.3 1.000 1.48 

frequencies _________ _ 
1 Dwiponggo (1974) 
2 Ritterbush (1975) 
3 Gumi!ar (1985) 
4 Naamin ( 1987) 
5 Dwiponggo et a!. (1986) 
6 Merta (1992) 
7 Pet et al. (1997a) 
8. Sujastani and Nurhakim (1982) 
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6.8.2 Mortality 

Estimates of total annual mortality derived from the whoie and sectioned otolith methods 
• •• • 1995 h t ••,r • b .,. • f tw • -lQA" • .-. ,, 'h • r rt' • -werH smwar m ·,. : -- , uu. orrrerea y a ractor c. o m , ..,:A::5, maicatmg t ,at ru ner worK 1s 

needed on the aaeing of S. femuru. 
~ ' 

ranee of Z values (1.4 - 6.f3, n = 10, averane ::: 3.14'J. estimated for S. lemuru in Indonesia - ' V 

(Tabie 6.3)" riigher totai mortaiity for S. IE::muru in Indonesia would be expected duH to 

both the apparent shoi1:er iife-span, faster growth and, in particuiar, the longer histmy of 

exploitation2• The taxonornicai!y simiiar S. fongiceps, which also lives in warmer and more 

productive conditions than found off Geraidton, and has been studied extensiveiy in India, 

has estimated Zs of ·1 .3 - 4.2 (Biradar & Gj0saeter, 1989}. The estimates for Baii Strait S. 

!emuru and also for S. !ongiceps from India were based on ler.gth frequency analyses and 

direct assessments of ages were not performed. Interestingly, estimates of Z based on 

length frequency analysis for S. !emuru in WA (i.e. Z = ·1 .48) were also higher than those 

for age estimates based on otoliths. 

In contrast, to the above tropical sardines, Sardinops sagax in southern WA live for 8-9 

years and total annual mortality is typically <1 (Fletcher, 1995). Since S. sagax and S. 

/emuru are very similar in appearance and size, it follows that lower natural mortality will 

be expected in regions with lower water temperatures but similar levels of primary 

productivity, and this is lil<ely driving the substantial differences in Z in the above 

examples. Thus, S. lemuru in WA probably have a higher natural mortality rate than S. 

sagax from southern WA, but less than S. !emuru from Indonesia. As estimates of M for 

S. /emuru from Bali Strait have ranged from 0.8 - 2.17 (Merta, 1995) and that for S. sagax 

is 0.43 (Fletcher 1995), M for S. lemuru off Geraldton most likely lies between 0.43 and 

the average total annual mortality estimated in this study of 1.16. The estimated M 

derived from Pauly's (1980) empirical relationship, along with the correction factor of 0.6 

for clupeoids (Pauly 1982}, was 0.93, which falls within the expected range. Assuming 

this is a reasonable representation of M (noting that there is no direct evidence for this), 

fishing mortality, F (i.e. F = Z - M), thus equais 0.23. Patterson (1992) suggested that 

sustainability of clupeoid stocks was more likely if F/M was kept beiow 2/3 (i.e. 0.67). In 

2 Annual catch of S. lernuru in Bali Strait has reached 50 000 tonnes. 
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(Le. 500 - 2000 tonnes per annum) are sustainabie. Howevei, because the causes for the 

decrease !n catch rates in 1997 (Section 8\,. am not clear, work on tha ane and oroVili:h of ' ~ ,,.., 

S. lemuru in V'./A wm need to continue as further monitoring of commercia1 c:atchHs takes 

spatial separation within the mid-west assembiage, which could have msulted in an under­

representation of older 8. !emuru in the sampies, thereby overestimating total mortality. 

6.8.3 Recruitment 

The catch at a~Je curves generated using both otolith methods indicate that the catch 

!argely consists of two to thiee age classes, similar to the Bali Strait S. iemuru fishery 

(Merta 1995). Recruitment to the fishety occurs at two to three years of age, with full 

recruitment at three to four years. Length at age for three year olds, based on otoliths, 

equates to size at recruitment of 12-14 cm which encompasses the recruiting size class 

evident in the length frequency piots. Such recruitment events typically occurred in oniy 

one or two months of any given year, always within the period from March to August and 

most frequently occurred in the three month period from May to July. 

Within the S. lemuru stock there is most likely a strong relationship between abundance of 

consecutive age classes in consecutive years even though it does not manifest within 

consecutive annual catch curves. This may indicate that the presence of one and two 

year old, and to a lesser extent, three year old S. lemuru in the commercial fishing 

grounds is sporadic or their vulnerability to capture varies widely between years. In either 

case, this indicates that the abundance of these age groups in the commercial catch is of 

little use as an indicator of recruitment strength. Three year olds may be used to estimate 

relative rates of annual recruitment, but because this age group forms a substantial 

portion of the catch in some years, it wil! not be possible to use such rates to predict catch 

levels in the subsequent year(s). 

6.9 Conclusions 

Sardines typically experience large interannual fluctuations in recruitment strength and are 

also relatively short-lived. These factors, along with associated biological and 
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SECTION 7 ~ STOCK DELINEATION 
Ratios of stabie isotopes for oxygen (6180 ) and carbon (613C) were determined for 58 

samp!es, most of '.Nhlch cama from Geraidton (flg 7.1a}. Plots of the ,5i:~c against i:518O for 

from Fremant!e 1n 1992 and '1994. These latter samples had both thEJ highest 3180 and 

The groupings for the more substantial numbers of samples from Geraldtcn shifted up and 

dm,vn the '5180 axis from year to year, with those from Fremant!e in 1996 and 1997 

overlapping the Geraldton groups (Fig. 7.1b). The Camarvon sample (August 1997 only) 

separated off from the main body of Geraidton and Fremant!e sampies along the J13C axis. 

The 1996 Geraldton and Carnarvon groups both included otoliths from small ( < 145 mrn 

FL) S. lemuru, which were analysed separately. For each group the points for the smaller 

otoliths are those with the lower J13C and J18O values. The two larger size classes from 

the single sample from Carnarvon had much higher J18O, a trend aiso obvious when the 

Geraldton samples from the months of June and July of 1996 were plotted separately (Fig 

7.2). The otoliths in the Fremantle 1992 and 1994 samples were also large and this was 

probably a major influence on the magnitude of the 0180 and c513C values recorded. This 

level of difference between size classes indicated that size had to be considered as a 

factor in subsequent analyses. 

Because there are differences in the mean water temperature at each of the locations, if 

there were separate stocks of S. lemum, then a difference in 6180 would be expected. A 

plot of mean SST (Reynolds data) against mean '5180 for each shows the expected 

relationship of lower b18Q with the northward increases in SST (Fig. 7.3a). The same 

trend was obvious with data for similar sized otoliths from S. femuru caught within a four 

month period in 1997 (Fig. 7.3b). In the latter case, the difference in 6180 between the 

two most distant locations was 0.43, whereas for the overall location-means this difference 

was only 0.29. Thus, for similar sized fish in a substantiaily narrower time period the 

difference was greater. The smaller difference over the longer period probably resulted 

from smearing of temperature signatures between years as well as the disparities in sizes 

of fish sampled. However, despite that these data suggest a degree of consistency in 
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Figure 7.1. (a) Isotopic ratios of oxygen and carbon for otoliths samples of S. lemuru from 
Geraldton, Fremantle and Carnarvon. (b) Outlines of groupings from (a) for different regions and 
years. 
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ANCOVA was used to objectively compare isotopic ratios between locations whi!e 

accounting for both otolith size and date of capture. \/Vhen thHse co·-variates were 

accounted for, the differnnce between !ocation was oniv rnargina!!y sianificant for 3180 - ' -
{0.1<P>0.05) and not significant foro13C crabie 7.·1). This rasult is consistt:rnt 1.vith the 

observations on olotted data, indicatinc; evidence for some level of seoaration between . ""' . . . 

populations of S. !emuru along the VVA coast from Fremantie to Cama,von, but lack of 
consistency in this separation. Thus, substantial variation between years within locations, 

as indicated by the significant ioc:ation*yeai affect, provides no evidence of stock 

separation, and also confounds the pc-ssibiiity of the data providing evidence for a single 

stock. The highly significant differences in both J180 and Ji3C witl1 otoiith weight was also 

expected. 

Table 7.1. ANCOVA results for 6180 of otolith carbonate. 
Source df Type !II SS MS F--value Level of 

____ • ··----------- significan~e 
OtolithWeight 2 1.392017 1.392017 122.3351 0.000000 
Location 1 0.590557 0.295279 7.8047 0.056523 
Year 5 0.769833 0.153967 4.1485 0.119927 
Location*Year 3 0.127209 0.042403 3.7265 0.018980 
Error 39 0.443770 0.011379 
Total 50 4.444729 

SDTable 2. ANCOV A results for J13C of otolith carbonate. 
Source df Type Ill SS MS F-value level of I 

I 

significance 
Otolith Weight 2 .0253068 0.253068 12.99692 0.000874 
Location 1 0.328339 0.164170 1.59935 0.330794 
Year 5 0.382730 .076546 0.76252 0.629124 
Location*Year 3 0.351046 0.117015 6.00960 0.001815 
Error 39 0.759385 0.019471 
Total 50 2.659204 

Repiicate samples from each location at the sarne time taken over several years would be 

mquired before this method could be expected to provide a more definitive description of 

stock structure of S. /emuru in WA. The J18O data provide some evidence that S. lemuru 
caught at different locations have indeed lived most of their !ives in waters of different 

temperatures, but this could be interpreted, for example, as resulting from a widespread, 
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SECTION 8 - MONITOR THE DYNAMICS, LOCATIONS 

AND CATCH RA TES OF THE FLEET 

8.1 Vessel dirnensions 
'";"'t 17· ll·~ dc.veJonn·1Ar1fa1, fi~!,,er,y '"taS fi,~heO' hit f1l'ro.e VC""SA11c: T, •uo ,-.f theS"" u;er6 reJ'a·ti.,<=>ht -...~ ...... " ... t~'" ....,, .'1-... >' ' ' Yl: ,,v . .., """"Y "' ~ ~ ....... ~ ,_., v. V""',1 '-'f ... , ! ,, c:; 'fl;. • .'i\..-,,,tJ 

large, purpose-built, purse seine vessels of approximately 24 m in length and wiil be 

referred to as the 24 m vessels. The third vessel was smaller, being about 19 m in length. 
One of the 24 m vessels and the 19 m vessel, which actively participated in the fishery 

during the period of this project, are briefly described below. Descriptions are inciuded 

because the types of vessels used had a large influence on their ielative success in the 
J:: ' lisnery. 

8.1.1 24 rn vessel 

The 24 m vessel which participated in the fishery during the project (length~ 24.4 m, 
beam= 3.5 - 4 m, gross tonnage= ·t47 t) was of steel consiruction and buiit in 1968 

specifically as a purse seiner to work in the North Sea. A single diesel engine produces 

237 kilowatts of power with a maximum speed of 9-10 knots .. The 24 m vessel has a brine 
tank capacity of 24 t and an icebox capacity of 25 t Electronics include sonar, colour 

echo sounder and satellite navigation. The purse seine net used was 512 m in length with 
a 101 m drop and a mesh size of 19 mm. The net was hauled by a power block system. 

8.1.2 19 m vessel 

The 19 m vessel was also constructed of steel but was built as a trawler, and later 

modified to work as a purse seiner. This vessel was fitted with a300 hp D-rated engine, 

and also carried sonar and sounder. The purse seine net used on the 19 m vessel was 

600 m in length with a drop of 11 0 m and a mesh size of 19 mm. The net was hauled by a 
power block system. 
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catches by the 19 rn vessel. 
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Figure 8.3. Annual catch and catch rate by the 19 m vessel. 

Between 1994 and 1997 catches and catch rates by the 19 m vessei were highest during 
May to August (Fig. 8.2). However, whereas monthly catch rate usually exceeded 5000 
kg/day in 1994 and 1995, during 1996 catch rate was mostly less than 5000 kg/day and in 
two months was less than 500 kg/day. Furthermore, the 19 m vessel suffered various 
mechanical problems during 1996 and did not fish in August, one of the main catching 
months. These patterns are reflected in the annuai catches and catch rates for this vessel 
(Fig. 8.3). Annual catch rate peaked in 1994 at about 10,000 kg day and declined sharply 
in the next two seasons to a level of only 2300 kg/day in 1996. 

Due to poor economic returns, driven partly by the inability to capture the particular size of 
S. /emuru required for the licensee's intended market, this vessel has not participated in 
this developmental purse seine fishery since the 1996 season and at this point appears 
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unlikely to do so, having effectively left the fishery, along with disposint1 of the processing 

fadHties. 

This operator was tryi.nt3 to develop high va!ue product for a particular market but was 
' . ' b th ' . . f ~~- . " I S f +" 'h . ' f trrrtai1HC o .. ova oaucnv o su111c1emr,' ,arae ... ,emuru ovar t11e i:, .ree year penoo o·. ~ . ~ -

reiative!y intensivt~ fishing and by mechanical probiems with the vessel. Whereas a !arge 
•• ~~L 1 I ·1 I ••• .c:h 'h . 't + s12t~ r.;1ass ot nsi I was regu!ar.y caugn~ ear:y on m the iis. e1y, caw .. es rn la er years no. 

only contained fewer of these larger fish, but when present, they were typlcaily mixEKl in 

with smaller size classes and could not be effectively sorted in an econom!ca!ly suitable 

time frame. Considerable effort was made to install a fish sorter onto the vessel but this 

met with on!v limited success. Besides these difficulties, the size and more J)articularlv , 
, 

design of the vessel appeared to be unsuitable for purse seining in the waters offshore of 
Geraidton, with the limiting factor being poor sea cond:tions generated by frequent strong 

winds. 

8.2.3 24 rn vessel 

Whereas the 19 rn vessel had intended to market a high quality and relatively high value 

product, the 24 rn vessel sought bulk quantities for the pet food industry and therefore was 
not vulnernble to interannual variations in fish size. 

Monthly catches for 24 m vessels varied from zero in August 1993 to 500 000 kg in 

August 1996 (Fig. 8.4). Relatively small catches were recorded over the summer period 

of late 1991 and early 1992. Catches were similarly small ln the following summer 

(1992/93) but then increased from less than 70 000 kg per month over summer and 

autumn up to 237 000 and 187 000 kg in June and Juiy 1993, respectively. Catch rates 

were less than 10 000 kg/day in the summers of 1991/92 and 1992/93 and then reached 

15 800 and 18 700 kg/day in June and July 1993, respectively (Fig. 8.5). In September 

1993 a single days fishing produced a notable catch of 23 680 kg. For a variety of 

reasons not related to the fishery this particular vessel has not subsequently fished for S. 
lemuru in the Geraldton region. 

The second 24 m vessel, which can be essentially be viewed as a replacement for the first 
24 m vessel but with different ownership and a "new" skipper, began fishing for S. lemuru 
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in March 1994, The new skipper had extensive experience in the fishing industry, 

includlng recent and ongoing participation in the Tasmanian jack mackerel fishery. 

Because of commitments eisewhere (i.e. Tasmania) this vessel was not able to fish all 

year round in the Gera!dton region. and in both i994 and ,1995 fished from March to 

Septemb{~r, a period of seven months. Experiance gained in these first two yaars led tD a 

shortened season for this vessei in '! 995, with on1y five months tHing fished betvv'ef...:m May 

and September. Hmvever, this iead to a decrease in the annual catch (but see below) 

from a peak of 1.55 x ··106 kg in 1995 to 1.29 x ·105 kg in 1996 {Fig. 8.6). In 1997 the 

fishing season was again shortened to a four month period between fl..~ay and August, with 

the annuai catch declining by over 50% to only 0.57 x 106 kg 

The progressive shortening of the fishing season for this 24 m vessel was partiy linked to 

fishing conditions and the ability of the onshore facilities to process the catch. Onshore 

processing facilities were further improved in 1996 so that larger individual catches could 

be adequately dealt with in a reasonable time frame. This meant that more fish could be 

landed on a given day thereby permitting a shorter season and leading to a later start to 

the season in 1997. This decision was driven by economics; catching a desired amount of 

S. lemuru in a shorter period would allow the vessel to pursue other activities. Note that 

the minimum "desired amount" was that which would be sufficient for the enterprise to 

make a profit in any given year. However, despite this plan, a large decrease in catch rate 

from 1996 to 1997 resulted in the much lower annual catch (Fig. 8.6) and may have been 

indicative of decreased abundance of S. lemuru in the region of the fishery. Thus, the 

shortened season in 1997 may have been partly due to unexpectedly lower catch rates. 

Monthly catch rates in 1997 were considerably less then in 1995 and 1996 (Fig. 8.5). 

Annual catch rates had peaked in 1996 at nearly 20,000 kg/day and then declined 

markedly in ·t 997 to a level lower than that for 1995 (Fig. 8.6). The decline in catch rate 

by the 24 m vessel in 1997 followed a similar marked decline for the 19 m vessel in 1996 

and may have been indicative of a decrease in abundance, but with the larger and 

apparently more efficient vessei (see beiow) requiring a larger decrease in abundance 

before catch rates were adversely affected. 

An apparent lack of large schools of S. lemuru was noted by pilots of small aircraft flying 

between Geraldton and the Abrolhos Islands, and in conjunction with personal matters, 

iead to no fishing being conducted by the 24 m vessel in the Geraidton region during 
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1fi98. \NhHe thH observations bv pilots did not lnvoive an\y· snecific recordinas of school ., . . -
numbers, the S. Jemuru schools have traditionally been observed from the air and 

therefore a !ack of sightings in iate ·1 H97 and early i 998 does provide anecdotal evldence 

ChanneL As an aid to the mid·water trawling for S. lemuru in February 1998 a flight was 

chartered specificai!y to !ook for S. lemuru in Geeivink Channel but also faiied to see any 

schools. Neither were any schools located by the R'l Fiinders one week either side of the 

flight. However, RV Flinders located and caught reasonable numbers of S. lemum two 

weeks later, indicating either that some fish had moved back into the search area or 

dense schools formed in the search area towards the end of the survey period. 

Catches and catch rates i,vern much larger for the 24 m vessel than the 19 m vessel. The 

large di·fferences in catches bef:\.veen these vessels were evident in 1995 when both were 

fully operational. For each month between March and September during the 1995 fishing 

season, catches on the 24 m vessel were between 270 - 550 % larger than those taken 

from the 19 m vessel. The 24 m vessel recorded an annual catch of 1552 tonnes 

compared with an annual catch of 326.2 tonnes recorded from the 19 m vessel. Noting 

that both vessels had similar sized nets, experienced skippers and were fishing the same 

grounds, the large differences in catch rate reflected the greater fishing power (efficiency) 

of the larger, purpose built purse seine vessel. Thus, aithough both vessels were at times 

hampered by the poor sea conditions, this was more of a problem for the smaller vessel. 

Besides influence of vessel type, smaller catches by the 19 m vessel were also related to 

a much lower blast-freezer and cold store capacity at the associated factory. For a large 

voiume, relatively low value product, freezing and storage represent a major cost and 

therefore represent a central consideration for a developing fishery which targets sardines. 

108 



00(\{\(> · v-JV 

500000 ! ~a; 400000 -1 
,).(. 

/i 
II ~ ~l ,.. 300000 t5 ...... '° 2.00000 0 

f I\ + \ i~ \ 11 \ 
/ l 

100000 I , ) l l l 
0 ···- ----- -'··-····l·-··-···, .. ···~--·--·4··· ' ' -----~- -·--- ---------~-

' 
Jan-· Jan·~ JuJL. Jan- Jui- Jan~- Jui- ,Jan- Jui-~ Jan- Ju!- Jan- ~jul~, ,Jan- .Ju!- ~Jan-

89 89 90 90 91 :3i 92 92 93 93 94 94 95 95 96 96 97 97 98 

Figure 8.4. 

>, 
(lj 

"O -0) 
.:ic: _, 
© ..... 
~ 
.c 
(.) ... ~ 
(lj 

u 

35000 

30000 

25000 

20000 

15000 

iOOOO 

5000 

0 +---j· 
Jan- Jui- Jan- Ju!- Jan- Jui- Jan- Jui- Jan- Jui- Jan- Jui- Jan- Jui- Jan- Jui- .Jan- Jui- Jan-
89 89 90 90 91 91 92 92 93 93 94 94 95 95 96 96 97 97 98 

Figure 8.5. Monthly catch rates by the 24 m vessel. 
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Figure 8.6. Annual catch and catch rate by the 24 m vessel. 
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8.3 Other estin1ates of catch rate from "1995 -1997 
Catch rates based on another three estirnates of effort obtained from the logbooks are 

compared. Besidas "days fished" as used above, these estimates of effoii were fue! used, 

searching time (hours) and number of biocks sEmrched. Other potential estimates of 

abundance included in the iogbook were number of schools observed and incidenGe of 

zero catch .. These results are mostly restricted to those obtained from the 24 m vessei 

since this was the only one to fish during most of the project period and henc,e gave a 

longer time series of data (Le .. three years as opposed to two). 

8.3.1 Fuel used 

CPUE based of the amount of fuel used (Le. kg/L) showed a steady decline from 1995 to 

1997. This did not the match the pattern for catch rate based on kg/day, for which 1996 

had the highest catch rate, although both methods are similar in that 1997 had the lowest 

catch rate (Fig. 8. 7). A concern with this data was the magnitude of the 1995 estimate 

(310 kg/L), which was much larger than expected. A closer examination of the data 

reveaied a distinct discrepancy in the expected linear relationship between fuel used and 

days fished (Fig. 8.8), with the 1995 fuel value appearing to be grossly underestimated. 

Further review found substantial differences in records of fuel use from the logbook data 

and that derived from the compulsory catch and effort reporting system. The revised 

relationship between days fished and fuel used was clearly linear (Fig. 8.9) and therefore 

fuel values from the compulsory reporting system were considered substantially more 

reliable. Catch rates based on fuel data from the compulsory reporting system rose from 

27.7 kg/Lin 1995 to a maximum during the study period of 37.9 kg/Lin 1996, before 

declining to 23.8 kg/Lin 1997 (Fig. 8.10). This pattern matches that for catch rates which 

used days fished as a measured of effort. 
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Figure 8.10. Catch rate (kg/L) of the 24 m vessel during the 1995 - 1997 fishing seasons, using 
fuel data from WA' s compulsory catch and effort reporting system. 

8.3.2 Search times 

Search time was recorded in hours for each trip and represented the time from arrivai at 

the fishing grounds untii a school of S. lemuru worthy of shooting the net around was 

located. Because S. lemuru were rarnly caught in the inner/eastern side of Gee!vink 

Channel, the time taken to steam through this area to the central or western part of the 

channel was not included as searching time. This was explained to the skippers during 

the development of the logbook. 

112 



16 

10 
8 

6 
4 

2+ 
! 

0 :,--' -----------,-~ 

was 

was 

-+.--19951 

------11- 1996 ; 
j 

. -Ill}-. 1997 

to 1997. 

113 



.--------------~~--·--- -------------~ 
14000 

~ "!2000 
, ... 
0 10000 
-= ·a. 8000 
.;( -- 6000 

4000 I~ 

2000 -~- -"'J. ~ 
! i,./:>o'$.) 0 ,----~---- ---'----------- ~-, ----

' /' ~d 
I • 

/ \ . \ • 
! ... 0 ... 19 m vessel 

·--•-·- 24 m ves&el 

.Jan-95 Jui-95 Jan-96 .lul-96 .Jan-97 Jui-97 Jan-98 

Figure 8.12. Mean monthly catch rate (kg/hour searched) for S. lemuro from 1995 to 1997. 

In 1995 the 24 rn vessel recorded a maximum monthly catch per hour of 4 724 kg in 

August. By 1996 the catch per hour of searching had increased beyond that for the same 

months from the previous year. Catch rates of 667 4 kg/hr and 7840 kg/hr were recorded 

in june and July, followed by the 1996 peak of 13,975 kg/hr in August. Catch rate 

declined in September to 564 7 kg/hr. 

During 1997, catch per hour of search in May was 1300 kg/hr lower than in May 1996 

while that for June had increased by the small amount of 468 kg/hr. In July 'i 997 there 

was a 2160 kg/hr increase over July 1996 but during August 1997 the catch per hour of 

search fel! dramatically by 11 ,400 kg/hr to 2500 kg/hr. This large decrease in August 

1997 was reflected by the annual catch per hour, which decreased from 857 4 kg in 1996 

to 5279 kg in 1997 (Fig. 8.13), despite that the overall mean search time was similar for 

both years (2.56 and 2.27 hours). 

Catch per hour was thus markediy higher in the two years after 1995, particularly for the 

peak catching months (Fig. 8.12). The same pattern was also evident when the annual 

means for this same data set were examined (Fig. 8.13 ). However, as with catch per day 

the annual catch per hour also decreased in 1997 from the peak in 1996. Thus, the two 

estimates of catch rate based on a temporal measure of effort showed evidence for a 

decrease in abundance of S. lemuru schools at the fishing grounds in Geelvink Channel. 

Considering that the same trend for a marked decrease in catch per litre of fuel from 1996 

to 1997, provides further evidence for a decrease in abundance of S. /emuru. 
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During the two most successful fishing months of the year ( June & July) there 11-Jere 
fluctuations in the number of schoois observed per hour of searching during the three 

years of the study (Fig. 8.14). In 1995 there was very little variation in the mean number 

of schools encountered per hour of searching for June and July (0.570 and 0.574 

respectively ). The number of schools observed was twice this in June and ,July of 1996, 

with values of 1.23 and 1.07 respectively. In May and September of 1996 there were 

about 0.46 schools seen per hour. The number of schools encountered per hour of 

search time increased again in 1997 with a value of 2.2 in May, decreasing slightly to 1. 7 

and 1.6 in June and July. The value dropped further to 0.16 schools/hour in August. The 

irregularity of the number of schools observed per hour between months shows the 

cyclical nature of the fishery, while the gradual increase in numbers of school seen during 

the peak months may reflect increased abundance or availability (e.g. formation of bigger 

schools) at these times and is consistent with the catch rates. However, the interannual 

differences were not consistent with catch rates, with the decreases in kg/day and kg/hour 

in 1997 suggesting that fewer schools were present in the fishing grounds than in 1996. 

Assuming the trends for decrease in 1997 shown with these estimates of effort, as we!I as 

when effort was estimated from fuel use, counts of the number of schools per hour 

appears to be of little use as an indicator of abundance. It is possible that the sightings of 

more schools per hour in ·t 996 and then 1997 resulted from increased knowledge the 

behaviour of S. !emuru in Geelvink Channel. 
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Figure 8.14. Mean number of S lemuru schools encountered per hour of searching for each month 
from 1995 to 1997. 

8.4 Commercial fishing area 
Most purse-seine effort, and catch of S. lemuru in the mid-west coast purse seine fishery, 
occurred in the central regions of Geelvink Channel, east of the Abro!hos Islands (Fig. 

8.15). Local fishers who work near the Abrolhos contend that schools of S. iemuru very 

rarely occur close to the islands. The catch data supports this observation with only a few 

schools caught close to the islands (<2 km). 

The areas inshore of this region, towards Geraldton, were probably also 'searched' in at 

least a cursory fashion during passage out to the main fishing grounds. However, 

although sporadic catches were made within a few miles of the coast both north and south 

of Geraldton, aggregations of S. lemuru were apparently not as consistent in this inshore 

region. The offshore extent of the fishing grounds were largely limited by a marked 

increase in the number of potential snags (i.e. rough bottom potentially hazardous to 

netting) to the west. Indeed, even within the main fishing gmunds the fleet recorded 

dozens of unchatied snags, noting that some areas of relatively flat substrate may still 

contain sufficient hard structure to snag a net. The location of the main fishing grounds 

was also iimited to within a few hours steaming from port. Even with an ice slurry, the 

catch needed to be returned to port within several hours of capture or could suffer serious 

deterioration, particularly as a further several hours were typically required to unload the 
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Figure 8.15. Locations of captures of S. lemuru in the mid-west coast purse seine fishery. Catch 
units= kg. 

8.5 Incidence of zero catches 
There were 37 days ( 12% of total) through the 1995-1997 fishing seasons when no 

schools were found (Fig. 8.16). Zero catches were sporadic and those occasions when 

this was due to no fish schools being found were generally higher outside the peak fishing 

months of June and July. 
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Another fact.or whid1 affected fishintJ success was whether or not the fish formed 

sufficiently iarge, and dense, schools, For example, a !argE! school was not a worthy 

target if it was soarse!v spread 0\/E~r a reiative!v 1aroe area. Tr·ie skiooer used his "- I ,.. l "-' r f ~ 

experience to estimatEt the size of a schooi based on the sonar image and decide whether 

or not to shoot. the net. Only iarger schools (>10 tonnes) were typicaHy targeted. 

However if their was only a few schools around durin9 a particular time of year then 

smaller schoois wouid be targeted. The typical pattern observed by fishfmnen was that 

the S. !emuru begin aggregating in the late aftemoon/early evening and remained in 

re!ativaly dense schools for severa: hours before dissipating after midnight. However 

there were occasionai times when S. !emuru remained scattered throughout the water 

column and would not school-up at al! during the night. There was no obvious seasonality 

to this behaviour (Fig. 8.16). Sardine/la iemuru remained scattered and thus could not be 

purse-seined, themby resulting in zero-catches, on 7.2% of fishing trips. 

The position of a school in the water column was noted prior to capture, based on the 

sonar and sounder readings. Position of a school was designated as surface (0 .. 10 m 

depth), mid-water (10 m depth - 10 m from bottom) and bottom (within 10 m of the 

bottom). From a total of 145 observations of schooi position there were 6 on the surface, 

91 mid-water and 48 on the bottom. This indicates that not only were deeper schools 

targeted, but that they were targeted regularly. Thus, although fish located "hard against 

the bottom" do not represent good targets, often being spread as a relatively thin layer 

(e.g. a few metres or less) over a relatively wide area, schools in the lower water column 

represent a viable target and contributed substantially to the total catch. Between 1995 

and 1997 there were few occasions (2.9% of trips) when the net could not be shot 

because schools were only found close to the bottom and in an area where attempting a 

shot may have resulted in a damaged net. 

The final factor reiating to zero catches was the presence of predators in or near the 

school. On most occasions the fish school target was monitored for several minutes with 

the sonar as the boat was positioned (e.g. with respect to wind direction) prior to deploying 

the net. On many occasions the school was noted to be under attack by large predators 

such as sharks and dolphins. These large predators can scatter large schools apart or 

cause a school to be very 'flighty' and unpredictable in their direction of travel. Schools 
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8.6 Days not fished 
Both vessels iost a high number of days during the flst1in9 season due to bad weather, 
r-epairs and inabiiity of factories to accept more fish (Tables 8.1 & 8.2). During the 199:':i 
season the 24 m vessei lost 52% of potential fishing days and the 19 rn vessel lost 65%. 
The number of lost fishing days for the 24 m vessel decreased in 't B96 tc 43% of the 
season, then rose again in 1H97 to 47%. 

Bad weather 

Strong winds were a major cause of !ost fishing tirne, accounting for 2·1 and 24.5% of lost 
fishing days for the 24 m and 19 m vessels, respectively, in 1995. 'Nhiie the influence of 
poor weather on effort for both vessels appeared similar in 1995, an important factor not 
directly apparent from the logbook data was that vvhen fishing was attempted in moderate 
wind conditions that the smaller vessel was much less efficient than the 24 rn vessel. In 
particular, the larger vessel had considerably more freeboard, and could thus purse the 
net more easiiy since purse seine vessels typicaily lie beam-on to the wind while hauling 
the net. Larger quantities of fish were therefore a safer option on the larger vessel. 
Furthermore, a large vessel allowed better advantage to be taken of the relatively 
infrequent calm days. 

Thus, the 19 m vessel appeared to be unsuitable for the purse seine fishery operating off 
Geraldton. Linked to this was the low value of the product, problems with the size 
structure of the catch for the smaller vessel and the need to catch large quantities for the 
operation to be viable. 

Repairs 

The 19 m vessel lost 6.8% potential fishing days due to repairs, whereas 24 m vessei lost 
less than 1 % of fishing days. Although running repairs are always necessary, days lost to 
repairs are costly, particularly if they coincide with a period of good weather. Data for the 
19 m vessel has not been presented for 1996 but it is important to note that a significant 
amount of time was lost due to major repairs on the vessel. Furthermore, time was also 
spent installing an onboard fish-sorter designed to separate off the more marketabie, 
larger fish. This modification to the vessel subsequently met with limited success due to 
the lack of suitably large fish in the catches. 
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Table 8.1. Lost fishing days during the 1995 fishing season due to vessel repairs, rough weather 
and iimits on processing capacity (i.e. full factory). 
24 m vessel 19 m vessel 

! . t"1.r· ...-an-~o Jan-95 
Feb-96 Feb-95 
Mar--95 '0., 

L~ Mar-95 16 
Apr--95 21 .Apr-95 18 

May-95 ' ,., l ,,: May-95 19 
Jun-95 19 .Jun-95 23 
Ju; .. 95 13 ju~-95 ·,c ,co 

Aug-95 8 Aug-95 
Sep-95 Sep-95 
Oct-95 Oct-95 
Nov-95 Nov-95 
Dec-95 Dec-95 

Table 8.2. Number of fishing days lost for the 24 rr1 vessel i..'l a) 1996 and b) 1997. 

a) 1996 b) 1997 

Jan-96 Jan-97 
Feb-96 Feb-97 
Mar-96 Mar-97 
Apr-96 Apr-97 

May-96 3 May-97 10 
Jun-96 17 Jun-97 8 
Jul-96 11 Jul-97 17 

Aug-96 14 Aug-97 6 
Sep-96 1 Sep-97 
Oct-96 Oct-97 
Nov-96 Nov-97 
Dec-96 Dec-97 

Factory capacity 

The standard practice for the Geraldton purse seine fleet to maintaining product quality 

was to transport the product to onshore facilities in an ice slurry along with a chemical 

preservative and then to freeze the fish as quickly as possible. The processing abilities of 

the factories associated with each vessel vvere markedly different and this resulted in 

almost three times more days lost to full factories for the 19 m vessel over the 24 m vessel 

(20 days compared to 7). Although storage freezer space were fairly compatible, the limit 

in blast freezer space accounted for the higher number of lost days for the 19 1T1 vessel. 

The fact that this occurs at times when catches are best, indicates that peak monthly 

catches for this fishery could have been substaniially higher. 
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Due to the limited fishing season, this most likely impacted seriously on profit durint~ 199£5 

and indicates that the estab!ishment of suitably !arge processing facilities is an important 

consideration for a developing fishery which targi~ts high volutne species. This is 

oarticu!arlv crucial ln wam:er climates where ·r'Xoduct deterioration can occur ,quick!v. '· i' 
,., 

However, establishment of high-volume freezer faciimes is cost!y and represents a 
substantiai investrnent. Because catches may not be as high as expected in a 

developmental fishery or a potential market(s) does not eventuate, the estabiishment of 

!arge freezers may be economicai!y risky. Aiternativeiy, lack of investment in processing 

facilities may result in the "sustainab!e" yield never being realized. 

8. 7 Discussion 

8. 7 .1 Catch rates 

The apparent decline in abundance of S. /emuru in Geelvink Channel, as indicated by 

three methods of estimating catch rate, is difficult to interpret due to the extremely short 

time series of data. Large decreases in stock size of clupeoids are typically attributed to 

environmental variations, heavy fishing pressure, or a combination of these (e.g. Sharp 

and Csirke 1983). These possibilities will be examined as more monitoring takes place. 

For example, although the history of exploitation of S. !emuru in the Geraldton region has 

been short (i.e. only a few years), the possibility of localised depletion having already 

occurred cannot be ignored. Alternatively, some members of the Sardinelia genus are 

known to undertake seasonal migrations in response to environmental and biological 

conditions, with associated seasonal changes in catch rates (Mendelssohn and Cury 

1989). The decline in catch rates in the Geraldton region happened in the same extended 

period that S. /emuru became prevalent in the Fremantle region. Furthermore, S. lemuru, 

albeit an individual, was recorded in a catch of pilchards off Cape Naturaliste, 160 km 

south of Fremantle, for the first time in this same period. There is thus some evidence for 

a southward migration over an extended period, i.e. a shift or extension in distribution, 

rather than a strictly seasonal migration, occurred. This apparent shift occurs when water 

temperatures are relatively high in the Fremantle region, closer to the southern end of S. 

lemuru's range. Interestingly, in contrast to the Geraldton fishery, commerciai quantities of 
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S. lemum frequently occur c!ose inshore at Fremant!e (Le. \rvithin a few km of port) . 

protHcted ernbayment of Cockburn Sound rnay prov!de particularly good fr.::eding 

..... rne 

conditions for S. lemuru, with annual catches having reacht1d 900 ~ 1100 tin 1984 .. 1986. 

i , • . .. ·,·· . 4-h .. . . rl •. s: 'h' • . ,. ' . ,. +h nl:f.:rannua; vanarn ir.y m L .e magrmuae and , .• uranon 01 -. .,gn· water i:emperatures a ong ,. e 

!ower west coast of \/'lA may thus be responsible for sporadic occmrenc:H and varying 

persistence cf relatively lar~Je quantities of S. iemuru in the Fremant!e region. Assuming 

these fish do in fact move into this southern area from further north, thesE:: events should 

accompany decreased abundance of S. iemuro in the Geraldton region. 

1Nhile the causes for the decrease in catch rates in 1997 may not be fuily understood, the 

important point for the fisheiy is whether or not catch rates will improve when fishing 

continues. This awaits further monitoring of the fishery, particularly with respect to the 

tlming and duration of any improvements in future catch rates. 

8 - "' . l .~ Deveioprnent of the Geraldton purse seine fishery 

Because the relatively few calm days necessitates that large catches be made whenever 

possible, purse seining in the Geraldton region which aims at supplying a high volume 

market requires a relatively large vessel. However, associated with the limited history of 

the fishery was uncertainty over whether or not large catches would continue. This 

dictated that it would be unwise to invest towards further substantial, and rapid, expansion 

of processing facilities, including freezing capacity, to a level that could accommodate 

substantially larger catches over even shorter periods. The more successful operation in 

the mid-west coast developmental fishery was able to utilise existing freezer space and 

contracted, rather than purchased, a vessel. This practice meant that investments were 

more or less on a year-to-year basis rather than for the long term. For a fishery which 

targets sardines, which typically undergo large fluctuations in stock size over relatively 

short periods, this was a safer business option. In those years (i.e. 1998) when, for 

various reasons, little or no profit was made from the target species, the business was 

able to continue essentially because it did not have a overly large capital investment, and 

hence repayment commitments, relying on the purse seine fishery. Given the apparent 

decline in catch rate from 1996 to 1997, and the lack of any fishing activity in 1998, this 

decision has been justified. In at !east the short term, factory capacity will likely continue 
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to limit the catching ability of a large vessel in those calm periods at the peak of the 

catching season. 

As gtrnnQ wind is the mimary cause of lost fishing davs and further !ame investments in - I ' .. "..,II 

freezers uniii<J3iy for this fishery, it is therefort-) likely that around 50% of potential fishing 

days in a typical season can be expected to be lost. Furthermore, the obviously impact on 

efforHeveis for even a relatively large, purpose-bum purse sHiner, suggests even higher 

proportion o'f days wouid by !ost by smaiier purse seine vessels working in GeH!vini< 

Channel. 

Both licensees who participated in the developmental fishery had other business interests 

and hence •Nere not totally financiaily reliant upon the S. lemum resource. Although both 

invested heavily in the fishery, being a developmental fishery there has not been a 

problem with over-capitalization forcing unsustainable management, a prob!em seen in 

many of the world's large fisheries. The instigation of a three year developmental-period 

for this fishery and the limitation during this period to three licenses has, in retrospect, 

assisted in keeping investment at a reasonable level. 
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SECTION 9 .. CONDUCT ICHTHYOPLANKTON 

SURVEYS TO PROVIDE DATA FOR THE DAILY EGG 

PRODUCTION METHOD FROM WHICH ES'TIMATES OF 

THE SPAWNING BIOMASS WILL BE CALCULATED 

9.1 Plankton sampling 

in the March ·1994 survey (Shark Bay to Dongara) S. lemuru eggs were caufJht only in 

Gee!vink Channei (Fig. 9.1 ), indicating that spawning adults were located in this region of 

the rnid--west coast at that timH. 

The series of monthly surveys between September 1995 and March 1996 confirmed that 

S. !emuru in the Geraldton region have a short spawning season which occurs in mid- to 

late summer. No S. lemuru eggs or larvae were obtained in Gee!vink Channel between 

September and December 1995 (Figs 9.2a, b; 9.3a). Both were first recorded in early 

January and concentrations peaked in mid-February, at which time the spawning area 

indicated by the number of positive stations sampling had increased (Figs 9.3b, c). By 
early March concentrations were again iow and in iate March 1996 very few were caught 

(i.e. only one) in samples collected aboard ORV Franklin (Fig. 9.4). 

While the monthly series of samples clearly indicated that spawning peaked in mid­

February, the stations sampled were inadequate to cover the spawning area of S. /emwv. 
Thus, in the peak spawning month of February the largest concentrations of eggs 

occurred in an extensive "patch" at the northern limit of samples, with smaller 

concentrations extending to the southern limit of sampling (Fig. 9.2c ). In early March, 

when numbers of eggs were less, the highest concentrations occurred at the southern 

limit of sampling (Fig. 9.2d). This indicates that there may have been more extensive 

spawning to the south of the sampling area, and if so, confounds the concept of a very 

short period of peak spawning. That is, spawning may be more temporally extensive than 

suggested but this may be masked by spatial shifts in the areas of peak spawning beyond 

the areas sampled. Not only did areas of spawning shift over relatively short periods but 

potentially may do so regularly and in an unpredictable manner. 
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Figure 9.1. Concentrations of S. lemurn eggs (number 100 m-) expressed using a relative scale for 
the plankton survey conducted between Shark Bay and Dongara in March J 994. Spawning area= 
490 km2• 
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Figure 9.2. Monthly relative occurrence(% positive stations) and mean monthly concentration 
(nos. 100 m·3) both with and without negative stations (i.e. zero counts) of S. lemurn (a) eggs and 
(b) larvae. 
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9.2 Culturing of S. lemuru eggs 

1hJ eggs identified as being those of S. !emuru and cultured onboard RV Flinders were 
*- • '- "4·''0' ''-+·. ,. ~ ~ . f . I , •.• + capd..1rea a, 1 u .... nours. A, .nis ume mos;. were ai a stagt-:: D. cteve,opmem equivalent ,o 

developmental ratii·}S of pilchard eggs in the cooler waters off southern WA, coupled with 

the fact that sardines typically spawn at night, it was assurned the80 eggs had been 

spawned the previous night. Assurning spawning at mid-night, the eggs were thus around 

14 hours o!d at time of capture. 

Development of these eggs was monitored closely until around the following mid--night at 

which time many had hatched, with most hatching complete two hours later. Therefom, 

this indicates that S. lemuru eggs develop and subsequently hatch into larvae in 

approxirnate!y 24 hours, plus or minus a few hours. 

9.3 Plankton sampling for the February 1997 DEPM survey. 

While the need to sample to the north and south of the commercial fishing area during the 

DEPM survey was recognized priOi to the start of this project, and was justified by the 

results of the initial sampling, the large variation in time of peak spawning proved to be 

problematical. 

Plankton sampling for the 1997 DEPM survey indicated that spawning of S. lemuru was 

more widespread than anticipated. The usefulness of the survey design was 

compromised by the fact that the entire spawning area for the stock could not be 

estimated because relatively large concentrations of eggs occurred at the northern, 

southern and offshore boundaries of the sampling area (Fig. 9.5). However, by far the 

largest continuous patch of eggs occurred east of the Abro!hos Islands in a similar location 

to the region of highest egg concentrations found in February 1996, which indicates a 

certain level of continuity in spawning region for S. lemuru offshore of Geraldton. The 

distribution of S. lemum eggs suggested that the stock is widespread along the mid-west 

coast of V,JA, predominantly across the outer half of the continental shelf, with a iarge 

aggregation perhaps located in Geelvink Channel. While there had been anecdotai 

evidence for large schools of small pelagic fish to the north of the Abrolhos Islands, further 
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9.4 Discussion 

9.4.1 Application the daily egg production method to estimate 

spawning biornass 

The two significant problerns with sampling adults during the 1997 and 1998 DEPM 

surveys were (1) the small nurnber of samples obtained and (2) the sarnp!es obtained 

indicat'3d that the peak spawning period !"lad been missed. 

A pra-requisite for any DEPM survey is that it must be conducted close to the time of peak 

spawning. The main problem encountered with predicting spawning times for the DEPM 

swvey vvas the difficu!ty in obtaining samples of S. lemuru prior to the spawning months, 

which wou!d have allowed changes in GSi to be c!oseiy monitored. Commercial vessels 

were not opt}rating at these times and availability of Fisheries WA's RV Flinders was 

limited. Because the RV Flinders had to be booked up to a year in advance and was not 

available to sample S. lemum in the months leading up to peak spawning, historical GSI 

values had to be used to predict the time of peak spawning. However during the DEPM 

survey in February 1997, the mean GSI for females was 0.72 and in February 1998 was 

only 0. 75. The similarly low GS ls estimated in February of 1997 and 1998 represented a 

huge reduction in mean GSI compared to February of earlier years when it has been high 

( - 4.7), and indicated that there was comparatively little spawning activity when the 

surveys were attempted. This confirmed the general lack of spawning activity observed in 

freshly caught S. !emum aboard RV Flinders, and justified not conducting the plankton 

survey in 1998. Thus, for two consecutive years the peak spawning period was not 

identified. 

The purpose of the mid-water trawling aboard RV Flinders was to catch S. lemuro so that 

the adult parameters couid be estimated. However, the number of samples obtained in 

February 1997 (n=7) and 1998 (n=6) was insufficient in each case to obtain reliable 

estimates of adult parameters, with the recognized minimum number of samples for this 

type of survey being 35 (Alheit 1993). Note that besides the limited numbers of sampies 

obtained, the area sampled in each year was also limited and thus it is possible that the 

peak spawning area was missed, although there is no evidence for this. 
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project ('1990-'1994) a:1d these were for fish which weighed between 85 and '128 g, 

considerably higher than the avernge weight of females coi:ected during the study period 
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can vary betwEH3n years, no estimate of fecundity was avaiiab!e for the DEPfv1 rnethcd. 

This lack of success with the adult sampling essentlal!v nullified any possibiiitv of obtaininc1 _. .. . "' ..... 

even an approximation of the spawning biomass. Thus, while a reasonable estimation of 

average weight could be obtained from the adults caught during the survey, and sex ratio 

could be determined from the longer term data for this species, the imprecision expected 

with an estimate of spawning fraction from a sample of only seven and the iack of 

fecundity data meant that the estimate of spawning biomass would have very large 

confidence inter,ais. 

In summary, a combination of the very smali sample size of adults, the fact that the peak 

spawning period (or area) was missed, and insufficient egg data from which to obtain an 

estimate of egg production, meant that it was not worth pursuing an estimate of spawning 

biomass using the DEPM technique. 

9.4.2 Spatial extent of spawning 

The spawning area for various surveys were estimated from the distribution of positive 

stations (i.e. 21 egg). Po!ygons were drawn around groups of positive stations, or isolated 

positive stations, with the extent of each polygon being defined by the distance between 

transects and between stations along transects. In those cases where a negative station 

was embedded, or partially embedded, within a group of positive station then this was aiso 

considered to represent part of the spawning area. 

Spawning area at those times when spawning was not at its seasonal peak was generaliy 

around 400 - 700 km2 (Fig. 9" 1, 9.2b, d) In February 1996 when spawning activity was 

more substantial, the spawning area was 1865 km2 (Fig. 9.2c ), representing 2 - 3 times 

the area recorded in the previous and following months. 
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SECTION 10 - ENVIRONMENTAL CONDITIONS -

INFLUENCE ON THE BIOLOGY OF S. LEMURU AND 

THE DEVELOPMENTAL FISHERY 

Note that much of the material on environmental conditions presented in this section has been 
taken from the comprehensive review paper "The Leeuwin Current and the Houtman 
Abrolhos Islands" (Pearce 1997). 

·10.1 Wind 

Seasonal variation in the c!imate of the Abroihos islands is largely a result of the 

meridionai shift 1n the axis of the subtropical high-pressure beit (Scott 1983 ). During 

summer, the high-pressure ridge lies well to the south and the !ocal winds are dominantly 

southerly. During autumn and winter, the ridge migrates northwards and as a resuit of the 

shifting high pressum cells the winds are highly variab!e (Pearce 1997). The ridge returns 

southwards during spring and the southerly winds return. 

The mean annual 1500 hours wind speed is 23.61 km hr1 (6.6 m s·1) at Gera!dton, very 

similar to the 24.44 km/hr recorded at North Island. However the mean 09:00 wind speed 

for the year at Geraldton is 18.4 km hr1 (5.1 m s-1) compared with 24.49 km hr-1 (6.8 m s·1) 

at North Island. This indicates the winds at the islands are more persistent than on the 

mainland. Although there was some variation in wind speed and direction at Geraldton, 

the winds at the islands blow predominantly from the south with little variation in strength 

or direction. It is also evident that there is much greater variability in wind direction on the 

mainland coast than at the islands (Fig. 10.1). The greatest variability in wind direction at 

the islands occurs during the winter months. 

On the mainland, AM wind direction during the hotter summer months is predominantly 

easterly (NE, E or SE). However by 1500 hr the wind is nearly always from the south, 

with diurnal heating and cooling of the land resulting in a distinctive sea breeze pattern on 

the mainland coast. The winds at the islands also show a diurnai pattern, however it is not 

as pronounced as that on the mainland coast. The data also shows that the PM winds at 

the isiands during the summer months are strong (often >30 km hr1) and from the south. 
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Table 10.1. Monthly mean 0900 hours a.rid 1500 hours wind speeds (km/hr) recorded at a) 

Geraidton and b) North Island. Monthly data recorded in Geraldton from 1941 and North Island 

from 1990. 
a} G&raldton 

jMonth--r.._,,..jM_e_a_n_0_9_:_00--\~-/i,-,d 3peed (k.mihr). • . • .. Mean 15:DO \Vind Sp€ed (km/hr) -. 7 
L -~----Mediani-ltghest - L;::iwest ·----Mea~l ·-Median·- Htghest . Lowest l 
l I · 
!januar'y' j 21.5 21.'1 30 'i2 30.5 29.7 40 231 
I February ! 2·JA 2·i.2 32 13 29.0 28.6 38 2'i) 

March ! 20.0 19.S 28 12 26.8 26.5 35 181 

April I i7.7 '17.4 32 8 22.7 22.8 29 16l 

May I i6.8 Hrn 25 i 1 19.0 ~8.6 25 131 

1June I 17.1 17.2 22 12 i6.8 16.4 26 iO 
j ! 
!July 16.5 16.5 21 11 16.4 16.7 2'• '10 

August 15.2 

September 
October 
November 
December 

15.3 
18.5 
20.2 
20.6 

15.1 

15.2 
18.5 
19.9 
20.4 

20 9 

21 10 

26 13 
27 14 
29 ·13 ____ __,. ____________________ _ 

b) North Island 

!Vlonth Mean 09:00 Wind Speed (km/hr) 

Mean Median Highest Lowest 

January 26.5 27.3 28 22 

February 27.4 27.5 31 24 

March 23.0 22.3 27 21 

April 21.7 21.7 25 19 

May 24.0 23.1 27 22 

June 25.4 25.4 28 23 

July 23.8 25.9 28 ii 

August 24.7 24.5 30 22 

September 22.9 21.9 26 21 

October 24.3 24.4 27 21 

November 23.6 23.6 26 21 

December 26.6 26.1 31 23 
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17.3 '17.5 22 5 

21.0 21.3 27 15 
25.7 25.8 36 19 
28.2 28.5 37 17 
29.9 29.5 42 22 --·---------------· 

Mean 15:00 Wind Speed (kmihr) 
Mean Median Highest Lowest 

31.6 31.9 33 29 
32.3 3i.9 36 29 
27.3 26.7 31 25 
22.6 23.2 25 19 
22.1 22.5 24 19 

24.i 24.8 27 20 

22.7 22.7 28 19 
23.1 22.4 30 17 
23.7 23.3 26 22 
27.2 27.2 29 25 

28.5 28.6 30 27 
31.8 31.2 35 29 
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Figure 10.1. Monthly mean wind speeds recorded for (a) 9 AM North Island, (b) 3 PM North 
Island, (c) 9 AM Geraldton and (d) 3 PM Geraldton. Data are displayed as wind-strength intervals 
(km h{1) with the percentage of observations falling within compass direction shown. 
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interesting!y, the 9 AM wind direction on the mainland is markedly different to that at the 

isiands during the winter months. On tile mainland the winds are predominantly north·· 

east at 9 AM. However at the islands there is much greater variability in direction and 

winds are significant!y strongeL During the wlnter months on the mainland coast, the 

strong winds art1 norrna!iy associated with frontal systems and wind direction is west to 

north-west. At the isiands the variation in direction for strong winds ranges from east 

clockwise to north-west. 

In conclusion, the winds at the islands are mon:1 persistent and stronger than those 

encountered on the mainland coast. The PM winds in particuiar are consistently from the 

south for much of the year and it is in the !ate afternoon/evening when most of the fishing 

effort ls applied in the S. lemuru fishery. It is these dominant, strong southerly winds that 

persist throughout most of the year that results in many lost fishing days (Section 3.5). 

Ti1e southerly winds during summer results in a net northwards drift of water in Geeivink 

Channel which flows at about 10 cm s-1 (Cresswell et al. 1989). 

10.2 Temperature 

Water temperatures in Geelvink Channel several kilometres off Geraldton typically range 

from 19 ° C in late winter (August/September) up to about 23 ° C in summer (Pearce 1997). 

A larger annual range, with lower minima and higher maxima, occurs in the nearshore 

waters, while at the Abrolhos Islands the annual range is less (Pearce 1997). 

10.3 Rainfall 

The rainfall patterns in the Geraldton region follow those of a typical Mediterranean 

climate. Most rain falls in winter and the summer months are usually dry with infrequent 

rain resulting from tropical !ow pressure systems (Table 10.2). june is the wettest month 

with an average of 108.1 mm and December the driest with an average of only 5 mm. 
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Table 10.2. Mean monthly rainfall statistics for Geraklton (recorded from 1941 ). 
!Rirntal! Averages - G&raJafon. 7~ - . . I r-- ;Jari---·reo--~ April -·~ay--·Tune-.rury-·Ai:i9- sept-o-c:r-·-1\rov'Lfec· 
Mean Rainfal! ( mm) --7r.4-·7"2:7--· 4 4:<f--2o--itro1tm~:7-·6E1"3f':r--'Er.11TT ___ o 

M~,'.ar~,D~~,,.~~,b~ Ra:mall trnm) r ,;:~ ,:·o .,~.1 17A .,°u.5 ,.,~,~-;_ ~3;~ b~-~ t·:. 1~;6 /·~ , 
•• I ,:• -\ 1- ; , ". - ' - ,re, () D , ,C•f"i 01 h Q -r _''°' ,~ A ~--, _C: ~ ') 

,Dev11e.JRa,rilc,1!(mn.) 2.t:., 41.5 .A.8 60.8 ,42.4 ,,.,o.:I. 1o5 10.,.o o3., ,)8 ~7L 22 
!Decile i Rainfall (mm) 0 0 0.2 ::u 16.6 43.7 36.2 30.8 10.6 4.6 0.4 01 
MeanNumberofR.ainDeys i i.8 2.3 2.9 6.1 iO 'i4 14.7 12.6 9.6 r 4.1 21 
Highest Month!y F:tainfa!! (mm) ! 63.6 i3'L4 mn 100.3 2822 286.4 243.3 i55.4 80.8 109.1 47.4 681 
Lowest Monthly Rainfall (mrn) j O O O 05 2.8 24.8 24 HJ.8 6 0.3 O o1 

1highest Recorded Da~~ain (mm) ! _ 36.3 79.6 88.4 47.8 622 109.2 71.9 59 38.6 7U 25.8 __ 5·1! 

10.4 River run ... off and nutrient inputs 

The majority of nutiients and sediments washed from the iand into coastai waters 

worldwide are transported by rivers. On a more localised scale, subrnarine discharges of 

groundwater into a marine system may aiso be significant. 

The Geraidton region has four main rivers that flow into the Indian Ocean; the Greenough, 

Irwin, Chapman and Bowes. The large amount of rainfali during the winter months may 

also result in the discharge of terrestrial sediment material into the ocean. It is during the 

winter months that flood events are associated with intense frontal systems. Flow rates 

during the rest of the year are comparativeiy low; however infrequent tropical depressions 

during summer may result in localised ·fiooding. 

Concentrations of suspended sediments and dissolved materials in river waters vary 

greatly in response to varying flow rates and flood events may increase primary production 

in coastal areas, but the degree to which this occurs is not known. However, the main 

commerciai fishing grounds for S. lemuru are situated well offshore and it is unlikely that 

this discharge of material during the winter months impacts directly on the species. There 

is no evidence to suggest that S. lemuru migrate inshore during the winter months to take 

advantage of any possible increase in nutrient levels. 

10.5 Sea conditions 

Although there is no published wave data tor the islands the mean wave height in the 

open ocean to the west of the islands is over 2 m for most of the year. However, inside 

the islands nearer to the mainland coast wave height decreases to a mean of 1.2 m 

143 



(Pearce 1997). The mean wave period in the Geelvink Channel was 9 seconds (Stroucf 

and Russe! 1983). Analysis of expected maximum individual wave heights showed that 

50% are likely to exceed 3 m and 10% more than 4 m (Pearce, ·i 997). The calmest times 

during the year occur in the months of March/April and October/November. The islands 

do offer somt3 protecUon froiii the swell when fishing in the Geelv!nk ChannHI but strong 
. .. . . . I • ., ' ' ~ ' . . h ' ,:• L • ' soumeny wmos a so generate qwte iargt~ seas(>.:: rn; wi11c : can rnaKH 11srnng ana 

research operations difficult. 

·10.6 Tides 

Although the tidal range at Gera!dton (typicaHy <0.6 m) is not as pronounced as further 

north, tidal currents most likeiy still play an important role in biological processes occurring 

in the main commercia! fishing grounds. Tidally induced mixing can be a major contributor 

to the nutrient dynamics of shallow, marine ecosystems.. In these systems, bottom friction 

acts in a manner ana!ogous to wind stress on the surface to mix the water column and 

inhibit stmtification (Furnas 1995). This mixing ensures that nutrients are regularly 

resuspended from the benthos and rapidly distributed through the euphotic zone (i.e. the 

entire water column in Geelvink Channel), and thus has the capability to influence primary 

productivity of plankton communities. 

Although not mentioned in the review by Pearce ( 1997), strong tidal fronts are apparently 

a common feature of some parts of Geeivink Channel and were targeted by commercial 

purse seiners while searching for S. lemuru. Such tidal fronts would be expected to occur 

regularly and probably represent areas of increased plankton concentrations, which attract 

schools of S. lemuru. Indeed, tidai fronts are also favoured search areas for south coast 

pilchard fishermen, who identify "tide-lines" by the associated accumulations of debris 

near the surface. In Geelvink Channel, where purse seining most often occurred at night, 

tide lines cou!d be detected by the sonar and echo sounder. 

10.7 Upwelling 

A ciear difference between the mid-west coast of WA and overseas locations where 

sardines support commercial fisheries is the very low nutrient levels of the former. Thus, 
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whereas large sardine fisheries usually occur in areas of significant upwelling and or large 

inputs of nutrient from rivers, the mid-west of \NA is extremely arid and the adjacent Sefis 

have no regular or consistent uoweilina of colder, nutrient-rich water { Pearce 1997). In ~ '"-' , . '" \'· • j 

leveis result in stock sizes of ciupeoids, which are strongly linked to productivity, to be very 

low by world standards, and part1cuiariy, in cornparison with those inhabiting eastern 

boundary, upwelling systems. 

However, "cold events" have occasional!y been recorded at the CSIRO tide--gauge site 

near Rat ls!and, suggesting that localised up-welling may occur sporadically along the 

outer continentai shelf (Pearce i 997). There may aiso be upwe!iing onto the contlnental 

s!ope of 'mid-depth' water which is not detected as changes is SST by satellite imagery 

because of insufficient therrna! contrast. 

10.8 Leeuwin Current 

The Leeuwin Current is the dominant current off Western Australia (Caputi et al. 1996). It 

has been responsible for the distribution of tropical marine life further south than would 

otherwise be expected. This large current can best be described as a band of warm, 

tropical, low salinity water about 50 km wide and 200 m deep that flows south, generally 

along the shelf break, from North West Cape to Cape Leeuwin (fig. 10.2). From here it 

travels eastwards and flows into the Gieat Australian Bight. 

The Leeuwin Current originates from the flow of water from the Pacific Ocean through the 

Indonesian Archipelago, which results in higher sea levels off the north-west coast than 

the south-west of WA. The higher leve! is held back during summer by the prevailing 

southerly winds along the west coast. However during autumn the onset of monsoon 

winds in the north further increases the flow and consequently the sea !evel. At the same 

time the dominant southerly winds on the west coast of Australia ease allowing the flow of 

warm tropical water down the coast and into the Southern Ocean. During the summer 

months there is a weaker northward flowing current between the Abro!hos Islands and the 

mainland coast (Pearce 1997). 
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Figure 10.2. North to south movement of water by the Leeuwin Current, off Western Australia. 
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Figure 10.3 Satellite images of SST showing variation between years in flow rates down the west 
coast in (a) Jan 95, (b) Feb 95, (c) Jan 96, (d) Feb 96, (e) Jan 97 and (f) Feb 97 (peak spawning 
months). 
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In .January 1995 (Fig 10.3a) therE~ was virtually no Leeuwln Current visible along the 

coast. However, by February ·1995 (Fig 10.3b) there was an influx of wann waterdov.·n 

the coast just off the cont.inent.ai shelf and SST had increased. 

The flow of the current was more pronounced during January ·199t3 (Fig. 10.3c). Wsrm 

'.·vater can be seen 'flowing south past Shark Bay, with eddy formation visible Wf.ili offshore. 

ln February 1996 (Fig. 10.3d) the warm btmd of tropicai water is stm evident west of Shark 

Bay. Warm water has evidently moved on to the continental shelf. SST around the 

Abrolhos region increased margina!!y in February 1996 

The flow of the current in January 1997 (Fig. ·10.3e) was again fairly strong with warm 

water reaching down the coast to Cape Naturaliste. A large tongue of warm water can be 

seen running adjacent to the continental slope with, with a band of slightly cooler water 

inshore of the Abro!hos Islands. In February 1997 (Fig. 'I0.3f), the body of warmer water 

seen in January along the shelf edge can now be seen dispersed over a wide area due to 

weakening of the stream and mixing with shelf waters. 

10.9 Severe storms and cyclones 

Intense low pressure systems, whether they be cyclones or gales, are irregular seasonal 

events off the mid-west coast of WA. Severe tropical storms which occasionally move 

down the west coast can have pronounced effects on continental shelf and coastal marine 

systems. The high winds and associated waves generated in these events resu!t in 

intense mixing of surface waters with the lower layers of the water column. This mixing 

often brings nutrient enriched water to the surface along the storm track (Furnas 1995). 

As tropical storms move onto the continental shelf, mixing reaches the bottom and is 

sufficiently powerful to re-suspend sediments over wide areas. Dissolved and particulate 

nutrients are re-,suspended into the water column which can result in localized 

phytoplankton blooms. In conjunction with nutrients in floodwater near the coast, regional 

primary productivity can increase 5--10 fold within a matter of days following a major storm 

(Furnas 1989). Although S. femuru would presumably take advantage of such sporadic 

increases in piankton biomass, such storm events are irregular and are unlikely to 

influence spawning strategy. 
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There are no data relating to chlorophyll a abundance within the fishing area for S. lemuru. 

Pearce ( 1997) found that nitrates, silicates and phosphates in the surface layers were 

generally low across the shelf and down to about 200 m which confirms the low nutrient 

status of Western Australian shelf waters and the lack of nutrient input via upwelling. 

10.10 Influence of environmental factors on spawning 

strategy and recruitment 

10.10.1 Hypothesised effects 

Sardine/la lemuru, like other sardine species most likely undergoes large inter-annual 

variations in recruitment abundance. Variations in relative recruitment success for many 

pelagic species have been linked to changes in the prevailing environmental conditions 

(e.g. Cury and Roy 1989). The dominant environmental factors for S. lemuru in Geelvink 

Channel are probably wind, temperature and the Leeuwin Current. As seasonal changes 

in temperature and wind patterns are very consistent, these factors are likely linked to 

spawning strategy. In contrast, the Leeuwin Current and the extent that it both impinges 

onto the continental shelf off the mid-west coast of WA and forms eddies offshore of the 

same region can vary substantially between years. This variable environmental factor is 

discussed as a possible mechanism affecting inter-annual recruitment variability. Potential 

influences of wind and Leeuwin Current are discussed following the hypotheses outlined 

in Table 10.4. 
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·r bl 10 4 u {' .,_, · ·:.i f · • • · T • c~ .-1 • , a e . . uypo~neses on dle mr1uence oL wma ana the Leeuwm .,un-ent ..,urmg tne summer 
spawning season on S. lemuru recruitment. 
Environmental factor· 

I 
Dired effect Hypothesised result I Effect on I I recruitment I 

Wind Increased mixing Increased productivity 1· + I r-~~1 --
In.creased turbulence Increased encounter rate 

with food or no stabie 
aggregations of food ' . l ---Net northward current Larvae moved nort11 & +or·" 
remair. in wam1 water 

O''" h (NP' , ·.o. ,... ns ore .. ~ j anu. or La!-vae placed in offshore +or·· 
surface, shelf waters; frontal boundary systems 
offshore transport of eggs or larvae "lost'' 
& larvae 

Leeuwin Current Flow into Geelvink Increased productivity via + 
Channel ( 1) mixing in Geelvink 

Channei, (2) development 
of frontal boundary 
systems 

Transport of larvae south Nursery grounds to the ? 
south 

10.10.2 Wind 

Ciupeoids associated with upwelling regions spawn in areas and at times where 

turbulence and offshore transport are !ow, but winds are sufficiently strong to generate 

upwelling (Bakun 1996). Successful spawning (in terms of subsequent recruitment) by 

some tropical and temperate clupeids in upwelling regions has been linked to winds 

blowing within an optimum range of speeds (i.e. the "Lasker window", Bakun 1996). 

Winds below the optimum will be refiected by low levels of upwelling and hence low 

nutrient levels, whereas winds above the optimum cause increased turbuience which can 

disrupt plankton aggregations. In both cases, the negative effects of wind-strength 

outside of the optimum range of 5 ·· 6 m s·1 (Cury and Roy 1989) can be on either or both 

the adults and their offspring. Thus, it is believed that these conditions aid in both the 

survival rates of the larval fish and by increasing reproductive output, via improved feeding 

conditions, for adults. 

However Freon et a!. ( 1997) found that for Sardine/la aurita off Venezuela spawning 

predominantly occurred not only in areas of low turbuience but also in areas that were 

exposed to trade winds and offshore transport. Thus, sardine populations in non-
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upwemng regions may develop spawning strategies to take best advantage of local 

conditions. Because of the variability in oceanographic conditions betweGn such regions, 

different aspects of the environmenta: and biological conditions may be more important for 

S• 1C"'e"""1Lt 1 ···v·aw· r,i,··a '·h""n ,-,,+h-v·c: L ,JV- r"~f ~! :-,~ · ~ lL it:1 li 1c:.d \}1 t.t ~t~{ ._, .. 

This may explain th13 apparent divergence of S. !emuru off Gera!dton from previously 

desc;ribed spawning strategies for sardines. The reproductive strategy exhibited by S. 

iemuru is different to that of sardlnes in upwe!!ing regions. Sardine/fa lemuru spawn off 

Gera!dton during the summer months {December - February). At that time the winds are 

at their strongest (mean wind speed :.:: 8 m s-1) and are also extremely predictable with 

very little interannua! variation in strength or direction. Sardine/Ja lemuru may use the 

predicabi!ity of these winds (prevailing southerly) to aid the survival of their larvae, 

although this is not likely to be !inked to the retention of larvae in the spawning area since 

the southerly vyinds probably generate a north-west {Le. offshore) movement of surface 

waiers (A. Pearce, pers. comm.). If increased survival of larvae during the spawning 

season is not linked to retention, then the alternative theory is that offshore transport 

places larvae in areas suitable for early growth and survival. Freon et al. ( 1997) found 

that S. aurita off Venezuela also spawn at a time when offshore transport of larvae is most 

likely. They proposed that, within the context of this other sardine's spawning strategy, 

optimizing food availability for juveniles had precedence over larval retention. Such a 

possibility for S. lemuru off the mid-west coast of WA led to the hypothesis that localised 

regions of high productivity associated with frontal systems generated by the Leeuwin 

Current may be important in the survival of larval S. lemun1 (see below). 

Potential effects of the net northward movement of water in Geelvink Channel during 

summer are discussed below. 

·10.10.3 

10.10.3.1 

Leeuwin Current 

Potential effects on primary productivity 

The meeting of water masses with different hydrographic characteristics results in marked 

gradients in physical, chemical and biological variables across frontal boundary zones. 

These boundaries tend to be spatially complex and are characterised by eddies (swirling 

151 



f" • • \ ' ,, • .J • • .. , rl \ d • • • { ,. \ t!ows ot water,, si:reamers ,extenue(J, nvHr !!Ke r,OWS) an_ mtrus,ons \tongues err water,i, ail 

of which can be seen using satellite imagE:ry {Fig. 10.3). 

The 'Naters of the Leeuwin Current move rnuch faster than the adjacent "siope water" 

mass nearer to the mainland coast Frontal eddies develop at ttm interface in response to 

the frictional torque of the differential velocities of Ui~J adjacf:mt water masses (e.g. Bakun 

1996). 

Although the main body of the Leeuwin Current is typic:a!ly iocated offshore of the 

Abroihos Islands, eddies or intruslons can break away from the main current. moving large 

amounts of warm water ea£tv,ard up onto the continental shelf, around the islands and 

toward the main!and coast. These onshore intrusions can change over short time scales, 

which may lead to increased levels of mixing throughout the water column in the relatively 

shallow (50 m) waters inshore of the Abrolhos Islands. This may then result in localized 

increases in nutrients within the water column, despite that the warm pockets of tropical 

water coming onto the shelf are generally oiigotrophic. If this process does occur, 

fluctuations in the Leeuwin Current and its offshoots may result in highly variable spatial 

patterns of nutrient and plankton densities between years. 

More persistent intrusions may also result in distinct frontal boundaries. Frontal 

boundaries associated with well defined intrusions of Leeuwin Current water moving onto 

the shelf are likely to result in the formation of areas of higher productivity (e.g. Bakun 

1996). These areas may provide sufficiently concentrated food for larval S. lemuru larvae. 

Frontal boundaries are also associated with the large scale eddies (Fig. 10.3) which 

detach from the l.eeuwin Current off the mid-west coast of WA. Theory indicates that the 

dynamics of eddies will result in areas where particles (i.e. in this case plankton) 

accumulate (Bakun 1996). As a result of these eddy formations, high concentrations of 

plankton can develop at frontal zones thereby giving rise to areas of intensified trophic 

activity. Furthermore, where meanders of coastal currents detach from the coast, 

localized zones of upwelling can form in the pocket of the loop (Tranter et al. ·1986). 

Because eddies off the mid-west coast of WA tend to persist weeks {Pearce ·1997), such 

areas of high productivity would likewise be expected to persist for such periods. Such 
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conditions may provide suitable feeding conditions for !arvai or _juvenile S. lemuru offshore 

of the Abro!hos is!ands. 

Assurning that sumrner spawning in Geeivink Channel does indeed result in substantial 

offshore transport of S. femuru egg8 and early larvae, eddies produced by the Leeuwin 

Current rnav provide suitab!" enriched environments to assist in the eari\f feedinq success. J ·' J .. ,.. , 

in which case the offshore advection does 1·1ot necessarily resuit in terminal loss of 

spawning products from the stock . 

. Although the most intense frontal boundaries observed in Figure 10.3 occur far offshore 

of the shelf edge, boundaries which may occur cioser to shore are more difficult to detect 

using satellite imageiy since local inshore wateiS are \J\Jarrner than oceanic v,aters at this 

iime of year and thus produce less therma! contrast. Thus, the Leeuwin Current may 

generate more extensive frontai boundaries close to the region of the fishery than 

indicated, and these may also result in localised areas of high productivity. 

While the general form of the Leeuwin Current is reasonably consistent in the longer term, 

the strength and position of the current, with respect to the continental shelf, typically 

varies between years and is linked to El Nino/La Nina events. Thus, if reproductive 

success of S. lemuru in the Geraldton region has particular, although indirect, reliance on 

flow of the Leeuwin Current onto the shelf, then both recruitment and stock size can be 

expected to undergo regular !arge fluctuations ovar relatively short periods. Likewise, this 

hypothesised effect is further exacerbated if offshore eddies also influence survival of 

advected larvae and the resultant juveniles. 

10.10.3.2 Transport of eggs and larvae 

In recent years there has been an increasing interest in the Leeuwin Current and its role in 

biologicaiifisheries processes. The current may provide a transport system for pelagic 

iarvae of several finfish and crustacean species. Hutchins ( 1991) hypothesised that the 

seasonal recruitment of juvenile tropical fish at Rottnest Island, off Fremantle, is a result of 

the south-ward transport in the Leeuwin Current from breeding populations to the north. 

Along the south coast of WA, the Leeuwin Current is responsible for the eastward 

advection of pilchard eggs and larvae from offshore areas near Albany further east 
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towards Bremer Bay, with transported distance of spawnir.g products positively correlated 

to current strength (Fletcher et al. 1994). However, this is much less iikely to occur with S. 

lemuru since the LC is tyoica!lv weakest at the time of oeak. spawnino,. f,Le. mid-summer\. • ,.. < ,- ..,_ I 

! d · · · ,.... • · ,, l"'•I 1· 1 • • I · · , · • 1-,fl eea, spawn:ng in !..:::,eeiVinY. vilanne. p,aces eggs ana eariy arvae ma region wmcn .ias 
r•, t 'h' I 'd's • '0' '0.f ,,-} .~," ,.~fe ·i ,.; g I .. .-,.-, ~ ,, • ,i t·r·, • - l',•,tf , ,,. • {• • • ~~-a, ,a non:, v,,ai . ,n .,._,,ne1 t t,• vva~ r cu:1n s..1r:1nie1 c.!l'"" ":e1e11.,re 110 u11g ,.e:m ave,uge 

transport of spawning products, if any, is more !lke!y to be to the nmih. This hypothesis is 

supported by the oxygen--isotope data which indicated that juveniles had lived in warmer 

water than aduits (Section 7), which in turn suggests southwaid flow of eggs and larvae is 

unlikely. 

Because, the net northward movement of water in Geeivini< Channel during summer 

results from the very predictable and consistent southerly winds during this time of the 

year, it is most likely a more persistent feature than intrusions of Leeuwin Current water. 

Ignoring for the moment the possibility that relatively low (Le. sub-tropical cf. tropical) 

temperatures may limit reproductive activity (Section 4.9), spawning in summer may be a 

strategy to aid northward transport of eggs and larvae. FurthermOie, shoreward 

movement of water induced by intrusions of Leeuwin Current water, which could be seen 

as a mechanism to aid in retention of larvae, is a!so weakest during summer, and thus 

retention of larvae in the region of the fishery does not appear to be part of the spawning 

strategy. 
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SECTION 11 .,, PRO,JECT SUMMARY 

11.1 Benefits 

This project estabHshed an understanding of the biology of S. femuru :n VVA and of the 

'.'' s* "'"O ·t p 'l'S'P c::,,.ir,c· fkhA'"'·' -ri-;·-~. ,: ...•. ·•af, 'r,a· r. n·i. ,•Hi 1-,,.., ··sed; m,a .. ,we l l, as lr,. ~- .. ,!. ...... ~ ,,...., !-·1 l" • ! .,:s !n!tAn, .!0n . I ;:,, a .t.i \!!;.,,, !.JC :..J ,ll 

mana9ement decisions aimed at ensuring sustainability of the S. lemuru stock off the mid­

west coast of \NA. This in turn has flow-o!1 benefits to recreational fishing and 

conservationist groups which may be concerned about effects of overfishing on prndators 

of sardines in the t3era!dton region. The data also has immediate uses for FRDC project 

98/203 on birds of the Abro!hos Islands. 

Knowledge of some of the d!fficu!ties encountered during the deveiopmenta! period ( e.g. 

influence of weather, vessel suitability, processing capacity, marked decline in catch rate) 

wili benefit current and future industry members in the mid-west purse seine fishery and in 

other new fisheries which target high-volume, relatively low-value, species. 

The anticipated benefits to the rock lobster and aquaculture (i.e. tuna farms) industries did 

not eventuate and these industries will therefore continue to have a heavy reliance on 

imported baitfish. 

11.2 Further developments 

Further research on the biology of S. lemum and the mid-west coast purse seine industry 

will be undertaken through continued sampling of catches. !n particular, further 

verification of age is warranted. Also, investigations into whether or not otolith weight can 

be used as a basis for analysing relative age composition will continue a.s samples of the 

commercial catch are obtained. Likewise, vessels wm be encouraged to continue filling in 

logbook so that deviations in catch rates or spatial extent of the fishery can be detected. 

Given the current magnitude and value of the catch, this level of monitoring should meet 

future needs of management. If a perception developed that a substantiai increase in 

annual catch is warranted, a further DEPM survey should be undertaken, but only if adult 
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samples can be guaranteed to be available, and indeed obtained (Le .. from industry), prior 

to and during the period of peak spa-.~ming. 

11.3 Conclusions 

Given the current understanding of sardine taxonomy, the species studied in this proJect 

was confirmed to be Sardine/la Jemuru, a tropical species ·which, aiong the lower west 

coast of \/VA., is at the southern iimit of its range. 

The iimited fishing season, typically from fv1ay to September, hampered efforts to describe 

the biology of S. Jemuru and to estimate spawning biomass using the daily egg production 

method. The description of reproductive biology relied heavi!y upon samples coilected 

between 1990 and 1995. Spawning season is from December to March with a peak in 

Janua,y to February. No adequate assessment of fecundity was possible during the 

project, although preliminary estimates indicate that fecundity may be approximated by 

that from similar species. Hypotheses concerning possible links between spawning 

strategy of S. /emuru off the mid-west coast and the dominant environmental factors 

(Leeuwin Current, wind) were discussed in the context of the potential influences on 

recruitment strength. 

Sardine/la lemum are filter feeders, with diets composed predominantly of zooplankton. 

Insufficient samples from all months of the year also affected the ability to validate the age 

of S. lemuro using otoliths. However, this was less critical than the difficulty in identifying 

suspected annuli, which subsequently resulted in a poor level of confidence in our abiiity 

to estimate age. Therefore, analyses of growth and age were conditioned on the 

assumption that S. lemuro in WA grow slower than in the warmer and more productive 

waters of Bali Strait. Maximum age was six or seven years, with an Lint of 166 mm. 

Notwithstanding the uncertainty in estimating age, the annual catch-at-age distributions 

indicated that the commercial catch predominantly consisted only two or three age 

classes. Thrne and four-- year olds dominated the catch, with few younger and older fish 

present. This observation may indicate that the stock could be characterised by 

occasional periods of strong recruitment, typical of small pelagic fish. Alternatively, an 

age-dependent spatial separation may have contributed to the low numbers of older fish 
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by making them less vu!nerable to fishing, although here is no evidence for this. Analysis 

of the annual catch-at-age distributions indicated a high rate cf total annual mortality 

(Z=1. 16), which may inc!ude a component of lower vuinerabiiity of older fish. 

Data from research logbooks and compulsory monthly returns alk:iwed i:.l detailed 

the decrease in catch rate in 1997, Le. an apparent decline in abundance of S. lemuru in 

the vicinity of the fishing grounds, was not determined, the possibility of marked changes 

in catch rate from one season to the next have been demonstrated for this fishery. The 

research indicates that the original concept that the fishery couid expand greatly was 

overoptimistic and expansion of tile fleet is therefore not warranted. Furthermore, the 

need for specialised, rather than modified, purse seine vessels in order to operate viably 

in the mid--west coast sardine fishery has clearly been shown. 

Sardine/la iemuru eggs were typically found over the outer half of the continental shelf and 

were widely distributed along the shelf. The estimates of spawning area, along with the 

closely associated patterns of egg distribution, do not provide evidence of a large and 

extensive stock, bui rather of a dispersed stock with relatively large distances between 

whai are possibly quite small aggregations. A combination of the very small sample size 

of adults, the fact that the peak spawning period (or area) could not be identified in 

advance, and insufficient egg data from which to obtain an estimate of egg production 

negated attempts to provide worthwhile estimates of spawning biomass using the daily 

egg production method. 

Analysis of isotopic ratios of oxygen and carbon from otoliths did not provide any clear 

evidence for the presence of distinct stocks of S. lemuru between Fremantle and 

Carnarvon. The b180 data did, however, indicate that S. lemuru caught at different 

locations had lived most of their lives in waters of different temperatures. The otolith­

isotope and plankton data together suggest that the stock may be widespiead, patchy and 

highly mobile. This data is compatible with the hypothesis of a stock shifting and or 

dispersing along the coast in response to environmental changes,. 
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11.4 Recommendations 

1. The small number of age c!assr:s, high natural mortality and iack of an estimate of 

stock size, along '.IVith the large interannua! variations in recruitmHnt strength 

ex1Jected of sardine stocks in aeneral and the associated lame chanaes in stock ,,.. - -.,;, ..... 

rAa-·ag,::,mr'r'* of th:s f'sl')A'Y 1,1_ .fi ,...., Or:.. i 1.i ;f ,.,.,,~_-. 

2. Due to lack of any evidence for a large stock in the current fishlng area, there is 

currently no basis for expecting the TAC to increase above the current level of 2700 

tin the future. Furthermore, because there is no estimate of stock size, catch 

levels in the short term should not be permitted to exceed those of the previous 

highest annuai catches (2000 t). 

3. Monitoring of the commercial catch so as to obtain data on age structure, catch and 

effort should continue. A longer time series of data wil! assist in determining if and 

when exploitation levels need to be revised. 

4. The apparent low abundance of S lemuru in the mid-west's current purse seine 

grounds observed in 1997 may continue to occur periodically, and thus the fishery may 

not be commercially viable in some years. Therefore, any further large investment in 

the mid-west purse seine fishery should not be encouraged. 

These recommendations have already been presented to industry and managers at a 

meeting of the WA Purse Seine Management Advisory Committee. 
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12.2 Appendix 1 Sampling for juvenile Sardine/la /emuru 

The background to this appendix is provided in section 2.2.5.11. 

12.2.1 

Mainland 

Materials and methods 

In July 1997 beach seine nets were used to sample several beaches between Cervantes 

and Lucky Bay (Fig. 12.1, Table 12.1). At each site, 3 shots were made using a 67 m 

beach seine net. A 120 m beach seine was also shot once if there was no reef present 

close to the beach. The composition of the catch was recorded. 
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Figure 12.1. Beach seining sites along the mid-west coast of WA. 
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Abrolhos lsiands 

The Houtman Abrolhos Islands are a network of limestone and coral 1siands located about 

60 miles from the rnainland coast (Fig. 12.1}. The islands constitute an area of high 

productivity within the relative:r nutrient poor marine 'ivaters which surround. 

The occurrence of corai and liinestone in the shallows made it Impractical to attempt 

beach seining in this region. Thus, attempts were made to catch small S. lemuru using 

other methods. Sampling was carried out in the months of September and November 

-1997 and June 1998 on Rat Island in the middle group of the Abrolhos Islands. This site 

was chosen for several reasons, including; accessibility by boat and aircraft, and the 

existence of jetties to use as a sampling platform. 

Sardine/la !emuru are known to congregate towards light during the night, and have been 

successfully targeted with light-fishing in the Bali Strait (Ritterbush 1975; Venema 1996). 

The sampling technique aimed at congregating any light-respondent baitfish in the area to 

a point near a jetty where they could be netted, A 3000 watt lamp powered by a 240 voit 

generator was mounted onto a jetty and angled at 60 degrees to the waters surface. Two 

locations were sampled on Rat Island and the choice of which was used at any one time 

depended on the prevailing wind direction. Calm conditions were preferred so that 

surface ripples would not decrease light penetration into the water. Depth profiles were 

recorded at each site (Fig. 12.2a, b). Both sites were cleared of any obstructions (e.g. 

steel pipes, tyres) on the bottom before sampling commenced. Pollard (crushed wheat) 

was mixed with sea water and vegetable oil and was used as an additional attractant at 

the sampling sites. 

A conical lift net, with a 1.3 m mouth-diameter and 5 mm mesh was used to capture fish 

attracted to the lights. It had a drop of 2.5 m and was hauled by rope running through a 

pulley attached to a 3m steel rod extended out from a jetty. The major advantage of using 

this technique is that it required little time and effort to set and retrieve the net. The light 

was concentrated above the lift net and when fish were aggregated in reasonable 

numbers the net was hauled vertically out of the water. The fish were then removed from 

the net and identified. 
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12.2.2 

12.2.2.1 

Results 

Mainland 

The surve\( did not cai')ture iuvE-mHe S. jemuru·· · ai.: ?t.,,y of ft·1A ;,·or-::.1!.·o-,· -.·~-~ ~,am .. r.·,!.Ad. Tha r,v·,s· J !' ; •-' - • - ~..- • • ·• . , - , I,\.• . , ,V I, 

abundant specie~ eauaht durf nn the samoilng were S!l!aao schomburc;f<fi. A!drichetta ._, V" - ~ .;;; • 

forsteri, Pranesus ogilby and Sil/ago vfttata {Tab!e 12.2). S.i!fago schom!Jurgkii ranged in 

size between 120 ., 280 mm and S. vittata ranged from 100 ·· 150 mm. Aiclrichetta forsteri 

ranged ln size from 15 .. 230 mm. Mugil cepha!us ranged in size from 10 "380 mm. 

Table 12.1. Shows the sampling schedule for each successive shot 3,t each location. 

~ , I 26,0, 197 Dongara BoatHrubou, 
Dongara Boat Harbour 12:35 67m ,., 

18.5 35.l L, 

Dongara Boat Harbour 13:05 67m 3 18.5 35.I 
27/07/97 Pages' Beach 8:00 67m 4 18.l 35.4 

Pages' Beach 8:35 67m 5 18.1 35.4 
Pages' Beach 8:55 67m 6 18.l 35.4 

27/07/97 Harbour beach 10:45 67m 7 18.0 35.0 
Harbour beach 11 :25 67m 8 18.0 35.0 
Harbour beach 11:50 67m 9 18.0 35.0 

27/07/97 Point Moore 15:35 67m 10 19.8 35.5 
Point Moore 15:55 67m 11 19.8 35.5 
Point Moore 16:25 67m 12 19.8 35.5 

28/07/97 Drummond Cove 8:15 67m 13 18.4 35.5 
Dmmmond Cove 8:40 67m 14 18.4 35.5 
Drummond Cove 9:15 67m 15 18.4 35.5 

28/07/97 Coronation Beach 11:15 67m 16 20.1 35.3 
Coronation Beach 11:45 67m 17 20.l 35.3 
Coronation Beach 12:15 67m 18 20.1 35.3 

29/07/97 Horrocks Beach 8:00 67m 19 19.7 35.l 
Hon-ocks Beach 8:25 67m 20 19.7 35.l 
Horrocks Beach 8:55 67 rn 21 19.7 35.l 
Horrocks Beach 13:15 67m 22 20.3 35. l 
Horrocks Beach 13:45 67m 23 20.3 35.l 
H01wcks Beach 14:25 120 m 24 20.3 35.1 

30/07/97 Port Gregory 10:15 120m 25 18.1 35.5 
Port Gregory 11:25 120 m 26 18.1 35.5 
Port Gregory 14:00 120m 27 18.6 35.5 
Port Gregory 14:55 120 m 28 18.6 35.5 

31/07/97 Lucky Bay 10:15 67m 29 19.2 35.5 
Lucky Bay 10:45 67m 30 19.2 35.5 
Lucky Bay 11:15 67 m '11 

.;1 19.2 35.5 
31/07/97 Cer,rantes Town Beach 15:30 67m 32 18.7 35.2 

Cervantes Town Beach 15:55 67m 33 18.7 35.2 
Cervantes Town Beach 16:25 67m 34 18.7 35.2 
~· ·--

167 



50 

46i 
7 

152 

-200 

32 
5 48 
1 

2 
--- -----~---· 

6 
f 

10 2 3 
1 1 15 1 

---~ 
2 

~ 

25 451 
2 7 1 

3 
1 

1 

were 

were 

168 



were seen on 

were saen 

were never light it is 

were 

169 



12.3 Appendix 2 Experimental midwater pelagic trawling for 

Sardine/la len1uru 

12.3.1 introduction 

The main aim of the midwater trawling was to obtain samples of adults during the summer 

breeding period (e.g. February 1996) when cornmercial vessels were not opernt!ng, to 

provide estimates of parameters to be used in the daiiy egg production method {DEPM) of 

estimating spawning biomass. Additional surveys were also undertaken to fill !arge gaps 

in the periodicity of sample collection (e.g. !ate September 1997). 

12.3.2 Survey Equipment 

12.3.2.1 Vessel Dimensions 

The RV Flinders is a 20.5 m trawler which was modified to perform mid-water trawiing. It 

is constructed of steel and powered by a 235 hp Gardner engine. 

12.3.2.2 Searching Equipment 

A Furuno colour video sounder was used during the surveys and this instrument was 

interfaced with an acoustic sonar and was designed to monitor bottom topography and to 
gauge school density and size. 

A dualscan sonar, with two transducer scanpods, was also used during most surveys and 

this particular model has a function which allows the echo sounder to be displayed 

simultaneously on the same screen with the sonar image. This conveniently allowed the 

skipper to monitor one screen instead of having to observe two independent screens. 

This model of sonar also has a sidescope and octoscope function. These modes allow 

the user to accurateiy determine the vertical height, position and density of fish school 

targets on both sides of the vessel. 

The tracking functions of the digital sonar allowed targets ahead of the vessei to be 

monitored before the net was lowered to the correct depth. It was also noticed that 

170 



changes in school forrnaUon, ln response for !nstance to predatrny attacks, could be 

observed on the sonar's monitor, which ai!owed further adjustments to net depth. 

Net Description 

Tho pelagic travv! net \Mas re!ativeiy smaH. 47.9 m in length, so that it could be tmved as 
quickly as possible and had a cod--end with a maximum catch rating of 1 - 2 tonnes. 

Schools of S. lemuru in the Geraidton region often exceed 10 tonnes ln size. Therefore it 
was important that the sonar was used effect:vely to avoid chances of accidentally towing 
the net through the m:dd!e of a dense school, an event which would probably damage the 
net, result in lost sea time, and kill unnecessary numbers of fish. 

The net was a standard midwater trawl design with 3.2 m meshes in the opening (herding 
panels), tapering down from 162 cm to 20 cm mesh in the middle pane!s with a rear mesh 
size of 5 cm. The cod end was constructed from 12 mm mesh and was 2.5 m long. While 

fishing at a towing speed of 3 knots, the horizontal mouth opening of the trawi was 24.3 rn. 

The double foil pelagic trawl doors were 1.4 m2 each and weighed 161 kg (Fig. 12.3). The 
doors were based on the cambered German Suberkrub design, that provides a 

hydrodynamically efficient door, with a high aspect ratio of 2: 1, which greatly improves the 
lift to drag ratio. These doors are suitable only for mid-water trawling and are extremely 

sensitive to adjustments to backstrops or towing points. 
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Figure 12.3. Pelagic trawl doors used in conjunction with the midwater trawl net. 

12.3.2.4 Net Deployment 

The mid-water trawl hauls were aimed at selected aggregations of fish as highlighted on 

the sonar and sounder. All fishing occurred at night when the S. lemuru are known to 

aggregate. Because RV Flinders was designed for benthic trawling, and pelagic trawling 

was thus relatively slow, night trawling was also necessary to reduce avoidance of the net 

by S. lemuru. Many schools encountered were hard on the bottom and presented difficulty 

when deploying the net due to the fact it is only designed to be used mid-water and 

damage may occur if the net hits the bottom. The average depth fished ranged between 

35 - 40 m and schools of S. /emuru were encountered sporadically during the surveys. 

When a school was located on sonar, the position was recorded, and the immediate area 

was surveyed for other schools. The vessel was then slowed from its maximum speed of 8 

knots and the size of the school was estimated from the display on the sounder. The 

school's depth in the water column was also assessed. If the school was large enough 

and well placed in the water column, the trawl gear was released and the boards lowered 

to the depth of the school. A minimum of three crew was required to set and retrieve the 

net. 
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Haul duration '.-Vas variable and ·Nas generaily kept to the rninimurn considered nec0ssary 

to assure adequate samples of S. !emuru were retained. The skipper would Wp!caliy 

rnake three runs over the schooi, winchlnq up tha tra-.ut doors between each succHssive 

oass. At the end of the third oass, the towino speed was reduced to ·1-2 k.nots as thH net ( . ..,_, 

was pulled in. The boards were then raised and the cod-end winched in over the stern via 

the use of a "lazy Hne". Retrievai (until the cod-and •.vas aboard) usually took around 15 -

20 minutes. 

12.3.3 Survey area 

The area covered during the surveys extended from 28 ° 20' S to 29 • 00' S, and mostly in 

the western side of the Geeivink Channel between the Abrolhos Islands and the mainland. 

Figure 12.4 shows the track lines from independent crulses between February 1997 and 

june ·, 998. Figure 12.5 illustrates the area where catches of S. lemuru were made, which 

coincide with the main commercial fishing grounds. There were however some isolated 

schools of S. lemuru encountered around the islands. Fishing only occurred close to the 

islands (<5 km) when conditions in the Geelvink Channel were too rough. However, the 

majority of schools observed close to the islands (i.e. within 3 km) were most likely either 

S. robustus or E. tares, with small numbers of these typically dominating catches made 

dose to the islands. Numerous commercial fisherman who work in the Abrolhos region 

were also of the opinion that the smai!, dense schools of fish found close to the islands 

consisted mainly of S. robustus and E. teres. Furthermore, when tracked on sonar these 

schools would suddenly change direction as the vessel approached with the trawl gear in 

the water, a behavioural pattern uncommon for S. lemuru in open water. In addition, the 

schools of S. lemuru were generally much larger and located closer to the bottom. 
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Figure 12.5. Positions of catches of Sardinella lemuru made with the mid--water trawl. 

12.3.4 Catch Results 

Catches consisted of mainly of S. lemuru (Fig. 12.6), however various other species were 

also captured during the surveys (Table 12.3). Due to various factors certain trawl shots 

resulted in zero captures of S. lemuru. 

Other species caught during the sampling included maray (E teres), yellowtail scad (T. 

novaezelandiae), tailor (P. saltatrix), skipjack trevally (P. dentex), blue mackerel (S. 

australasicus), blue sprat (S. robustus), slender sprat (S. graci/is), Austraiian anchovy (E 

australis), striped seapike (S. obtusata), flyingfish (Cypse!urus spp.), blue-spotted goatfish 

( O. vfamingit) and three species of shark ( Sphyma /ewini, Carcharhinus brachyurus and 

Loxodon macrorhinus). 
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Figure 12.6. An example of a "clean" catch of S. lemuru taken with the mid-water trawl net aboard 
RV Flinders. 

From each successive shot a sample of S. lemuru (-100 individuals) was retained and 

these fish were frozen and taken back to the laboratory for further biological analysis. On 

occasions when fewer then 100 individuals were captured, all fish were retained . During 

the spawning months, the gonad condition of the females were assessed macroscopically 

immediately after capture. The percentage of females near spawning condition (ie. ovary 

stages 4-7) was determined. This information was required because plankton sampling 

which coincided with the adult sampling was only to be initiated if a reasonable number of 

adults were close to spawning condition. Gonads were removed from a random sub­

sample of females and stored in 10% formalin for fecundity and histological analysis. 

Representative gut samples were also extracted and placed in 10% formalin to determine 

dietary components. Whole fish were also placed in formalin for further analysis of gonad 

condition and gut composition. 
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Table 12.3. 

12/0219 

13/0219 2: 

14/02.197 i: 

15/02i97 21:2 
16/02/97 2:):1 

20i02l971 19-171 
9/03/9"! r, ·,I .::2. ,5 

10/03/9"! 1:001 
'1()103/97 21:30 

29/09/97 19451 '2:J/09/97 21:20 

29/09/97 23:30 
30!09/9 1:20 

1/10/9 20:·15 
i/"!0/9 23:00 

·1211219 1:30 
13/12/9 0:10 

19/ 22:15 
201 0:30 

21 1:20 
21 21:30 

21:00 
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Table 12.3 cont. 

12/02/9 1: 
13/0219 2: 

14/02/9 'i: 

i5i02/9 21:2 01 m « '!6.'0219 23:'I 01 01 20/02/9 iH:, 0,., 0 01 
9/03/9 22:4 

~1 01 0 
10/03/9 ni:, '! 
·10/03/9 0 al 0 
29/ 

~I 01 1 
29/09/91 0 0 
29/09/97 23 01 01 0 
30/09/9 o, 0 1 

1/10/9 0 11 0 
1/10/9 ~, ~I 1 

12/1219 0 
13/12/9 o, ~1 0 ~, 

2 ol ~1 0 
0 0 
0 oi 1 
0 0 0 

3/07 19: 0 0 
5!07 20: 0 0 
5/07 23: 0 0 
6107 20: 0 0 
6107 23: 0 0 
8/07 10: 0 
9/07 19: 0 
9/07/ 21: -
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Table 12.3 cont 

~6{0219 \J 

20/02i9 'i9:1 ?i 0 
9/03/fl 22:4 3 

10/03/9 ,: ii 5 
i0/0319'. 2"1: iO 

19: 21 3 
21: ·1 I 0 
2;3: 01 
". 2 L o, 

20: 21 2 0 
23: 1• 0 

L 21 0 0 
0: ol 0 0 

!I 0 ~I 0 
1 2• 

~1 2 0 
21:00 0 5 
20:50 0 0 2 

6 0 
0 0 
0 0 

0 
0 
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Table 12.3 cont. 

12102197 
13/02/97 r.i o, ~'1 1410219? " G. • 

01 15/02197 2!:2 o, 
1 23:i ol :~I 20/02/97 i£l:'I ol 
9103197 22:4 -1• ~1 . ' 10/0'3/97 ~, 0 

10/03/9 :JI 2 
Zfi/09/9 o• 01 ~I 29i00/9" oi 'Z:t/09/9 '1 

30/09/9 0 ~I 
1/i0/9 0 0 ol 
1/10/97 0 0 ~, ·12J12i97 0 0 

7 0 0 
19/ 0 0 ol 

I 
20/ 0, ~1 0 ol I 

21 ~1 ~, ol 
ol 0 

17 ~, 0 
12 0 
0 ~, 0 
0 0 
3 0 0 
61 0 0 

0 
0 
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Table 12.3 cont. 

2 
12/0719 0 
·13/02/9 0 
14/02/9 0 
'{5/02/9 0 
16/02/9 23:1 ~ 0 0 I 

20!02/9 19:1 0 0 0 
9/03/9 22:4 0 0 1 

i0/03/9 ·j: 0 0 0 
10/03/9 0 0 2 
29/09/9 0 0 
29/09/9 0 0 0 
29/09/9 0 0 0 
30/09/9 ( 0 0 

11'10/9 0 0 
1/10/9 23: 0 0 0 

i2/12/9 0 0 0 
13/12/9 0 0 0 

0 0 0 
0 0 

0 
0 0 
0 0 

23/0 0 0 
3/07 

This form of fishing could only be successfully conducted when wind speeds were less 

then 25 kn. The main reason for this is that efficient trawl speed could not be maintained 

while steaming into the wind. It was also dangerous for the crew to be operating the trawl 

gear in strong winds. 

Strong, southerly winds typically resulted in the loss of about one third of the scheduled 

sampling period for each trip. Strong winds were particularly chronic on the first midwater 

trawl survey in .January 1996 when no S. lemuru were caught. 
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12.4 Appendix 3 

information 

!ntellectual property and valuable 

N . I ' • • j t d d . t· . . . o sa1eao1e items were I eve,ope unng .ms pro1ect. 

12.5 Appendix 4 Staff 

Staff that were empioyed on the project using FRDC funds were: 

Mr j_ Chid!ow, Dr D. Gaughan, Mr R. i1,:1itcheli, ML R. Tregonning. 

Staff who assisted on the project using non-FRDC funds were: 

Mr G. Baudains, Mr T. Berden, Mr S. Blight, Mr I. Dunk, Dr W. Fletcher, Mr K_. Gosden, Mr D. 

Harris, Mr K. Hillier, Mr A. Longstaff, Mr R. Mijat, Ms J. Murdoch, Mr W. Shaw, 'i'.1r T. Sheperd, 

Mr B. Webber, Mr K. White. 
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