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1 INfRODUCTION 

1.1 Background 

The commercial fishery for jack mackerel in Tasmania dates back to the first year of white 

settlement. Since that time the fishery in southeastem Australia has typically been small and 

secondary in importance. It is only recently that the fishery has seen significant growth with 

the establishment in Tasmania of an industrial fishing enterprise in 1985 . This venture used 

purse seine fishing vessels landing fish to a floating fish reduction plant based at Triabunna on 

Tasmania's east coast. The fishery targets dense surface and sub-surface schools which form 

during spring, summer and autumn in eastern Tasmanian waters. The nature of schooling and 

hence the vulnerability of jack mackerel to fishing varies seasonally. 

The Division of Sea Fisheries (DSF) introduced a monitoring program for the fishery in 1985 . 

This program, which is continuing, collects catch and effort data through a compulsory fishing 

logbook system, and basic biological data. The first three years of the monitoring program was 

jointly funded by the Fishing Industry Research Council. 

The fishery developed rapidly from 1985, with landings of over 40,000 tonnes being made in 

the 1 986/87 season, making the jack mackerel fishery the largest single species fishery by 

weight in Australia. At this time the Tasmanian Government was concerned that a continuation 

of the rapid development of the fishery would lead to hasty investment and further increases in 

catches that could prove to be unsustainable. DSF researchers were also concerned that whilst 

the fishery had demonstrated no obvious interannual variability in its sh01t history, it was likely 

that variability would occur. The severity, frequency and causes of any variability would be an 

important factor in the productivity of the fishery and the stability of the fishing industry 

exploiting the resource. 

In order to prevent overcapitalisation in the mackerel fishery, further access to the Tasmanian 

fishery was limited in May 1 987 to allow development of a management plan. In August 1989 

the interim management arrangements were replaced by the Tasmanian Jack Mackerel 



Management Plan. Under this plan the fishery was managed by output controls in the form of 

a total allowable catch (TAC) allocated as quota. Assessments of resource size were not 

available and TACs were based on the previous highest catches of the fishery. 

The two major management priorities for research presenting at this time were the need to: 

develop methods that could be used to assess the size of the fishery and thus enable 

TA Cs to be set on scientific criteria, 

assess the potential for interannual variability in jack mackerel stocks. 

In 1987 a proposal for research into these matters was submitted to the Fishing Industry 

Research Council. The program was approved in 1988 and work commenced in December 

1988 . This commencement coincided with the occurrence of a severe decline in the commercial 

fishery caused by changes in oceanographic conditions. The severity of the effects on the 

commercial fishery are indicated by the total catch for the 1988/89 season which was the lowest 

on record at 8 ,865 tonnes. In subsequent years the fishery has recovered toward previous 

catch levels despite the severe financial impact of the poor 1988/89 season. 

1.2 Background to the research 

The major research priorities identified in the previous section were the need to develop 

assessment methods and to assess the potential for variability in the fishery. 

Traditional fishery assessment models and assumptions do not usually fit schooling pelagic fish 

stocks well. This makes their assessment very difficult and uncertain. We are developing 

cohort analyses, in the form of virtual population analysis (VPA), of the population. This type 

of analysis is not appropriate for real-time monitoring but rather is useful for historical analysis 

and calibration of abundance indices. 

We do not yet have an appropriate time series of date from the fishery on which to base a 

robust VP A. There are also a number of problems that need to be quantified before a VPA can 

be conducted on our data. For instance, we know that the catchability of different age classes 

varies during the fishing season and that this affects selectivity, vulnerability and our estimates 
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of mortality. We are trying to resolve these problems, in the meantime we have been interested 

in developing techniques to directly monitor stock abundance. 

Acoustic surveys and aerial surveys have proved to be useful for estimating stock abundance in 

many similar pelagic fisheries. We have been particularly interested in investigating the use of 

acoustics in deriving abundance indices for jack mackerel, and also determining whether the 

nature of spawning permitted acoustic estimates of spawner biomass. Aerial surveys also offer 

some scope for rapid assessments of biomass of surface schools. 

The importance of interannual variability in the jack mackerel fishery was unknown prior to this 

research proposal in 1 988 . Many pelagic fisheries overseas have shown strong signs of 

variability, and it was considered likely the jack mackerel fishery may also fluctuate. At this 

time we were interested in detecting any evidence of fluctuation and if so the causes and the 

effects on the fishery and the fish stocks. 

These considerations led to the development of the research proposal submitted to the Fishing 

Industry Research Council (Section 6). 

2 OBJECTIVES 

The objectives of the study were: 

to develop methods for estimating the abundance of jack mackerel to enable appropriate 

T ACs to be set. 

to describe and assess what factors cause interannual variability in availability of jack 

mackerel to the fishery. 

to collect data on the reproductive biology and early life history of jack mackerel. 
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3 SUMMARY 

3. 1 Development of methods t o  estimate abundance 

3. 1.1 H ydroa coustic a ssessment of schooling fish 

S onar mapping techniq ues were trialed to assess t heir applicability t o  t he assessment of t he 

Tasmanian j ack mackerel resource (D ocument 1). This t echniq ue used t he abundance of 

schools of fish as a relative index of t he abundance of a resour ce. S ignificant problems were 

encountered adapt ing this method for the j ack macker el fishery ,  t he shor tcomings ident ified 

suggesti ng th is method has lit tle application for t his species. 

Two maj or fa ct ors contributed to t he fa ilure of t his met hod. The fir st wa s t he low abundance 

of j ack mackerel schools. Few t arget s were encount er ed ev en under good schooling 

conditions.  The researchers who dev eloped this met hod suggested that p at chy distribut ion a nd 

unfavourable schooling conditi ons drastically reduced t he effectiveness of sonar mapping. T he 

low num ber of t arget s count ed renders t he ca lculat ion of a n  index meaningless. The second 

fact or was t hat t he abundance of schools ident ified by sonar mapping appear ed t o  be a poor 

index of abundance. The index der iv ed from the densit y of fi sh school s  d etermin ed by sonar 

mapping did not v ary  in proport ion t o  t he apparent abundance of fi sh. The met hod app ear ed t o  

be more sensitive t o  changes in the distributi on and behav iour of school s  t han their abunda nce. 

3.1 .2  H ydroacoust ic assessment of  spawning fish 

O ur result s suggest that the spawning behav iour of j ack macker el makes  hydr oacoust ic survey 

techniq ues unsuit able for est imat ing spawner biomass. We  f ound tha t  ja ck mack er el spa wned 

over an ex t ensiv e  area of t he shelf break rather than in d iscrete ar eas (D ocu ment 3). Spawning 

ex t ended beyond the borders of our sampl ing area off T asmania' s  east - an ac oust ic surv ey of 

a n  area of t his size would be logist ically dema nding. I n  addit ion we hav e  f ound that ja ck 

mackerel are ser ia l  spa wners. An  est imat e of sp awner abundance from one survey would 

therefore only r epresent an estima t e  for a n  u nknown pr op ort ion of the populat ion sp awning at 

tha t  t ime. 

4 



Finally the positive ide ntification of spawning schools by hydroacoustics has not yet been 

achieved. R esearch trawling targe te d  at echo sounder m arks on the she lf bre ak at the peak of 

the spawning period in 1990 and 1991, did not yield fish in spawning condition. H ow ever, as 

with other serial spawners there m ay be die l periodicity in spawning and spawning schools 

may form during peri ods th at w ere not sampled in thi s study. 

3 . 1. 3 R apid assessment technique 

The rapid assessment techniq ue was develope d to me asure the biom ass of large areas of 

schooling fish observe d ne ar the e nd of some fishing se asons. The me thod use s  aerial 

photography and echo sounders to e stim ate the volume of the se schools, and underwate r  

photography to estimate th eir packing density (D ocument 2) . 

Int ensive m onitoring of schooling conditions to de termi ne when the asse ssme nt should be 

conducted was undertake n  during the program .  Personnel on board com me rcial and rese arch 

ve ssels  observed schooling conditions while in the field. Close contact was m aintaine d  with 

fishers and the aerial spotter to obtain fee dback on schooling activity. N umerous flights with 

the spotter during the late r  m onths of fi shing se asons were also undertaken. A stere ogr aphic 

method to measure the are a of surf ace schools was deve loped  in association with the H ydr o  
, 

Ele ctr ic C orp oration. Several underwater  photographic te chniques to determine school packing 

rates were investigate d. The most prom ising of the the se me thods inv olve s u sing stereo pair s  

from which measure me nts m ay be taken. These me asureme nts are calibrated  by photo pairs of 

a reference frame of which the precise ge ometry is known .. 

C onditi ons necessary to undertake the method have not occurred duri ng the period of the study 

making a proper asse ssment of the me thod difficult. F urther f ie ld trials of the u nderwater 

photographic method are also required to determine if the photographic techniq ue is su itable, or 

to fur ther develop this techniq ue . 

A s  was the case with t he sonar m apping tr ials, the deve lopment of this m ethod was hampere d  

b y  variable and ' abnorm al' schooling conditi ons. Variability i n  schooling i s  a characteristic of 

the fishe ry and so assessment te chniques must accomm odate this. 
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3. 1 .4 Egg production method 

Egg production methods have been used to estimate the spawning biomass of a number of 

species overseas and has recently been applied to orange roughy off the east coast of Tasmania. 

However there a number of specific criteria that need to be met before this technique can be 

applied. With regard to jack mackerel most of the problems in meeting these criteria are related 

to the difficulty in obtaining a representative sample of the spawning population. 

The availability of mature fish to the commercial fishery declines during the spawning season. 

This is associated with the movement of mature fish out to the shelf break from the fishing 

grounds further inshore. The spatial separation of spawning and non-spawning fish makes 

estimates of the spawning fraction of the population difficult as they are not equally vulnerable 

to the sampling gear. 

Estimates of both spawning frequency and batch fecundity are also essential to the egg 

production method. Difficulties in sampling hydrated females and females with postovulatory 

follicles from either the commercial fleet or research trawling meant that spawning frequency 

could not be estimated (Document 7). Estimates of batch fecundity could not be made given the 

lack of females at an advanced stage of gonad. We have however, characterised the structure 

of atretic (reabsorbed) follicles by histology and estimated the occurrence of such follicles in 

various gonad stages (Document 7). This procedure is vital when adjusting batch fecundity 

estimates due to atretic loss. 

Another requirement for the egg production method is that the overall distribution of spawning 

is known and that sampling is representative and inclusive of the entire spawning area. During 

each year of sampling we found that spawning occurred throughout the area of our sampling, 

and as the range of the adults is much greater, it is likely that an unknown portion of the 

population spawned outside the sampling area. 

There would also be a need to estimate spawning frequency and batch fecundity on an annual 

basis as it has been shown that there may be considerable interannual variability in these 

parameters. Interannual variability in the productivity of the waters off the east coast of 
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Tasmania will probably hav e  an impact on the amount of energy av ailable  t o  j ack mackerel for 

reproduct ion in t he fo llowing spawning season. I t  is theref ore l ikel y t hat j ack mackerel will 

show vari abilit y in t he freq uency and size of spawning. The decrease in j ack mackerel egg 

pr oducti on seen duri ng the 1990 season support s t his v iew. 
' 

3 . 2  A ssessment of in terannual v ariability 

The shel f  waters of t he east coast of Tasmania hav e  experienced a considerable amount of 

int erannual v ari abilit y in oceanography and product iv ity  in t he three years of t his  study ( 1988-

199 1 ) .  This has prov ided a v aluable opport unit y t o  d ocument t he changes in bot h 

oceanography and product ivit y and assess t he impact of v ar iabil i ty  on the  j ack mackerel 

populat ion. 

The t hree years of icht hyoplankton sampling hav e  prov ided an underst anding of t he eff ect s of 

inter annual v ariabilit y on spawning areas and t imes (D ocument 3) , and it s infl uence on t he 

vul nerability of j ack mackerel to  t he commercial fi shery . The disni bution of j ack mackerel eggs 

over the t hree years suppor t s  t he content ion t hat spawning is concentrated on the shelf break. 

The presence of eggs and l arv ae along the ent ire east coast from December t o  M arch 1988/89 

confirms t hat j ack mackerel were spawning in t he area at t his t ime. A s  spawning al so occurred 

along t he ent ire east coast in both 1989/90 and 1990/9 1, it appears that spawning distribut ion 

was u naffected by the warmer wat er t emperatures associat ed wit h t he La N in a  ev ent . 

S ea surf ace t emperatures only differed by up t o  1.5°C dming t he peak of t he spawning period 

between years, most warmi ng occurri ng in l at e  summer and autumn, after most spawning had 

fi nished. D espit e t he interannual diff erences in surf ace t emperat ures t he st rong t hermal 

strati ficat ion in 1989 led t o  bot t om water t emperatures on t he shelf break vary ing l it tl e  betw een 

year s  and actual ly being cool est in t he L a  Niii a  year of 1988/89. 

This suggest s t hat j ack mackerel spawn on, or near t he bott om on the shelf break and spawning 

was unaffe c ted by warmi ng in the surf ace waters. T his is furt her supported by t he f act that 

spawning t ime and durat ion did not differ bet ween the three year s, w ith spawning restrict ed t o  

t he summer period of mid D ecember t o  l at e  February. Hence, t he l ack of fish during th e 
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spawning season in 1989 appears to be unrelated to any variability in spawning behaviour. 

However, the spawning period is associated with a period of low availability of mature fish to 

the fishery, the majority of the catch consisting of immature fish. So while mature fish were 

present on the shelf break during the spawning season, the distribution of the immature fish 

during this period is still unknown. The movement of mature fish back into east coast shelf 

waters after spawning also did not occur in this season, their distribution at this time is also 

unknown. 

The interannual variability in productivity in east coast waters was examined by detailing the 

changes in the abundance and biomass of krill (Nyctiphanes australis) and its relationship with 

the changes in regional oceanography (Document 5). Nyctiphanes australis is the principle 

food source for jack mackerel during the summer and autumn period. As the commercial purse 

seine fishery is dependant on surface feeding schools, any change in the availability of krill will 

directly affect the availability of fish to the fishery. Krill were virtually absent from shelf 

waters during the summer of 1988/89 and resulted in the absence of surface schools and hence 

fish available to the fishery. Krill biomass was much higher in the 1989/90 and 1990/9 1 

seasons resulting in the return of surf ace feeding schools and reasonable summer catches. 

Part of our work has also been involved in assessing the effects of interannual variability on 

spawning success and larval survival which could be expressed in the fishery as variable 

recruitment. While egg densities varied considerably over the three· years it is not clear whether 

such differences resulted from differences in egg mortality or differences in the level of egg 

production. However, it is clear that interannual variability in larval densities did not result 

from differences in larval mortality. The range of possible causes for differences in egg and 

larval densities are detailed in Document 4. 

Variability in larval survival was examined in 1989 and 1990 by comparison of larval growth 

rates determined from an examination of otolith microstructure (Document 6). Despite low 

zooplankton productivity in the La Nina year of 1989, larvae showed rapid growth. It appears 

that the low productivity is coincident with a shift in the zooplankton community to one 
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dominated by small copepods, resulting in larvae having no impact on prey densities, and no 

significant decrease in growth rates leading to a greater cumulative mortality. 

3 . 3  Reproductive and early life history 

Larval sampling carried out over the past three years has greatly increased our knowledge on 

the spawning behaviour and early life history of jack mackerel (Document 3) . The distribution 

of spawning is large, with spawning occurring along the entire east coast in all three years of 

this study. As the distribution of adult fish extends well beyond the east coast it is likely that 

our sampling is only covering an unquantified portion of the overall spawning distribution. 

Spawning is concentrated on the shelf break, with the high densities of eggs at inshore stations 

in the 1989 season appearing to result from the rapid advection of eggs inshore. Despite this 

inshore advection there doesn't appear to be a consistent pattern of recruitment to inshore 

nursery areas, at least during the larval phase. 

Spawning time was consistent in all three years, starting in late December and ending in late 

February. However, the bulk of the spawning always occurred in the first few weeks of the 

season with egg and larval densities dropping off rapidly in February. The periodicity in 

spawning activity appears to be closely linked to the lunar cycle, with peaks in spawning 

associated with full and new moons. The selective advantage of this relationship is unknown. 

The reproductive biology of jack mackerel was determined through histological and 

microscopic examination of gonad samples collected from both the commercial fleet and 

- research trawling (Document 7) . Length at maturity analyses found that 50% of the female fish 

were sexually mature at 3 1 .5 cm FL, all fish being mature by 37 .0 cm FL. This is larger than 

previous estimates for jack mackerel from Tasmanian waters resulting from the more accurate 

criteria of sexual matmity used in this study. An examination of oocyte frequency distributions 

has shown that jack mackerel are serial spawners, although it is not possible to predict the 

number of spawnings per year from the number of size frequency modes. The analysis also 

found a high incidence of atretic (reabsorbed) follicles indicating the importance of determining 

rates of atresia when estimating both batch and annual fecundity. 
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4 FUTUR E RESEARCH 

The results of the present study have major implications for future research on the Australian 

jack mackerel fishery. We now know that interannual variability occurs, and we have gained 

some knowledge of its immediate impact on the distribution of adults and larval abundances. 

The longer term effects of environmental variability on the stock, are however, an unknown. 

' 
Variability in spawning success and larval survival will influence future levels of recruitment to 

the fishery. Obvious changes in the year-class strength of recruits should result from any 

significant variability in the larval survival of that cohort. The monitoring program maintained 

by the DSF is capable of detecting relative changes in year-class abundance, and we are 

particularly interested in examining the relative abundances of year-classes recruiting to the 

fishery in 1992 onwards. These newly recruiting cohorts will originate from spawnings 

occurring from 1989. The magnitude of change in relative year-class strength will also provide 

information on the long-term effects of environmental variability on the yield of the stock and 

the sensitivity of recruitment to stock levels. 

The indirect effects of environmental variability on adult stocks are more difficult to assess but 

may be important for a number of reasons. The availability of schooling adult fish on the 

fishing grounds appears to be closely related to the abundance of krill. In the absence of krill, 

'normal' schooling behaviour breaks down and adults are displaced from the grounds as they 

search for alternative sources of feed. Switching to alternative food sources may carry 

penalties for jack mackerel such as reduced nutritional value, longer handling time, increased 

foraging time, exposure to other predators, etc. These factors may contribute to increases in 

natural mortality rates, decreases in growth rates and poorer condition factors. Lower 

condition factors may in turn reduce the survival of over-wintering fish and reduce the size 

and/or quality of the subsequent spawn. 

It is difficult to identify whether natural mortality rates fluctuate in response to environmental 

variability. However, our monitoring program does provide information that can be used to 

examine cohort growth rates and thus provide insights into any changes that may occur in 
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growth rates that have occurred since 1989. In addition we are re-examining our otolith 

collection for unusual banding patterns that may indicate stress. From these indicators we hope 

to be able to infer whether mortality rates are likely to have been effected by environmental 

variability. This will be of particular relevance to Virtual Population Analysis in this fishery as 

changes in natural mortality from year to year need to be accounted for. 

The scope for further assessment research appears to be limited. Hydroacoustic assessments of 

either spawner biomass or school abundance are not suitable. The assessment of end-of­

season school size has still to be tested and awaits the occurrence of appropriate schooling 

conditions. The application of an egg production model for assessment will require a great deal 

of further research to provide estimates of annual rates of spawning frequency and batch 

fecundity as well as estimates of egg abundance. 
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INTRODUCTION 

The seasonal presence of large surface schools of jack mackerel (Trachurus declivis) in south­

eastern Australian waters is well known (Hynd and Robins, 1967; Williams, 1981; Williams et 

al. 1987). Surlace schools are readily visible to aerial survey (Williams, 1981). While aerial 

surveys have the advantage of being able to cover large areas they cannot, however, account 

'
for fish present in sub-surface schools. Logbook data from the Tasmanian jack mackerel 

fishery indicates that substantial proportions of schools may be sub-surface ,  this ratio changing 

during the fishing season (Williams and Pullen, in prep.). 

Faced with the problem of assessing pelagic fish resources the Californian Department of Fish 

and Game has developed an assessment methodology to measure fish schools that is 

independent of their position in the water column (Smith, 1970; Smith,  1975; Mais, 1974). 

This technique, called sonar mapping, has been used to assess a number of pelagic fish species 

found along the west coast of America (Smith, 1975; Mais, 1974). The technique involves 

measuring fish schools using a fixed beam sonar along a series of transects. The main 

advantage of sonar mapping over hull mounted "downward" looking echo sounders is that 

sonar mapping encounters one to two orders of magnitude more fish school targets (Mais,  

1974). By calculating the number of schools per area swept an index of abundance can be 

calculated, and used as an indicator of temporal changes in fish abundance. Fmther research 

has increased the sophistication of the method with the aim of measming the biomass of school 

targets , thus producing an absolute measure of abundance (Mais, 1974; Hewitt et al. 1976). 

The sonar mapping technique was seen as a method that may have utility for assessment of the 

Tasmanian j ack mackerel resource. S ince 1985 jack mackerel has formed the basis of a 

substantial purse seine fishery operating on the east coast of Tasmania. Little information, 

however, is available on the abundance of the species. Trials to develop the technique, and 

assess its applicability under Tasmanian conditions, were carried out by the DSF as pa11 of the 

jack mackerel assessment program. 
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METIIODS 

S onar mapping trials were conducted between 1988 and 199 1 on the DSF research vessel FRY 

Challenger. The sonar utilised was a S imrad SQ 270 (transmits and receives at 27 kHz, output 

power4 mW). 

Routine transects were conducted off the east coast of Tasmania between S t. Helens and 

Eaglehawk Neck, with transects running from inshore to the shelf break. Two transect designs 

were used during the study (design 1 and design 2) , the original design being altered at the end 

of 1988 to facilitate larval sampling carried out.in conjunction with the sonar mapping trials. 

Design 1 comprised a series of 6 continuous zigzags along the coast totalling 122 nautical 

miles. Design 2 comprised of 7 transects (plus one supplementary transect) running east to 

west totalling 100 nautical miles (or 122 nautical miles including the supplementary transect). 

Figure 1 shows both transect designs used during the study. 

The vessel conducted transects at approximately eight knots, the sonar operating in a fixed 

position at 90° to the boats heading. The angle of tilt was generally kept at 3°. The sonar range 

used was from 250m to 1250m. The range chosen was the maximum one yielding a good 

signal without excessive noise from bottom echoes. 

When a school was detected the boats position and distance from the school was recorded. The 

water depth was also noted. If possible an estimate of the school size was made, schools being 

designated small, medium or large. It was expected that experience of the range of target sizes 

encountered would be quickly gained, allowing consistent classification of target size. In 

January 1990 a colour printer was interfaced to the sonar to produce a hard copy of the 

soundings on each transect. 

Further ad hoe sounding was carried out during the study to familiarise the operator with the 

equipment and procedure. 
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Figure 1. Position and numbering of sonar mapping transects. Broken lines and italics 
indicate Design I. Unbroken lines and plain text indicate Design 2. 

(Indicative positions only) 
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RESULTS 

During the study 49 transects were completed totalling 799.5 nautical miles. The total number 

of targets identified was 150, equating to a contact rate of 0. 188 targets/nautical mile sounded. 

The number of schools counted per transect ranged from 0 to 18, the mean being 3.06 targets. 

Table 1 presents details of transects undertaken. The date of completion, transect design, 

number of targets identified each transect and the number of targets/nautical mile each cruise is 

given. 

The contact rate achieved during the study was very low, significantly hampering development 

of the methodology and the adaptation of operating procedures for local conditions. Due to 

these difficulties the method cannot be considered developed to an operational level. 

A s  contact rate has been so low abundance indices including the area swept (ie sonar 

contacts/nm2),  have not been calculated. It is possible that if large differences in contact rates 

between years had been observed abundance indices may have indicated broad changes in 

abundance. However, as the rates observed during this study were low, and differences 

negligible, no inferences regarding seasonal changes in abundance can be made. 

DISCUSSION 

During the study jack mackerel exhibited significant variation in schooling behaviour associated 

with changes in oceanographic conditions, and the El Nino/Southern Oscillation (Williams and 

Pullen, in prep.; Jordan et. al.; Harris et. al.). The distribution, size and availability of 

schools v aried considerably over this period (Williams and Pullen, in prep; personal obs.). 

This variation is reflected in commercial landings, 37,915, 8,865, 12,688 and 21,286 tonnes 

being landed during the 1987/88 1988/89, 1989/90 and 1990/91 seasons respectively (although 

other factors may also have had some affect on landings during this period) .  The 1988/89 

season is the most severely affected season to date, schools being virtually absent from 

traditional fishing areas for five months of the 'normal' season (Williams and Pullen, in prep.). 
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Table 1. Details of transects completed. 

Cruise/ Date Transect Targets identified Number of 
transect no. design no. (number) Targets/nm. 

CR 155/6 5/ 1/88 1 3 
CR 155/5 5/ 1/88 1 4 
CR 155/4 16/1/88 1 4 
CR 155/3 6/ 1/8 1 5 0. 190 

CR 159/6 23/2/88 1 4 
CR 159/5 23/2/88 1 1 
CR159/4 24 & 25/2/88 1 6 
CR 159/3 25/2/88 1 1 
CR 159/2 1/3/88 1 4 
CR 159/1 l/3/88 1 0 0. 13 1  

CR 179/6 5 & 6/ 12/88 1 3 
CR 179/5 6/ 12/88 Aborted 1 1 
CR 179/4 6 & 7/12/88 1 13 
CR 179/3 7/12/88 1 18 
CR 179/2 7/ 12/88 1 5 
CR 179/ 1 7/12/88 1 2 0.344 

CR 193n 28/2/89 2 3 
CR 193/6 28/2/89 2 4 
CR 193/5 28/2/89 2 0 
CR 193/4 1/3/89 2 5 
CR 193/3 1/3/89 2 0 
CR 193/ 1 2/3/89 2 2 0. 159 

CR2 17/6 14/ 12/89 2 2 
CR2 17/5 13/ 12/89 2 9 
CR2 17/4 13/ 12/89 2 14 
CR2 17/3 12/ 12/89 2 4 
CR2 17/2 12/ 12/89 2 1 
CR2 17/ 1 12/ 12/89 2 2 0.390 

CR2 18/7 6/ 1/90 2 6 
CR2 18/6 6/ 1/90 2 2 
CR218/5 7/ 1/90 2 3 
CR2 18/4 7/ 1/90 2 3 
CR2 18/3 7/ 1/90 2 0 
CR2 18/2 8/1/90 2 0 
CR2 18/ 1 8/1/90 2 2 0. 16 

CR2 19/7 23/1/90 2 2 
CR2 19/6 23/ 1/90 2 4 0. 16 

CR224/7 15/3/90 2 0 
CR224/6 15/3/90 2 1 
CR224/4 14/3/90 2 0 
CR224/3 13/3/90 2 1 
CR224/2 13/3/90 2 0 
CR224/l 13/3/90 2 0 
Supplementary transect 16/3/90 2 0 0. 197 

CR249/5 22/1/9 1 2 0 
CR249/4 22/1/9 1 2 l 
CR249/3 22/ 1/9 1 2 3 
CR249/2 23/1/9 1 2 1 
CR249/l 23/1/9 1 2 1 0.096 
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This historical variation in schooling behaviour suggests that sonar mapping techniques are not 

applicable to jack mackerel as recent literature suggests that the number of schools present in 

Tasmanian shelf waters is a poor index of mackerel abundance. The substantial variations 

experienced appear to have been a function of the distribution and behaviour of schools 

responding to changes in oceanographic conditions, rather than dramatic changes in mackerel 

abundance (Williams and Pullen, in prep.; Jordan et. al. in prep.; Harris et. al. 199 1). Given 

that variability in the oceanography, and subsequently schooling behaviour, is likely to 

continue, an index based on the availability of schooling fish may be more sensitive to changes 

in schooling conditions than temporal changes in abundance. 

The contact rate experienced during the study was too small to facilitate development of the 
\ 

method, or allow meaningful analysis  of results . S mith (1975) detected 1,729 targets 

(Engraulis mordax and Trachurus symmetricus) along a 63 nautical mile transect producing a 

contact rate of 27 .444 schools/nautical mile. In the present study the contact rate seen was only 

0. 188 schools/nautical mile. 

The low contact rate appears to  have been due to the extreme patchiness of mackerel 

distribution, and the speed and distances which mackerel u·avel . Mackerel schools often appear 

in large numbers in a relatively small area, while being absent from adjacent waters . Schools 

are al so highly mobile. Patchy distribution, and unfavourable schooling behaviour, of the 

target species were identified by Mais (1974) as the main reasons why the method may not be 

successful. 

M ais (1974) reports similar difficulties adapting the technique for assessment of mackerel 

species in California. He found that acoustic surveys proved ineffective for any realistic 

assessment of Trachurus symmetricus, due to difficulties locating and identifying schools in the 

open sea, and their extremely patchy distribution. While the abundance of Scomber japonicus 

was too low to allow proper assessment Mais (1974) concluded that it was doubtful that the 

method could be applied to this species, also due to its patchy disuibution. 
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In conclusion it would appear that several factors may invalidate the technique. Firstly it 

appears that mackerel abundance is not directly proportional to school contact abundance , due 

to the dynamic nature of schooling behaviour. Secondly, other studies have found the method 

to have little use in cases where the distribution of schools is very patchy and where the contact 

rate is low. 
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INfRODUCTION 

Under the Tasmanian Jack Mackerel Management plan the mackerel fishery is managed by 

output controls in the form of a Total Allowable Catch (TAC) . Given that no stock assessment 

of the jack mackerel resource is available the TAC is not based on objective criteria. In the 

short term the TAC has been set at previous catch levels. Monitoring is conducted to detect any 

sign that fishing pressure is too high. Until an assessment can be made, no increase in the 

TAC can be considered. 

In 1988 a joint DSF/FIRDTA research project was initiated, one of the objectives of this 

program was to develop and assess methods for determining the abundance of jack mackerel, 

and the appropriate TAC each year. One method examined as part of these objectives was the 

rapid assessment technique (RAT). The RAT is an amalgam of techniques developed to assess 

the biomass of  surface schooling j ack mackerel. Rather than providing an estimate of 

population biomass, this would represent an estimate of minimum biomass.  

The seasonal schooling behaviour of j ack mackerel around Tasmania is well documented, 

schools typically forming on the east coast of Tasmania between October/November and 

May/June (Hynd and Robins, 1967; Williams, 1981; Williams et al. 1987; Williams and 

Pullen, in prep).The Tasmanian jack mackerel fishery is based on the seasonal availability of 

these schools which are vulnerable to purse seine fishing. Schools are small at the beginning 

of a season, sub-surface schools being more prevalent than smface schools .  As the season 

progresses school size increases, and surface schools become common. At the end of some 

seasons very large surface schools covering a significant area have been observed (Figure 1) 
I 

(Williams and Pullen, in prep). It is at this time that the largest proportion of the mackerel 

population is visible in surface schools. The RAT was developed to measure the biomass of 

these large bodies of fish. 

The RAT attempted to estimate school biomass by estimating the volume of the school and the 

density of fish within it . Estimates of volume can be derived from aerial photography and ship 

born echo sounder giving measures of the surface area and depth of sch ools, underwater 
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photography can determine the packing rate, and the length/weight of fish can be estimated 

from the underwater photographs,  or from catch sampling. 

Figure 1 .  Large surface schools of jack mackerel near Maria Island. 

METIIODS 

Development, and assessment of the potential, of the RAT was undertaken between 198 8 

and 199 1 .  During this  period the schooling behaviour of mackerel on the east  coast of 

Tasmania was monitored to detennine when schooling conditions were suitable for 

assessment. Monitoring was most intensive during the later months of the season (April­

June) when schooling conditions are most likely to be appropriate.  Personnel onboard 

commercial and research vessels observed schooling behaviour while in the field. Close 

liaison with fishers and the aerial spotter was maintained to obtain feedback on schooling 

conditions. Numyrous flights with the spotter were also made during the later months of the 

season. 
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Figure 2. The east coast of Tasmania, and study area. 

Aerial photography - Swface area of schools 

A method to measure the smface area of fish was developed in association with the Hydro 

Electric Corporation (HEC). The method was based on standard techniques used in 

surveying and engineering, in which the HEC has considerable experience. This technique 

uses two metric cameras mounted in an aeroplane to obtain photo pairs of a target. 

Computerised analysis of these photo pairs can give estimates of distance. The HEC was 
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contracted to undertake this portion of the work, providing aeroplane time (including camera 

operator and navigator) film, processing and enlargements and calculations of the surface 

area of schools. The aeroplane charter time was the most expensive part of this operation, 

subsequent calculations of area being a quick and routine process. 

Liaison with the HEC was maintained to inform them of schooling conditions. If conditions 

were appropriate the procedure could be undertaken at relatively short notice. The work plan 

for an assessment was to fly from Hobart up the south and east coast (Figure 2). A DSF 

officer was to accompany flights identifying schools, and advising which targets should be 

photographed. The budget allowed several flights to be carried out ,  depending on their 

Juration, if conditions were not ideal. 

Unde1Water photography - School packing rates/fish density 

Three methods for estimating the packing rate of schools were investigated. Two methods 

were based on single camera techniques, while the third used a stereo camera configuration. 

Nickonus V cameras were used for all three trials. 

]raves method 

i' ; ;is method assumes that all fish in a school are the same (known) size. B y  photographing 

a reference obj ect at a range of distances a "photo to actual " calibration factor can be 

determined. As the size of fish is known measurements of fish on a photo, together with the 

c alibration factor, allows the distance of fish from the camera to be calculated. The density 

of  fish can be estimated from the number of fish in a defined area (Graves, 1976). 

Preliminary development of this method was undertaken during 1988. A reference ruler 

with half metre alternate black and white strips was consu·ucted. Trial photographs were 

taken in the Derwent River and the D'Entrecasteaux Channel (Figure 2) .  Photographs were 

taken in approximately 10 metres of water to take adv antage of natural light. Ektachrome 

400 ASA film was used. Photographs were taken at half metres in tervals up to 10 metres 

from the ruler, depending on visibility. Several pictures were taken at each distance, with 

and without a flash. 
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ii) Vertical stick method 

This method was developed from 1 988 to 1 990 in association with the S urveying 

Department of the University of Tasmania. The "vertical stick" method involved taking a 

photo up through a school of fish. The camera is deployed on  the end of a rod of known 

• length, the rod is lowered into a school and the camera triggered. As the depth of the camera 

is known the volume of water photographed can be calculated, the fish in that volume 

counted, and a packing rate estimated. 

Figure 3 .  The "vertical stick" camera system . 

A photograph and diagram of the "stick" developed are shown in Figures 3 and 4 

respectively. The apparatus was constructed from aluminium. The main shaft was 4 metres 

long (graduated in metre lengths) with a sliding anchor bracket to be slotted over the 
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gunwales of a dinghy, a screw nut was used to fasten the slider in the desired position. The 

camera was attached to the mounting plate by screw into the camera tripod socket, which 

could be swivelled to the desired angle. The camera was fired by remote trigger attached to 

the trigger wire running up the main shaft. To trigger the wire was pulled away from the 

pole, effectively shortening the wire and pulling the trigger down onto the camera shutter. A 

spring on the trigger pulled it back to the "ready" position after filing. 

A B 

Trigger� 
wire 

Trigger wire � 
in plastic sheath 

.... <'---- Main shaft 

Trigger 
sheath Holder plate 

and screw 

4 m. 

\ 
\ 

< Camera 

' Mounting plate 

Figure 4. Diagram of the "vertical stick" camera system. A: S ide view of whole unit . B :  Camera 

mounting. (not to scale) 
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Field trials of the "stick" were conducted in April 1990 using an aluminium dinghy launched 

from FRY Challenger. Trials were undertaken in traditional fishing areas between Schouten 

Island and Eaglehawk Neck (Figure 2).When a good target was located the dinghy was 

launched and positioned in front of the school. The motor was then killed, and the camera 

lowered. If the school was stable enough it would surround the dinghy, and the camera was 

triggered. The best targets were the largest most vigorous schools , those creating "white " 

' 
water being most stable. Kodak 400 ASA Tmax black and white professional film was 

used. 

iii) Stereo camera method 

This method was also developed in association with the University of Tasmania. Two 

cameras mounted in parallel on a rigid frame, gave stereo pairs from which distance, and 

hence packing rates could be estimated. 

The aluminium apparatus was 70 cm wide and 97 cm high, and could be deployed by diver, 

or from the surface. The main handle and trigger were detached if used underwater, and the 

underwater handles and trigger utilised. When deployed from the smface the bottom half of 

the apparatus (with cameras) were held below the smface, and the above-water trigger used. 

The cameras were fastened to the mounting plate by screw into the tripod socket. The 

camera shutters were fired by depressor levers attached to the rocker arm, as the nigger was 

tightened the rocker arm rotated pushing the depressors onto the camera shutters. One 

depressor was a screw that could be adjusted to ensure both levers touch the shutters at the 

same time, producing simultaneous photographs. The trigger tension 0 ring provided 

resistance to hold the trigger in the "ready " position. A photograph and diagram of the 

stereo frame are shown in Figures 5 and 6 respectively. 

In order to calculate distances from the photo pairs calibration of the apparatus must  first be 

undertaken from photographs of a reference frame. Reference points on the reference frame 

were accurately measured to determine their x,y and z relationships. These measurements 

provided a spatial correlation to correct and calibrate all the factors which dete1mine the size 

and position of images on the film. The University of Tasmania has developed software that 
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calculates a calibration from the digitised positions of the reference points on both stereo 

pairs. The position of the cameras may vary slightly each time that the apparatus is used. 

To allow recalibration for each session several photographs of the frame were taken on the 

first exposures of each film used. The size of fish, nearest neighbour distances, vertical 

alignment and packing rates can be calculated by the software package from digitised 

positions of snouts and tails on each pair of exposures. 

Figure 5 .  The stereo camera mounting frame. 

Trial photos of the frame were taken from a range of distances to determine the optimum 

distance from which routine calibration photos should be taken. Photographs were taken by 
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diver with the frame suspended just off the sea bottom. The optimal distance was defined as 

the closest distance at which the whole frame could be seen in both photo pairs. 

Field trials of the stereo method were undertaken during April and May 1 99 1 .  Trials were 

conducted as described for the "vertical stick" method. Ektachrome 400 ASA slide film was 

used. While it was originally planned that the reference frame would be photographed in the 

• horizontal plane it proved easier on Challenger to photograph in the vertical plane. The 

frame was lowered over the side and photos taken with the cameras looking straight down. 

shutter 

Nut ---.1>• 

Main ---....;>• 
handle 

Underwater 
trigger 

_ ,  / � Underwater handles 
70 cm. 

Junction of rocker arm and 
above and below water triggers 

Trigger tension 
0 ring 

to underwater trigger 

�1 
Figure 6. Diagram of the stereo camera mounting frame. (not to scale) 

Echo sounding - School depth 

T 
97 cm. 

The average depth of surface schools was to be determined by sounding over target schools 

with FRY Challenger. While the vessel may be expected to affect schooling behaviour to 
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some degree commercial vessels routinely sound over schools to determine their size, 

suggesting this is a valid method of measuring school height. Trials s oundings  were 

undertaken in April 1990 and April and May 199 1 ,  targets being those located for the 

camera trials 

RESULTS 

Schooling conditions suitable for undertaking a RAT assessment did not occur during the 

study. No  assessment was attempted during the 1988/89 season as the method was in the 

early stages of development, schooling conditions during this period were also  very 

marginal. Schooling conditions during the 1989/90 and 1990/9 1 seasons also proved 

unsuitable,  the large surface schools required not forming during those years. During the 

last month of the 1990/9 1 season the spotter reported some large schools, however, these 

were deep schools with little surf ace area. 

The lack of "good" schooling conditions also hampered development of the different 

techniques which make up the method. As the conditions under which the technique was to 

be conducted did not occur, proper field testing and development was difficult. 

Aerial photography 

Because an assessment was not executed no aerial photography was undertaken. Although 

the theory behind the method is sound, field tests under operational conditions are required 

to properly assess  the methods practicality. 

UndeTWater photography. 

Development of the Graves method did not continue past preliminary stages as other 

methods appeared more promising. The initial photographs of the reference stick produced 

good results suggesting development of a calibration factor could be made. 

Field trials of the "vertical stick" technique demonstrated practical problems with this 

method. Even when a stable school was encountered, and the school surrounded the 
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dinghy, fish did not school within a ring of approximately a metre from the dinghy. This 

experience suggested that a method to look into the school was required. The camera 

apparatus operated as planned, however, minor problems were experienced with the trigger 

mechanism. 

The stereo camera equipment proved easy to operate both underwater and from the surface. 

Trials indicated that the optimal distance for photographing the reference frame was 2 .5m to 

3m. Despite spending many hours searching, field trials of the apparatus were hampered by 

difficulties locating good targets. As a result no useable pictures of schooling fish have yet 

been produced. Proper assessment of the potential of the unit from this trial is difficult. 

Echo sounding 

As no assessment has been undertaken this operation has not been applied. Trials indicate 

that soundings of stable schools can effectively be undertaken by C ha!lenger. Field testing 

under operational conditions are required to verify this. 

DISCUSSION 

Testing and development of the RAT methodology has been hampered by vaiiable schooling 

conditions experienced during the study. This variation appears to be due to changes in local 

oceanographic conditions associated with fluctuations in the El Nino/Southern Oscillation 

index (Williams and Pullen, in prep.; Jordan, et al. in prep.; Harris, et al. 1991; Young, et 

al. in prep.)  The 1 988/89 fishing season was most severely affected by this phenomenon, 

this period being defined as a La Nina event. The degree to which schooling was influenced 

during the two subsequent seasons ( 1989/90 and 1990/9 1) is hard to estimate, however, it 

seems that the influence of the La Nina progressively lessened over this period (Jordan, et 

al. in prep.; Young, et al. in prep .). 

While no assessment, or testing under "real " conditions, was undertaken significant 

development of the different methodologies was achieved. Experience of the practical 

problems associated with the technique was also gained. This experience suggests that the 
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importance of monitoring schooling should not be overlooked. An understanding and real 

time monitoring of schooling behaviour is critical to the success of the technique. This 

procedure also requires the dedication of significant resources. 

Whilst the aerial survey methods for measuring surface school area have not been tested, the 

significant experience of the HEC proved highly applicable in their development. The 

expertise, and specialised analytical equipment available provided a ready and reliable 

method for this study. 

Development of a practical method for estimating school packing rates was more difficult. 

The literature describes a number of methods developed to estimate fish packing rates, some 

of which utilise stereo-photo pairs and some single photos (Graves, 1976; Aoki ,  et al. 

1986; Long, et al. 1985; Long and Aoyama, 1985; Klimley and Brown, 1983) .  Difficulties 

in obtaining good photographs, from which reliable quantitative measurements can be made 

are a feature of the limited literature on this topic. One of the basic problems is deploying a 

camera near, or in, a school of fish. The speed and mobility of mackerel suggest that diver 

operated systems are not appropriate. In this project we have increased the mobility of the 

system by fastening the camera(s) to an apparatus which could be lowered near, or into, a 

school from a boat. Another alternative is a remote operated vehicle with cameras attached, 

the added cost of which would be considerable. 

The stereo camera and reference frame technique appears to hold considerable potential, and 

may be more accurate than similar techniques described in the literature (Jon Osborn, pers. 

comm.) .  The technique has been developed by the University of Tasmania primarily to 

measure the packing rates of orange roughy. Projects in both New Zealand and Australia 

utilise the expertise and equipment and have constructed sophisticated remote camera frames 

in order to obtain the necessary photo pairs. The application of the method for schooling 

mackerel, however, requires further development and field testing before it can be 

considered operational. 
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The logistics required on standby to undertake an assessment are considerable , with no 

guarantee that they will be utilised given the vagaries of schooling behaviour. Our present 

understanding of mackerel schooling behaviour does not allow us to predict the occurrence 

of suitable conditions and it will therefore be difficult to properly assess the usefulness of the 

technique in the future. 
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bstract 

hthyoplankton surveys conducted during the summer and autumn of 1988/89, 1989/90 and 

190/91 along the east coast of Tasmania determined the spatial and temporal patterns of eggs and 

rvae of jack mackerel, Trachuius declivis and indicates that the species spawns along the entire 

.st coast during summer. Jack mackerel eggs were most abundant on shelfbreak stations 

dicating spawning is concentrated in this region, although rapid onshore transport in 1 988/89 

sulted in high concentrations on the shelf. Larvae were evenly dispersed over the shelf with the 

stribution of larval ages showing no indication of inshore recruitment. Back calculation of 

awning dates suggests that T. declivis shows a semi-lunar spawning rhythm. Large interannual 

fferences in sea surface temperatures and vertical thermal structure were apparent, with the 

mner waters and strong thermal stratification in summer of 1 988/89 resulting from the 

1minance of subtropical East Australian Current (EAC) water on the shelf. The fact that the 

>tribution and timing of spawning appears to be unaffected by the interannual differences in 

eanography suggests that the mature population spawns in deeper water that is unaffected by the 

llllling in the surface waters. 
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Introduction 

Jack mackerel, Trachurus declivis is a temperate carangid distributed around southern Australia 

and New Zealand. In Australia the species is found from Shark Bay in Western Australia to mid­

New South Wales and around Tasmania (Lindholm and Maxwell 1 988).  Very little is known 

about the reproductive biology and early life history of the species. The seasonal pattern of gonad 

development in south east Australian waters indicates a late spring to midsummer spawning season 

(Webb 1976). Williams et al ( 1987) suggests that during the summer mature fish leave the inshore 

fishing grounds moving out into deeper water to spawn (probably at the shelf break) returning 

when they are in spent condition. 

In 1 985 a purse seine fishery began operating on the east coast of Tasmania targeting surface and 

sub-surface schools that appear seasonally in that region, usually from October to June (Williams 

and Pullen in press). The majority of fishing activity occurs close to shore (within three nautical 

miles), typically in less than 50 metres of water (Williams et al 1 987). Catches increased rapidly 

with landings of 39 ,7 49 tonnes in the 1986/87 season making it the largest single species fishery 

by weight in Australia (Williams and Pullen in press) . However, both catches and the duration of 

the season have been considerably reduced in subsequent seasons. This was most apparent in the 

1 989/89 season with the disappearance of Trachurus dec l iv is from surface waters resulting in 

landings of only 8, 1 50 tonnes. The decreases in catches have been linked to the absence of the 

krill, Nyctiphanes australis, the principal prey species of T. declivis in shelf waters, resulting in 

th� absence of schools available to the fishery (Young et al. in prep) . The interann ual variability in 

krill production in these waters results from the changin g influence of nutrien t poor subrrop ical 

and nutrient rich subantarctic water masses on the region Harris et al ( 1 99 1 ) .  In years when 

subtropical waters dominate the east coast. such as during the s ummer o f  1 98 8/89 ,  water 

temperatures are h i gh and productivi ty is low, and large zooplankters, principally N. austral is  are 

large ly absent (Harris et al. 1 99 1 ) . This event appears to be associated w i th a major  El 

�iiio/Southern Oscillation (ENSO) event in  the southern hemisphere . known as a La Nina event in 

:hese waters (Harris et al. 1 99 1 ) . 
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Niiio events are known to effect the spatial and temporal spawning patterns of pelagic 

1pulations (Hammann 1 99 1 ,  Le Clus 1 990, MacCall 1979, Muck et al 1 987). There is also 

idence that larval survival and subsequent recruitment strength is influenced by El Niiio events 

incident. with wanning, altered food production and changes in transport regimes (see review in 

Liley and Incze 1985). 

this study we use results from three years of ichthyoplankton surveys to determine the location, 

ning and duration of spawning of Trachurus declivis on the east coast of Tasmania. The 

tluence of the variability in oceanography and productivity associated with the 1988/89 La Niiia 

ent on the spawning distribution of T. declivis is also discussed. 

aterials and Methods 

irvey Design and Methods 

1thyoplankton were samp led from the east coast of Tasmania at approximately fortnightly 

:ervals between December and April 1988 to 199 1  (Table 1) .  Samples were collected at  fixed 

ttions on 8 transects along the east coast of Tasmania from St  Helens Point (Transect 1) in the 

rth to Eaglehawk Neck (Transect 8) in the south (Figure 1). Transects consisted of  3 stations 

signated as inshore (at a depth of 30-50 m), midshelf (70- 100 m), and shelfbreak (0 .5  Nm 

;hore of the shelfbreak at an average bottom depth of 150 m). Additional offshore stations were 

mpled in 1 988/89 during cruises 89-2 (transects 1 ,4,5,6.7,8) and 89-3 (transects 1 ,3 ,5 ,7)  (Fig.  

mp les were c ollected with a 45 cm diameter bon go net with 500 µm mesh . Each statio n 

nsisted of an o blique tow to a maximum depth of 1 00 m, bottom depth permi ttin g. at a to w  

eed o f  approximately 2 knots . At each station th e  net w as  sent to the required depth quickly. 

Id there for 1 -2 minutes and then retrieved on an obl ique path . Fil tered volume was esti mated 

[n g calibrated flowmeters. Sampling was restricted to the ho urs of 0600 to 2000 h rs .  A 

nperature/depth probe and 20 kg depressor was attached to the net dui:ing each tow. The depth 

:tribution of larvae was assessed during cruise 89-2 at the midshelf station of transect 7,  with a 
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bottom depth of 90-95 m. At this station a series of six oblique tows were made in the order of 

progressively shallower depths between 78 m and the surface. Samples from one net were fixed in 

95% ethanol, and the other in 10% seawater formalin buffered with sodiwn B glycerophosphate. 

During cruises 9 1 - 1  and 9 1 -2 microzooplankton was sampled at each station with a vertical free 

fall plankton net (Heron 1 982) with a 70 cm ring and 150 µm mesh. With the vessel stationary the 

net was dropped at 1 m.sec- 1 for 40 sec sampling 1 5.4 m-3 from the surface to 40 m. The sample 

was immediately preserved in 10% seawater formalin buffered with sodium B glycerophosphate. 

Laboratory methods 

Trachurus declivis eggs and larvae were sorted from plankton samples in a rotatable sorting ring 

under a dissecting microscope. Eggs were identified using characters defined for T. declivis by 

Crossland ( 1 98 1) from artificially fertilized eggs which had a mean diameter of 0.998 mm and 

mean oil globule diameter of 0 .266 mm. Further characters were based on the description of 

Trachurus symmetricus eggs by Ahlstrom and Ball ( 1954), including dorsal body and oil globule 

pigmentation and the anterior position of the oil globule in late stage eggs. On this basis of these 

specific characters we classified eggs as T. declivis. However, due to the difficulty in accurate 

identification of early stage eggs , only late stage eggs (ie. those with the first sign of the 

characteristic dorsal and oil globule pigmentation and anterior position of the oil globule, 

equivalent to egg stages d-f in Ahlstrom and Ball ( 1 954) were used in estimates of egg abundance 

and distribution. Several other carangid species are known to occur in the study area but only two 

species , the trevally Psuedocaranx dentex and pilotfish Naucrates ductor, are known from more 

:han just a few specimens (May and Maxwell 1 986). The eggs and larvae have been described for 

:mth P.  dentex (James 1 976, as Caranx georgianus) and N. duc tor (Sanzo 1 93 1 ), the eggs being 

�asily separated from those of T. declivi s on the basis of egg diameter and pi gmentation. Details of 

arval identification are given in Jordan (in prep). 

�arvae were separated into three developmental stages- preflexion, flexion ,  and postflexion .  

i pecimens for otolith analysis were randomly selected from each sampl.e up to  a maximum of 20 

arvae. For stations with more than 20 larvae subsamp les were taken proportional to the number of 
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dividuals in each developmental stage to ensure an unbiased estimate of the age distribution of 

rvae. Standard length (SL;tip of snout to hypural crease or tip of notochord in preflexion larvae) 

as measured under a dissecting microscope with a ocular micrometer. Validation and counting 

'OCedures used in this study are detailed in Jordan (in prep) and follow procedures outlined in 

llTipana and Nielson (1985). 

ie spawning dates of Trachurus declivis from the east coast of Tasmania were determined by 

;eing a subsample of larvae from all three years. However, dates were determined for larvae 

.ught in February and March 1 990 by substituting larval lengths into the growth trajectory 

timated for larvae from this year (Jordan in prep). B ased on the development rate of T .  

mmetricus eggs an d  larvae a t  temperatures similar to those i n  this study, 2-3 days till hatching 

'arris 196 1) and 5-6 days between hatching and first feeding (Theilacker 1978), the time interval 

:tween spawning and the formation of the first daily growth increment in T. dec liv i s  was 

timated to be 8 days. 

the laboratory the zooplankton samples from the drop net were fractionated into two size 

.tegories ( 150-500 µm and >500 µm) to provide a quantitative measure of the s ize ran ge of 

1oplankton suitable for Trachurus declivis larvae , as determined by Young and Davis ( 1 992) . 

unples were washed with a steady stream of tap water through firstly a 500 µm. then a 1 50 µm 

reen. The 1 50-500 µm fractio n was then resuspended and filtered by aspiration through a 

eweighed glass microfiber filter. The filters were then  oven dried at 70 C for 3 6  ho urs and 

eighed to an accuracy of 0. 1 µg. The dry weight biomass were then expressed as mil ligrams per 

10 cubic metre. 

atistical Analysis 

order to assess the differences in age composition of Trachurus dec l iv i s. larvae collected from 

e three designated sampling areas ( 1 - inshore. 2- midshelf. 3- she lfbreak) ,  ages were poo led by 

:ar for each area. Kolmogorov-Smirnov (KS) tests were used to make multip le comparisons of 

dec l ivis age frequency distributions between a.:eas ( 1 -2. 2-3. 3- 1 ) . S ignificance leve ls  for this 

it were adjusted to comp ly for multiple comparisons (Steele and Torrie 1 980).  Comparisons of 
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microzooplankton densities for cruises 9 1 -2 and 91-3 were made between areas using the Kruskal­

W allis test. corrected for ties. The Tu.key-type test (Zar 1984. p. 199) was used to make multiple 

comparisons of areas. 

R es u l ts 

Egg distributions 

1989 

The distribution of Trachurus declivis eggs in early January 1989 was quite even along the entire 

east coast. suggesting that spawning was occurring throughout the study area. (Fig. 2A) . 

However, the higher densities on transects 3 and 4 indicates more spawning in this central region. 

No obvious trend in cross shelf distribution was apparent apart from the rapid decrease in egg 

densities at offshore stations. B y  late January eggs were absent from transect 1 in the north but 

consistent on all other transects sampled with a trend towards increasing abundances across the 

shelf in the south. Eggs were caught in temperatures between 1 5.3° C and 1 8 .4° C. The mean egg 

density during the month was 21 .7 1  100 m-3 . 

1 990 

frachurus dec l ivis  eggs were caught on all transects, except transect 4 and 8 ,  during January 

:ndicating spawning occurred throughout the study area (Fig. 2B ) . There is some indication 

1owever that spawning shifted slightly south during the month. No eggs w e re caught at inshore 

;tatio ns with most eggs (86. 7%) confined to stations on the shelfbreak. Water temperature 

ncreased by 1 .  7° C during the month with eggs caught between 1 6.2° C and 1 7 .  9° C. Mean egg 

lensities for the month were 1 .60 l OOm-3 . 

99 1 

ne distribution of Trach urus decl iv i s  eggs in early January show evidence of  spawni n g  along the 

ntire coast south of  transect 1, with shelfbr�ak stations on transects 3 and 6 showing highest 

bundances (Fig 2C) .  By late January eggs were present at only three stations indicating spawning 
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i all but ceased along the coast apart from some in the area of Maria Island (transect 6) . No eggs 

:re caught at inshore stations with 94.8% of all eggs confined to shelfbreak: stations. Sea surface 

nperatures varied little for the month with eggs caught between 15.5°C and 16.40C. Mean egg 

1sities were 5.38 100 m-3 but with two stations recording densities greater than 70.0 100 m-3. 

rval Distributions 

89 

ichurus declivis larvae were caught on all transects during 1 989, although the densi ties were 

asistently higher on the southern section of the coast (transects 4-8) during January (Fig.3A). 

:nsities were also consistently higher at both inshore and midshelf stations in early January 

hough by late January there were high numbers of larvae on the shelfbreak on transects 7 and 8 .  

, larvae were caught at  offshore stations apart from a small number on transect 8 in the south . 

. e age frequency distribution of larvae from midshelf was significantly different from inshore 

.tions, with a higher proportion of older larvae (> 15 days) (Fig. 4A, Table 2). By late February 

asities were uniform on all transects and showed no pattern across the shelf (Fig. 3A) .  Mean 

val densities ranged from 57.40 100 m-3 in cruise 89-2 to 3 .60 100 m-3 in cruise 89-4. 

90 

rvae were confined to the most northern transects in early January 1 990 with highest densities 

f St Helens Point (Fig. 3B). By late January larvae were uniformly distributed along the c oast 

t absent from inshore stations north of transect 5. While the age range of  larvae was s imilar 

ross the shelf, the distribution of  ages were sign ificantly different between ins hore and 

:!ltbreak stations, which had a h igher proponion of older larv ae (> 15 days) (Fig.  4B . Ta ble 2) .  

imbers of l arv ae decreased significantly by mid February with larvae present at only three 

ltions.  Mean larval dens i ties ranged from 6.58 . 1 00 m-3 in cruise 90-2 to 0. 14. 1 00 m-3 in cruise 

-4. 
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1 99 1  

Larvae were caught at all stations in early January with highest densities at transects 5 and 7 ,  

although there was no clear cross shelf pattern (Fig. 3C). Mean larval densities for this period was 

0.30 100 m-3. By late January however larval numbers had decreased significantly to a mean 

density of 0.01 100 m-3 and larvae were present at only 9 stations. Their distribution along the 

coast was still quite uniform. Both distributions and densities showed little change in late February 

although no larvae were present on shelf break. 

The age distribution of larvae was not significantly different across the shelf with few larvae older 

than 1 5  days being caught in any area (Fig. 4B, Table 2). 

Zooplank:ton distributions 

Microzooplank:ton biomass was significantly higher at inshore and midshelf stations than those on 

the shelfbreak in both early and late January 199 l (Table 3). Spatial distribution of samples also 

indicates that biomass was consistently higher in areas north of transect 5 during the month (Fig 

5). B iomass also increased during January in all regions from a mean biomass of 2.57 mg. lOOm-3 

during cruise 9 1 -2 to 7 .02 mg. lOOm-3 during cruise 9 1 -3 .  

Vertical distributions 

Trachurus decl ivis larvae were taken from the surface to the maximum depth sampled (75 m), but 

the vast majority were found in the depth range of 20-40 m just above the thennocline (Fi g 6) . 

While this reflects distributions during a period of strong stratification the distribution is likely to 

be more evenly dispersed during periods when the water column was well mixed ( eg. Feb 1 99 1 .  

Fi g.9) .  

Spawning times 

[n all three years. spawning was restricted to the summer months of December, January and 

February (Fig. 7). The earliest estimated spawning date did not differ by more than 9 days 
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etween the years with the earliest spawning occurring in the summer of 1 990-9 1 .  The latest 

'awning was very similar in all years with only three larvae accounting for the slightly later 

'awning in February 1990 (Fig. 7B). 

he distribution of spawning dates indicates that spawning is essentially continuous throughout 

te spawning season. The absence of a cohon spawned in late January 1989 is more likely to be 

Je to the extended time between cruises, resulting in the reduced vulnerability of larv ae to the 

mpling gear, than a complete cessation of spawning during this period This is confirmed by the 

:esence of Trachurus declivis eggs in samples taken at this time (cruise 89-3) (Fig. 2A) . 

fhile spawning was essentially continuous there is clear periodicity in the data with most peaks in 

1awning activity separated by approximately 14 days and apparently associated with both full and 

:w moons. This association appears to break down in the last peak in spawning in 1 99 1  and the 

.te January peak in 1 990. However, the spawning dates for the late January cohon in 1990 may 

>t reflect the exact spawning cycle as the spawning dates of this cohon were obtained from age 

:timates from the length at age data (Jordan in prep) .  The fact that this apparent periodicity was 

·esent in all three  years suggests that it reflects a consistent semi-lunar sp aw nin g rhythm in 

rachurus declivis.  

ydrography 

:a surface temperatures for the summers of 1 98 8/89, 89/90 and 90/9 1 reflected the effect of 

asonal warming and the changing influence of wanner northerly and cooler southerly water on  

e east coast Ef'ig 8) .  Temperatures generally increased during the summer period reach i ng a peak 

te in February. Temperatures varied markedly between years , the summer of 1 98 8/89 be i n g  the 

armest year o f the three year study period, 1 990/9 1 the coo lest, and 1 98 9/90 somewhat 

termediate. Temperatures in all years varied along the coast reflectin g the influence of wanner 

ater from the nonh and cooler w ater from the south , and across  the shelf. panicularly in the 

1rth, reflecting the fact that wanner northerly waters originated offshore and at times moved onto 

e shelf. 
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In mid December 1988 temperatures were uniform along the coast except for a sharp temperature 

front in the north (Fig 8A). This warmer water had affected the entire outer shelf by mid January 

although waters were cooler inshore. Warming continued through January with warmest water on 

the outer shelf. By late February the warmer northerly water had flooded the entire shelf with 

water up to 20.60 C on the outer shelf in the north. 

Temperatures in December 1989 were uniform in the south. while in the north warmer water was 

present on the outer shelf. with water up to 2.00 C cooler inshore (Fig. 8B ) . This warmer water 

dominated the entire shelf in January and February with evidence of continued warming during 

this period. Temperatures however were up to 2.00 C cooler than for the same period in 1 989. 

Temperatures were consistently cooler during the summer of 1 990/9 1 reflec ting the reduced 

influence of water from the north (Fig. 8C). Water was relatively uniform during December and 

early January. however by late January warmer water was present on the outer shelf in the north. 

This water had retreated by late February with the advance of coo ler southerly waters with 

temperatures up to 3.00 C cooler than for the same period in 1 989. 

Summer vertical temperature structure from transects 3 and 7 (T3 ,7) in 1 98 9 ,  1 990 and 1 99 1 

reveals clear interannual differences in the amount of thermal stratification during summer (Fig. 

9A-B) .  A strong thermocline is evident on both transects in January 1 989 be tween warm water of 

northerly origin forming a shallow (30 m) mixed layer and cooler bottom water. By  late February 

a strong temperature front was present on the outer shelf on T3 resulted in rap id warming of the 

water column. Temperatures remained cooler on 17 with the upper mixed l ayer remaining across 

the entire shelf. In mid December 1 989 waters on 17 were only weakly stratified w i th cool smface 

waters across the shelf. By late January waters on both transects had warmed with a deepening of 

the thennoc l ine in the south.  The thermal struc ture on both tran sec ts remai ned the  same duri n g  

February. Waters were well mixed during the entire summer of 1 99 1  w i th l ink s i gn o f  warming or 

stratification. 
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iscuss i on 

ie distribution of Trachurus declivis eggs over the three years indicates that spawning occurs 

mg the entire east coast of Tasmania. There was no evidence of spawning activity being centred 

1 a particular section of the coast although at times certain stations recorded significantly higher 

nsities than those adjacent. Eggs in January were recorded in sea surface temperatures ranging 

>m 15 .30 C to 1 8.40 C, however these do not cover the beginning of the spawning period in all 

�ee years as indicated by the backcalculated spawning dates (Fig. 7 A-C). The minimum surface 

nperature eggs were caught in was 14.70 C recorded in mid December on transect 7 during 

rise 9 1 - 1 .  These temperatures are consistent with those recorded by Farris ( 1 96 1 )  for Trach urus 

mmetricus off California who found more than 80% of eggs between 14.QO C and 1 8 .SO C. He 

ncluded that temperature is important. but not the controlling factor in the spatial distribution of 

awning in T.symmetricus . 

hile the overall distribution of Trachurus declivis in Australian waters extends well outside the 

1dy area (NSW to S hark B ay WA), the relationship between spawning populations on the east 

ast of Tasmania and those outside the study area in unknown . Trachurus dec l iv i s  are kno wn to 

:i.wn around the entire coast of Tasmania (Furlani pers comm), and in the Great Australian B ight 

tevens et al. 1 984), where they form a distinct population from those in the south-east of 

1stralia (Richardson 1 982) . Infonnation on the relationship between fish from New South Wales 

d Tasmanian waters is sparse. B ased on the appearance of surface schools,  Maxwel l ( 1 97 9) 

ggested that with the approach of summer. fish from New South Wales move i n �o Tasmanian 

lters following the 1 7° C iso therm as part of a sou thern seasonal migration.  However. [hen� is a 

:ident demersal population in east coast Tasmanian waters during winter (May and B laber 1 989,  

�bb and Wolfe 1 977), although some migration into east coast waters is likely during spring and 

.nmer as the b iomas s of fish is highest in these waters at this time (Wi l l iams 1 98 1 ). Thi s  i s  

ther supported by Furlani (pers comm) who found the h ighest abundances of carangid larvae on 

nsec ts o n  the east  coast of Tasman ia. the majority of these l arvae being those of  T. dec l i v i s .  

rther information is  needed on p ossible migration of T .  dec l i v i s  before conc lus ions  c a n  be 
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drawn on the relationship between spawning and spatial and temporal distribution of the adult 

population. 

The fact that Trachurus declivis eggs were consistently most abundant at stations situated on the 

shelf break in the summer of both 1 990 and 199 1  suggests 'that spawning is concentrated in this 

area. The distribution of eggs across the shelf was much more uniform in 1989 although still only 

24% of eggs were caught inshore. The determination of specific spawning sites from patterns of 

egg distributions are influenced by the direction and rates of advection, and the ages of eggs when 

sampled. Farris ( 1 96 1 )  estimated the development rate of Trachurus svmme tricus eggs for three 

stages of development at a range of temperatures. When this model is applied to eggs of Tdeclivis 

it is estimated that at a mean temperature of 1 6.50 C the stages identified in this study would be 

between 32 and 62 hours old. Current meter records from the shelf break off Maria Island taken 

during the summer of 1983-4 indicates that alongshore currents speeds rarely exceeded 20 cm sec-

1 and greatly exceeded onshore currents during summer (Huyer et al. 1 988 ) . This suggests that 

that transpon of eggs from the spawning area may be slow. Alongshore currents were also 

strongly fluctuating with flow reversals associated with variations in the coastal winds (Huyer et 

al. 1 988) .  These flow reversals may also reflect that fact that the central part of the sampling area 

lies at boundary between subantarctic and subtropical waters both of which  in summer show 

periods of rapid advances and retreats (Harris et al. 1 9 87).  In  years w hen subtropical water 

dominates the east coast and floods the shelf, as was the case during January 1 989 (Fig ?), flow in 

the top 50- 100 m is dominated by this  current (Harris et al. 1 987) . Hence. patterns of  generalised 

flow are difficult to estimate as the regional oceanography shows both s h o rt  and long term 

variability .  Flow patterns will also vary along  the east coast due to the greater i nfluence southerly 

flowing subtropical water in the nonh and the northerly flowing subantarctic water in the south. 

:1owever. the dominance of alongshore transpon suggests that spawn ing was centred along the 

;helf break in 1 990 and 1 99 1 . although the situation is unclear regarding spawn i n g  distribution in  

l 989.  Either spawning occurred across the entire shelf. or onshore movement of l!ggs was rapid in 

hat year. The absence of surface schools  in i nshore waters (Wil l iams 1 9 89 ) .  and the low 

.bundance of fish on the shelf during the  spawnin g  period o f  1 98 9  (G . Pullen.  pers obs.)  
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ggests that rapid advecti.on of eggs inshore from the sheltbreak is the more likely cause for the 

1served distribution. This is further supported by the fact that the bulk of the spawning in this 

ar occurred at a time when the entire east coast of Tasmania was dominated by subtrop ica l water 

it flooded the shelf break resulting in a dominant southerly and onshore flow. 

te inference that spawning is concentrated in the shelf break area is supported by data on the 

;tribution of mature fish. Firstly there is a low availability of mature fish to the inshore 

mmercial fishery during the spawning season, which Williams et al (1 987) suggests is possibly 

e to the movement of mature fish into deeper water to spawn. The absence of post- ovulatory 

licles in fish samp led from the fishery (Marshall et al in prep) also suggests that spawning fish 

: spatially separated from the inshore population. May and Blaber ( 1 989) also found th at the 

>mass of Trachurus dec livis in the upper slope region of the Maria Island area peaked in 

bruary, indicating the movement of fish into the area. The availability of mature Trac h urus 

churns in S outh Africa waters is low during the spawning period associated with the movement 

fish offshore to spawn (Crawford 1 980).  S pawnin g in T. trac hurus is concentrated on the 

!lfbreak in these waters, although so me offshore spawning does occur (S h annon and Pillar 

86). The rapid decrease in egg numbers at offshore stations suggests that spawn in g in T. 

:livis is concentrated on the shelfbreak. This is in contrast to Trachurus svmmetricus which are 

own to spawn up to 1000 miles offshore (Ahlstrom and Ball 1 956) and Trach urus m u rph vi 

tich spawn across the entire zone of the subtropical convergence from the Chilean she l f  to New 

aland (Evseenko 1 987) . The fact that T.decl ivis have never been recorded offshore. and form a 

;tinct populatio n  from T. dec l i v i s  in New Zealand waters (Richardson  1 982) sugge s t s  tha t 

�shore spawning is unl ike ly. 

awning by Trac h urus decl i v i s  on Tasmania's east coas t  occurred only durin g the summer 

mths of Decembe r  to February in all three years . The timing of spawning by fish o u ts ide the 

dy area may differ as a sh ift in spawning time with lati tude is known to occur i n  other species 

Trac hurus (Ahl strom 1 969) .  Maxwell  ( 1 979) suggested that T. dec l i v i s  i n  New S o u th Wales  

ters spawn earlier (Octo ber to January) than those o ff  Tasmania. However those in  the Great 

stralian Bight spawn during summer with the bulk of spawn ing finished by March ( S h u n tov 
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1 969). Three years of data indicates that the beginning of spawning and its duration varies little 

between years, starting in mid December and ending in late February. However as larval 

abundances in all three years peaked in early January, reflecting intense spawning in late 

December, and larval densities decreased rapidly by mid February, it appears that cqe bulk of the 

spawning activity takes place in the first few weeks of the season. 

The considerable interannual differences in sea surface temperatµre and thermal stratification 

during the three years of the study can be explained by the varying influence of subtropical and 

subantarctic waters on the east coast. The regional oceanography of eastern Tasmanian waters is 

determined by a combination of the local westerly wind stress and large scale oceanographic 

circulation dominated by the warm, stratified, nutrient poor East Australian Current (EAC) water, 

and cool, well mixed nutrient rich water of subantarctic origin (Harris et al. 1 987). The boundary 

that separates these two water masses is defined as the subtropical conv ergence (STC) , the 

northern edge of which in summer lays at times to the north of Maria Island and sometimes to the 

south (Harris et al. 1987). The position of the STC shows considerable interannual variability and 

has been coupled with interannual variations in westerly winds (Harris et al .  1 988). The warmer 

sea surface temperatures and increase in thermal stratification seen during the summer of 1 988/89 

resulted from a reduction in the westerly wind stress and increased influence o f  EAC water from 

the north, this event being linked to a major El Nino/ Southern Oscillation (ENSO), or La Nina 

event in the southern hemisphere (Harris et al. 1 99 1 ). While warmer water temperatures were 

experienced again during the summer of 1 989/90 they were main ly restric ted to the outer shelf 

with cooler waters dominating inshore. The decrease in subtrop ical influence durin g the summer 

of 1 990/9 1 resulted in cooler water temperatures over the shelf during the ent ire spaw n ing season. 

Despite the increased subtrop ical influence in the summer of 1988/89, surface temperatures during 

the early part of the spawnin g period (mid Dec to mid Jan) in  the three years only differed by a 

maximum of 1 .50 C. However. during the spawning period of 1 988/89 the s u b trop ical EAC water 

)nly dominated the upper 50 m, strong stratification resu l ting in bottom water i n  early Jan uary in 

his year ac tually being cooler ( 1 2.7° C to 1 3 .8° C) than for the same period in  1 990 ( 1 3 .70 C to 

l 5 . 50 C) and the mid December period in  1 99 1  (Fig. 9C) . As a resul t  of these factors, the warm 
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iter event of 1988/89 appears to have had little effect on the spawning population of Trachurus 

clivis. As spawning appears to be concentrated in deeper water in the region of the shelf break, 

awning fish in 1988/89 apparently moved from inshore waters into deeper water as normal and 

awning was . unaffected. However, despite the low availability of mature fish to the inshore 

;hery during the spawning period (Williams et al. 1 987) there appears to be some movement of 

;h between the shelf break and inshore waters as some mature fish are still caught at this time 

farshall et al. in prep). While the fishery is primarily based on immature fish durin g the 

awning period it is not known whether these fish migrated south into cooler water or also 

>ved into deeper water. The disappearance of both mature and immature T. declivis from inshore 

Lters on the east coast during the 1 988/89 season appears to be driven by the disappearance of its 

lricipal prey species, Nyctiphanes australis, from these waters (Young et al. in prep). Trachurus 

clivis on the upper continental slope feed almost exclusively on the lanterfish, Lampanyctodes 

ctoris (Blaber and Bulman 1 987), which occurs in large concentrations close to the shelf break 

d upper continental slope in east coast Tasmanian waters (May and B laber 1 989). The biomass 

L. hectoris in the Maria Island area is highest in summer, corresponding to the spawning period 

T. decliv is (May and Blaber 1 989). It is possible that mature T. decl ivis concentrate in the shelf 

�ak/upper slope regio n at this time in  response to the increase in L.  hectotis biomass and not 

rely as a result of a spawn ing migration . The change in  mean length of fish caugh t in the 

hery, which shows a marked increase during April and May (Williams et al.  1 987) . su ggests 

Lt mature fish do not move back into inshore waters immediately after spawnin g but conti nue to 

:d on the upper slope for some time. The movement of mature fish back into inshore areas 

ring autumn, resu l tin g in the increase in mean school  s ize and subsequen t autumn peak i n  

1dings in  the fishery (Wi lliams and Pullen in press) . is most l ikely in response t o  the i ncrease i n  

australis biomass at this time (Young et al. in prep) . 

e effect of the 1 988/89 w arm  water event  o n  the overal l  spawn i n g  distributi on  o f  Trac l r n ru s  

c l i v i s  i s  difficul t t o  assess a s  i t  i s  l ikely that on l y an unquan ti fied portion o f  the spawn i n g  

pulation w a s  samp l ed. so sh ifts i n  t h e  bounds o f  the spawning area may not  h a v e  been 

served. TI1e effects of El Nino events on the spatial distribution of spawn ing is wel l documented 
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for a number of pelagic species (Arntz 1986, Le Clus 1 990, Mc Call 1 979,  Walsh et al. 1 980). 

Spawning distributions of several species shifted polewards during such years, including anchovy 

in the Benguela current region (Le Clus 1990) and anchovetta (Walsh et al . 1980) and sardines 

(McCall 1 979) off South America. However, Muck et al ( 1987) found that Trachurus murphyi, 

who normally have an offshore spawning distribution, respond to warm conditions by restricting 

spawning to coastal waters. A similar increase in inshore spawning activity was noted during an El 

Nino year for the northern anchovy (Brodeur et al. 1985). There is also some evidence that some 

south American clupeiod populations migrate into deeper water during strong El Nino events 

(Arntz 1986) .  While spawning changes have often been directly related to variability in water 

temperature it is also possible that changes in spawning location is an adaptive response to spawn 

in an area which makes best use of the spatial patterns of ocean stability to provide suitable feeding 

conditions and favourable transport (Lasker 198 1 ,  Shelton and· Hutchings 1 989). The fact that T. 

declivis spawned as normal along the east coast during the warm water event  of 1988/89 appears 

to result from the fact that spawning occurs in deeper waters in the region of the shelf break away 

from the subtropical waters that dominated the surface layers. 

The timing and duration of spawning during El Nino years is known to vary for a number of  

pelagic species , including anchovy and pi lchards in So uth African waters (Le:  Clus  1 990) and 

anchovy and sardines the Californian current (Ahlstrom 1 967), although there is no clear trend for 

early or late spawning. However, the importance of temperature in determin ing spawnin g time in 

such specie s  is unc lear, as timing may be determined by temporal patterns of ocean stability and 

favourable transport, as suggested for anchovy (Shelton  and Hutchin gs 1 990) .  Both the timing 

and duration  of the spawn in g season for Trach uru s  dec l i v i s  appears to be u naffected by the 

variability in water temperatures and thermal stability in east coast waters . :\fore work is needed 

before the factors determ in ing the temporal patterns of  spawning i n  th i s  s pecies w i l l  be 

understood. 

The sem i- l unar periodicity in  spawning activ ity i n  Trachurus dec l iv i s  ind icates that peaks in 

;pawning are c losely associated with full and new moons. Although lunar r�productive cycles are 

�ell documented for tropical species (Johannes 1 978,  Milton and B Jaber 1 99 1 . Davis and West in 
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�ss), such cycles appear to be rare in fish from temperate waters. Whether the development of 

;h cycles in T .dec l iv is is related to purely an environmental cue or possible increases in 

nsport of eggs due to increased tidal transport is unknown. 

spite the fact that cross shelf currents on the east coast of Tasmania appear to be relatively weak 

ring summer (Buyer et al. 1 988) the presence of early stage larvae at inshore stations in all three 

irs indicates that cross shelf transport is occurring. The shelf on the east coast, particularly in 

: north, is relatively narrow being only 20 km wide in places. Therefore a 5 day old larvae 

1uld only have to travel on average 2 cm sec· l to cover the distance between the shelf break and 

hore waters. When the southward flowing EAC water moves in over the she lf, as happened 

ring the summer of 1988/89 onshore transport appears to be particularly strong . However it is 

t clear that such onshore transport is related to the recruitment of larvae into inshore n u rsery 

'itats. Firstly, there was no clear pattern in larval densities across the shelf apart from the higher 

hore densities found during early January 1989 . Secondly, there was no apparent increase in 

val ages from offshore to inshore stations in any year which would result if there was 

nificant cross shelf transport associated with inshore recruitment from a shelfbreak spawning 

: a.  While the age range of larvae was similar between areas in all  three years, at times the age 

tribution differed. This was particularly significant in 1 990 when there was a large p ro p o rtio n  

older larvae still present on the shelfbreak. I f  the trend i n  microzooplankton densi ties .  which 

s significantly lower on the shelfbreak during the main spawning period in 1 99 1 ,  is a standard 

.ture then there appears to be an advantage in rap id inshore recruitment. Hence. variabi l i ty i n  

>ho re transport may be a s ignificant source of mortality by  mai ntaining larvae in  p o o r  feeding 

as or even loss of larvae to  offshore waters . 

iley and Incze ( 1 985) identifies the most important influences of El  N ino even ts on  earl y l ife 

tory stages are altered food production.  warming, and changes in  transport regimes.  Al l  of 

se fac tors are kno wn to have shown considerable variability during the three year study period 

h anoma lous onshore transport during 1 98 8/89 already identified as a source of variabi l i ty in  

cribution. In relation to altered food production , H�s et al ( 1 99 1 )  detailed a general dec l ine in  

rient c ondition in south east Tasmanian shelf  waters during the La Nina summer of 1 98 8/89 
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with a shift in the structure of the zooplankton community, with the elimination of large 

zooplankters and the domination of populations of small copepods. This differential response to 

oligotrophic conditions by different members of the pelagic food web is similar to that experienced 

in the Californian current region during an El Nino event (Smith 1 985). Young and Davis ( 1 992) 

studied the diet of Trachurus decl ivis larvae during the summers of 1 988/89 and 1 989/90 and 

found that despite the shift in prey taxa between years, with the exclusion of calyptopid stage 

�vctiphanes ausrralis and dominance of small copepods in the guts in 1 988/89 mirroring their 

ibundance in the plankton, there was no evidence of food limitation during this year. This may be 

·elated to the strong vertical stability experienced during the entire spawnin g period creating 

;uitable prey concentrations in the upper mixed layer, corresponding to the vertical distribution of 

arval T. declivis (Fig 6). The conditions for suitable feeding conditions is suppo rted by Jordan (in 

1rep) who found T. decl ivis larvae showed rapid growth in these years whic h he suggested may 

e attributable to the warmer water temperarures associated with the La Nina event. Although the 

tability of the upper mixed layer and its influence on food aggregations has been identified as 

nportant factor controlling larval survival (Lasker 198 1 ,  Peterman and B radford 1987), the lack 

f data on the vertical distribution of microzoop lankron in these years precludes :.my assessment of 

s importance in imerannual differences in survival of T. dec l ivi s larvae. 

is clear from the data that egg densities varied considerab ly between the three years of the study. 

owever. the differences in the timing of cruises in relation to the spawning cycle and the fact that 

:timates were made from different cohoru means that a direct c omparison of egg densities 

:tween years is not possible. However the magnitude of  the decrease in egg abundances between 

1 88/89  and 1 989/90 suggests that there may have been a severe decline in reproductive output in 

1 89/90 . A decline in egg production as a res ul t  of El Nino events had be�n documented fo r  

veral species ( D e  Martini 1 99 1 . Hay and B rett 1 98 8 .  Len arz a n d  Echeverr ia 1 9 86) .  Several 

tdies have have demonstrated that naturally occuni n g  food l i mi tati ons may re:-; u l t  i n  fluctuations 

fecundity (Hay and Brett 1 988 .  Hunter lnd Leong 1 9 8 1  ) ,  decreases i n  egg production resul ting 

1 m  J. decrease i n  batch fecundity (De Martini 1 99 1 ) .  o r  s h o rte n in g of  che spaw n in g  season 

uncer et al.  1 985). During autumn in a normal year Trachurus d ec l i v i s  uti l ize che large biomass 
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vcriphanes aust::Qlis, its main prey source in shelf waters. resulting in fat reserves of up to 

(Miezitis and Wright 1979). The disappe:irance of N. aust:ralis from east coast shelf waters 

ig 1988/89 season (Young et al in prep) led to a subsequent decrease in fat reserves during 

year (G. Pullen personal o bservation) . As spawning occurs prior to the peak in prey 

.ability in the following season it is likely that most of che energy available for reproduction is 

�oiled by the amount of fat stored in the previous summer. as suggested for Engraulis mordax 

1unter and Leong (198 1).  Hence the decrease in the amount of energy available for 

�duction may have resulted in the the observed decrease in egg production in the summer of 

1/90. However it is possible that some of the decrease in egg abundances resulted from a shift 

e spawning distribution . 
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ble 1 .  Summary of sampling dates and transects sampled during three years of the study. 

Transects 

Cruise Date Sampled 

89- 1 5-7 December 1988 T 2-7 

89-2 1 1- 1 4  January 1989 T 1-8  

89-3 23-26 January 1989 T 1 ,3,5,7 

89-4 27 February-2 March 1989 T 1-8 

89-5 4- 12 April 1989 T 1-8 

90- 1 12- 14 December 1989 T 1 -7 

90-2 5-8 January 1 990 T 1-8 

90-3 22-25 January 1990 T 1 -8  

90-4 14-20 February 1 990 T 2-8  

90-5 1 3- 1 6  March 1990 T 1 -8  

91 - 1 19-20 December 1990 T 7,8 

9 1 -2 2-7 January 199 1 T 1-8  

9 1 -3 2 1 -3 1 January 1 99 1  T 1 - 8  

9 1-4 1 8-28 February 1 99 1  T 1 - 8 

9 1 -5 1 8-20 March 1 99 1  T 6,7,8 

9 1 -6 8-9 April 199 1 T 6,7 ,8  
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Table 2. Probability values from the Kolmogorov Smirnov comparisons of age frequency 

distributions between areas, ( 1 - inshore, 2- midshelf, 3- shelfbreak) ** refers to statistically 

significant differences 

Year Area 1-2 

1989 0.034** 

1990 0.32 1  

199 1  0.40 1  

Area 2-3 

0 .706 

0. 159 

0.306 

29 

Area 3- 1 

0.092 

0.068** 

0.494 



ible 3. (A) Probability values from the Kruskal-Wallis comparison of microzoop lankton 

:nsities between areas. (B) Probability values from the Tukey-type test of multiple comparisons 

:tween areas. 

(A) Cruise Areas 

CR 9 1 -2 0.0 14 

CR 9 1 -3 0.002 

(B) Cruise Area 1-2 Area 2-3 Area 3-1  

C R  9 1 -2 > 0.50 < 0.02 < 0. 04 

CR 9 1 -3 > 0.50 < 0.02 < 0.0 1 
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during January (A) 1 989 ,  (B) 1 990 and (C) 1 99 1 .  Note additional offshore 
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troduction 

ille the actual mechanisms responsible for El Niiio events around the world are not completely 

derstood and may vary with latitude and between events, the oceanographic conditions that 

:ur during such events are well documented. It is clear that El Niiio events result in wann sea · 

face temperatures, deepening of the thermocline and changes in wind driven Ekman transport 

lucing coastal upwelling (Mysak 1986). 

ring the summer of 1988/89 the east coast of Tasmania experienced a period of ocean 

:iability, known as a La Niiia, that has been linked to the large scale ocean/annosphere coupling 

the southern hemisphere associated with a El Nino/Southern Oscillation (ENSO) event (Harris 

al. 1991) .  The regional oceanography of this area is determined firstly by the local westerly 

nd stress and secondly by the large scale oceanographic circulation dominated by the wann, 

tiient poor East Australian Current (EAC) and cool, nutrient rich water of subantarcric origin. 

lring summer the shelf on the east coast is episodically flooded with EAC water, while westerly 

nds occasionally moves subantarctic water up onto the east coast (Harris et al. 1 987). The 

undary that separates these two water masses is defined as the subtropical convergence. the 

sition of which shows significant interannual variability (Harris et al. 1987) . 

e summer of 1989 saw an increase in subtropical influence resulting from a reduction in the 

:sterly wind stress and increasing influence of EAC water from the north. This situation led to a 

1ge of physical processes on the shelf break. such as warm sea surface temperatures (Figure l a) 

:l strong thermal stratification (Figure 2a) . Whilst no data are available. i t  is likely that the 

luced westerly wind stress decreased Ekman transport. and increased influence of the EAC on 

: shelf affected cross shelf mixing. The past two years have seen a much greater influence of 

Jantarctic waters with resultant cooler sea surface temperatures (Figure 1 b.c) and less 

atification (Figure 2b). However. given the dynamic nature of mesoscale eddies and fronts on 

: east coast intrusions of warm EAC water have episodically occurred. 
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Harris et al (1991) provided a detailed analysis of the effects of the 1988/89 La Ni.iia event on the 

water column stratification, nutrient cycling and production and structure of the food chain in 

south east Tasmanian waters. They detailed a general decline in nutrient conditions of the shelf 

waters up to the summer of 1988/89 with an associated shift in community structure. There was a 

reduction in algal biomass, and almost total elimination of large zooplankters (principally the 

euphausiid Nyctiphanes australis and salps Thalia democratica and Salpa maxima) from shelf 

waters. These conditions led to populations of small copepods dominating, which are less affected 

by levels of production as they can switch from herbivory to omnivory (Cushing 1989). This 

appreciable compositional change in the zooplankton community in oligotrophic conditions is 

similar to that found in the California current region (Smith 1985) and indicates a differential 

response to ENSO events by different members of the pelagic food web. 

The variability in both physical and biological processes experienced in these waters during the La 

Nina year of 1 988/89 and subsequent 'normal' years are likely to impact on the spawning 

behaviour and survival of eggs and larvae in these waters. Physical processes likely to have an 

impact including changes in temperature, horizontal advection, vertical stability and turbulence. 

While data on physical processes are sparse for the shelf region of the east coast, the presence in 

summer of EAC eddies, shelf fronts and wind driven transpon and turbulence makes this area 

highly variable. Biotic factors which are imponant include changes in the abundance and 

distribution of predator and prey communities. and the amount of food available for energy storage 

and mobilization for reproduction. 

The larval sampling program conducted on the east coast of Tasmania between January and April 

1989-9 1 has provided an opportunity to assess the impact of the oceanographic variability on the 

spawning and early life history stages of jack mackerel (Trachurus declivis) .  The purpose of this 

paper is to discuss the po ten tial impact of this variability on both spawning adults ,  eggs and 

larvae. and what factors may have influenced interannual variability in egg and larval abundances. 

The range of possible effects on jack mackerel spawning, and eggs and larvae resulting from such 

vanability is summarised in Table 1 .  
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'fects on Spawning Population 

awning time and distribution 

ialysis of three years of jack mackerel egg and larval distributions, and backcalculated spawning 

tes from otolith ageing suggests that neither the spawning area, time or duration for jack 

ickerel on the east coast of Tasmania were affected by the La Niiia event on 1989. Spawning in 

three years began in late December and continued till late February with the bulk of spawning 

curring in January in all years. Spawning was continuous throughout the sampling area with 

�est egg densities at shelfbreak stations, and no evidence of a major concentration and shift in 

awning area. The data suggests that the response of adult jack mackerel to the La Niiia event 

LS to move from the shelf waters onto the shelfbreak/slope area, their normal site of spawning. 

veral workers have identified a shift in spawning time in response to interannual differences in 

tter temperature. Gunn et al ( 1989) estimated that spawning of blue grenadier on the west coast 

Tasmania differed between years by a month and suggested that such changes resulted from 

:erannual differences in water temperature. S pawning distribution however was unaffected. 

are and Lambert (1 985) also related timing of peak spawning of Atlantic mackerel to changes in 

1ter temperature which they concluded is a regulator of spawning activity and oogenesis . 

her species may respond to warm water conditions by changing their spawning distribution. 

1ch changes durin g El Nino years are well documented for a number of pelagic species. 

1awning distributions of several species shifted po lewards during such years . including 

chovy in the Bengeula current region (Le Clus 1 990), and anchovetta (Walsh et al. 1 980) and 

rdines (Mc Call 1 979) off S outh America. There is also some ev idence that some S outh 

nerican c lupeiod populations mi grate into deeper water during strong El Nino events (Arntz 

186) . It is also possible that chan ges in spawning time and location is an adaptive respo nse to 

awn in an area and time which makes best use of the seasonal and spatial patterns of ocean 

lbility to provide suitable feeding conditions and favourable transport (Lasker 1 98 1 .  S helton and 

uchings 1 989).  The fact that jack mackerel spawning time. area and duration was consistent in 
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all three years suggests that this may be an adaptive response to spawning in an area with high 

physical and biological variability. 

Energy available for reproduction 

The influence of an El Niiio event on gonad condition and egg production has been documented 

for several species with the most immediate effect being a decline in reproductive output (De 

Martini 199 1 , Hay and Brett 1988, Lenarz and Echeverria 1986). Experimental and observational 

studies have demonstrated that naturally occurring food limitations may result in fluctuations in 

fecundity (Hay and Brett 1988, Hunter and Leong 198 1). Variability in egg production may result 

from decreased batch fecundity in serial spawners (De Martini 199 1),  changes in mean egg weight 

(Tanasichuk and W'Me 1987), or changes in the duration of the spawning season (Hunter et al. 

1 985). The link between food abundance and reproduction however depends on the dynamics of 

the prey communities and the spatial and temporal pattern of fat storage and mobilization for 

spawning. 

As previously mentioned, El Nino events almost always result in decline in zooplankton 

production (Mc Gowan 1985). The situation is no different on the east coast of Tasmania, with the 

largest decrease occurring in the l'Mger sections of the plankton (Harris et al. 1 99 1 ) .  The principal 

food source of jack mackerel late in summer and autumn in the krill species Nyctiphanes australis 

(Webb 1 976) resulting in fat reserves up to 1 2% by April. In the summer of 1 989 N. australis 

disappe'Med from south east Tasmanian waters (Harris et al. 1 99 1 )  and a subsequent decrease in 

fat reserves was evident during this year. The bulk of spawning  the following year is known to 

occur before the peak in feeding so it is likely that the most of the energy available for reproduction 

is controlled by the amount of fat stored in the previous summer, as suggested by Hunter and 

Leong ( 1 98 1 )  for Engraulis mordax. This may have a direct impact on batch fecundities through a 

process of folicular atresia (Hay and B rett 1 988) ,  and could result i n  a decrease in  egg production 

in the summer of 1 990. 
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�rects on Eggs and Larvae 

)Undance and distribution of prey 

te change in the structure of the zooplankton community in the summer of 1989 identified by 

II'ris et al. (1991)  in southeast Tasmanian waters clearly affected the abundance of prey available 

jack mackerel larvae. Distribution of prey may also have been affected due to the strong 

atification throughout the spawning season. Young and Davis (in press) analysed the diet of 

:k mackerel larvae from this year and identified that although there was a shift in prey taxa 

tween years, with the exclusion of calyptopid stage N. australis in the guts in 1989 mirroring 

:ir absence in the plankton, there was no evidence of food limitation during this year. 

>undance and distribution of predators 

edation on fish eggs and larvae appears to be a major source of mortality (Hunter 198 1 ) , 

hough its dominance appears to change through different early life history stages (Hewitt et al. 

85). Hunter ( 198 1 )  lists crustaceans, chaetognaths, medusea, ctenophores and planktivorous 

h as known predators of fish eggs and larvae. Whilst we have no data on the likely predators or 

!dation rates of jack mackerel eggs and larvae, the large compositional change in the plankton 

ring the La Niiia year of 1 989 suggests that the level of predation may have been significantly 

iuced. 

>rizontal advection 

veral studies have suggested that interannual differences in advection of eggs and larvae can 

mlt in significant mortalities and subsequent recruitment variability (Bailey 198 1 .  Nelson et al. 

77). In several species this advection is responsible for cross shelf transpon of eggs and larvae 

inshore nursery areas (Cowan and Shaw 1 988 .  Parish er al. 1 98 1 ) with offshore advective 

;ses controlled by the local hydrographic conditions. The shelf waters of the east coast of 

.smania show significant imerannual variability in local hydrography dominated in summer and 

rumn by the interaction of EAC eddies, shelf fronts and subantarctic water masses (Harris er ai. 
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1987). The Maria Island area, the area of highest egg and larval densities in 1989, was defined by 

Harris et al. ( 1987) as a region of large scale advective processes with episodic effects of 

mesoscale physical processes superimposed. 

Obviously trying to interpret patterns of advection of eggs and larvae in such a dynamic area is a 

difficult tas� with current reversals possible on the shelf over a few days (Pearce 198 1 ). With the 

reduction in the wind stress and increased influence of EAC water in the La Niiia year of 1989 

patterns of shelf advection would have been affected. There is clearly some mechanism of onshore 

advection of eggs and larvae from spawning sites on the shelf break/slope region to inshore 

waters. It is also clear that such interannual variability in shelf transport may be an important 

source of mortality for jack mackerel eggs and larvae. While we are presently analysing the age 

distribution of larvae sampled on cross shelf transects to investigate possible patterns of larval 

advection, assessing possible offshore advective losses is impossible due to the lack of offshore 

stations and suitable physical data. 

Vertical stability 

The hypothesis that ocean stability influences food aggregations for larvae and hence larval 

survival (Lasker 198 1 ) has been supported by a number of workers (Peterman and Bradford 

1987,  Walsh et al 1980) . The reduction in the westerly wind stress during the. summer of 1989 

resulted in greater vertical stability during the spawning period (Figure 2a),  compared to 1990 

(Figure 2b ) . It is possible that the stability experienced in 1 989 resulted in lower larval mortality 

ra�es than during the windier and less stable summer of 1 990. The lack of data on the vertical 

distribution of microzooplankton in these years precludes any assessment of its importance in 

interannual differences in larval survival. 

Interannual differences in egg and larval densi ties 

While it is difficult  to assess the impact of interannual variability in the range of physical and 

bio logical processes outlined on spawning and egg and larval survival,  i t  is clear from the data that 

:here were large interannual differences in egg and larval densities. Jack mackerel pre-flexion 
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nsities were down from 53.8/lOOm-3 in 1989 to 2.8/lOOm-3 in 1990 (Table 2a). This relates to 

?re-flexion larval density in 1990 only 5.2 % of that in 1989. Jack mackerel egg densities 

owed a similar decrease between years, with densities in 1990 only 8.6% of that in 1989 (Table 

). While the egg and larval densities are not directly comparable due to estimates of each stage 

:miring from different cohorts, the magnitude of the decrease in densities is similar for both 

Lges. This suggests that the interannual variability in larval densities did not result from 

fferences in larval mortality but resulted from either differences in egg mortality (due to 

::dation, anomalous transport, or both) or differences in the level of egg production. Given the 

crease in densities seen in all larval taxons between years (Table 2b ), the processes driving 

terannual variability in larval production must of affected a wide range of spawning taxons. 

bile it is possible that the variability in jack mackerel egg and larval abundances may result in 

riable year class strength, understanding what processes are driving this variability will 

1viously involve a greater understanding of the physical oceanography of the area as well as 

,ncurrently measuring survivorship and recruitment, together with population fecundity and 

indition. 
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Table I .Summary of effects on jack mackerel spawning, and eggs and larvae resulting from 

physical and biological variability experienced during the La Niiia conditions of 1989. 

Variable 

Effects on adults 
Spawning time/duration 

Spawning area 

Condition factor/fat 

Fecundity 

Effects on eggs/larvae 

Prey abundance/distribution 

Predator abundance/distribution 

Horizontal advection 

Vertical stability 

xx - no effect 

+ - effect 

? - unknown 

1 3  

Effect 

xx 

xx 

+ 

? 

xx 

? 
? 
? 



ble 2. Comparison of 1989 and 1990 mean densities (no. lOOm-3). (a) Jack mackerel egg and 

val stages. (b) All other larval weans. 

Years 

1989 1990 

' ·  Jack mackerel 

eggs 1 8.6  1 . 6  

pre - flexion 53 .8  2 .8  

flexion 2.7 0.5 

post-flexion 0.5 0.3 

1 . Larval Taxons 
orpaeniformes 5 . 6  0 . 5  

:uronectiformes 1 .4 0. 1 

ldiformes 0 . 3  0 . 0  

traodontiformes 1 .5 0 . 3  

rciformes 1 . 1  0 . 1 

upeiformes 0.2 0 . 1 

ridentified 1 . 1  1 .  7 
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�bstract 

Jill (Nyctiphanes australis) were collected from the east coast of Tasmania between October 1989 

nd April 1991. Krill biomass was significantly higher in autumn than at other times. The size 

tructure of the population was dominated by juveniles except in autumn and spring 1990 when 

�ere was a significant increase in the proportion of adult size classes. Our data on vertical 

�stribution were inconclusive, but indicated that this species does not migrate vertically on a 

egular basis. Instead it appears to form aggregations of particular size classes which vary both 

:mporally and spatially. Gut fullness of jack mackerel Cfrachurus declivis), a major predator of N . 

.ustralis, increased to a maximum in autumn when N. australis stocks were at their highest, and 

:orresponded with the highest monthly catches by the fishery. Their stomachs were also dominated 

1y adult size classes during this period. The virtual absence of N. australis in 1989 and the 

ubsequent failure of the jack mackerel fishery in that year underline the intimate relationship 

�tween these two species. We suggest that the absence of N. australis resulted from an influx of 

ubtropical northern waters low in nutrients, corresponding with a major La Nina event at that 

ime. 
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Introduction 

Seasonal and inrerannual variations in the movements of water masses can have profound effects 

on the structure of marine communities (Cushing 1 982). Decreased productivity and subsequent 

changes in the structure of the zooplankton community appears to be a common response to the 

intrusion of wann water into cooler regions and decrease in wind mixing, particularly during El 

Niiio years (McGowan 1 985, Fulton and LeBrasseur 1 985, Sambrotto 1 985, Smith 1 985). 

Off eastern Tasmania seasonal and interannual levels of productivity are determined by the 

interaction of wann. nutrient poor East Australian Current (EAC) water and cool nutrient rich 

subantarctic water (Harris et al. 1987, 1 99 1 ). During the summer of 1988/89 the shelf waters of 

south east Tasmania experienced an increased influence of subtropical waters and an associated 

decrease in production, apparently associated with the large El Niiio I Southern Oscillation 

(ENSO), or La Niiia event of 1 988 (Harris et al. 1991 ). Harris et al ( 1991) found that this event 

led to the loss of large zooplankters, particularly the euphausiid Nvctiphanes ausrralis. from the 

;ystem. 

�yctiphanes australis (krill) is a major component of the zooplankton community in coastal waters 

1f south-eastern Tasmania (Blackburn 1 980, Nyan Taw and Ritz 1979, Ritz and Hosie 1982). Ritz 

mi Hosie (1982) found this species in high densities throughout the year in Storm Bay, although 

easonal differences were apparent. Nvcriphanes australis is the main prey of many coastal bird 

nd fish species in Tasmanian waters (O'Brien 1988), including the carangid Trachurus declivis, 

1hich feeds almost exclusively  on N. australis in surface waters during summer and autumn 

Nebb 1976). A rapidly developing purse seine fishery for Trachurus dec livi s has operated near 

laria Island on the east coast of Tasmanian since 1985, with annual landings growing to 39,750 

1nnes by 1987 (Williams et al. 1987). The Tasmanian fishery is dependant upon surface schools 

�jack mackerel that are feeding on N. ausrralis swarms. As a consequence, it is likely �at 
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hanges in N. australis abundance may have a direct effect on jack mackerel schooling behaviour 

nd the amount of fish available to the commercial fleet (Williams and Pullen in press). 

1tis paper is the result of a collaborative study between CSIRO and the Tasmanian Department of 

:ea Fisheries (DSF) and aims to (1) describe aspects of the biology of Nyctiphanes australis 

ollected from a site off Maria Island and (2) examine variability in the abundance and biomass of 

l. australis in relation to seasonal and interannual variations in the physical oceanography of 

astern Tasmania and the local jack mackerel CTrachurus declivis) fishery. 

lfaterials and methods 

fyctiphanes australis was sampled on both fine (< km) and coarse scales (1 - 10 kms) in the 

icinity of Maria Island. eastern Tasmania between January 1989 and April 1991 (Fig. I). Samples 

rere collected from a site off Reidle Bay, Maria Island at approximately monthly intervals from 

)ctober 1989 to January 1991 to examine variations in the density and population structure of N. 

ustralis. To e xamine variability in N. australis abundance and biomass between years, sampling 

ras also done at a coarse scale from a grid of stations inshore and on the continental shelf in the 

icinity of Maria Island at fortnightly to monthly intervals during the fishing season from January 

>April in 1989, 1990 and 1991 (Fig. 1, Table 1 ,  see also Young and Davis in press) . 

. t Reidle Bay plankton was collected from replicate tows day and night along the 80 m depth 

ontour .  S urface tows and oblique tows to -40 m were made either simultaneous or 

Jnseculatively . Ring nets equivelant to one side of an Ocean Instruments 70 cm bongo net were 

red. Nets were cylindrical-conical with a mesh apeture of 500 µm and an open area ratio of 5:1. A 

eneral Oceanics mechanical flowmeter. hung inside each net. was used to record the volume of 

ater sampled. All tows were made at -3 knots from the CSIRO inshore research vessel R. V. 

cottsman and lasted -10-20 mins. Maximum depth was measured using a divers depth gauge 

ith maximum depth indi€ator. For 1 1  tows where flowmeters were not used vo lume filtered was 

;timated from the regression of flowmeter count versus tow time (Flowcount = 3045 x 
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towtilJ'le(mins) + 6477. r2 = 0.55. n=123). Flowmeters were calibrated over a measured mile in the 

Derwent River. All nets were dyed blue to reduce net avoidance (Le Brasseur et al. 1967). Samples 

were preserved in buffered 5% seawater formalin. Temperature and salinity data from depths of 1 0  

and 50 m were obtained from the monthly records of the CSIRO coastal monitoring station off 

Maria Island (42° 36'S, 148° 16'E) (Harris et al. 1987). 

Coarse scale sampling consisted of single tows at each station from the DSF research vessei F. R. 

V. Challenger. All sampling was completed in daylight hours (06.00 to 20.00 h). Eac h sample 

consisted of an oblique tow to a max imum depth of 100 m. boctom depth permitting . at a row 

speed of -3 knots. At each station the net was sent to the required depth quickly. held there for 1-2 

minutes and then retrieved on an oblique path. Bongo nets with mouth opening of 45 cm. 500 µm 

mesh netting and an open area ratio of 5: 1 were used. Volume of water filtered was estimated as in 

the fine scale srudy. Temperature and depth were recorded with a temperature-depth probe attached 

below the net. Surface temperatures were recorded directly from the on board temperature recorder 

(± 0.01 C0). Samples from one side of the bongo were fixed in 95% ethanol: the other in buffered 

5% seawater formalin. 

in the laboratory. samples of Nvctiphanes ausrral is were split to a manageable size (mean i57 ± 

19.7(95% CI] individuals per subsample) using a Folsom Splitter and the subsample counted. 

Each individual was measured from the tip of the rostrum to the end of the relson (Standard l of 

Mauchline 1980) and grouped into 4 size classes [ � 5mm (I): 5.1 to 7.5 mm (II); 7.6 to ! Imm 

(III); �11.1 mm (IV)]. These size classes corresponded approximately to calyptopis and furcilia 

stages (I). post-larvae (II). adolescents (III) and adults (IV) ( Sheard 1953. Hos ie 1982). 

Formalin-preserved specimens from each size class were measured. oven-dried at 60°C for -4h 

and weil!hed (± 0.005 m!!). There was no chan!!e in the relationship between len!!th and wei!!ht of .... ._ - ._ -

N. australis (ANCOVA. P >0.10). 

Stomachs of jack mackerel (Trachurns cteclivisJ were collected fi-om January to June 1990 from the 



:ommercial fishery which operates around Maria Island during this time (Williams and Pullen in 

>ress). For each fish examined length to caudal fork (LCF, mm), wet weight and gut weight was 

·ecorded. Gut contents were dominated by Nyctiphanes australis, although amphipods (Themisto 

ruadichaudii), calanoids, crab zoea and fish laI"Vae were also present, but as these taxa represented 

ess than 1 % of the diet (C. Bobbi, unpubl. data) they were not considered further . Nyctiphanes 

mstralis from each stomach were suspended in water, split to a manageable size (see above) and 

:ounted into their respective size groupings. 

)ata analysis 

rotal sample size was estimated using the formula: Count x zn, where n is the number of splits 

Omori and Ikeda 1984). Biomass (B) of N. australis in each sample was estimated from the 

quation: 

4 

B = I 

s=l 

vhere Ps is the numerical proportion of a size class in the sample, Nt the total number in the 

ample, W s is the mean dry weight of the size class (Table 2) and s is the number of size classes. 

lle abundance of N. ausrralis was calculated by dividing the estimated number caught by the 

·olume of water filtered. Similarly, biomass was calculated by dividing total estimated biomass by 

�e volume of water filtered. 

�omparisons of density (abundance and biomass) between seasons. depths (surface/oblique) and 

mes of day (day/night) were made on data from the fine scale study using multi way ANOV A. The 

istribution of density values of samples was skewed, therefore data were transformed to best 

pproximate the assumptions of normality and equal variance among the residuals (Zar. 1984). We 

xamined changes in the proportions of individual size classes between seasons using contingency 

ibles with loglinear analysis (Dobson 1983), based on the assumption that the number of 

rvctiphanes australis in each size class at a given station followed a multinomial distribution. 
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Stations were divided into season (spring 1989 to summer 1990/1991[n=6]), rime of day (day or 

night), and depth (surface or oblique). Size classes III and IV were pooled to obtain sufficient 

numbers in this class. Initial analyses showed significantly greater variation than would be 

expected by random variability (e.g. for day oblique tows within a season, chisquare = 6894, df = 

142, p < 0.0001). A close inspection of the data revealed that the extra variability was due to single 

samples (patches) being dominated by a particular size category. Therefore, the usual chisquare 

tests were replaced by F-tests, with the chisquare statistic allowing for the extra-multinomial 

variation in the denominator. 

Interannual differences in Nyctiphanes australis biomass were compared using ANOVA on the 

coarse scale data. Selection for prey size was examined using Pearre's C index (Eqn. 3, p. 9 15 in 

Pearre 1982). Each size class of N. australis was treated as an individual taxon and its proportion 

in the environment was compared with that in the stomachs of individual predators. 

Results 

Physical oceanography 

Fine scale. Surface temperatures increased from 12°C in winter to - l 7°C in late summer and early 

autumn in 1990 (Fig. 2) due to seasonal warming and the intrusion of subtropical East Australia 

Current (EAC) water onto the shelf. Salinity increased over this period from 35.l to 35.6 parts per 

thousand. The 17°C, 35.6 ppt signature is characteristic of EAC water (see Fig. 1 in Harris et al. 

1987), which intruded onto the shelf in summer- autumn 1990 resulting in stratification at this time. 

The watercolumn was well mixed in late autumn to late spring 1990 and stratified in summer when 

a short pulse of high temperature, high salinity EAC water intruded onto the shelf (Fig. 2). The 

pulse however did not persist as it did in the summer of 1990. 

Coarse scale. Sea surface temperatures for the summer and autumn of 1989. 1 990 and 1991 

:eflected seasonal warming and the changing influence of warmer northerly and cooler southerly 

;vater on the region (Fig. 3). In general, 1989 may be characterised as
· 
the warmest year of the 
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hree year study period, 1991 the coolest, and 1990 somewhat intermediate. It is worth noting, 

1owever, that even during the 'coolest' year of 1991 temperatures> l 7°C were recorded in parts of 

he study area. 

n early January 1989 surface waters were between 16.0°C and 17.0°C. By late January warmer 

vater of northerly origin, previously identified as EAC water began to spill across the shelf 

laminating the area by late February. By April warm water still dominated the area although some 

:ooling was apparent In early January 1990 most water in the study area was between 16.0°C and 

.6.5°C. By February warmer water from the north had moved into the area with temperatures 

ll"ound 17 .5°C. The advance of cooler southerly waters in March resulted in the partial retreat of 

varm water. 

remperatures in summer of 1991 were consistently cooler than previous years reflecting the 

educed influence of warmer northerly water. By late February waters were as much as 3.2°C 

:ooler than for the same period in 1989. However March saw an advance of warmer water from 

he north, with temperatures varying by l.8°C between the northerly and southerly transects. Rapid 

:ooling had taken place by April as cooler water pushed up from the south. 

:onsiderable interannual variability in thermal stratification is apparent in the three years of the 

tudy (Fig. 4). The strong thermocline that existed in the summer (Jan-Feb) of 1989 weakened 

luring autumn, although a temperature gradient of - 3 °C was still present between surface and 

1ottom waters. In January 1990 the thermocline was both deep (- 55m) and distinct. In the 

ollowing months the mixed layer had shapowed and the thermocline had become weaker. During 

ate summer and autumn in 1991 the water column was well mixed with no sign of thermal 

tratification . However, the March profile from the northern transect shows the presence of a 

trong thermocline resulting from the advance of a shallow layer of warm water from the north 

Fig. 4). 
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Seasonal changes in abundance and population srructure 

In the fine scale study a total of 159 tows were made, spread over six seasons between October 

1989 and January 1991 (Table 1). Abundance in individual samples ranged from 0 to 358 

individuals m-3 (Bio-mass 0 to 51 mg. m-3). In general, Nvctiph anes australis abundance and 

biomass increased to a maximum in autumn 1990. declining through winter with a gradual increase 

in spring (Fig. 5). Abundance and biomass were compared between season. depth and time of day 

using multiway ANOV A. Empty cells in the first two seasons (sampling initially consisted of 

oblique tows during the day) meant that this analysis was eventually restricted to four seasons 

(autumn 1990 to summer 1991). Abundance values were transformed to Ln (abundance+ 1) as 

this best stabilized the variance of the residuals. Nvctiphanes ausrralis abundance differed 

significantly between seasons but not between time of day or depth. No significant interaction was 

found between season, depth and time of day (Table 3), indicating that seasonal effects were not 

significantly different at different depths or times of day. Nvctiphanes australis abundance was 

highest during autumn 1990. Biomass values were initially transformed to (Biomass+ 1)-1 as this 

gave the most even distribution of residuals versus fitted values. There was a significant difference 

in biomass between seasons but not with depth, time of day or their interactions (Table 4), which 

mirrored that found for the abundance data. 

The size class structure of Nvctiph anes ausrralis was dominated by stage I and II indiv iduals 

throughout the study period indicating continuous reproduction (Fig. 6). However. pulses of stage 

[II_ and IV N. austral is were noted in late spring in 1989 and 1990 and also in autumn 1990 (Fig 

5). Closer examination revealed that there was significant variation in the size distributions of N. 

mstralis between seasons ( F = 5.85; df = 10, 300; p < 0.001), and between different depths and 

imes (F = 4.85; df = 6, 300; p < 0.001), but no interaction between season . depth or time of day 

F = 0.52; df = 24. 276; p > 0.05). Because of unequal replication and for ease of interpretation. 

lifferent depth and time combinations were analysed separately for season effects. For day oblique 

:>ws, size distributions varied significantly between seasons (F = 6.82: df = 10, 166: p< 0.001 ) . 

pecifically, summer 1989-1990 and spring 1990 differed from the other four seasons (F = 15.24. 
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if = 4, 172, p < 0.001). In summer 1989-1990 large-sized (size classes ill and IV) N. australis 

�ere almost absent from the population (size classes ill and IV comprised only 2% of the total by 

mmbers), whereas in spring 1990 large-sized N. australis comprised nearly half the population 

43% of total). The relative proportions of size classes in the remaining seasons were not 

:ignificantly different from each other (F = 1.16; df = 6, 166; p> 0.05). Size distributions of N. 

mstralis from day surface tows were not significantly different between seasons (F=l.92, df=8, 

12, p>0.05). 

�t night there was no significant difference in size distributions between surface and oblique tows 

F=0.17, df=6, 52, p>0.05). We therefore combined data from both sets of tows and found that at 

right there was a significant difference in size distributions between seasons (F=3.30; df=lO, 60; p 

: 0.01). Larger'"sized N. austral is dominated the night samples in spring 1990, reflecting the 

1attem seen in the daytime samples. No night samples were taken in summer 1990. 

jut contents of Trachurus declivis 

itomachs from 115 Trachurus declivis were examined from fish sampled between January and 

une 1990. Fish ranged in size from 190 to 370 mm length to caudal fork (LCF) and were 

omprised of two modal classes: one at between 190 to 280 mm LCF and another at between 290 

o 370 mm LCF. Their diet was dominated almost entirely by Nyctiphanes australis. However, 

lifferences were noted in the relative proportions of the different size classes at different times of 

lle fishing. season. The proportion of size classes I and II N. australis in the stomachs of 

·rachurus dedivis was significantly different between months, and was higher at the beginning of 

�e fishing season than at the end (ANOVA, F = 237.0. df=l 14. p = 0.0001: Fig. 7). Conversely . 

1e proportion of adult N. austral is in the samples increased as the season progressed (ANOV A. 

:=127.0, df=l 14, p=0.0001) .This coincided with an increase in the proportion of larger s ized N. 

ustralis in the plankton at that time (Fig. 6). Comparison of the relative proportions of size classes 

1 the guts against that present in the plankton showed that there was generally negative selection 

Jr the smaller size classes and positive selection for adults throughout the study period (Table 5). 
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The ratio of stomach wet weight to fish wet weight was significantly lower in January 1990 

(summer) than in the following autumn and winter (ANOVA. df=102. F= 9.0. p= 0.0001) 

suggesting increased feeding in these latter months. 

Interannual differences 

Nvctiphanes australis densities varied significantly and dramatically between the three years in 

which samples were taken. In 1989 N. australis density was significantly lower (mean of 0.38 

individuals m·3) than in 1990 (12.25 m·3) and 1991 (12.79 m·3) (ANOVA. F = 5.2. df = 72. p = 

0.008) (Fig. 8). Similarly. N. australis biomass was two orders of magnitude lower in 1989 (0.04 

mg. m·3) than in 1990 (1.32 mg. m·3) and 1991 (1.53 mg. m·3) (ANOV A+ F = 7 .2. df = 72. p = 

0.001). In each year there was a trend of increasing biomass through summer and autumn. In 1990 

data from both the fine and coarse scale studies were available for comparison. The relatively lower 

abundance and biomass values reported in the coarse scale scale study are most likely due to the 

use of a net with a smaller mouth opening in the latter study. However, a similar trend of 

increasing abundance and biomass over summer and autumn mirrored that found in the fine scale 

study (compare Figs. 5 and 8). 

Discussion 

Sampling 

There is a general perception that species of Nvctiphanes migrate vertically (Sheard 1953. 

Blackbum 1980 , Williams and Fragopolou 1985). Blackbum (1980) proposed that N. ausrralis 

descends to the bottom during the day and migrates to the surface at night off eastern Australia. In 

the present study we found no evidence for a consistent pattern of vertical migration. In fact many 

of our day surface hauls were equivelant to or greater than the accompanying deep haul. Similarly, 

O'Brien (1988) reported swarms during daytime off eastern Tasmania. Diurnal vertical migration 

was not found in N. simplex off California (Fiedler and Bernard 1987). and swarms were reported 

it the surface during daytime. It is possible that Blackburn's (1980) study was biased by the 

;ampling strategy. which was based largely on upward vertical hau ls . Haverkamp (1989) found 
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hat euphausiid catches from down hauls were about nine times greater than those from up hauls, 

;uggesting that avoidance is greatly increased by upward hauls. Our conclusions are limited by the 

tse of open nets. Nevertheless, by using surface and deep nets towed simultaneously we are 

:onfident that we could detect gross vertical distributional trends. In the present study we found 

hat neither the time of day nor the depth from which samples were taken significantly affected the 

:stimates of N. australis biomass in the region. 

ieasonal and interannual cycles in abundance 

)ur results show that there is evidence for both seasonal and interannual cycles in the presence and 

lbundance of Nyctiphanes australis off eastern Tasmania. The seasonal cycle appears to be driven 

,y a series of events: In summer, annual intrusions of oligotrophic subtropical East Australia 

:urrent (EAC) water flood the shelf creating an environment low in both nutrients and 

1hytoplankton, the major food source of N. australis (Ritz et al. 1990). With the retreat of this 

1utrient poor water and general seasonal cooling in autumn nutrients are once more available to 

!rive production (Harris et al. 1987), hence the increase in N. australis stocks and their subsequent 

.vailability to the fishery. Reasons for the decrease in N. australis stocks over winter. found in this 

nd a previous study by Ritz and Hosie (1982), are less clear . It may be. as Blackbum (1980) 

uggested, that so me percentage of the population overwinters by descending to the seabed where 

hey would not be detected by plankton tows. That stomachs of bottom-dwelling tiger flathead 

Placycephalus richardsoni) samp led during winter in the same area were filled with krill supports 

his view (Hosie 1982). Other factors. such as predation during autumn may also reduce stocks 

urviving through to winter. The increase in numbers following winter appears to be a function of 

he spring phytoplankton bloom at that time (Harris et al. 1987). An increase in  the re lative 

1roportion of adults to smaller size classes in both the spring and autumn blooms is noteworthy. 

}enerally our samples were dominated by calyptopis and furcilia stages through the year. 

Iowever, the proportion of adults was significantly higher in both autumn and spring 1990. It 

nay be that if adult stocks do descend to the seabed during periods of low food supply then the 

inset of the algal blooms (or some corre late) may trigger the adults to rise into mid- and surface 
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waters to feed. 

Overlaying these seasonal cycles in abundance are interannual variations which we have shown to 

be at leas t an order of magnitude in difference. We propose that these differences are directly 

related to interannual variations in the regional oceanography. Harris et al (1987) proposed that the 

relative importance of the two major water masses -warm, stratified, nutrient poor EAC water and 

cool, well mixed, nutrient rich water of subantarctic origin -from year to year is determined by a 

combination of the local westerly wind stress and large scale oceanographic circulations often 

associated with El Niiio I Southern Oscillation (ENSO) events. The boundary that separates these 

two water masses is defined as the subtropical convergence (STC), which in summer often lies in 

the vicinity of Maria Island (Harris et al. 1987). The position of the STC. however, shows 

considerable interannual variability and has been coupled with interannual variations in westerly 

winds (Harris et al. 1988). The Maria Island area experienced warm water temperatures and strong 

thermal stratification during the entire summer and autumn of 1989 resulting from the reduction in 

the westerly wind stress and increasing influence of subtropical EAC water. This event has been 

linked to the major La Niiia 'Cold Event ' in the southern hemisphere (Harris et al. 1991). 

The interannual variability in the regional oceanography of south east Tasmanian waters has 

profound effects on the nutrient cycling and structure of the food chain (Harris et al. 1991). In the 

summer of 1988/89 Harris et al (1991) found that the increase in subtropical influence in Storm 

Bay - 55 km south of the study area, resulted in a decrease in local productivity which led to the 

disappearance of the large zooplankters, princ ipally Nvctiphanes australis. They proposed that 

such large zooplankters are dependant on periods of 'new' production stemming from the influx of 

subantaretic waters and wind mixing. 

The three years of Nvctiphanes australis data are consistent with the link between the changing 

influence of subrropical and subantarctic water. the stability of the water column (Fig. 4) and the 

level of N. ausrralis production. It seems likely that the doJ!linance of nutrient poor subtropical 
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1ater on the entire shelf and the strong stratification in the Maria Island area in the summer of 1989 

1as responsible for the disappearance of N.australis. It was only during late autumn when cooler 

1aters began to intrude from the south, and partial break down of the thermocline indicated some 

tixing that N. australis began to reappear. The reduced influence of EAC water in 1990, which 

ominated mainly the outer shelf, and the weaker stratification, resulted in an increase in the 

iomass of N. australis either from increased production or from immigration. The dominance of 

ubantarctic water and the well mixed water column in the summer of 1991 resulted in even higher 

�vels of production. Interestingly, a sudden decrease in N. australis biomass in the autumn of 

991 coincided with an inflow of warmer tropical water at that time (compare Figs. 3 and 8), 

nderlining the intimate association between N. australis and the local hydrography. 'A further 

xample of this relationship can be found in the fine scale data, where a decrease in N. australis 

iomass coincided with an influx of EAC water in April 1990. 

�elationship to the fishery 

:NSO fluctuations are known to affect the distribution and availability of many pelagic species 

Sharp and Csirke 1984), includ ing other Trachurus species (Smith 1985, Pearcy et al 1985, 

'iedler and Bernard 1987). Smith (1985) reported that T. svmmetricus in the Californian current 

hange their distribution during an El Nino event but could not conclude if the change was related 

>temperature directly, or to changes in prey distributions related to temperature. Off Tasmania, 

�lackburn (1957) found that the success of the barracouta fishery in Bass Scrait was closely linked 

rith fluctuations in stocks of N. australis. In a study of the seasonal change in schooling 

ehaviour and vulnerabi lity to fishing of T. declivis in Tasmanian waters, Williams and Pullen (in 

ress) found that the fishery was based on feeding schools. In that study both school size and 

atch rates were highest in autumn, at the time when we found the highest densities of N. austral is. 

)ur results indicate a close relationship between the biomass of Nvctiphanes australis and the 

vailability to the fishery of T. declivis off eastern Tasmania. It seems likely therefore. that changes 

i the abundance of the former would affect T. declivis schooling behaviour, and consequently the 

mount of fish available to the fishery. We also propose that T. declivis are responding not only to 

n increase in N. austral is biomass but also to an increase. in the proportion of adult N. australis at 
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this time. That positive selection of T. declivis f�r the larger size classes of N. austral is was found 

(Fig. 6) supports this contention. Landings of fish over the period of this study (Fig. 9a) paralleled 

the abundance patterns of N. australis over the same period. No landings were made during the 

summer months of 1989 when N. ausrralis abundance was negligible (Fig. 9b). The commercial 

catches in 1990 and 1991 also reflected the relative abundance of N. australis in those years, with 

more fish being landed in 1991 than 1990. 

In summary, we have shown that the presence and abundance of Nvctiphanes austral is in coastal 

waters of eastern Tasmania, is associated with changes in the regional oceanography, on both 

seasonal and interannual scales. Due to the close association between predator and prey 

populations, the changing influence of the dominant water masses therefore also determines the 

availability of fish to the fishery. This is panicularly significant during La Nifia years when prey 

populations are largely absent. An understanding of how these interannual variations in regional 

oceanography affect the distribution of plankton can lead to valuable input into forecasting returns 

to the fishery. 
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Table 1 : Sampling times, areas and number of samples collected off eastern Tasmania (n, number of 

samples; -, no samples). See Fig. 1 for positions of Riedle Bay (RB) and the transects. 

Riedle Bay Transects 

1 989 1 990 1 99 1  1 989 1 990 1 99 1  

Month n n n n n n 

Early JAN 1 8 6 6 6 

Late JAN 6 6 6 

FEB 10 6 6 6 

MAR 15 6 6 

APR 10  6 6 

MAY 10 

JUN 1 6  

JUL 5 

AUG 12  

SEP 14 

OCT 6 17 

�ov 10  9 

)EC 3 13  

19  1 32 8 24 24 30 

(Total n = 237) 

1 9  



'able 2: Mean dry weight biomass of N. australis from different size classes 

ize class mean length (mm) mean weight (mg) n 

(<5.0mm) 2. 83  0.093 22 

[ (5.0 1 to 7 .5) 6. 1 5  0.267 29 

[ (7 .5 1 to 1 1 .0) 8 .84 0.747 51 

V'(l l .01  +) 13 .38  2.458 59 
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able 3:  Three way ANOVA of Ln (density + 1)  of N. australis with season. depth and time of 

iy 

)U!Ce DF F p 

ason (A) 3 3 .38  0.02 1 

:pth(B) 1 1 . 1  0.297 

el(C) 1 2.7 0. 102 

.B 3 1 .54 0.207 

.c 3 0 .62 0.607 

c 1 0 .82 0.368 

B.C 3 2.3 1 0.080 

ror 1 13 

tal 128 
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'able 4: Three way ANOV A of (biomass + 1)-1 of N. australis with seaso� depth and time of day 

ource DF F p 

eason (A) 3 3 .26 0.024 

epth(B) 1 0.85 0.358 

iel(C) 1 3 .36  0.070 

•. B 3 1.15 0.332 

.. c 3 1 .0 1  0.392 

: .C 1 0 . 80 0.372 

•. B.C 3 1 .5 1  0.2 1 5  

:rror 1 13 

'otal 128 
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Table 5. Trachurus declivis. Pearre's Index of prey selectivity for fish of length 190-280mm LCF ( <280) and 

290 - 380 mm LCF (>290) preying on different size categories of Nycriphanes ausrralis during the 1990 

fishing season ( * p<0.05. ** p<0.0 1 .  *** p<0.00 1 ;  Index ranges from - ! [negative selection] to +l [positive 

selection: n. number of fish examined] 

< 280 mm > 290 mm 

Month (n) I II m IV I II m IV 

ran(lO) -0 .22* * 
+0. 1 6* +0.06 +0. 1 0 

=eb(22) -0.65* ** 
+0 . 0 1 +0.3 1 * * *  +0 .25* * *  -0. 68***  -0.0 1 +0. 1 8* +0. 33 ***  

r1ar(7) -0.22* * -0.09 +0 .0 1 +0.3 1 *** 

�pr(14) -0.34*** 
+0 .04 +0. 03 +0.06 -0.47 *** +0 .0 1 +0 . 08 +0.22** 

tlay(44) -0 . 1 2  -0. 12 +0. 0 1 +0. 1 8
* -0 . 1 4  -0 . 1 4* +0.0 1 +0 .23 ** 

une( 1 8) -0.3 2***  -0 . 1 7 * +0 . 03 +0.50** * 
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Figure 1 .  Location of sampling stations fo r  Nyctiphanes ausrralis 
around eastern Tasmania RB; Riedle Bay 
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Abstract 

Age and growth of the larvae of jack mackerel, Trachurus declivis, was determined from the 

examination of otolith microstructure. Larvae were collected from shelf waters of the east coast of 

Tasmania during January and February 1989 and January 1990. Daily increment formation was 

confirmed by successive sampling of a cohort of individuals, correlating the change in the number 

of increments with the sampling interval. Otoliths examined under the scanning electron microscope 

confirmed the otolith structure and increment counts discerned under the light microscope. Initial 

increments were shown to form at first-feeding. Larvae ranged from 3 to 25 days post first-feeding. 

Larvae showed exponential growth in both years with specific growth rates of 5.2% of standard 

length per day in 1989 and 5.4% in 1990. Absolute growth rates ranged from a minimum of 0.202 

mm per day in early pre-flex.ion larvae to a maximum of 0.646 mm per day in post-flex.ion larvae. 

This represents a rate of growth higher than reported for other temperate perciform larvae although 

this may be attributable to warmer than normal water temperatures over the study area in the two 

years of sampling associated with a major La Niiia event 
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Introduction 

The discovery of daily increments in the otoliths of marine fish (Panella 197 1) has led to an accurate 

method of estimating age and growth of larval fish. Numerous studies have shown that such 

incremental marks form daily in larval otoliths (see reviews by Campana and Nielson 1985,  Jones 

1986). Counts of such increments allows population growth curves to be constructed. while a linear 

relationship between otolith increment width and fish size makes it possible to reconstruct growth 

curves of individual larvae (Mosegaard et al. 1988. Jenkins and Davis 1990). Estimates of growth 

from size at age plots have been obtained for numerous species (Methot and Kramer 1979, Bolz and 

Lough 1 983 . Jenkins 1987). and have been used to examine temporal and spatial variability in 

growth rates (Thomas 1 986. Thresher et al. 1989). 

Species of Trachw1lS are an important part of the pelagic fish assemblages that live off the coasts of 

S outh Africa, South America, Australia and New Zealand close to the northern edge of the 

subtropical convergence. While considerable work has been directed towards age and growth o f  

clupeiod larvae (Methot and Kramer 1 979, Thomas 1986, McG urk 1 984) relatively few studies 

have measured these parameters for species of TrachurzlS. The use of  daily growth increments has 

been reported for only one species, Trachurus symmetricLlS (Hewitt et al. 1985),  although detailed 

descriptions of otolith rnicrostructure for this species are unavailable. 

Jack mackerel,Trachurus declivis, is a pelagic species that lives in shelf waters in southern and 

e�tem A ustralia and New Zealand. A rap idly developin g fishery for T. decf ivis has operated o n  

the east coast of Tasmania since 1 985.  with annual landings growing to 39 OOO ton nes b y  1 987 

(Williams et al. 1 987) . However, catches in  both 1989 and 1 990 were dramatically reduced. their 

disappearance being directly attributed to interannual variabili ty in oceanography and productiv i ty in 

these years assoc iated w i th a major El Nino/S outhern Osc i l lation.  or La Ni na. event resu l ti n g  in 

considerable warm i n g  of s u rface waters and o l i gotroph ic c onditions on the she l f  ( H ani s et al. 

1 99 1  ) . This variabi l ity in  catches. common to pelagic species. emphasized the need to understand 

more about the early l i fe history of the species and poss ible impact of suc h  v ariabi l i ty o n  l arval 
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swvival. 

As part of a study on the reproduction and early life history of Trachurus dec/ivis on the east coast 

of Tasmania I exaniined daily growth increments in otoliths to determine age and growth of larvae. 

In this paper I describe the otolith microstructure of T. dec/ivis larvae and validation of daily 

growth increments in otoliths. Estimates of growth rates and comparisons of growth trajectories are 

made for populations from 1989 and 1990. 

Materials and Methods 

Sampling Procedures 

Icthyoplankton were sampled from the east coast of Tasmania at approximately formightly intervals 

between January and March 1989 and twice in January 1990 (Table 1 ). Samples were collected at 

fixed stations on 8 transects along the east coast of Tasmania from St  Helens Point (Transect 1 )  in 

the north to Eaglehawk Neck (Transect 8) in the south (Fig. 1 ) .  Transects consisted of 3 stations 

designated as inshore (at a depth of 30-50 m), midshelf (70- 100 m), and shelfbreak ( l Nm inshore 

of the shelfbreak at an average bottom depth of 1 50 m). 

Samples were collected with a 45 cm diameter bongo net with 500 µm mesh. Each station consisted 

of an o blique tow to a maximum depth of 100 m. bottom depth permittin g, at a tow speed of  

approximately 2 knots. A temperature/depth probe and 20  kg depressor was attached t o  the net 

during each tow. At each station the net was sent to the required depth quickly, held there for 1 -2 

minutes and then retrieved on  an obl ique path . Filtered volume was estimated us ing calibrated 

flowmeters. S ampling was restricted to the hours of 0600 to 2000hrs. Samples from one net were 

fixed in  95% ethano l .  and the o ther in 1 0% seawater formalin buffered with sodium 13 

gl ycerophosphate . 
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Laboratory Procedures 

Trachurus declivis larvae were sorted from plaitkton samples in a rotatable sorting ring under a 

dissecting microscope and separated into three developmental stages - preflexion, flexion and 

postflexion. Larvae were identified on the basis of morphology and pigmentation that is remarkably 

similar to that described for T. symmetricus (Ahlstrom and Ball 1 954).  

Trachurus declivis is the only member of the Trachurus genus that is common in the study area 

(May and Maxwell 1986) and supports a large seasonal fishery corresponding to the months of 

sampling (Williams et al. 1 987). However, several specimens of T. murphyii >60 cm have 

recently been recorded from east coast waters (Pullen et al. 1989). At present there is no indication 

that they spawn locally, although if it does contamination would be minimal due to their rarity. 

Several other carangid species are known to occur in the study area but only two species, the 

trevally, Psuedocaranx dentex,and pilotfish, Naucrates ductor, are known from more than just a 

few specimens (May and Maxwell 1986). The larvae have been described for both P. dentex 

(James 1 976, as Caranx georgianus) and N. ductor (S anzo 193 1) ,  and are easily separated from 

T. decfivis on the basis of differences in head spination and pi gmentation. 

Specimens for otolith analysis were randomly selected from each sample up to a max imum of 20 

larvae. For stations with more than 20 larvae, subsamples were taken in proportio n to the number of 

individuals in each developmental stage to ensure an unbiased estimate of the age distribution of 

. larvae. Standard length (SL; tip of snout to hypural crease or tip of notochord in preflexion larvae) 

was measured under a dissec ting microscope with a ocular micrometer. Larvae were p laced in a 

drop of water on a microscope cover sl ip and o to l iths removed under cross polarized l ight with 

electrolitically sharpened tungsten needles. Otoliths were air dried and p laced flat s ide against the 

coverslip and mounted in G urr's mounting medium for microscopic exami nation.  

Otoliths were viewed under transmitted l ight at 920 or 23 60x magnification us i n g  a v ideo system 

fitted co a compound microsco pe. Otol i ch counts and measurements were digitized using a H.E.C. 
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'Video Coordinate digitizer' supported by an Apple Macintosh. Specimens were examined double 

blind and replicated at least twice by the same reader. Approximately 6% of specimens from 1989 

and 3% from 1990 were rejected. Otolith counts and measurements were made along the posterior 

radius of the sagitta. consistently the best line for increment counting. Counts were made between 

the otolith periphery and a well defined increment defined as a 'first feeding mark'. Hence. age used 

in the analysis of growth is defined as age post first-feeding. Total radius is defined as the distance 

from the centre of the focal area to the edge of the sagitta. No difference between radius 

measurements of two sagittae from the same fish was found (Paired t-test. n=26, t=0.326, p>-0. 10) 

so all counts were made on only one sagitta per fish. 

In preparation for examination of internal structure, sagittae from 6 larvae between 6.2 mm and 

1 1 .21 mm were mounted whole in 5 min epoxy resin. The lateral surface of each otolith was ground 

to the primordium with 600 grit sand paper and 3 micron diamond paste. and polished with 0. 1 

micron aluminium oxide. After examination with light microscopy (LM) sagittae were decalcified 

with 6% EDT A at pH 8.0 for 3 min. mounted on scanning electron microscope (SEM) stubs. coated 

with gold and viewed in an SEM. 

Otolith Validation 

To determine whether increments observed in the otoliths of Trachurus deciivis were deposited 

daily, we sampled cohorts of individuals and determined whether the change in number of 

increments was the same as the samp ling interval (Campana and Nielson 1 985).  Larvae were 

sampled fr_om TI on the 8th January 1 990 and again on the 25th January 1 990. Hence. the sampl ing 

interval was known to be 17  days. Larvae from the first sampling date were measured and the 

number of growth increments estimated from a subsample, proportional to the number of 

individuals in each 0.5 mm size class . Larvae from the second date were measured and all larvae 

used for increment counts due to the low numbers of larvae. 
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R es u l ts 

Ocolith Microstructure 

Only  sagittae and lapilli were present in the otic capsules of pre-flex ion larvae: asteri sci were present 

in larvae by 6.50 mm. Growth increments were clearly visible in sag i ttae examined under the LM. 

increments consisting of an op tical ly transparen t and optically dense zone (Tanaka et al. 1 98 1 )  

(Fig. 2). 

All larvae had two diffuse op ticall y dense zones immediately adjacent to the distinct spherical 

primordium. The mean radius of the two increments were 6 . 8  µm ( 0.59 � D) and 9 .4  µm (0 .57 

±sD) respectively. Immediately adjacent to these increments was a faint increment with a mean 

radius of 10 .8  µm (0.67 ±SD) that occurred in 52.9% of all larvae examined. The microstructure of  

the otolith differed markedly outside this zone with all larvae having a consistent, well defined 

increment with a mean radius of 1 1 . 9  µm (0.77 ±sD).  To estimate the timing of formation of this 

increment, otoliths from ten late yolk sac larvae were examined. No such increment was visible on 

any of these otoliths. The mean radius of the oto liths was 10 . 8  µm. It was concluded that this 

increment was most likel y formed close to . or at first  feedin g, similar to that found for other 

temperate species (W arlen and Chester 1 985 .  Thresher er al. 1 98 9) .  Beyond this first feeding 

increment there were clear, unambiguous increments initially with a mean increment radius of 1 .3-

1 .5 µm, but increasing in width exponentially to the margin of  the otolith. There were, however, 

signs of subdaily increment formation towards the edge of the otolith in some older larvae. 

The microstructure of the otoliths as viewed with the LM was clarified after examination with the 

SEM. Firstly, both consistent diffuse increments adjacen t to the primordium were v isib le on all 

oto liths examined (Fig. 3) .  Three larvae that had a sin gle faint mark immediately ins ide the well 

defined first feeding mark were examined under the S EM (Fig. 3) .  No structure was v isib le within 

this region and hence these rin gs were not regarded as true daily increments and were not included 

in increment  counts. Daily increments were c lear on · SEM examination . h owever su bdaily 
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increments were not visible. apparently as a result of less decalcification (Fig. 3). Increment counts 

on all three otoliths were the same under both the SEM and LM. confirming LM interpretations of 

increment structure. 

Otolith Validation 

Length frequency distributions of larvae for the first sample indicate a normally distributed 

population with a mean length of 4.03 mm (0.39 mm ±sD) (Fig. 4a). Two distinct cohorts were 

caught in the second sample taken seventeen days later. with means at 4.34 mm (0.42 mm ±sD) 

and 9.03 mm ( 1 .42 mm ±sD) respectively (Fig. 4a) . The distribution of  ages post first-feeding 

clearly shows the progression of a single cohort that increased from a mode of 5 increments to a 

mode of 21 increments between sample periods (Fig 4b). Hence. a modal increase of 1 6  increments 

corresponds closely with the known sampling interval of 17 days. Whilst the modal age and 

sampling interval are not identical we feel that they support the interpretation that increments are 

layed down daily. While we cannot be positive that the same population was sampled. due to 

possible northerly or southerly advection over the 17 days. there is clear fortnightly periodicity in 

spawning across the entire study area (A.Jordan . unpubl data) . This is supported by the presence of 

the cohort of small larvae caught on the second sampling date with a modal age of 7 days. exactly 

14 days younger than the older cohort (Fig. 4) . Hence. we are confident the cohort sampled on the 

two dates reflect larvae from the same spawning event and as such the results are consistent with the 

prediction that increments are formed daily. 

Growth Rates 

Growth rate and growth trajectory were estimated from 503 Trachurus dec!ivis larvae (3 .07- 10 .98  

mm) in 1 989 and 200 larvae (3.24- 1 3 . 45 mm) in 1 990. A ge estimates ranged from 2 to  25 days 

post first- feeding. Length at age plots were first examined for larvae from both years ( Fi g. 5). An 

examination of  the distribution of residuals from the linear regression shows that variance in length 

increases with age. therefore violating the assumption of homo genous variances (Fig .  5) .  When S L  

was transformed to logarithms th e  residual plots showed n o  increase in variance with age solv ing 
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the problem of heteroscedasticity (Fig. 6). Hence larvae showed exponential growth for both years 

with the fitted growth trajectory accounting for 90% of the variance in length in 1 989 and 96% in 

1 990 . 

There was a s ignifican t difference in the growth rates of larvae between years (5 .2% S L/day vs 

5.4% SL/day. AN COY A F 1 .699 = 4.25 . P < .05) (Fig . 6)  i ndicating growth was more rapid in 

1 990, but only slightly. The estimated length at first incremen t formation was slightly lower i n  1 989 

(3 .00 mm) than 1 990 (3. 1 0  mm) indicating a difference i n  the  age or s ize at which the first 

increment is formed. Predicted abso lute growth rates of Traclzurus decf ivis larvae for the two years 

increased from a minimum 0.202 mm day- I in early preflexion larvae in 1 989 to a maximum of 

0.646 mm day- I in post flexion larvae in 1 990 (Table 2). 

D i scuss i o n  

Distinct daily growth increments were visible in th e  sagittae o f  Trachurus decfivis larvae. While 

lapilli were present in our smallest larvae.  and most likely formed at the same time as the sagittae . 

their small size and corresponding narrow increment widths meant sagittae were consistently more 

reliable for age estimates. 

Initial increment formation may occur prior to hatching, at hatching, and at the onset of first feeding 

(Brothers et al. 1 976 , McG urk 1 984). In this study, sagittae from late yolk-sac larvae had a mean 

radius similar to the radius of the first clear increment found in older larvae.  This well defined 

increment was absent in all yo lk-sac larvae examined. It was thus assumed that this increment was 

deposited at first feeding. A number of species are known to deposit the first distinctive daily 

increment at first feedin g; (McGurk 1 984. Rice et al. 1985 .  Warlen and Chester 1 985 .Thresher er 

2/. 1 989), including the carangid Trachurus symmerricus (Hewitt er al. 1985) which begin to feed 

it an approximate size of 3 . 1 0  mm. This is remarkably s imilar to the size at firs t increment  

�ormation (3.00 mm in  1 989 and 3.. 1 0  mm in 1990) estimated from the growth trajectory for T. 

iecfivis, and further supports the conclusion that daily increment formation begins at first feeding. 
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Examination of otoliths under the SEM has been used to confirm otolith structure (Bolz and Lough 

1983, Jenkins and Davis 1990) and to compare increments counts obtained by LM (Campana and 

Nielson 1982, Ratdke and Dean 1982). It is also a useful technique when examining check marks 

because they etch more deeply, making them easily distinguishable from surrounding increments 

(Campana and Nielson 1985). The structure of the two diffuse increments obsexved in the focal area 

of Trachurus declivis otoliths under the LM clearly differed from the well defined first feeding 

mark when examined under the SEM. These 'checks' clearly reflect events in the pre-feeding life 

history and while one check most likely corresponds to the check formed at hatch, similar to that 

found in a number of other species (Bolz and Lough 1983, Rice et al. 1985, Thresher et al. 1989), 

it is unclear at what stage the second check is formed. However, this is in contrast to T. 

symmetricus where no increments were visible in the focal area of otoliths formed prior to first 

feeding (Hewitt et al. 1985). The faint rings obsexved under the LM just inside the first feeding 

mark in a proportion of larvae are similar to those obsexved prior to deposition of the first distinctive 

ring in a number of species (Bolz and Lough 1983, Jenkins 1987). They were not visible under the 

SEM and were not regarded as true daily increments. 

Age may be underestimated in larvae where increment width is approximately 0.5 µm or less 

(Campana 1 984) which is near the resolution limits of the LM. This is unlikely to be a source of 

bias in Trachurus deciivis as the narrowest increments were 0.7 µm apart, with most being much 

larger. This was funher supported through examination under the SEM which can reso lve even the 

narrowest daily increments (Campana et al. 1987), and confirmed the structure of the increments as 

seen under the LM. S ubdaily incremen ts may introduce another bias in age estimation (Campana 

and Nielson 1 985), but SEM examination confirmed the LM interpretation as subdaily increments 

were poorly etched compared to the daily increments. 

Exponential growth trajectories have been identified for a number of temperate species (Bolz and 

Lough 1 983 ,  Jenkins 1 987) .  The exponen tial growth trajectory of Trachurus Jecf fris larvae 

indicates that growth is slow for the first two weeks but increases rap idly , remaining exponential 
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until at least 25 days after first feeding. This is similar to that _fo und for T. symmetric us larvae 

where growth trajectory for larvae < 1 5  post first feeding was exponential (Thielacker 1 9 7 8 ) .  

Although there i s  n o  indication that growth rate declined late in  larval life. such changes have been 

documented in other perciform spec ies and often relate to the juvenile phase associated with 

settlement (Victor 1 986) or estuarine recruitment (Warlen and Chester 1 985) .  The life history or 

habitat of juvenile T. decfivis is unknown. 

Growth rates of Trachurus decf ivis larvae appear to be comparable to those of other temperate 

species although direct comparisons are difficult due to morphological differences and variability in 

growth trajectories (Methot and Kramer 1 979, Warlen and Chester 1 985, Warlen 1 98 8). However, 

the mean growth rate of T. decfivis larvae <15  days (0.27 mm day-
1 in 1 989  and 0 .29 mm day- 1 

in 1 990) was almost twice that found for T. symmetricus (ea. 0 . 1 6  mm day-
1 ) of the same age 

(Hewitt et al. 1 985). 

While growth rates between the two years were found to be significantly different, the difference of 

0.2% SL per day is unlikely to be biologically significant While decreased growth rate leads to a 

longer larval phase and subsequent greater cumulative mortality (Shepherd and Cushing 1 980) it is 

unlikely that growth rate differences observed would have a significant mortality effect. The 

comparison of 1 989  and 1 990 larval growth rates is of interest due to the variability in 

oceanography and productivity o bserved in south-east Tasmanian waters in these years. The 

pr!)ductivity of these waters is determined by the local westerly wind stress and the relative position 

of nutrient poor subtropical and nutrient rich subanr.arctic water in the area (Harris et al. 1 987). The 

summer spawning period of 1 989 was characterized by decreased westerly wind stress and 

increased su btropical influence resulting in considerable warming of surface waters . Maximum 

summer temperatures in S torm Bay , immediately south east of  o ur study area rose by 2.5°C 

between 1 98 6  and 1 9 89  (Harris e t  al. 1 99 1 ) .  This event appears t o  b e  driven by an El 

�ma/Southern Oscillation (ENSO) event. or La Niiia in the southern hemisphere (Harris et al. 

l 99 1).  TheSe conditions led to a decrease in productivity on the shelf resulting in the elimination of 
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all large zooplankters, and the dominance of small copepods (Harris et al. 199 1) ,  which are less 

affected by levels of production as they can switch from herbivory to omnivory (Cushing 1989). 

This shift in production and community structure is similar to that experienced in other waters 

affected by ENSO events (Fulton and LeBrasseur 1985, Smith 1985). As food abundance and 

water temperature are seen as the major factors controlling larval growth, the impact of warmer 

water temperatures and decreased production in 1989 and 1990 would be expected to be reflected in 

growth rates of Trachurus declivis larvae. 

Despite the summer of 1989 being characterised as a warm year, continued subtropical influence in 

1990 meant that water temperatures were only slightly lower in that year. Mean !Orn temperature at 

stations used for otolith analysis was 17.QOC in 1989, compared to 16.90C in 1990. Shelf waters 

did not become significantly wanner in 1989 until late February, well after most spawning and 

larval growth had taken place (A. Jordan unpubl data) . While it is unlikely that such a small 

difference in temperature would be reflected in growth rates, the wanner waters of both years may 

have had a positive effect on growth. 

The decrease in production and change in the plankton composi tion in shelf waters in 1 989 and 

1990 was reflected in the diet of Trachurus declivis larvae (Young and Davis 1 992) . While small 

copepods were dominant in the diet, reflecting their presence in the plankton, prey numbers were 

low in both years suggesting a decrease in copepod production also occurred (Young and Davis 

1992). While there was no evidence that T. declivis larvae had an impact on prey densities, i t  is  

possible �at low prey numbers had a negative effect on growth. The higher prey numbers in 1 990 

(Youn g and Davis 1 992) may account for the higher growth rates in that year. This is supported by 

Devonald ( 1 9 83 ) found a good correspondence between prey availabil i ty and the condi tion of 

mackere l , T. symmetricus, larv ae in Cal ifornian waters. In the offshore o l igotrophic pan of their 

spawnin g habitat T. s_vmmetricus were in worse condition than those i n  more productive inshore 

waters (Theilacker 1 9 86) and were reflected in low growth rates in offshore larvae (Hew i tt et ai. 

1 985). While a density dependent reduction in growth rate through competition for food has been 

found in larvae from trop ical waters (Jenkins er al. 1 99 1 ) , studies from temperate waters suggest 
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that larvae do noc impact on their prey (Cushing: 1983.  Jenkins 1 987). Our results indicate that 

despite the low prey abundance. T. declfris showed rapid growth in 1989 and 1990. and may have 

resulted from the wanner water temperatures associated with the La Nina event in those years. 
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Table 1. - Summary of sampling dates in 1989 and 1990 and number of Trachurus declivis 

larvae used for otolith examination. 

Cruise Dare No. analyzed 

89-1 1 1- 14 January 1989 290 

89-2 23-26 January 1989 165 

89-3 27 February - 2 March 1989 48 

90-2 5-8 January 1990 62 

90-3 22-22 January 1990 138 
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Table 2. - Predicted absolute growth rates (mm day- 1 )  of Trachurus declivis larvae at various ages 

from first feeding in 1989 and 1 990. 

Age 
(days) 1989 1 990 

5 0.202 0.220 

1 0  0.262 0.287 

15 0.340 0.376 

20 0 .44 1  0.492 

25 0.572 0 .646 

• 
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Abstract 

The reproductive biology of jack mackerel, Trachurus declivis, was determined from fish sampled 

during the spawning season of 1 987 and 1 99 1  from commercial purse seine catches and research 

trawling. Histological, microscopic and macroscopic techniques were used to examine the ovaries 

of T. declivis. Half of the adult fish were sexually mature (stage 3) at 3 1 .5 cm FL and all fish 

were mature by 37.0 cm FL. Oocyte development and pre-ovulatory atresia is similar to other 

species of the same genus. Oocyte diameter size-frequency showed a polymodal distribution, 

indicative of serial spawning. Atresia was present in all oocyte stages studied, w i th their 

occurrence increasing with increasing stage of development. Despite samp ling durin g  the 

spawning season, post-ovulatory follicles were not found, possibly due to rapid reabsorp tion or 

spawning fish not being vulnerable to the sampling gear. 



Introduction 

Jack mackerel, Trachurus declivis, supports a substantial fishery in south east Tasmanian waters 

with landings peaking at almost 40,000 tonnes in the 1 986/87 season (Williams et al. 1 987).  The 

fishery is based around large seasonal surface and sub-surface schools that appear on the shelf on 

the east coast of Tasmania between November and May (Williams et al. 1 987).  Schools are 

targeted by purse seine vessels operating predominantly in inshore waters. 

Reproductive biology and oocyte development have been studied in severa l Trachurus species, 

namely Trachurus symmetricus (MacGregor 1 976),  Trachurus trachurus (Macer 1 97 4, Hecht 

1 990) , Trachurus murphyi (Kaiser 1 973, Andrianov 1 985) and Trachurus japonicus (Chigirinskiy 

1 970) . These studies found Trachurus species to be serial spawners, except Kaiser ( 1 973) who 

reported a single spawning habit for T. murphyi in Chilian waters. 

The results detailed here are pan of an ongoing program investigating the biology of Trachurus 

declivis in east coast Tasmanian waters . In this paper we present data on oocyte deve lopment, 

size at sexual maturity, spawning hab it , and atresia in T. decfivis . .  The i m p l ications  of  the 

reproductive bio l o gy in the ap p l icatio n of the e gg produc t i o n meth od to th i s  species are 

considered. 

Methods 

S amp l ing regime 

S pecimens were c o l lected from the commerc ial purse seine fis hery and the  Fis heries  Research 

Vessel 'Chal le n e:er' usi n e:  demersal traw l  fi s h i n �  �ear. Most fi sh  were cau � h t  nn  the east coast  o f  
.... - .... ..... .... 

Tasmania ( Fig  1 ) ,  between November 1 987 and January 1 99 1 .  A max im um of  20 fish were 

samp led at random from each commercial or research catches for histo l o gical purposes. and up to 

50 fish from the co mmerc ial fishery for length frequencies.  The fork l ength  o f  each fi s h  was 

measured to the nearest  cen timetre below. Fish were sexed and the macrosc o p i c  gonad s tage was 

determined usin g criteria modified from B lackbum and Gartner (1954) .  as i n  Ta ble  1 .  One or both 
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ovaries were fixed for a minimum of 2 weeks in 10% formalin in sea water buffered with 4% 13-

glycerophosphate. 

Length at maturity 

Length at first sexual maturity (LDo5)) was defined as the fork length (FL) at which 50 % of 

females, collected over the spawning season, were mature. Ovaries were considered mature if 

their most advanced oocytes were yolked or ripe (the equivalent of stage 3 or greater) . Only fish 

sub-sampled from the commercial catch during the known spawning season , December to March 

(A. Jordan, unpubl. data), were used for the analysis. Confidence limits for proportions were 

calculated for the data (Zar 1984. p378), then fitted with a logistic curve in GENST AT using a 

· 'logit link function'. The LDo.::o , LDo.25 and LDo.75 was calculated with 99% confidence limits 

Histology 

Sections of ovary 5mm thick were placed in plastic cassettes and soaked in 70% ethano l  plus 1 0% 

glycerol for a minimum of 3 days before being processed. A Tissue-Tek Vacuum Infiltration 

Processor was used on an ethanol, toluene , and Paraplast-Plus based process (Drury er al .  1 973) .  

The sections  of material were blocked in  paraffin wax . cut at 6 µm and stained i n  Harris '  

haemotoxylin and eosin (H&E), or  a one-solution triacid stain (S teedman 1 970) .  

In many studies , no significant differences in  oocyte frequency distribution  has bee n found 

between right and left ovaries (West 1 990. Laroche and Richardson 1 980. DeMartini  and Fountain 

1 98 1 ) .  However average oocyte s ize may vary along the len gth of the ovary (West 1 990) .  To test 

for differences of oocyte s ize w i th in  the ovary. 5 to 1 0  secti ons  from eac h of  3 ovari es  were used 

for comparison.  No s ignificant  difference in  average oocyte s ize was found between  transverse 

section in  the ovaries (ANOV A: Ovary 1 .  F=2 . 64. df=(4 .35 ) .  p>0 .05 :  Ovary 2 .  F=3 .29 .  

df=(7 . 7 1 ) . p >0 .05 : O v ary 3 .  F=2. 8 5 8 .  df=( 7 .7 2 ) . p >0 . 0 5 ) .  There fo re .  rando m t r;.i.nsverse 

sections were taken for al l gonads used histo logical l y  and microscopical ly .  

For ass i gnin g h i s to l o gical ooc yte de"v'.elopmental stages we used term i n o l o gy d e fi ned by 

Yamamoto ( 1 956) and staging criteria from West ( 1990) . Detai l s  of oocyte staging  are presented 



in Table 1 .  Only oocytes that were sectioned through the nucleus were incl uded in the oocyte 

diameter measurements. 

West ( 1 990) and Wallace et al. ( 1 987) in rev iewing oocyte deve lopmen t in te leosts found 

classification of the most advanced type of oocyte will present an accurate i ndication of gonad 

development. This procedure was used for histological gonad staging. 

Atretic follicles were identified from the descriptions of Hunter and Macewicz ( 1 980, 1 985a). 

Atretic gonads were noted as a positive/negative occurrence. Proportions of ovaries at maturity 

stages 2, 3, and 4 that had atretic eggs were calculated as a percentage . Atresia in ovaries at stages 

1 ,  5, and 6 were not analysed due to small numbers of gonads collected. 

Atretic oocytes were distinguished from atretic post-ovulatory follicles by the occurrence of 

cuboidal hypertrophic granulosa cells (Hunter and Macewicz 1 985a) , rather than columnar follicle 

cell in a convoluted structure which are fo und in the former (Hun ter and Goldberg 1 980) .  

S ize -frequency distributions 

S ize - frequency distributions of oocyte s  fro m stages 2 to 5 were o btained by teas i n g  apart an 

ovarian lamellae and examining the oocytes in water under a stereo microscope usin g  transmitted 

l ight and brightfield il lumination .  The ovarian lamellae was re moved fro m a l cm transverse 

section of the gonad. Oocyte diameter was measured as the maximum diameter of the oocyte on a 

random orientation.  Who le o ocytes were c lass ified acc ord i n g to Dav i s  and West ( 1 99 1 ) ,  as in  

Table 1 .  

R es u l ts 

Length at maturi ty 

Ov aries were c o n s i dered mature i f  the the ooc v tes had en tered v i te l l o l.!enes i s r s ta l.!e 3 ) .  A l o l.!istic � � � � 

curve fi tted to the po11ion of mature females ( Fi g  2) gave a LDo.50 val ue o f  3 1  . .Scm ( 99% CL 3 1 . 0 

to 32.0cm).  LDo.25 and LDo.75 were calculated as 29 . 6  (99%CL 29. 1 - 2 9 . �  l and 3 3 . 4  ( 99%CL 
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33.0 - 34.0) respectively. All females greater than 37.0 cm FL were mature with the smallest fish 

in vitellogenesis being 23.4 cm FL. 

Histological ovarian development 

Jack mackerel have gonads typical of a multiple spawning fish, with asynchronous oocyte 

development, ie. oocytes in many stages of development occurring simultaneously in 

reproductively active ovaries (Wallace and Selman 1 98 1). 

Oocytes less than 35 µm constitute the reservoir of oocytes that are present year round in active as 

well as non-active ovaries. The following descriptions refer to the oocyte stage rather than the 

gonadal stage as in Table 1. Ovarian development was similar to that of other serial spawning fish 

as described by Wallace and Selman (1981), West ( 1990), Hunter and Macewicz ( 1 980). 

No chromatin nucleolar cells were noted in the single juven ile fish examined(FL= 1 4cm) ,  whose 

ovary consisted of ovigerous folds (lamella) with a well developed blood supp ly . No sections 

showing migration of the nucleus towards the periphery were observed. Very few jack mackerel 

at stage 6 have ever been sampled in the fishery, therefore no histological information i s  avai lable 

for this stage. The final stages of oocyte maturation are often difficult to fo llow in his tological 

material because of the shrinkage and distortion of cells during processing and the loss o f  oocytes 

from the ovarian follicle during handling. Histological development of jack mackere l ovaries are 

described in figure 3 .  

Occurrence of  arresia 

Pre-ovulatory atretic oocytes in jack mackerel can be recogni sed by their irregular cel l  shape .  break 

down of the granu losa , hypertrophy of the cuboidal ce l l s  (theca) around the per i p hery . and 

degradation of the in terior inclusions (Hunter and Macewicz 1 985a), poss ib ly by p h agocytos is  

(Davis  et al 1 977) (Fig. 3 f) .  

Gonads with atretic oocy tes were noted i n  all ovarian maturi ty stages studied. w i th h i gher  

occurrence in the later stages (Table 2).  Within the gonad . the  percentage of atret ic  o·ocytes 
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increased with increasing stage of development. In stage 2 and 4 gonads atresia occurred 

predominantly in the most developed oocytes, where as in stage 3 ,  atresia was noted to mostly 

occur as advanced reabsorption of yolked oocytes. As the cells were not viable, the gonad has still 

been classified as stage 3. No post-ovulatory follicles were noted in any gonads . 

Ovarian Maturation 

The size frequency distribution of oocytes in ovaries shows the developmental sequence of 

maturation  (Fig. 4) . Oocyte diameters clearly show polymodal distri but ion,  with peaks 

corresponding to size ranges shown in the macroscopic stages (Table 3) w ith some overlap 

between the stages. The occurrence of all oocyte stages presenrin stage 5 (ripe) ovaries represents 

asynchronous oocyte development indicating that T. declivis is is a serial spawner. However it is 

not possible · to predict the number of spawnings from modes in the size frequency distribution 

(Hunter and Goldberg 1980). 

D IS C US S IO N  

Length at marurity 

The smallest T. decfivis that contained yolked oocytes (stage 3) was 23 .4 cm FL. similar to Webbs 

( 1 976) results of 24.0-24. 9 cm TL. S tevens ( 1 984) using a similar but p urely macro scopic 

criteria (stage 3) estimated T. declivis from the Great Australian Bight attai n s  sexual maturity at 

lengths of 1 6- 1 8  cm FL. Fish from this region are known to be a different stock from those in east 

coast Tasmanian waters (Lindholm and Maxwell 1 988). 

The LDo.so of 3 1 .45 cm FL does not correspond with Webbs ( 1 976) statement  that the majority of 

fish above 27 cm TL are mature. Webb ( 1976) used a criteria of all  fish at macroscopic stage 2 and 

above be ing sexually mature. which may have lowered his mean maturi ty est i mates. V i tellogenesis 

(stage 3 )  is a more accurate and frequently used indicat ion o f  sexual  mat u ri ty ( O i M arti n i  and 

Fo untain 1 9 80,  Hecht 1 990. Andrianov 1 985) , and as such,  we feel our est imate s  are a closer 

�stimation of size of sexual maturity.  
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The LDo.25 and LDo.75 values ( 29.55 cm FL and 33.41 cm FL) indicates a broad range of sizes 

which at or over sexual maturity occurs. Variation in body size at first sexual maturity is a feature 

common to serial spawners and fishes in general (Nikolskii 1969). Although the logistic curve has 

provided tight 99% confidence limits around the Lo.so value, there is significant residual deviance 

which indicates binomial error. There are two possible upward biases for this error. One being the 

discontinuity of the data due to restrictions in the sampling regime, and the other is the ability of 

mature fish to rapidly reabsorb the gonad through atresia and hence appear to be immature. 

Sampling bias may occur as fish for this analysis were samp led exclusively from the commercial 

fishery. Williams et al ( 1987) reports that the mean length of fish caught by the fishery decreases 

markedly during the spawning season, postulating that this results from mature fish moving out 

onto the shelf break to spawn reducing their vulnerability to the fishery. However, the presence 

of mature fish in the fishery at this time suggests that there may be some movement of fish 

between the shelf break spawning area and inshore waters during the spawning seaso n . Hecht 

(1990) suggested T. trachurus capensis also moves to the shelf break to spawn. Andrianov ( 1 985) 

noted a marked decrease in commercial catches of spawning or ripe fish of T. mwphyi during the 

spawning season , suggesting there i s  migration of the spawning population away from the fishery 

at this time. 

Estimates of length at maturity for other Trachurus species vary considerably. H e c h t  ( 1 990) 

estimates an LDo.50 of 32.0 cm TL for T. trachurus capensis , stating that all fish were mature by 

36.0 cm TL. Kerstan ( 1 9 85) estimates the LDo.so for T. rrachurus at 25.4 cm TL. however. he 

does not state the criteria used to determine maturity.  Andrianov ( 1 985) reports th�u more than 

50% of female T. murphyi are mature at 39-42cm FL. 

Ovarian development 

Histologically,  the process of oocyte development in  T. dec!ivis ovaries is s im i l ar to o ther 

Trachurus species such as T. murphyi (Andrianov 1 985)  and T. trachurus (Macer 1 974) .  The 
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presence of oocytes at different growth phases in single histological sections confirms the 

asynchronous nature of oocyte development 

Peaks of oocyte diameters do not correlate closely to histologic3.lly recognisab le stages of oocytes, 

but do coincide with visual whole oocyte staging. Davis ( 1982) found that histo logically sectioned 

oocytes were on average 13% smaller than fonnalin preserved oocytes. It is recommended that 

macroscopic gonodal staging is used in conjunction with histology to verify staging techniques. 

Atresia 

The function of reabsorption of residual oocytes after spawning is to remove unwanted material, 

however the reason for pre-ovulatory degradation is not well understood (Macer 1 974) ,  but may 

be related to environmental and dietary factors (Hunter and Macewicz 1985a) .  

In  T. decfivis pre-ovulatory atresia was most common in oocytes with advanced yolk fonnation 

(stage 4 ) , but less advanced oocytes were also affected. Other authors have found that atresia is 

more common in yolked than unyolked oocytes (Hunter and Macewicz 1 985a) .  These results are 

similar to that for T. trachurus (Macer 1 974), which also showed variab i l i ty between oocyte 

batches and stages. Hunter and Macewicz ( 1 985a) found food ration, leve l of energy reserves, 

timing of the reproductive cycle and perhaps certain environmental conditions such as temperature 

and day length affect the atresia rate in Engrauiis mordax, another serial spawner. Given sufficient 

food after starvation, atresia stopped, maturation and vitellogenesis returned. and a reproductively 

active o v ary  was rapidly refonned (Hunter and Macewicz l 985a) .  Inc ide nce  of spawn ing in 

females with atretic ovaries would be expected to be low during the spaw n i n g  season and h igh at 

the end of the spawn ing season (Hunter and Macewicz l 985a) .  

Gonads with both atretic and v iable adv anced stage 4 oocyte s  have be e n  n o ted in T.deciivis .  

altho ugh it i s  not known what proportion of the developing oocytes w i l l  reach ovulatio n . Atresia 

occurred predominantly in yolked (stage 4) oocytes of T. decfivis gonads . which may indicate 

e:reater sensi tiv i tv at th is deve lopmen tal stage to changing env ironmen tal  t·a<.:tors . T. decfivis - , 

ihowed atres ia in oocytes from stage 2 gon ads . which may infer that the go nads are able to be 
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reabsorbed at any developmental stage. However, Macer ( 1974) found that atresia only occured in 

yolked oocytes of T. trachurus 

Hunter and Macewicz ( 1985a) have defined that to obtain a quantitative assessment of oocyte 

atresia, it is necessary to sample throughout the spawning season from a range of size classes as 

seasonal, biological and environmental factors influence rates of atresia. While it has not been 

possible using the present incomplete data to make these assessments in T. decfivis, we feel it is 

important to study the implications of atresia,. The affect of atresia on fecundity may be under 

estimated since the duration of atretic stages is short and small standing stocks of atretic oocytes 

could be an indication of a high loss rate over the entire season (Hunter and Macewicz l 985a). 

Post-ovulatory follicles have been sh own to be rapidly reabsorbed in a number of temperate 

species, inc luding E. mordax which reabsorb post-ovulatory follicles to a form that are 

indistinguishable from atretic follicles within 48 hours (Hunter and Goldberg 1 980). No structures 

which could positively be identified as post-ovulatory follicles were noted in T.decfh•is. Several 

factors could be influencing these results. Firstly, as fish are thought to spawn on the shelf break, 

as suggested by Williams et al. ( 1 987) it is likely that post-ovulatory follicles are reabsorbed by 

the time the fish are vulnerable to the inshore commercial fleet However, the reduced v u lnerability 

of spawning fish to the fishery would also result in reduced incidence of post-ovulatory follicles. 

Research traw ling o n  the shelf break may also undersamp le the spawn ing popu lat ion as jack 

mackerel are able to avo id trawl gear at normal trawl speeds (3 .0 kts) (Jones 1 990) .  the speed 

used in this study. 

Secondly, a relatively small portion of the oocytes are released at any one time su ggesting that 

unless gonads are samp led frequently the probabil ity of observ ing post-ovulatory fo l l i c les  i s  lo w  

(Macer 1 974) . The lack of p os t-ovu latory fo l l ic les appears t o  b e  common in  other Trachurus 

spec ies . B oth Macer ( 1 974) and Andrianov ( 1 98 5) found empty fo l l ic les to be :;c :.irce  i n  T. 

trachurus and T. murphyi respectively, resu l tin g from rapid resorption of  fo l l icles.  low frequency 

of samples and reduced availabil ity of spawning fish. 
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Reproductive strategy 

Similar oocyte diameter disttibucions as described for T. declivis. indicative of serial spawning, 

have been described for other species of Trachurus including T. trachurus ( Macer 1 974, Hecht 

1 990). T. japonicus (Chigirinskiy 1 970) and T.symmetricus (MacGregor 1 976). Kaiser ( 1 973) 

reported a single spawning habit for T. murphyi in Chilian waters but more recently Andrianov 

: 1985) has found the same species to have a prolonged spawning season on the Peruvian she lf, 

'ossibly spawning in batches. but no evidence of clear polymodal size composition in oocyte 

liameter. 

-i'either the spawning frequency nor the number of egg batches spawned e::i.ch se::i.son have been 

letennined for any Trachurus species . Estimates of sp awning frequency require either the 

letenninatio n  of the percentage occurrence of postovulatory follicles or the inc idence of females 

fith hydrated oocytes (Hunter and Macewicz 1985b). Neither stage could be :idequately sampled 

1 T. decfivis due to low vulnerability of spawning fish. as previously discussed. 

ien tifyin g the oocytes w hich are potentially c::i.pab le of re lease in a c u rren t  se::i.son  causes 

roblems in estimating annual fecundity for serial spawnin g  fish . One approach by Macer ( 1 97 4) 

as been to estimate the number of yolked (S ca.ge 4) oocytes in each batch . B u t  it is not  possible to 

;tirnate the number of batches in one season from the number of size-frequency modes of oocytes 

ready present in the gonad. as new batches of oocytes are continually be i n g  recruited through 

Jgenesis.  Also. batch fecundity can vary in different age c lasses and thro ughout the season 

;arris h  et al.  1 986) .  and pre -ovulatory atresia could create a substanti :i l  d i fference between 

nen tial and actual fecundity (Macer 1 97 4. Hunter and Macewicz 1 9 8 5) .  Hence.  m determine 

mual fecundity in T. decfivis estimates of batch fecundity ,  spawn ing  fre1.1 u1::ncy :ind rates o f  

resia are required. al l of  which have proven impossib le given the curre n t  rrn b lems i n v o l v ed i n  

mp l in g the spawning population.  
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Table 1 .  Microscopic, macroscopic and histological staging criteria used for Trachurus deciivis 

Stage Category Microscopic Macroscopic Microscopic 
Histological a Ovary b Oocyte c 

1 .  Virgin Chmmatin ny�l�Qlar 
Clear spherical nucleus surrounded Small strap with rounded 
by a thin layer of cytoplasm. edge, less than 3/4 of 
No nucleolus visible body cavity. Pink. firm 

texture. Unvolks;g 
S pherica l 
transparent bodies. 

2 .  Maturing Perinucleo lar Virgin - at least 3/4 of 

virgins Thick homogeneous cytoplasm body length, pink and 
around a light nucleus containing g l assy .  
few to  many peripheral nucleoli. Recovering - as long as 

Yolk vesicle may be apparent. body cavity, bloodshot 
and flabby at posterior. 

3 .  Developing Yolk vesicle formation Almost length of body Partiallv Yolked 
Yolk vesicles apparent in cavity, opaque and Some granular 
cytoplasm increasing in size and becoming yellow. Ova nuclear material 
number with development. Zona not discernible. v is ib le becom i n g  
radiata thickens, stains pink with darker w i th 
H&E. increased s ize but 

not opaque. 

4 .  Late Yolk granular stage Full length of body 

Developing Evenly distributed and uniform cavity, opaque and 

appearance of yolk vesicles. yel low ish pink . Ov a Yol ked 
oil vesicles and eos inophi lic discrete . Opaque bodies. 
yo lk gran ules in cytop lasm . Y ol.k surrounded by 
Peripheral nucleolus around a a trans l ucent 
distinct nuclear membrane. v i tc ! l ine bo arder. 
Aggregation of oil vesicles in 
late stage. 

5 .  Ripe Nuclear migration Full  length of body Nuc le:.ir 
& Yolk Fusion cav i ty and swollen micration 

Coalescence of yolk granules to occupying all availab le Pans uf oocyte 
form uniform 'plates ' . M igration space. Ovary and ova become trans lucent 
of nucleus to periphery of  beco m i n g  transparent .  as yo lk  coalesces.  
cytoplasm. visible nuc lear 

material.and dissolution o f  R ipe 
nuclear membrane. Lar:;<.: 1 r:1 1 1 s l ucent 

hod i <.: s .  

6 . Running (Pre )Ovulation Eggs express w i th s l i ght 

Ripe Hydration of cel l. uniform pink pressure . Ov ary pinkish.  

s tain in g yolk.  S tring l ike clear and granu lar. 
appearance of thecal cel l s .  

7 .  Spent Spent S l:ick and bloods hot .  Few 
Occurrence of recent po s t - res idua l  oocy tes present.  
ov u la tory fo l l icles . 

-----------�--------------�---- - -- - - - - - -- - ----� 

a adapted from West ( 1990) 
b adapted from B lackbum and G artner ( 1 954 \ 

adapted from Davis and West ( in  press )  
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Table 2; Incidence of atresia within and between gonads 

% Atretic % Atretic Predominant No. gonads 
Stage gonads oocytes atretic stage examined 

2 57 . 0  5 . 17 ± 1 .99 2 ( 100%) 7 
3 6 1 .5 9 .40 ± 1 .74 3 (20%) 9 

4 (80%) 
4 64.7 1 0. 1 3  ± 2. 1 6  4 ( 100%) 24 
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Table 3;  Mean oocyte diameter in mm 

S tage Mean +/-SD Range 

Unyolked 0 .075  0 .036 0 .02 - 0.24 

Yolk visible 0�235 0 . 05 1 0. 1 6  - 0.38 

Yolked 0 .544 0 . 1 1 7 0.28 - 0.74 

Migratory 0 . 87 1 0 .050 0 .74 - 0.98 
nucleus 
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Figure 3 .  Microphorographs showing the development of oocyres . 

(a) S cage 1 - Chromatin nucleolus; White spherical chromatin nucleolar bodies (0) are 
surrounded by small  dense dark staining blood vesse l s .  A thin layer o{ cytoplasm. not 

;.ipparent in the p lwro .  s u rrounds the nucleus. 
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(b) S tage 2 - Perinucleolar: The healthy pre-vitellogenic oocyte (PO) shows an oval 

nucleus with few peripheral nucleolii. The cytoplasm stains a dense uniform dark purple 

with (H&E). Micro villi may give the cytoplasm a granular appearence. Oocyte diameter 

35 - 85 µm. Arresia may also occur in perinucleolar oocytes (A) 

(c) S tage 3 - Yolk vesicle fo1mation: The vitellogenic oocyte (VO) shows an increase in 

size and number of pe1ipheral nucleolii in the nucleus . Vesicles appear within hte 

cytoplasm and the zona rad.iata bradens to a wide pink band with H&E. Oocyte diameter 

ranges from 100 to 130 µm. much larger than th perinucleolar oocyte (PO) 

(d) S tage 4 - Yolk granular stage: eosinophplic yolk granules are uniform in size and 

consistancy in the cytop lasm of the yolk granular oocyte (VO) Lamp brush chromosomes 

(C) are visable as evenly dispersed rods throught eh centre of the nucleus. Oocyte 

diameter 250-480 µm. 

(e l S tage 5: Nuclear migratio n and yolk fusion: the nuclear membrane has disso ived. 

releasing the nuclear material and the yolk granules or lipid dropiets have coalesced to 

fo1m yolk piates (YP) The iITegular shape of the outer membrane is an artifact of 

processin g. 

(t) Atres ia: a fresh ly atretic oocyte ( Aa) has large cubo idal ce l l s  around the penphery, 

w hereas an o lder au-euc oocyre ( Abl  shows l i ttle different iation  of  tt1e pc1i pherat c..:e J l s  

fro m t ile pl1agocyrosed interior . 
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bstract 

1e seasonal, lunar and diurnal changes in schooling of jack mackerel was examined using 

gbook information collected from an industrial fishery off the east c oast of Tasmania between 

1g5 and 1989.  In addition the size composition of individuals within schools was examined. 

:hool size increased significantly from spring to autumn.  The ratio between surface and 

bsurface schools encountered by the fishery als o  changed seasonally. S urface schools 

edominated during summer, whilst subsurface schools were targetted more frequently in 

.tumn. The fishery is predominantly a day fishery and no lunar effects on catch rates or fishing 

tensity were detected. 

ttches are mainly comprised of j ack mackerel although redbait (Emmelichthys nitidus 

chardson) and blue mackerel {Scomber australasicus Cuvier) are a significant by-catch. In 

mmer, schools are almost exclusively composed of jack mackerel whilst in other seasons mixed 

hools are found. The availability of schools to the fishery appears to be closely related to the 

ailability of feed. Jack mackerel school by length and a strong correlation between the mean size 

redbait and jack mackerel in mixed schools was found. 
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Introduction 

Jack mackerel, Trachurus declivis (Jenyns) , is an abundant neritic pelagic fish occurring 

throughout the coastal waters of southern Australia and New Zealand. In Australia, the species is 

restricted to southern waters from Shark Bay in Western Australia around to the mid New South 

Wales coast. Within this range there are at least two stocks, one occurring in the Great Australian 

Bight and the other in eastern Australian waters (Richardson 1 982; S tevens and Hausfeld 1 982; 

Lindholm and Maxwell 1 988).  Whilst the species is widely distributed, the greatest abundance of 

surface schooling fish in eastern Australian waters is found in Tasmanian coastal waters between 

40°S and 44°S (Williams 198 1). 

Large surface schools occur seasonally; in the coastal waters off New South Wales jack mackerel 

form surface schools in spring and summer (Williams 1 98 1 ), whilst off Tasmania, schools occur 

during summer and autumn (Williams et al. 1987).  Although surface schools are not apparent 

during winter off eastern Tasmania, jack mackerel are taken in demersal trawls (B laber and 

Bulman 1987; Williams, 1 989). 

The occurrence of large surface schools, particularly those off Tasmania, has attracted much 

speculation on the potential for a significant fishery (B lackburn and Tubb 1 950; Hynd and Robins 

1967). Until recently in Australia, the species was only lightly exploited, principally as a baitfish 

fishery. Reported annual catches in Tasmania prior to the early 1 970s were less than 5 tonnes 

(additional quantities were taken by rock lobster fishermen to use as bait but were not reponed) . In 

1972 an attempt was made to base an industrial fishery for fish meal on the resource off the east 

�oast of Tasmania. That venture achieved total landings of 6 200 tonnes caught by purse seine in 

�ight months. The venture failed for reasons not directly related to the resourc e  (lack of markets 

md problems with producing fish protein concentrate) (Williams et al 1 989). 

t\. second attempt to found an industrial fishery was made in 1 985 .  That venture proved successful 

md exhibited rapid growth in landings. In 1 985 the then Tasmanian Department of Sea Fisheries 

:ommenced research to monitor the fishery and assess the potential yield of the resource. By the 

:nd of the third fishing year in 1 987 annual landings had grown to 4 1 ,000 tonnes.  Management, in 
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: form of quotas and a Total Allowable Catch was imposed by the Tasmanian Government at that 

1e to restrain the growth of the fishery (Williams, 1987) . 

source assessments of jack mackerel have been attempted using fishery independent methods, 

1ically aerial survey techniques (Hynd and Robins 1967 ; Williams 1 9 8 1 ) .  Those studies 

imated the biomass of fish within an area by summing the tonnage of fish seen in surface 

tools. This method assumes that all schools within an area at a given time are visible. For 

1ools to be visible they must be formed in close proximity to the sea surface. This assumption 

• been brought into question by acoustic surveys that have demonstrated that jack mackerel are 

o present as subsurface schools (Wolfe 1 97 1 ;  Wolfe 1 976) .  This factor may introduce a 

nificant bias in aerial assessment methods . 

. understanding of the schooling behaviour of jack mackerel and the implications that this 

iaviour will have on assessment techniques is essential to any future assessments . The aim of 

i paper is to examine data on schooling behaviour that has been collected from the fishing fleet 

:ween 1985  and 1989 in order to provide a better understanding of the seasonal, lunar and 

rnal changes in schooling. In addition the biological characteristics of schools were examined as 

re the species associations within schools. 

�thods 

� term 'fishing year' used in this paper refers to the annual period of active commercial fishing, 

t is from September to the following June. 

hing logbook reports 

tailed information on a set-by-set basis (a set being one fishing operation - a shot and haul of a 

·se seine net) was recorded in the fishing logbooks. The information recorded included type of 

1001 (surface or subsurface formed) , the estimated percentage of the school caught, the method 

which the school was located, the size of the catch and its species composition. The logbook 

: been described in detail by Williams ( 1 986) .  The logbook information used in this study was 
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recorded during the period from February 1985 to July 1989. The range of the fishery during that 

period is shown in Figure 1 .  

Computer entries o f  logbook returns were checked for errors with validation programs. The time 

of fishing and the duration of fishing trips were checked against the reported departure and return 

times. The total catch for the trip was compared with the sum of the catches for all sets made 

during the fishing trip. An independent check of trip landings was made by comparing the reported 

landing against processor records. 

School size by month - It was assumed that any one set would not capture more than one school of 

fish. This assumption is generally true of the fishery, where individual schools are pursued. 

Individual school sizes were calculated by dividing the estimated catch from a set, by the estimated 

proportion of the school caught by the set. The mean school size by month for each fishing year 

was then calculated. 

Estimates of the proportion of a school caught and estimates of quantities captured at sea are not 

precise measurements and will vary depending upon the skill and knowledge of the skippers 

recording the information. For the purpose of this analysis these data have been averaged over the 

fleet and over each month.  The overall accuracy of the catch data was assessed by calculating the 

difference between the estimated catches and landed catches. 

Number of sets per hour and nictimeral differences - The time at the start of sets recorded in the 

logbooks was standardised to Eastern S tandard Time (EST) .  The number of sets in hourly 

intervals was summed for each season (spring, summer and autumn) of fishing and was also 

pooled over all seasons. The frequency of sets by hourly interval was then calculated . The 

seasonal frequency of sets was also calculated by day (0700- 1 859  hours) and night ( 1 900-0659 

hours) . The significance of any differences between day and night set frequency by season was 

then tested with a c2 test. 

School type targetted and method of location by momh - The number of sets made on surlace or 

sub-surlace schools was calculated for each month of each fishing year and for each month for all 

fishing years pooled . 
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'DTlber of sets and catch sizes by moon phase - The influence of lunar cycles was investigated by 

ouping sets into four phases of the lunar month. The four phases were the new moon, first 

msition, full moon and second transition. The new and full moon phases are of nine days 

iration each and correspond to the period of four days preceding and following the day of the full 

new moon. The first and second transitional phases vary between 5 to 6 days duration. 

J'! analysis was restricted to data from the three complete fishing years ( 1985/86, 1986/87 and 

1g7 /88). The total catch (C) and the number of vessels at sea fishing (V) for each fishing day 

�re calculated. From these data the catch per vessel at sea fishing was calculated (C/V). Data for 

eh fishing day were then grouped into moon phases, seasons and fishing years. A three-factor 

alysis of variance (ANOVA) was applied to the catch, vessels fishing and catch per vessel 

hing data. The factors used were fishing year, season and moon phase. 

te means of vessels fishing per day, total catch and catch per vessel fishing per day were 

lculated for each moon phase, season and fishing year and for each season over the three fishing 

ars combined. 

itch composition - The species composition of individual catches was not consistently recorded 

all fishers and this information is typically difficult to estimate in a reduction fishery where the 

'.Ch is not sorted before processing (MacCall 1984). Only data from one skipper with a consistent 

;ord of reporting catch composition was used for the purpose of the analysis. Even so the 

�ormation is likely to be biased as there is a tendency to not record low proportions of by-catch 

�cies in indiyidual sets. This factor should lead to underestimates of the contribution of by-catch 

�cies to landings. The data are useful, however, in establishing broad seasonal trends in changes 

species composition in the fishery. 

ngth frequency of catches 

ngths of fish were measured at sea from random samples of individual catches .  At sea sampling 

.s conducted throughout each fishing year. The length to tail fork (FL) of between SQ and 100 

'ed fish were measured to the nearest centimetre. Additional random samples were col lected at 
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sea from individual sets and returned to the laboratory, for detailed biological examination. Fish 

from these samples were measured (FL) to the nearest millimetre. 

Res u l ts 

The number of sets recorded by the logbooks by month for each fishing year is given in Table 1 .  

The total catch (of all species pooled) by month and fishing year i s  given in Table 2. 

Total monthly landings ranged from 77 tonnes to 9 973 tonnes. Fishing generally began between 

September and November, and continued through to May/June in the following year. In the first 

three complete fishing years, catches gradually increased through the year to a peak in April/May. 

In April 1 988, catches slumped and although good catches were made in May and June no further 

landings were made until April of the following year. The 1 988/89 fishing year lasted only three 

months, at much reduced monthly landings. The effects of severe inter-annual variability is 

apparent from these data. The probable causes of this variability are discussed elsewhere (Pullen et 

al. , 1 989 ;  Harris et al. 1 99 1 ) .  

Sc hoot size by month 

Estimated landings compared well to actual landings . Over the period of the study the mean 

�stimated landings recorded by fishers was 1 03% of actual landings (SE = 0 .3%) .  

Sstimates of individual school sizes ranged from 2 to 1 , 850 tonnes. The overall mean being 82 

mines (±2.6 tonne SE ) . The mean school size by month is shown in Figure 2. At the beginning 

>f the fishing year mean school size was approximately 60 tonnes. Throu ghout the summer 

nonths, mean school size remained relatively constant, but increased during autumn, reaching 

naximum mean sizes of around 120 tonnes of fish per school. 

t should be noted that the sample of schools used in this analysis were those selected for fishing 

nd may not be representative of the range of school sizes occurring at any time. Samp li�g will be 

1iased as a result of fishers selecting for schools of a size closest to the carrying capacity of the 
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hing vessel. The carrying capacity of vessels in the fleet ranged from 120 to 400 tonnes . The 

ssels of 120 tonne carrying capacity accounted for approximately 60% of all landings. 

spring and summer, when school sizes are typically small the largest schools available will be 

hed. Towards the end of the fishing year the size of available schools may exceed the carrying 

pacity of vessels and fishers will tend to either select smaller schools or attempt to catch portions 

large schools. The effects of these biases will be to over-estimate mean school size at the 
' 

ginning of the fishing year and under-estimate it at the end. The actual trend in size of schools 

ring the fishing year is likely to be more pronounced than that presented here. 

rmber of sets per hour and nictimeral differences 

.e number of sets by hourly interval for all fishing years, and for spring, summer and autumn 

: shown in Figure 3. It is apparent from this figure, that sets are made more frequently during 

: day in all seasons . The results of the c2 test for homogeneity between day and night set 

:quencies are given in Table 3. For all seasons and all data pooled there were significant 

ferences between day and night fishing (P<<0.00 1 ) .  

tring summer, there was a marked peak i n  hourly set frequency corresponding to sunrise . 

�ool type targetted and method of location by mo11th 

e monthly proportion of surface/subsurface schools captured are given in Figure 4. The 

Ljority (69%) of all sets were made on surface schools. Early in the fishing year subsurface 

10ols are th� most frequently fished school type,  as the season progresses surface schools 

;ome prominent whilst late in the season subsurface schools are increasingly targetted. 

e ratio of surface to subsurface schools captured, given in Figure 4, does not necessarily 

1resent changes in schooling behaviour of the jack mackerel population. The sampling on which 

: ratio of school  types captured is based is subjec t to bias, being fishery depende nt. The 

hniques used for locating surface school and s ubsurface schools differ greatly in their 

iciency. As information on the location and size of surface schools is more readily available than 

.t for subsurface schools, fishers are more likely to make sets on surface schools. 
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Searching for surface schools is relatively cheap and effective as a large area can be covered by a 

single aerial spotter; large areas may also be searched by look-outs on fishing vessels. S ubsurface 

schools must be detected by sonar, the effective range of which is quite limited when compared to 

visual searches. 

Number of sets and catch sizes by moon phase 

The results of the three factor ANOV A on daily catch, vessels fishing and catch per vessel fishing 

are given in Table 4, the means and standard errors of vessels fishing per day , total catch and catch 

per vessel fishing pe� day are shown in Figure 5.  

Moon phase alone was not a significant factor for any of the statistics tested. Fishing year was a 

significant factor for daily catch and the number of vessels fishing. Season was a significant factor 

for daily catch, number of vessels fishing and catch per vessel fishing. 

Season and moon phase were significant factors for the daily catch per vessel fishing. Fishing year 

and season were significant factors for both the daily number of vessels fishing and catch per 

vessel fishing. No clear relationship between moon phase and either fishing activity (number of 

vessels fishing or daily catches) or vulnerability (catch per vessel fishing per day) was apparent. 

Catch composition 

The mean monthly species compositions of schools are given in Figure 6. Jack mackerel usually 

account for more that 80% of the fish making up the schools captured in all months of the fishery , 

and may comprise 100% of schools in summer. Redbait (Emme!ichthys nitidus Richardson) is 

caught in most months and is the most significant by-catch species, with a range in contribution of 

0-30% of school composition. In tonnage the most significant landings of this species occur at the 

end of the fishing year. 

B lue mackerel (Scomber australasicus Cuvier) is the other significant by-catch species .  This 

species is caught during the summer and autumn months as the fish move inshore from oceanic 

waters into coastal water, (Last et al. 1 983),  and so become vulnerable to the fishery. It becomes a 
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tjor by-catch in early autumn, with up to 20% of the catch being attributable to this species 

[arch-April). 

ngthfrequency of catches 

1e length compositions of individual schools were examined to determine whether fish associated 

schools on the basis of cohort or by length. Freon ( 1984), suggested three criteria for 

termining the basis of associations forming schools. These were; 

i) if the variation in length composition increases with increasing mean length the fish 

are associating by cohort, 

ii) if there is no relationship between the variation in length composition and mean length 

the fish are freely associating, and 

iii) if the variation in length composition remains constant with increasing mean length the 

fish are associating by length. 

e mean length CLm) and standard error of variation in length (SE1) for each school were plotted, 

i the results are shown in Figure 7. A linear regression fitted to this data yielded 

SE1 = 0·0802 + 0·0049 Lm (r = 0· 1 37,  n = 94, 0·2>P>O· l ) .  

1 F test of the significance o f  the slope gave 0·2>P>0· 1 indicating that the slope was not 

:nificantly different from 0 .  This relationship conforms to Freon's  criteria iii) above and 

:refore suggests that fish are schooling by length. 

rrelation of interspecific length in schools 

rther evidence of schooling by length was found in the relationship of mean length of jack 

.ckerel (Lj) and redbait CLr) occurring in the same schools (Figure 8) .  Linear regression analysis 

these data yielded; 

Lr = - 1  ·0942 + 0 ·8334 Lj (r = 0·77 , n = 1 6, P<<O·OO l ) . 
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A strong correlation exists between the mean size of these species when found together. This 

correlation is unusual, given that schooling of jack mackerel is probably by len gth. That is, the 

regression line does not follow unity but rather the mean size of redbait is proportionally smaller 

than that for jack mackerel found in the same school. 

D i s cussi o n  

In this study we have examined the schooling behaviour of jack mackerel from information 

provided in fishing returns from the Tasmanian purse seine fishery. In addition the pattern of 

association of fish within schools (both intra- and inter-specific) was examined. Previous 

assessments of jack mackerel biomass have been based on aerial surveys of surface schooling 

(Hynd and Robins 1967; Williams 198 1 ) .  In the present study we have found that subsurface 

schooling is an important alternative school type that occurs throughout the fishing year. The 

previous surveys would, therefore, underestimate the abundance of fish by disregarding the 

portion of the population occurring in subsurface schools. The degree of underestimation may vary 

seasonally (the ratio of surface schools to subsurface schools cap tured varies throughout the 

fishing year) and will also be subject to inter- annual variability. We believe that the ratio is likely to 

be biased in favour of surface schooling due to sampling (that is fishing skippers will tend to take 

the schools that are easiest to find and capture) .  Given that it is not possible to accurately estimate 

past ratios of surface to subsurface schools it is not possible to correct the previous assessments. 

Future resource assessments will need to take account of schoo ling behavio ur. For example , it 

may be desirable to conduct hydroacoustic surveys simultaneously with aerial surveys so that a 

measure of the number and size of surface and subsurface schools can be made.  Alternatively, 

hydroacousti.c surveys alone may be used to estimate the abundance of both smface and subsmface 

;;chools. This latter technique is currently being investigated by the authors . 

:hanges in school size and school type (surface/subsurface) have direct consequences on the 

mlnerability of jack mackerel to purse seining . At the beginning of the fish ing year, subsurface 
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hools predominate , and searching is conducted by fishing vessels using sonar. During this 

riod a fishing vessels time at sea is divided between searching and fishing. As the fishing year 

Dgresses the incidence of surface schooling increases and aerial spotting becomes more widely 

ed. Aerial spotting can cover an area more efficiently than sonar, resulting in an increase in the 

ficiency with which surface schools are found. In addition fishing vessels spend less time 

irching (as they are being directed to locations by aerial spotters) and consequently vessels have 

)re fishing time available. 

ltch rates are influenced by the vulnerability of schools, the varying proportion of time spent by 

! fishing fleet in searching and fishing, the seasonal changes in school size and the seasonal 

anges in searching efficiency. It is difficult to separate or compensate for these factors and thus it 

not possible to use catch rates as an index of abundance (catches will not increase in direct 

'portion to fishing effon). 

hooling 

e data presented here demonstrate a definite bias toward day fishing in the commercial fishery . 

,servations by the authors indicate that schools form in the water column around dawn and tend 

�ards the surface immediately after dawn. S urface schools tend to persist during daylight on 

ercast days , whilst on sunny days schools go down. There is also a tendency for surface 

tools to form in the last few hours of daylight. 

e schools of jack mackerel encountered during this study are likely to have been formed 

:dominantly for feeding/foraging. Feeding in surface waters normally takes place during the day 

mntov 1 969;  Stevens et al. 1 9 84; Webb 1 976) . The fish taken by the commercial fishery in 

smanian waters are usually gorged with the euphausid 'krill', Nyctiphanes australis S ars (with 

roach contents comprising up to 1 3  % of somatic weight) (Pullen unpubl. data). During 1 989  

i 1 990, extensive ichthyoplankton sampling over the eastern Tasmanian fishing grounds during 

nmer and early autumn, found very low abundances of krill (Pullen et  al. 1 989;  Jordan pers. 

nm.) .  The availability of fish to the c ommercial fishery during these fishing years was very 

tricted with few surface schools being sighted by aerial spotters. Whilst schooling in coastal 
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waters was not occurring, jack mackerel were caught in demersal trawls conducted on the 

continental shelf adjacent to the fishing grounds (Williams 1989). The presence of significant 

quantities of adults in these waters could also be inferred from the presence and abundance of 

preflexion larvae on the shelf (Pullen et al. 1989). 

These features suggest that the distribution and abundance of krill has a major influence on the 

formation of schools in Tasmanian coastal waters. In turn, the availability of schools in coastal 

waters determines the success of the commercial fishing year. The factors which determine the 

inter-annual variability in the productivity of southe�stern Tasmanian shelf waters has been studied 

by Harris et al. ( 199 1) .  That study suggested that major changes in krill abundance were caused by 

the effect of a La Nina 'cold event' on the zooplankton community . It is likely that the association 

between krill abundance and schooling of jack mackerel is important on the intra-annual as well as 

the inter-annual scale. 

The results obtained in this study from the analysis of moon phase on fishing activity and catches 

do not conform with the findings of other studies. Williams ( 1 98 1)  found that the degree of day­

time formation of surface school and thus the visibility of fish to aerial spotters were highest 

during the new moon to first transitional phases. Webb ( 1 977) found that catch rates were highest 

during the same period. Our data show no lunar influences affecting fish vulnerability .  Data 

presented here demonstrate that most fish are caught by day and it is understandable that lunar 

effects on day fishing would be small. In addition the preference of jack mackerel for feeding by 

day suggests that the degree of luminosity given by the moon will have little influence on foraging 

behaviour at night. 

Composition of schools 

Whilst school size of T. declivis changes significantly during the year, the variation in length of 

'.ish within a school bears no relation to increasing school size .  There is also no correlation 

Jetween variation of length within schools and mean length . These two factors suggest that T. 

tecfivis individuals associate by length, rather than by cohort (Freon 1 984 ) .  
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idence for active sorting by length within schools composed of single species has been found by 

cher et al. ( 1985) in the herring Clupea harengus and the mackerel Scomber scombrus. Their 

:dy found that individual fish changed neighbours frequently but that they were choosing to 

nain longer next to fish of similar size. In these schools, sorting was suggested to be active, 

her than passively determined by a mechanism such as cruising speed. In the present study, 

ive sorting may well explain the similarity in length of fish from single species schools, and the 

Ularity in lengths of fish of the same species within multispecies schools. 

e correlation between the mean length of co-occurring T. declivis and E. nitidus found in this 

dy, suggests a more complex process however, as the mean lengths of either species are not 

:rilar. This is contrary to the condition seen in schools of similar species such as Sardinella, 

tere association may be due to length similarities rather than species groups (Freon 1 984) . It is 

ssible that school structure plays some part in explaining this difference. For instance T. declivis 

i E. nitidus may occur in discrete parts of a school, rather than mingling randomly. If this were 

e then cruising speed may explain the correlation in mean lengths between the species. That is, 

gle species schools of similar cruising speed would be more likely to remain in close proximity . 

he species are mixed within a school then a more complex mechanism than sorting by length is 

[Uired. Field observations of schooling behaviour would be required to resolve this problem. 
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ble 1 Number of sets by month in each fishing year 

Fishing year 
mth 1985 1985/86 1986/87 1 987/88 1 988/89 

ptember 8 5 
tober 27 26 
1vember 159 1 16 58  
cember 49 75 98 
�uary 66 121  137 
oruary 63 147 1 14 
uch 20 92 1 19 1 19 
1ril 33 156 155 104 4 1 
LY 74 59 106 1 6 1  67 
ie 14 3 64 1 9  

tal 141  679 873 855 127 
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Table 2 Total catch (tonnes) by month in each fishing year 

Fishing year 
Month 1 985 1985/86 1986/87 1987/88 1988/89 

September 135 77 
October 505 178 
November 2996 3233 1 674 
December 1793 2840 4126 
January 1 925 4767 5073 
February 2202 6452 4254 
March 596 2853 5056 4793 
April 1 544 7040 9973 405 1 2826 
May 3630 37 1 8  9069 9 1 17 4862 
June 230 196 4827 1 177 

Total 6000 23 1 67 4 1 841  379 1 5  8865 
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:>le 3 c2 test for homogeneity between day and night set frequencies 

lSOn n c2 df p 

ing . · 306 60.4 1 <<0.00 1 
nm er 1040 284.5 1 <<0.00 1 
tumn 1289 478 . 1 1 <<0.00 1 
Jled 2635 8 14.5 1 <<0.00 1 
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DOCUMENT 9 

Cat a l o g u e  o f  i c ht h yo p l an kt o n  stat i o n  d e t a i l s 

INTERNAL REPORT 





Catalogue of stations details sampled during this study. 

Cru i s e  Stat Date 

1 7 9  
1 7 9  

1 7 9 

1 7 9  
1 7 9  

1 7 9  

1 7 9  
1 7 9  

1 7 9  

1 7 9  
1 7 9  

1 7 9  

1 7 9 
1 7 9  

1 8 9  
1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  
1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  
1 8 9  

1 8 9  

1 8 9  
1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  
1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  

1 8 9  
1 8 9  

1 8 9  

" 1 8 9  
1 8 9  

1 8 9  

1 8 9  
1 8 9  

1 8 9  

1 8 9  

1 9 0  

1 9 0  

1 9 0  

1 9 0  

1 9 0  
1 9 0  

1 9 0  

1 9 0  

1 9 0  

1 9 0  

1 9 0  

lA 
lB 

lC 

2A 
2 B  

3A 

3B 
3C 

4A 

4 B  
S B  

SC 

6A 
6B 

1 
2 

3 

4 

s 
6 

7 
8 

9 

1 0  

1 1  

1 4  

l S  
1 6  
1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  
2 S  

2 6  

2 7  

2 8  

2 9  

3 0  
3 1  

3 2  

3 3  

3 4  

3 S  

3 6  
3 7  

3 8  

3 9  

5 

6 
7 

8 
1 3  

1 4  

l S  
1 6  

2 1  

2 2  

2 3  

S / 1 2 / 8 8  
S / 12 / 8 8  

6 / 1 2 / 8 8  

9 / 1 2 / 8 8  
6 / 1 2 / 8 8  

6 / 1 2 / 8 8  

6 / 12 / 8 8  
7 / 1 2 / 8 8  

7 / 1 2 / 8 8  
7 / 1 2 / 8 8  

7 1 12 / 8 8  
7 / 1 2 / 8 8  

7 / 12 / 8 8  
7 / 1 2 / 8 8  

1 1 / 1 / 8 9  
1 1 / 1 / 8 9  

1 1 / 1 / 8 9 

1 1 / 1 / 8 9  

1 1 / 1 / 8 9  

1 1 / 1 / 8 9  

1 1 / 1 / 8 9  
1 1 / 1 / 8 9  

1 2 / 1 / 8 9  

1 2 / 1 / 8 9  

1 2 / 1 / 8 9  

1 2 / 1 / 8 9  

1 2 / 1 / 8 9  
1 2 / 1 / 8 9  

1 3 / 1 / 8 9  

1 3 / 1 / 8 9  
1 3 / 1 / 8 9  

1 3 / 1 / 8 9  

1 3 / 1 / 8 9  

1 3 / 1 / 8 9  

1 3 / 1 / 8 9  

1 3 / 1 / 8 9  
1 3 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  
1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  

1 4 / 1 / 8 9  
1 4 / 1 / 8 9  

l S / 1 / 8 9  

l S / 1 / 8 9  

2 6 / 1 / 8 9  
2 6 / 1 / 8 9  
2 6 /  1 / 8 9  

2 6 / 1 / 8 9  
2 S / l / 8 9  
2 S / l / 8 9  
2 S / l / 8 9  
2 S / l / 8 9  
2 S / l / 8 9  
2 S / l / 8 9  
2 S / l / 8 9  

Depth ( m )  
Lat Long Wat er Tow 

4 2 S l  
4 S 4 S  

. 4 2 3 7  

4 2 2 4  
4 2 3 1  

4 2 1 8  

4 2 1 4 
4 2 0 4  

4 2 0 4  

4 1 5 4 
4 1 43 

4 1 3 6  

4 1 2 6  
4 1 2 9  

4 0 S 9  
4 0 54 

4 0 5 2  

4 0 S l  
4 0 1 5  

4 1 17 

4 1 1 8  
4 1 1 9 

4 1 3 4  

4 1 3 4  

4 1 3 4  

4 1 4 9  

4 1 4 9  
4 1 4 9 

4 2 0 2  

4 2 0 2  
4 2 0 4 

4 2 0 S  

4 2 1 4  

4 2 1 6  

4 2 1 7 

4 2 1 8  
4 2 3 0  

4 2 3 3  

4 2 3 7  

4 2 3 9  

4 2 4 3  

4 2 4 6  

4 2 4 8  

4 2 S l  

4 3 0 2  

4 3 0 2  

4 3 0 2  

4 3 0 2 
4 3 1 5  

4 3 1 7  

4 3 1 3 

1 4 7 5 8  
1 4 8 1 0  
1 4 8 2 6  

1 4 8 0 1  
1 4 8 1 6  

1 4 8 2 0  

1 4 8 2 4  
1 4 8 3 7  

1 4 8 3 7  

1 4 8 2 9  
1 4 8 2 7 

1 4 8 3 4  

1 4 8 2 1  
1 4 8 2 6  

1 4 8 2 4  
1 4 8 3 2  

1 4 8 4 5  

1 4 8 4 9  

1 4 8 4 4  

1 4 8 3 8 

1 4 8 3 0  
1 4 8 2 2  

1 4 8 2 0  

1 4 8 2 8  

1 4 8 3 5 

1 4 8 3 5 

1 4 8 2 7  
1 4 8 1 9  

1 4 8 1 9  

1 4 8 2 9  
1 4 8 3 7  

1 4 8 4 3  

1 4 8 4 0  

1 4 8 3 4  

1 4 8 2 7  

1 4 8 2 2  
1 4 8 0 3  

1 4 8 1 6  

1 4 8 2 6  
1 4 8 3 3  

1 4 8 3 1 

1 4 8 2 0  

1 4 8 1 1  

1 4 8 0 0  

1 4 8 1 8  
1 4 8 1 4  

1 4 8 0 6  

1 4 7 5 9  
1 4 8 0 5  

1 4 7 4 9  

1 4 7 3 5 

4 8  
8 0  

1 3 0  
3 7  
9 0  

7 0  

7 0  
l S O  

4 7  

8 3  
7 0  

3 5  
9 0  

3 7 
8 0  

1 5 0  

7 3 0  
1 1 3 0  

1 4 S  

1 1 2  
9 2  

4 7  

9 8  

1 7 0  

1 2 6  

7 6  
3 9  
5 4  

8 7  

1 4 0  

1 4 5 0  

1 2 5 8  

1 4 0  

1 0 7  

8 6  
4 0  

8 5  

1 6 0  
1 6 0 0  

1 6 0 0  

1 3 0  
9 4  

6 5  

9 7 0  
1 3 S 

9 7  

7 4  
1 9 0  

1 2 0  

6 5 

4 1 1 4 4 8  1 4 8 4 3 9 7  9 3 2  

4 1 1 7 0 1  1 4 8 3 8 1 0  1 3 6 

4 1 1 7 8 9  1 4 8 3 0 0 2  1 0 7  

4 1 1 9 0 1  1 4 8 2 1 9 9  4 2  

4 1 4 9 0 1  1 4 8 4 0 9 5  1 0 4 9  

4 1 4 9 0 3  1 4 8 3 5 0 3  1 3 8  

4 1 4 9 0 3  1 4 8 2 6 8 7  7 6  

4 1 4 9 0 5  1 4 8 1 9 0 0  4 7  
4 2 1 3 8 8  1 4 8 3 9 9 6  1 1 7 3  

4 2 1 S 9 4  1 4 8 3 4 1 8  1 2 7  

4 2 1 6 9 9  1 4 8 2 7 0 0  9 9  

7 5  

1 0 0  

1 0 0  

2 9  
4 3  

8 0  

7 7  
8 3  

8 1  

5 2  
4 8  

1 6  

8 2  
9 4  

8 8  

3 9  

1 6  

2 S  

4 2  

7 9  

6 4  

S S  

6 1  

7 2  

4 1  
1 2  

4 7  

7 9  

7 6  

8 9  

6 8  
4 9  

3 3  

6 4  
7 6  

7 9  

4 0  

8 0  

9 6  

3 3  

7 9  
8 6  
8 8  
2 0  

7 6  
7 4  
5 3  

4 0  
6 8  

5 S  

6 2  

Temp ( T°C ) 
Sur face 1 0  m 

1 5 . 8  
1 5 . 4  

1 5 . 0  

1 5 . 9  
1 5 . 8  

l S . 2  

1 5 . 3  
l S . 3  

1 5 . 7  

1 5 . 9  
1 5 . 8  

1 7 . 7 
1 5 . 7  

1 6 . 1 

1 4 . 8  
1 6 . 9  

1 6 . 8  

· 1 6 .  9 

1 7 . 6  

1 7 . 2  

1 6  
1 5 . 3  

l S . S  

1 6 . 1  
1 7  

1 7  . 1  

l S . 7  
1 6  

1 6 . 2 

1 6 . 4  
1 7 . 3  

1 7 . 3  

1 7 . 1  

1 7 . 1  

1 7  . 1  

1 6 . 6  
l S . 9  

1 7 . 4  

1 7  

1 7  

1 7  

1 7 . 5  
1 6 . 8  

1 6 . 8  

1 7 . 4  
1 7 . 3  

1 7 . 5  

1 6 . 7  
1 6  

1 5 . 9  

1 6 . 3  

1 8  

1 8  

1 8  

1 6 . 8  

1 8 . 5  
1 8 . 4  

1 8 . 2  

1 7 . 4  
1 8 . 3  

1 7 . 7  

1 7 . 7  

1 4 . 7  
1 6 . 9  

1 6 . 8  

1 6 . 9  

1 7 . 5  

1 7 . 2  

l S . 9  
1 5  

1 5 . 4  

1 5 . 9  
1 7  

1 7 . 1  

1 6 . 1  
1 6  

1 6 . 2  

1 6 . 4  
1 7 . 3  

1 7 . 3  

1 7 . 2  

1 7 . 1  

1 7 . 1  

1 6 . 4  

1 5 . 4  

1 7 . 3  

1 7  

1 7  

1 7  

1 7 . 4 
1 6 . 6  

1 6 . 5  

1 7 . 4  
1 7  . 1  
1 7 . 4  

1 6 . 5  
1 6  

1 5 . 4  

1 6 . 1  

1 7 . 9  

1 8  
1 8  

1 5 . 4  

1 8 . 4  
1 8 . 4  

1 8 . 2  

1 7 . 3  

1 8 . 2  

1 7 . 6 
1 7 . 7  

T ime 

1 5 1 5  
1 6 3 0  

8 5 0  

9 1 5  
1 1 3 5 

1 3 3 5  
1 4 2 5  
1 2 5 5  

1 5 1 6  

1 4 1 5  
1 6 S O  

1 7 5 3  

2 0 0 0  
1 9 3 0  

6 0 8  
7 2 6  

8 4 0  

9 2 1  

1 2 4 0  

1 3 5 2  

1 5 1 7 
1 6 3 7  

8 1 1  

9 2 6  

1 0 5 5 

1 3 5 0  

1 4 5 8  
1 6 1 5  
6 4 9  

8 0 6  
9 0 2  

9 5 8  

1 1 2 9  
1 2 1 9  

1 3 0 5  

1 3 5 0  

1 6 3 1 

6 1 5  

7 2 8  

8 2 0  

9 1 1  

1 0 2 7  

1 1 3 6  

1 2 5 0  

1 5 0 3  

1 5 4 2  

1 6 4 4  

1 7 4 5  
1 9 2 9  

5 3 2 

7 2 2  

8 3 4  

7 4 2  
6 4 5  

5 5 2  

1 2 1 0  
1 2 5 5  

1 3 5 6  

1 4 5 3 
8 4 8  

7 5 0 
6 5 4  

Wat er 
Va l (m3 > 

3 7  

6 1  

4 6  

3 8  

3 4  
4 1  

2 0  

3 5  

1 0 2  

3 6  

1 
3 8  

1 1 3  
1 0 0  

1 5 5  

1 4 6  
1 3 0  

1 2 9  

1 2 9  
1 2 0  

1 2 3  

1 2 2  

1 1 2  

1 1 1  

1 0 8  
l l O  
1 2 3  

1 2 8  
1 3 4  

1 4 0  

1 5 9  

1 2 7  

1 4 1  

1 2 6  
1 1 1  

1 3 0  

1 4 0  

1 3 1 

1 2 8  

1 5 4  

1 6 3  

1 4 4  

1 3 4  

1 4 0  

1 3 1 

1 4 9  
1 2 6  

1 0 8  

1 0 6  

1 2 8  

1 1 2  

1 1 4  

1 0 5  

1 1 7  
1 2 5  

1 1 8  

1 0 7  

1 3'6 

1 3 6  

1 2 5  



Cru i s e  Stat Dat e  

1 9 0  

1 9 0  
1 9 0  

1 9 0  

1 9 0  . 

1 9 0  

1 9 0  

1 9 0  
1 9 0  

1 9 0  

1 9 0  
1 9 0  

1 9 0  

1 9 0  
1 9 0  

1 9 0  

1 9 0  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  
1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 3  

1 9 7  
1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 7  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

1 9 8  

2 4  

2 5  
2 6  

2 7  

2 9  

3 0  

3 1  

3 1  
3 1  

3 1  

3 1  

3 1  

3 1  

3 2  
4 0  

4 1  

4 2  

6 

7 

8 

9 

1 0  

1 1  

1 4  

1 5  

1 6  

1 7  

1 8  
1 9  

2 2  

2 3  

2 4  

2 5  

2 6 
2 7  

3 0  

3 1  

3 2  

3 4  

3 5  

3 6  

2 2  

2 3  

2 4  

2 5 . 

2 6  

2 7  

3 0  

3 1  

3 2  

3 4  

3 5  

3 6  

6 

7 
8 

9 

1 0  

1 1  

1 4  

1 5  

1 6  

1 7  

1 8  

2 5 / 1 / 8 9  

2 4 / 1 / 8 9  
2 4 / 1 / 8 9  

2 4 / 1 / 8 9  

2 4 / 1 / 8 9  
2 4 / 1 / 8 9  

2 3 / 1 / 8 9  

2 3 / 1 / 8 9  
2 3 / 1 / 8 9  

2 3 / 1 / 8 9  

2 3 / 1 / 8 9  
2 3 / 1 / 8 9  

2 4 / 1 / 8 9  

2 4 / 1 / 8 9  
2 4 / 1 / 8 9  

2 4 / 1 / 8 9  

2 4 / 1 / 8 9  

2 / 3 / 8 9  

2 / 3 / 8 9  

2 / 3 / 8 9  

2 / 3 / 8 9  

2 / 3 / 8 9  

1 / 3 / 8 9  

1 / 3 / 8 9 

1 / 3 / 8 9 

1 / 3 / 8 9 

1 / 3 / 8 9  

1 / 3 / 8 9 
1 / 3 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 8 / 2 / 8 9  

2 7  / 2 / 8 9  

2 7 / 2 / 8 9  

2 7 / 2 / 8 9  

5 / 4 / 8 9  

5 / 4 / 8 9  

5 /  4 / 8 9 

5 / 4 / 8 9  

5 / 4 / 8 9  

5 / 4 / 8 9  

4 / 4 / 8 9  

4 / 4 / 8 9  

4 / 4 / 8 9  

4 / 4 / 8 9  

4 / 4 / 8 9  

4 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 2 / 4 / 8 9  

1 1 / 4 / 8 9  

1 1 / 4 / 8 9  

Lat Long 

4 2 1 8 0 2  1 4 8 2 2 0 0  

4 2 3 0 1 0  1 4 8 0 3 0 2  
4 2 3 3 0 8  1 4 8 1 6 0 1  

4 2 3 6 8 0  1 4 8 2 5 2 5  

4 2 4 3 0 0  1 4 8 3 1 0 0  

4 2 4 6 4 1  1 4 8 2 1 8 0  

4 2 4 9 0 3  1 4 8 1 0 1 4  

4 2 4 9 0 3  1 4 8 1 0 1 4  
4 2 4 9 0 3  1 4 8 1 0 1 4  

4 2 4 9 0 3  1 4 8 1 0 1 4  

4 2 4 9 0 3  1 4 8 1 0 1 4  

4 2 4 9 0 3  1 4 8 1 0 1 4  

4 2 4 8 0 3  1 4 8 1 1 0 4  

4 2 5 4 0 8  1 4 7 5 4 9 7  
4 2 4 9 1 9  1 4 8 0 4 8 0  

4 2 4 9 0 3  1 4 8 1 0 1 4  

4 2 4 4 6 3  1 4 8 2 6 5 4  

4 1 1 6 3 3  1 4 8 3 9 4 0  

4 1 1 7 9 1  1 4 8 2 9 8 9  

4 1 1 7 9 1  1 4 8 2 2 9 2  

4 1 3 3 6 8  1 4 8 2 0 4 5  

4 1 3 3 9 0  1 4 8 2 8 1 4  

4 1 3 4 0 3  1 4 8 3 5 4 8  

4 1 4 9 0 5  1 4 8 3 5 5 4  

4 1 4 9 0 4  1 4 8 2 6 8 8  

4 1 4 9 1 1  1 4 8 1 9 0 3  

4 2 0 2 0 3  1 4 8 2 0 2 5  

4 2 0 2 8 9  1 4 8 2 9 7 7  
4 2 0 3 6 0  1 4 8 3 7 2 6  

4 2 1 5 7 5  1 4 8 3 3 6 7  

4 2 1 7 0 3  1 4 8 2 7 0 0  

4 2 1 7 5 7  1 4 8 2 0 2 9  

4 2 3 0 4 4  1 4 8 0 4 1 7  

4 2 3 2 4 6 1 4 8 1 5 8 6  
4 2 3 6 7 0  1 4 8 2 5 6 9  

4 2 4 5 8 6  1 4 8 2 2 0 0  

4 2 4 8 1 4  1 4 8 1 1 0 0  

4 2 5 1 0 0  1 4 8 0 0 0 0  

4 3 0 0 9 7  1 4 8 1 4 1 3 

4 3 0 1 9 0  1 4 8 0 6 2 2  

4 3 0 2 1 7  1 4 7 5 9 9 3  

4 2 1 5 8 5  1 4 8 3 4 1 0  

4 2 1 6 8 7  1 4 8 2 7 0 3  
4 2 1 7 4 8  1 4 8 1 9 8 6  

4 2 3 0 0 0  1 4 8 0 3 0 0  

4 2 3 3 0 6  1 4 8 1 6 1 4  

4 2 3 7 0 8  1 4 8 2 6 6 3  

4 2 4 6 0 0  1 4 8 2 1 6 4  

4 2 4 7 8 4  1 4 8 1 0 4 7 

4 2 5 2 0 0  1 4 8 0 0 4 7  

4 3 0 1 4 9  1 4 8 1 5 0 6  

4 3 0 2 3 6 1 4 8 0 6 5 2  

4 3 0 1 9 5  1 4 7 5 8 4 8  

4 1 1 9 0 7  1 4 8 3 7 8 8  

4 1 1 8 9 8  1 4 8 3 0 0 0  

4 1 2 0 0 0  1 4 8 2 3 2 6  

4 1 3 5 4 3  1 4 8 2 0 4 1  

4 1 3 4 1 7  1 4 8 2 8 4 9  

4 1 3 4 3 4  1 4 8 3 6 6 2  

4 1 4 8 8 4  1 4 8 3 5 3 0  

4 1 4 9 4 4  1 4 8 2 6 8 7  

4 1 4 8 7 9  1 4 8 1 9 2 2  

4 2 0 2 9 2  1 4 8 2 1 6 2  

4 2 0 1 7 8  1 4 8 2 8 7 4  

Depth ( m )  

Wat er Tow 

7 6  

3 0  
9 0  

1 2 4  

1 5 0 0  
1 7 0  

9 2  

9 2  
9 0  

9 2  

9 2  
9 2  

9 3  

6 3  
7 4  

9 8  

7 0 0  

1 7 0  

1 1 0  
5 7  

4 2  

9 2  

1 3 0  

7 5 

4 0  

5 8  

8 4  

1 3 0  

1 3 0 

9 4  
7 0  

3 6  

8 5  

1 4 0  

9 3  
4 7  

1 7 5  

9 6  

7 6  

1 4 0  

9 9  

6 0  

3 4  

9 0  

1 5 0  

1 3 0  

8 4  

5 0  

1 4 0  

9 8  

6 6  

1 4 0  

1 0 8  

4 0  

9 8  

1 5 0  

7 4  

4 3  

5 9  

8 4  

2 

5 9  

2 2  
6 7  

7 1  

6 4  

7 1  

7 3  

6 1  
2 7  

2 1  

8 

2 

6 2  

4 3  
5 1 
5 8  

7 7  

7 7  

6 0  

2 9  

1 9  

6 8  

5 6  

5 9  

5 0  

1 1  

3 5  

5 8  

5 4  

5 4  

6 7  

4 0  

1 1  

4 1  

4 9  

5 1  

6 5  

1 1  

7 6  

5 9  

3 3  

6 0  

6 7  

3 8  

1 7  

6 3  

5 8  

5 6  

6 3  

4 3  

5 0  

6 3  

4 2  

4 4  

4 1  
1 6  

4 0  

5 8  

6 4  

5 2  

5 4  

3 9  

4 8  

5 2  

Temp ( T°C ) 
Sur f  ace 1 0  m 

17 . 4 
1 6 . 8  
17 . 4 

1 8 . 1  

17 . 7 

17 . 3  

1 6 . 6  

1 6 . 6  

17 . 3  

1 6 . 3  
1 6 . 3  

17 . 3 

17 . 9 

2 0 . 6  

1 9 . 4  

1 7 . 2 

1 6 . 9  

1 8 . 8  
2 0 . 6  

2 0 . 5  

1 9 . 5  

17 . 6 

1 7 . 9  

1 8 . 3  
1 8 . 8  

1 8  

1 8 . 1  
1 8 . 2  

1 8 . 5  

1 8 . 2  

1 7 . 9 

1 8  

1 7 . 8 
17 . 8 
1 8  

1 7 . 9 

1 7 . 7 

1 8 . 3  

1 8 . 4  

1 7 . 2 
1 7 . 8 
1 7 . 9 
1 8 . l  

1 8  

1 7 . 2 

1 7 . 3 

1 7 . 8 
1 7 . 8 
1 6 . 5  
1 8 . 2  

1 7 . 9 
1 7 . 0 
1 7 . 8 
1 8 . 3  

1 8 . 3  

1 8 . 4 
1 8 . l  
1 7 . 5 
17 . 7 
1 8 . l  

17 . 4 

1 6 . 3  
1 7  

17 . 8 

1 7 . 6 

17 . 1  

1 6 . 1  

1 6 . 1  

1 7 . 3  

1 6 . 2  
1 6 . 3  

1 7 . 3 

17 . 7  

1 9 . 7  

1 9 . 4  

17 . 5 

1 8  

17 . 7 
2 0 . 6  

2 0 . 5 

1 9 . 6  

1 7 . 5 

1 9 . 9  

1 8 . 3  

1 8 . 9  

1 8 . 5  

1 8 . 4  

1 8 . 3  

1 8 . 3 

17 . 9 

1 7 . 9 

1 8 . l  

1 7 . 8 

1 7 . 8 

1 7 . 9  

1 7 . 9 

1 7 . 6 

1 8 . 3  

1 8 . 3  

1 7 . 2 
1 7 . 6 

1 7 . 9  

1 8 . l  

1 8  

1 6 . 9  

1 6 . 9  

1 7 . 7 

17 . 7 
1 6 . 5  
1 8 . 1 

1 7 . 9  
1 7 . 6  

1 7 . 6 

1 8 . 2  

1 8 . 3  

1 8 . 4  

1 8 . l  

1 7 . 6 

1 7 . 7 

1 8 . 1  

Time 

( EST ) 

6 0 6  
1 4 2 7  
1 2 5 6  

1 1 3 5  

1 0 2 3  
8 5 9  

1 4 0 7  

1 4 3 7  
1 5 0 7  

1 5 3 3  

1 5 5 5  
1 6 2 0  

7 2 8  

5 4 5  
6 3 2  

8 1 0  

9 4 3  

9 5 5  

8 2 5  
7 3 0  

1 3 2 0  

1 2 0 5  
1 7 0 0  

1 4 4 5  

1 3 4 0  
1 2 4 0  

1 0 4 7  

9 4 3  

8 4 2  

1 8 0 3  

1 7 1 0  

1 6 2 0  

1 3 5 0  

1 2 3 3  

1 1 2 0  

9 5 5  

8 4 0  

7 1 5  

1 6 4 0  

1 7 4 5  

1 8 3 0  

1 4 4 0  

1 3 5 0  

1 2 5 5  

1 0 3 5  

9 1 0  

7 5 5  

1 5 4 5  

1 4 5 0  

1 3 3 5 

1 0 5 0  

1 1 5 5  

9 1 5  
1 7 2 0  

1 6 3 0  

1 5 3 0  

1 3 0 0  

1 2 1 0  

1 1 2 0  

9 2 0  

8 2 5  
7 3 5  

7 5 5  

8 5 5  

Wat er 
Vo l ( m3 > 

1 4 8  
1 1 0 
1 3 8  

1 3 3  

1 3 4  

1 4 9  

1 5 9  

1 2 2  
2 1 1  

2 9  

1 0 5  
1 1 1  

1 4 0  

2 9 1  
1 2 7 

1 3 3  

1 3 3  

1 3 5  

1 2 7 

1 3 9  

1 1 8  

1 1 7 
1 5 0  

1 4 7  

1 6 2  

1 5 5 

1 1 6  

1 2 2  
1 5 3  

1 6 3 

1 3 7  

1 3 6  

1 3 4  

1 0 1  

1 1 2 

1 2 2  

1 1 6  

8 9  

1 0 6  

1 1 0  

1 3 2  

1 0 9  

1 2 0  

1 2 9  

9 5  

1 1 2  

1 0 1  

9 8  

1 3 5  
9 4  

1 3 1  

1 2 3  

1 1 0  

1 4 2  
l :J 6  

1 1 4  

4 6  
1 3 5  

1 0 1  
1 0 8  

l � O  
1 3 1  

1 2 7  6 

1 1 2 



Cru i s e  Stat Date 

1 9 8  

2 1 5  

2 1 5  

2 1 5  
2 1 5  

2 1 5  

2 1 7  

2 1 7  

2 1 7  
2 1 7  
2 1 7  

2 1 7  
2 1 7  

2 1 7  

2 1 7  

2 1 7  

2 1 7  

2 1 7  
2 1 7  

2 1 7  

2 1 7  

2 1 7  

2 1 7  

2 1 7 
2 1 7  

2 1 8  
2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  
2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 8  

- 2 1 8 

2 1 8  

2 1 8  

2 1 8  

2 1 8  

2 1 9  

2 1 9  

2 1 9  
2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

1 9  

6 

7 

2 5  . 
2 6  

2 7  

6 

7 

8 
9 
1 0  

1 1  
1 5  

1 6  

1 7  

1 8  

1 9  

2 2  
2 3  

2 4  

2 5  

2 6  

2 7  

3 1  
3 2  

6 
7 

8 

9 

1 0  

1 1  

1 4  
1 5  

1 6  

1 7  

1 8  

1 9  

2 2  
2 3  

2 4  

2 5  
2 6  

2 7  

3 0  

3 1  

3 2  

3 4  

3 5  

3 6  

6 

7 

8 
9 

1 0  

1 1  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9 

2 2  

1 1 / 4 / 8 9  

1 4 / 1 1 / 8 9  

1 4 / 1 1 / 8 9  

1 5 / 1 1 / 8 9  
1 5 / 1 1 / 8 9  

1 5 / 1 1 / 8 9  

1 2 / 1 2 / 8 9  

1 2 / 1 2 / 8 9  

1 2 / 1 2 / 8 9  
1 2 / 1 2 / 8 9  
1 2 / 1 2 / 8 9  

1 2 / 1 2 / 8 9  
1 2 / 1 2 / 8 9  

1 2 / 1 2 / 8 9  

1 3 / 1 2 / 8 9  
1 3 / 1 2 / 8 9  

1 3 / 1 2 / 8 9  

1 3 / 1 2 / 8 9  
1 3 / 1 2 / 8 9  

1 3 / 1 2 / 8 9  

1 3 / 1 2 / 8 9  

1 4 / 1 2 / 8 9  

1 4 / 1 2 / 8 9  

1 4 / 1 2 / 8 9  
1 4 / 1 2 / 8 9  

8 / 1 / 9 0  
8 / 1 / 9 0  

8 / 1 / 9 0  

8 / 1 / 9 0  

8 / 1 / 9 0  

8 / 1 / 9 0  

7 / 1 / 9 0  

7 / 1 / 9 0  

7 / 1 / 9 0  

7 / 1 / 9 0  

7 / 1 / 9 0 
7 / 1 / 9 0  

7 / 1 / 9 0  
7 / 1 / 9 0  

7 / 1 / 9 0  

6 / 1 / 9 0  
6 / 1 / 9 0  

6 / 1 / 9 0  

6 / 1 / 9 0  

6 / 1 / 9 0  

6 / 1 / 9 0  

5 / 1 / 9 0  

5 / 1 / 9 0 

5 / 1 / 9 0  

2 5 / 1 / 9 0  

2 5 / 1 / 9 0  

2 4 / 1 / 9 0  
2 4 / 1 / 9 0  

2 5 / 1 / 9 0  

2 5 / 1 / 9 0  

2 5 / 1 / 9 0  

2 5 / 1 / 9 0  

2 4 / 1 / 9 0  

2 4 / 1 / 9 0  

2 4 / 1 / 9 0  

2 4 / 1 / 9 0  

2 4 / 1 / 9 0  

Lat Long 
Depth ( m )  
Wat er Tow 

4 2 0 3 8 6  1 4 8 3 6 6 2  1 3 0  7 3  

4 1 1 7  

4 1 1 8  

4 2 4 0  
4 2 3 8  

4 2 3 1  

4 1 2 0  

4 1 1 9 

4 1 1 9 
4 1 3 4  
4 1 3 4  

4 1 3 4  
4 1 4 9  

4 1 4 9  

4 2 0 0  
4 2 0 2 

4 2 0 3 

4 2 1 6  
4 2 17 

4 2 1 8  

4 2 3 0  

4 2 3 3  

4 2 3 8  

4 2 4 8  
4 2 5 1  

4 1 1 9 
4 1 1 9  

4 1 1 9 

4 1 3 4  

4 1 3 4  

4 1 3 4  

4 1 4 9  
4 1 4 9  

4 1 4 9 

4 2 0 2  

4 2 0 2  

4 2 0 4  

4 2 1 6  
4 2 1 7 

4 2 1 7 

4 2 3 0  

4 2 3 3  

4 2 3 7  

4 2 4 6  

4 2 4 7 

4 2 5 1  

4 3 0 2  

4 3 0 2  

4 3 0 2 

4 1 4 9  

4 1 1 8 

4 1 1 9  
4 1 3 4  

4 1 3 4  

4 1 3 4  

4 1 4 9  

4 1 4 9  

4 1 4 9  

4 2 0 2 

4 2 0 2  

4 2 0 4  

4 2 1 6  

1 4 8 4 0  

1 4 8 3 0 

1 4 8 2 7 
1 4 8 1 6  

1 4 8 0 6  

1 4 8 3 8  

1 4 8 3 0 

1 4 8 2 2  
1 4 8 2 0  
1 4 8 2 8  

1 4 8 3 5 
- 1 4 8 2 7  

1 4 8 1 9  

1 4 8 2 0  
1 4 8 2 9  

1 4 8 3 7  

1 4 8 3 3  
1 4 8 2 7  

1 4 8 2 2  

1 4 8 0 3  

1 4 8 1 5  

1 4 8 2 6  

1 4 8 1 1  
1 4 8 0 0  

1 4 8 3 8 
1 4 8 3 0  

1 4 8 2 2  

1 4 8 2 1  

1 4 8 2 8  

1 4 8 3 5 

1 4 8 3 5  

1 4 8 2 7  

1 4 8 1 9  

1 4 8 1 9  

1 4 8 2 9  

1 4 8 3 7  

1 4 8 3 3  
1 4 8 2 7  

1 4 8 2 3  

1 4 8 0 1  
1 4 8 1 6  

1 4 8 2 6  

1 4 8 2 2  

1 4 8 1 1  

1 4 8 0 0  

1 4 8 1 4  

1 4 8 0 6  

1 4 7 5 9  

1 4 8 3 8  

1 4 8 3 0  

1 4 8 2 2  
1 4 8 2 0  

1 4 8 2 8  

1 4 8 3 5 

1 4 8 3 5 

1 4 8 2 7  

1 4 8 1 9  

1 4 8 1 9  

1 4 8 2 9  

1 4 8 3 7  

1 4 8 3 3  

1 7 9  

1 0 8  
4 8  
8 9  
2 1 7  

2 9 7  
1 0 9  

5 3  
3 3  

1 0 0  

1 4 4  
7 5  

4 7  

5 2  
8 7  

1 3 5 

1 2 5  
1 0 1  

8 3  

3 9  

8 2  

1 2 7  

1 0 2  
6 5  

1 5 0  
1 0 0  

4 0  

4 0  
1 0 0  

1 3 0  

1 3 2  
7 5  

4 5  

4 5  

8 6  

1 3 0  

1 3 0  
1 0 0  

6 9  

2 9  
9 0  

1 7 0  

1 3 0  
8 8  

6 0  

1 3 8  

9 6  

6 5  

1 8 0  

1 1 5  

5 0  
3 5  

1 0 5  

1 4 0  

1 3 0  

8 0  

4 5  

4 5  

8 5  

1 4 0  

1 4 0  

3 

4 2  

6 9  

3 5  
5 7  

6 8  

6 4  

5 2  

4 5  
2 4  
6 4  

5 1  
6 3  

3 0  

2 1  
6 8  

7 4  

6 3  
1 5  

3 7  

1 9  
6 6  

9 2  

7 7  
5 0  

7 0  
6 5  

2 2  

1 9  
8 1  

7 0  

6 4  
5 1  

2 2  

2 4  
6 7  

7 7  

6 7  
7 8  

4 8  

8 
5 1  
7 5  

6 8  

6 8  

3 4  

7 1  
7 1  

6 7  

6 2  

6 5  

0 
2 3  

0 
7 2  

8 7  

6 2  

2 0  

2 1  

7 2  

8 0  

7 9  

Temp ( T°C ) 
Sur face 1 0  m 

1 9  

1 4 . 7 

1 5 . 1  

· 1 4 .  5 
1 3 . 8 

1 4 . 2  

1 6 . 9 

1 6 . 4  

1 4 . 7  
1 4 . 7  
1 5  

1 6 . 9  
1 5 . 3  

1 4 . 8  

1 4 . 4  
1 5 . 7  

1 6  

1 6 . 4  
1 5 . 7  

1 5 . 3  

1 5 . 9  

1 5 . 5  

1 5 . 5  

1 5  
1 4 . 7 

1 6 . 8  
1 6 . 5  

1 6 . 4  

1 6 . 5  

1 6 . 7  

1 6 . 5 

1 6 . 8  
1 7  

1 6 . 6  

1 6 . 5  

1 6 . 9  

1 6 . 3  

1 6 . 5  
1 6 . 4 

1 5 . 9  

1 6 . 8  
1 6 . 2  

1 6 . 7  

1 7  

1 6 . 2  

1 5 . 6  

1 6 . 9  

1 6 . 4  

1 5 . 9  

1 7 . 7  

1 7 . 4  

1 6 . 8  
1 7 . 3  

1 7 . 5  

1 7 . 5  

1 7 . 9  

1 6 . 8  

1 6 . 8  

1 6 . 4  

1 7 . 4  

1 7 . 5  

1 6 . 9  

1 9  

1 4 . 4  

1 3  . 9  
1 3 . s. 
1 3  . 9  

1 6 . 8  

1 5 . 6  

1 3 . 7 
1 3  . 9  
1 4 . 6  

1 6 . 6  
1 5 . 1  

1 4 . 5  

1 4 . 2  
1 5 . 8  

1 6  

1 5 . 5  
1 5 . 5  

1 4 . 8  

1 5 . 6  

1 5  

1 5 . 6  

1 5 . 2  
1 4 . 5  

1 6 . 9  
1 6 . 7  

1 6 . 2  

1 6 . 1  

1 6 . 3  

1 6 . 5  

1 6 . 6  

1 6 . 7  

1 6  

1 6  

1 6 . 7  

1 6 . 1  

1 6 . 3  
1 6 . 4  

1 6  

1 6 . 2  
1 6 . l  

1 6 . 7  

1 6 . 7  

1 6 . J  

1 5 . a  

1 6 . 1  

1 6  

1 5 . 9  

1 7 . 8  

1 7 . 6  

0 
1 6 . 8  
0 
1 7 . 6  

1 7 . 7  

1 6 . 6  

1 6 . 7  

1 6 . 5  

1 7 . 2· 
1 7 . 4  

1 7 . 6 

Time 
( EST ) 

1 0 0 0  

1 3 0 7  

1 5 l l  

1 4 5 3  
1 3 4 6  

l l 4 6  

1 8 2 8  

1 9 1 8  

2 0 1 4  
1 4 2 7  
1 5 2 7  

1 6 3 0 
1 1 3 5  

1 2 3 6  

8 4 3  

9 4 7  

1 0 5 5  

1 2 4 0  
1 3 3 0  

1 4 1 0  

1 6 3 6  

8 1 5  

9 4 5  

1 2 0 0  
1 3 2 4  

9 1 0  
8 0 0  

6 5 0  

1 3 1 0  

1 2 1 5  

1 1 2 0  

1 6 1 0  

1 7 2 0  

1 9 3 0 

1 3 4 5  

1 2 2 5  

1 1 1 5  

9 1 5  
7 5 0  

6 5 5  

1 6 1 5  
1 4 1 0  

1 2 1 5  

1 0 4 5  
8 5 0  

7 0 0  

1 6 4 0  

1 7 2 5  

1 8 3 0  

8 5 5  

7 5 0  

1 9 3 0  
1 7  3 0  

1 2 1 5  

1 1 1 5  

1 5 1 5  

1 4 1 5  

1 5 0 5  

1 2 4 5  

1 1 2 5  

1 0 1 5  
7 5 0  

Wa t er 
Vo l (m3 l 

1 0 5  

1 5 1  

1 5 5  

1 3 3  
1 4 7  

1 4 4  

1 5 0  

1 5 4  

9 5  
1 1 2  

1 4 4  

4 6 6 6  
1 3 8 

1 3 8 

1 1 6  
1 1 3  

1 2 4  

1 7 8  
5 6  

1 3 9  

1 2 1  
1 3 0  

1 2 8  

1 3 1 
1 2 5 

8 7  

1 5 4  

1 3 2  

1 3 8 

1 2 1  

1 4 9  

1 7 7  

1 5 9  

1 0 6  

1 1 5  

1 6 5  

1 3 3  

1 4 7  
1 5 6  

1 4 5  

1 0 3  
2 0 8  

1 7 6  

1 9 1  

1 5 5  

1 5 4  

1 5 9  

1 8 0  

1 5 2  

1 9 6  

2 0 3  

1 3 4 
1 3 0  

1 6 6  
1 5 4  

1 5 1  

1 4 7  

1 1 4  
1 2 5  

1 3 0  

1 3 6 

3 5 7 7  



Cru i s e  Stat Dat e  

2 1 9  

2 1 9  
2 1 9  

2 1 9  

2 1 9  
2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  

2 1 9  
2 1 9  

2 2 1  
2 2 1  

2 2 1  

2 2 1  

2 2 1  

2 2 1  

2 2 1  

2 2 1  _ 

· 2 2 1 

2 2 2  

2 2 2  

2 2 2  

2 2 2  
2 2 2  

2 2 2  

2 2 2  
2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 2  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  
2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 2 4  

2 3  
2 4  
2 5  

2 6  

2 7  
2 8  

3 0  
3 1  
3 2  

3 4  

3 5  
3 6  

2 5  
2 6  

3 0  

3 1  
3 2  

3 4  

3 5  

. .. 3 6  

4 2  

9 

1 0  

1 1  

1 4  
1 5  

1 6  

1 7  
1 8  

1 9  

2 2  
2 3  

2 4  

4 3  
4 4  

1 0 1  

1 0 2  

1 0 3  

1 0 4  

6 

7 

8 

9 

1 0  

1 1 . 

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 2  

2 3  

2 4  
2 5  

2 6  

2 7  

3 0  

3 1  

3 2  

3 4  

3 5  

3 6  

2 4 / 1 / 9 0  

2 4 / 1 / 9 0  
2 3 / 1 / 9 0 

2 3 / 1 / 9 0 

2 3 / 1 / 9 0 
2 3 / 1 / 9 0 

2 3 / 1 / 9 0 

2 3 / 1 / 9 0  
2 3 / 1 / 9 0  

1 / 2 2 / 9 0  

1 / 2 2 / 9 0  
1 / 2 2 / 9 0  

1 5 / 2 / 9 0  
1 5 / 2 / 9 0  

1 5 / 2 / 9 0 

1 4 / 2 / 9 0  

1 4 / 2 / 9 0 

1 5 / 2 / 9 0  

1 5 / 2 / 9 0  

1 5 / 2 / 9 0  

1 5 / 2 / 9 0  

2 0 / 2 / 9 0  
2 0 / 2 / 9 0  

2 0 / 2 / 9 0  

2 0 / 2 / 9 0  
2 1 / 2 / 9 0  

2 1 / 2 / 9 0  

2 0 / 2 / 9 0  
2 0 / 2 / 9 0  

2 0 1 2 1 9 0  

2 0 / 2 / 9 0  

2 0 / 2 / 9 0  

2 0 / 2 / 9 0  

1 9 / 2 / 9 0  

1 9 / 2 / 9 0 

2 1 / 2 / 9 0  

2 1 / 2 / 9 0  

2 1 / 2 / 9 0  

2 / 2 2 / 9 0  

1 3 / 3 / 9 0 

1 3 / 3 / 9 0  

1 3 / 3 / 9 0 

1 3 / 3 / 9 0  

1 3 / 3 / 9 0 

1 3 / 3 / 9 0  

1 3 / 3 / 9 0  

1 3 / 3 / 9 0 

1 3 / 3 / 9 0 

1 4 / 3 / 9 0  
1 4 / 3 / 9 0 

1 4 / 3 / 9 0  
1 4 / 3 / 9 0 

1 4 / 3 / 9 0  

1 4 / 3 / 9 0 

1 4 / 3 / 9 0  

1 5 / 3 / 9 0 
1 5 / 3 / 9 0  
1 5 / 3 / 9 0 
1 5 / 3 / 9 0  

1 5 / 3 / 9 0 

1 6 / 3 / 9 0  

1 6 / 3 / 9 0  

1 6 / 3  / 9 0· 

La t  

. 4 2 1 7  

4 2 1 7  
4 2 3 0  

4 2 3 3  

4 2 3 7  
4 2 3 9  

4 2 4 5  

4 2 4 8  

4 2 5 1  

4 3 0 1  

4 3 0 2  
4 3 0 2  

4 2 3 0 
4 2 3 4  

4 2 4 6  

4 2 4 9  

4 2 5 1  

4 3 0 2  

4 3 0 2  

4 3 0 2  

4 2 3 2 

4 1 3 4  

4 1 3 4  

4 1 3 4  

4 1 4 9  
4 1 4 9  

4 1 4 9  

4 2 0 2  
4 2 0 2  

4 2 0 4  

4 2 1 6  

4 2 1 7  

4 2 1 8  

4 2 2 6  

4 2 1 9  

4 2 4 0  

4 2 4 1  

4 2 4 1  

4 2 4 1  

4 1 1 9  

4 1 1 9  

4 1 1 9  
4 1 3 4  

4 1 3 4  

4 1 3 4  

4 1 4 9  

4 1 4 9  

4 1 4 9  

4 2 0 1  

4 2 0 2  

4 2 0 4  

4 1 1 6  

4 2 1 7  

4 2 1 8  
4 2 3 0  

4 2 3 3  
4 2 3 7  

4 2 4 6  

4 2 4 6 

4 2 1 5  

4 3 0 2  

4 3 0 2  

4 3 0 2  

Long 

1 4 8 2 7  

1 4 8 2 3  
1 4 8 0 4  

1 4 8 1 6  

1 4 8 2 6  
1 4 8 3 3  

1 4 8 2 2  

1 4 8 1 1  
1 4 8 0 0  

1 4 8 1 4  
1 4 8 0 6  
1 4 7 5 9  

1 4 8 0 4  
1 4 8 1 6  

1 4 8 2 1  

1 4 8 1 1  

1 4 8 5 9  

1 4 8 1 4  

1 4 8 0 6  

1 4 7 5 9  

1 4 8 1 0  

1 4 8 2 1  

1 4 8 2 8  

1 4 8 3 5 

1 4 8 3 5  
1 4 8 2 2  

1 4 8 1 9  

1 4 8 2 0  

1 4 8 2 9  

1 4 8 3 7  

1 4 8 3 4  

1 4 8 2 8  

1 4 8 2 2  

1 4 8 0 8  

1 4 8 1 3  

1 4 8 0 9  

1 4 8 0 8  

1 4 8 0 7  

1 4 8 0 6  

1 4 83 7  

1 4 8 3 0  

1 4 8 2 2  
1 4 8 2 0  

1 4 8 2 8  

1 4 8 3 6  

1 4 8 3 5 

1 4 8 2 7  

1 4 8 1 9  

1 4 8 1 9  
1 4 8 2 9  
1 4 8 3 7  

1 4 8 4 9  

1 4 8 2 7  

1 4 8 2 2  
1 4 8 0 3  

1 4 8 1 6  

1 4 8 2 6  

1 4 8 2 2  

1 4 8 2 1  

1 4 8 0 0  

1 4 8 1 5  

1 4 8 0 6  

1 4 7 5 9  

Depth ( m )  
Wat er Tow 

1 0 0  

8 4  
4 0  

9 0  

1 3 0  
4 0 0  

1 3 5  

1 0 0  
6 8  

1 3 5  

9 6  
7 6  

4 2  
8 8  

1 1 8  

9 3  

5 1  
1 5 2  
9 8  
7 1  

6 4  

4 7  

1 0 0  

1 3 5  

1 3 0  
7 6  

4 5  
5 3  
8 7  

2 4 1  

3 0 5  
1 0 4  

8 3  

4 9  

3 2  

4 2  

6 0  

4 4  

3 3  

1 9 0  

1 0 7  

4 9  

3 0  

9 8  

1 4 0  

1 5 0  

7 6  

4 3  

4 5  

8 4  

1 4 0  
1 5 0  

9 5  

7 9  

3 7 

8 8  

1 5 0  

2 0 0 

9 4  

6 1  

1 5 4  

9 4  

6 7  

4 

7 8  

6 8  

1 7  

6 9  

7 8  

7 5  

7 1  

7 1  
5 4  

6 8  
5 9  
5 7  

2 4  
6 8  

6 7  

s o  

5 3  

1 7 
6 8  

7 2  

6 5  
6 2  

3 3  

3 2  

5 4  

5 7  

5 8  

6 7  
3 3 
1 1  

2 7  

1 4  

3 2  

3 4  

6 7  

6 2  

3 3  

2 4  

5 7  

7 4  
6 3  

5 6  

2 9  
4 0  

5 7  

7 0  

1 0 5  

1 7  

4 7  

7 0  

7 7  

7 6  

4 7 
5 8  

5 5  

3 6  

Temp ( T°C ) 
Surface 1 0  m 

1 6 . 6 

1 6 . 4  
1 7 . 4  

17 

1 7  . 4  
1 7 . 2  
17 

1 6 . 4  
1 6 . 3  

1 6 . 9 
1 6 . 7 
1 6 . 9  

1 7 . 9  
1 7 . 3  

17 . 9  

1 8  
1 7  . 4  

1 7 . 7 

0 

1 6 . 6  

17 . 4  

17 . 8 
1 8  

1 8  

17 . 9 
17 . 6 

17 . 2  

17 . 1  
1 7 . 7 

1 8  

17 . 5 

1 6 . 9  

1 6 . 9  

1 6 . 8  

1 6 . 9  

1 6 . 7  

1 6 . 9  

1 6 . 8  

1 6 . 8 

1 8 . 8  

1 8 . 3  

17 . 9 

17 . 6 
17 . 7 

1 8 . 7  

1 8 . 6 

1 8 . 5 

17 
17 

1 8 . 4  

1 8 . 7  

1 8 . 5  

17 . 1  

1 7  . 1 
1 7 . 1  

17 . 7 

17 . 6 

1 9 . 9 

1 6 . 9  

1 6 . 7  
1 6  

1 6 . 1  

1 6 . 3  

1 6 . 7 

1 6 . 6  
1 6 . 5  

1 6 . 7  

1 7  . 1  
1 6 . 8  

1 7  

1 6 . 4  
1 6 . 5  

0 

1 6 '  
1 6 . 2  

1 7 . 2  
1 7 . 3  

17 . 7  

0 
0 

1 7 . 6 

0 
0 

1 7 . 4 

1 6 . 9  
1 8 . 4  

17 . 6 

1 7 . 5 
1 7 . 6 

1 7  . 4  

1 7  
1 7 . 6  

1 7 . 8  

1 7 . 5  

1 7  . 1  

1 6 . 9  

1 6 . 4  

1 6 . 8  

1 6 . 7  

1 6 . 7  

1 6 . 6  

1 8 . 6  

1 8 . 7  

1 7 . 7  

17 . 4 

1 7 . 3  

1 8 . 6  
1 8 . 7  

1 8 . 5  

1 7 . 1  
1 7 
1 8 . 4  

1 8 . 8  

1 8 . 3  

1 7  . 1  

1 7 . 7  
1 7 . 7 

1 6 . 9  

1 6 . 9  

1 6 . 7  

1 6 . 2  

1 6 . 2  

1 6 . 6  

T ime 
( EST ) 

6 5 5  
6 1 0  
1 4 4 0  

1 3 0 5  

1 1 3 5 
1 0 3 5 

9 0 0  

7 5 0 
6 3 0  

1 4 3 5 

1 5 3 5  
1 6 2 5  

1 7 2 4  
1 5 3 7  

1 3 2 5  

1 7 0 2  

1 8 5 7  

1 0 5 0  

9 4 6  

8 5 4  

1 6 3 4  

1 9 1 8  
1 8 2 0  

1 7 1 2  

1 5 1 5  
9 0 0  

8 0 5  

1 2 5 2  
1 1 5 7  

1 1 0 0  

9 3 0  

8 5 0  

8 0 5  

1 7 2 0  

1 8 1 6  

1 4 5 5  

1 5 1 8  

1 5 4 0  

8 3 5  

1 7 4 5  

1 6 4 5  

1 5 4 5  
1 3 5 0  

1 2 5 0  

1 1 4 5  
9 3 0  

8 2 5  
7 2 0  

8 5 5 

1 0 1 0  

1 1 1 0  
1 2 4 5  

1 3 4 5  

1 4 3 5 
8 0 5  

9 3 5  

1 1 0 0  

1 2 2 0  

1 3 4 5  

1 5 2 0  

9 2 0  

8 1 5  
7 2 5  

Wat er 
Vo l ( m3 1 

1 4 2  

1 5 7 
1 5 1  

1 5 3  

2 3 0 5  
1 4 3  

1 6 1  

1 6 2  
1 5 8  

1 6 6  

1 7 4  
1 6 0  

1 5 7  
1 6 4 

6 1 3  

6 5  
3 5 8  
9 8  

4 5 4 9  
6 6  

4 4 8 6  

1 1 4  

3 2  

4 5 0 8  

6 5 0  

4 5 1 6  
6 5 7  

7 4  

1 5 7  

4 5 4 7  

5 8 5  

1 5 7 
4 6 1 4  

5 7 0  

1 0 9  



C ru i s e  Stat Date Lat 

2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  
2 2 5  

2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  
2 2 6  

2 4 7  
2 4 7  
2 4 7  
2 4 7 

2 4 8  

2 4 8  

2 4 8  

2 4 8  
2 4 8  
2 4 8  
2 4 8  
2 4 8  
2 4 8  
2 4 8  
2 4 8  
2 4 8 

2 4 8 

" 2 4 8  

2 4 8  

2 4 8  

2 4 8  

2 4 8  

2 4 8  
2 4 8  

2 4 8  

2 4 8  

2 4 8  

2 4 9  
2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 0 1  
2 0 2  
2 0 3  
2 0 4  
2 0 5  
2 0 6  
2 0 7  
2 0 8  
2 0 9  
2 1 0  
2 1 1  
2 1 2  

3 0 0  
3 0 1  
3 0 2  
3 0 3  
3 0 4  
3 0 5  
3 0 6  
3 0 7  
3 0 8  
3 0 9  
3 1 0  
3 1 1  
3 1 2  
3 1 3  
3 1 4  

3 1  
3 2 

3 5  

3 6 

6 

7 

8 

9 
1 0 

1 1  
1 4  
1 5  
1 6  
17 
1 8  
1 9  

2 2  

2 3  

2 4  

2 6  

2 7  

3 0  

3 1  
3 2  

3 4  

3 5  
3 6 

6 
7 

8 

9 

1 0  

1 1  

1 4  
1 5 

2 1 / 3 / 9 0  
2 1 / 3 / 9 0 
2 1 / 3 / 9 0  
2 1 / 3 / 9 0  
2 1 / 3 / 9 0  
2 1 / 3 / 9 0 
2 1 / 3 / 9 0  
2 1 / 3 / 9 0  
2 1 / 3 / 9 0  
2 2 / 3 / 9 0  
2 2 / 3 / 9 0  
2 2 / 3 / 9 0  

4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
4 / 4 / 9 0  
5 / 4 / 9 0  
5 / 4 / 9 0  

5 / 4 / 9 0  
5 / 4 / 9 0  

5 / 4 / 9 0  

4 2 5 6 
4 3 0 3  
4 3 0 7  
4 3 0 8  
4 3 1 1  
4 3 0 8  
4 3 1 0  
4 3 1 2  
4 3 0 6  
4 3 0 6  
4 3 0 6  
4 3 0 5  

4 3 3 9  
4 3 3 9  
4 3 3 7  
4 3 3 6  
4 3 3 5  
4 3 3 5  
4 3 3 4  
4 3 2 5  
4 3 2 1  
4 3 2 0  
4 3 1 9  
4 3 1 8  

4 3 3 3 
4 3 3 5 

1 9 / 1 2 / 9 0  4 2 5 9  
1 9 / 1 2 / 9 0  4 2 5 4  
1 9 / 1 2 / 9 0  4 3 0 4  
1 9 / 1 2 / 9 0  4 3 0 4  

5 / 1 / 9 1  

5 / 1 / 9 1  

5 / 1 / 9 1  

5 / 1 / 9 1  
5 / 1 / 9 1  

5 / 1 / 9 1  

5 / 1 / 9 1  
5 / 1 / 9 1  

5 / 1 / 9 1  

4 / 1 / 9 1  

4 / 1 / 9 1  

4 / 1 / 9 1  

4 / 1 / 9 1  

4 / 1 / 9 1  

4 / 1 / 9 1  

3 / 1 / 9 1 . 

3 / 1 / 9 1  

3 / 1 / 9 1  

3 I 1 1 9 1  
3 / 1 / 9 1  

3 / 1 / 9 1  

3 / 1 / 9 1  
3 / 1 / 9 1  

2 3 / 1 / 9 1  
2 3 / 1 / 9 1  

2 3 / 1 / 9 1  

2 3 / 1 / 9 1  

2 3 / 1 / 9 1  

2 3 / 1 / 9 1  

2 2 /  1 / 9 1  

2 2 /1 / 9 1  

4 1 1 8  

4 1 1 8  

4 1 1 8  

4 1 3 4  
4 1 3 4  

4 1 3 4  

4 1 4 7 
4 1 4 7 
4 1 4 7 

4 2 0 1  
4 2 0 3 

4 2 0 3 

4 2 1 5  

4 2 1 6  

4 2 1 7 

4 2 3 8  

4 2 3 7  

4 2 4 5  

4 2 4 8  

4 2 5 2  

4 3 0 0  

4 3 0 1  

4 3 0 1  

4 1 1 8  

4 1 1 8  

4 1 1 8  

4 1 3 3  

4 1 3 4  

4 1 3 3  

4 1 4 6  

4 1 4 7  

Long 

1 4 8 0 0  
1 4 7 5 7  
1 4 7 5 8  
1 4 7 5 8  
1 4 7 5 8  
1 4 7 5 3  
1 4 7 5 2  
1 4 7 5 2  
1 4 7 4 2  
1 4 7 4 3  
1 4 7 3 3  
1 4 7 2 3  

1 4 8 4 9  
1 4 6 4 1  
1 4 6 3 4  
1 4 6 2 7  
1 4 6 2 1  
1 4 6 0 9  
1 4 6 0 1  
1 45 5 5  
1 4 5 5 6  
1 4 5 5 8  
1 4 5 5 7  
1 4 5 5 6  

1 4 6 0 1  
1 4 6 1 7 

1 4 8 1 0  

1 4 7 5 7  

1 4 8 0 5  
1 4 8 0 0  

1 4 8 3 6 

1 4 8 3 0  

1 4 8 2 3  

1 4 8 2 1  
1 4 8 2 8 
1 4 8 3 5 
1 4 8 3 4  
1 4 8 2 7  
1 4 8 1 8  
1 4 8 1 9  

1 4 8 2 8  

1 4 8 3 6 

1 4 8 3 3  

1 4 8 2 6  

1 4 8 2 0  

1 4 8 1 3  

1 4 8 2 4  

1 4 8 2 1  

1 4 8 1 1  

1 4 8 0 0  

1 4 8 1 4  

1 4 8 0 6  

1 4 7 5 4  

1 4 8 3 8 
1 4 8 2 9  

1 4 8 2 3  

1 4 8 2 1  

1 4 8 2 8  

1 4 8 3 5 

1 4 8 3 4  

1 4 8 2 6  

Depth ( m )  
Wat er Tow 

2 3  
3 2  
2 6  

2 0  
1 3  
2 3  
2 0  

3 6  
1 5  

4 5  
6 0  
6 7  
6 4  
3 9  
5 7  
4 5  
3 5  
3 3  
3 4  
1 8  
1 4  
4 0  

6 5  
3 0  

1 0 0  

5 7  
1 0 0  
8 0  

1 3 7 
1 1 3  

4 5  
9 4  

1 3 8 

1 2 5  
7 4  

4 0  

4 5  
8 8  

1 3 0  

1 2 3  

1 0 0  

7 0  

8 9  

1 1 7  

1 2 5  

9 4  
6 6  

1 5 0  

7 0  

1 7 0  
9 0  

4 8  

1 0 0  

1 4 3  

1 3 4  

7 4  

5 

5 6  
4 5 
8 2  

4 4  

Temp ( T°C ) 
Sur face 1 0  m 

1 6 . 5 
1 6 . 5  
1 6 . 8  
1 6 . 7  
1 6 . 8  
1 7 
1 6 . 8  
1 6 . 7  
1 7 . 2  
1 7 . 3  
1 6 . 6  
1 6 . 7  

1 5 . 2  
1 5 . 4  
1 5 . 5  
1 5 . 7  
1 5 . 8  
1 5 . 8  
1 6 . 4  
1 6 . 4  
1 6 . 6  
1 6  
1 5 . 4  
1 5 . 4 
1 6 . 2  
1 6 . 7  
1 6 . 2  

1 5 . 3  
1 4 . 7  

1 5 . 1  
1 4 . 7  

1 6 . 2  

1 6 . 2  

1 6 . 2  
1 5 . 6  

1 6  
1 6 . 3  
1 6 . 2  

. 1 5 .  8 

1 5 . 1  

1 5 . 3  

1 6  

1 6 . 3  

1 6 . 1  

1 5 . 8  

1 5 . 2  

1 6 . 1  

1 5 . 9  

1 6 . 1  

1 5 . 5 

1 5 . 5  

1 5 . 5  

1 5 . 5  

1 4 . 8  

1 6 . 8  

1 6 . 7  

1 6 . 2  

1 6 . 7  

1 6 . l  

1 7 . 1  

1 7 . 5  

1 6 . 9 

1 5 . 4  

1 4 . 8  

1 4 . 6  
1 3 . 9  

T ime 
( EST ) 

9 2 2  
1 0 2 3  
1 1 0 6  
1 1 2 5  
1 2 2 1  
1 4 0 6  
1 4 2 0  
1 4 5 0  
1 6 4 5  
7 2 5  
8 4 0  
9 4 0  

7 3 0  
8 0 5  
8 5 0  
9 3 5  
1 0 0 5  
1 1 1 5  
1 2 1 0  
1 3 3 0  
1 4 0 5  
1 4 3 0 
8 4 0  

9 0 0  

1 4 1 0  
1 5 3 0  

1 7 0 0  

9 4 5  

8 1 0  

1 0 3  5 
1 1 1 5  

1 6 2 5  

1 5 4 0  

1 4 4 5  

1 2 5 5  
1 2 1 0  
1 1 2 5  

9 5 0  
8 4 5  

7 4 5  

1 5 1 5  

1 4 1 5  

1 3 2 0  

1 1 4 5  

1 0 5 0  

9 5 0  

1 5 5 0  

l.4 3 0  

1 2  5 5 

1 1 4 0  
1 0 1 5  
8 1 5  

7 0 5  

6 0 0  

8 4 5  
7 5 0 

6 4 0 

1 3 1 5  

1 2 2 0  

1 1 2 7  

1 5 3 0  

1 4 3 0  

Wa t er 
Vo l (m3 > 

1 7 8  

1 3 0  

1 6 4  

1 9 6  

2 0 7  

1 5 8  

1 6 0  
1 4 1  

1 6 2  
1 8 3  

1 6 1  

2 0 1  

1 3 5 

1 5 0  

1 9 0  

2 0 3  

1 0 7  

1 2 2  

1 6 1  

1 7 6 

1 4 0  

4 6 7 0  
5 7  

8 7  

1 0 3  

1 0 6  

1 0 3  

1 0 9 

1 0 4  
1 0 3  



Cru i s e  S t a t  Dat e  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 4 9  

2 S O  

2 S O  

·2 s o  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S O  

2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 5 2  

2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 S 2  
2 S 2  

2 S 2  

2 S 2  

2 S 2  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  
2 S 3  

2 S 3  

2 S 3  

2 S 3 

2 5 3  

2 S 3  

2 S 3  

2 S 3  

2 S 3  

2 S 4  

2 5 4  
2 5 4  

1 6  

1 7  

1 8  

1 9  

2 2  

2 3  

2 4  

s o  

2 S  

2 6  

2 7  

3 0 

3 1  

3 2  

3 4  

3 S  

3 6  

S l 

S 2 

S 3  

S 4  

S S  

6 

7 

8 

9 

1 0  

1 1  

1 4  

l S  

1 6  

1 7  

1 8  

1 9  

2 2  

2 3  
2 4  

2 5  

6 0  

6 1  

2 6  

3 1  

3 2  

3 S .  

3 6  

6 4  

6 S  

6 6  

6 7  

6 8  

6 9  

1 0 0  

1 0 1  

1 0 2  

1 0 3  

1 0 4  

l O S  

1 0 6  

1 0 7  

2 S  

2 6  
3 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1  

2 2 / 1 / 9 1 

2 9 / 1 / 9 1  

2 9 / 1 / 9 1  

3 0 / 1 / 9 1  

3 0 / 1 / 9 1  

3 0 / 1 / 9 1  

3 0 / 1 / 9 1  

3 1 / 1 / 9 1  

3 1 / 1 / 9 1  

3 1 / 1 / 9 1  

2 9 / 1 / 9 1  

2 9 / 1 / 9 1  

3 0 / 1 / 9 1  

3 0 / 1 / 9 1  

3 0 / 1 / 9 1  

2 0 / 2 / 9 1  

2 0 / 2 / 9 1  

2 0 / 2 / 9 1  

2 0 / 2 / 9 1  

2 0 / 2 / 9 1  
2 0 / 2 / 9 1  

2 0 / 2 / 9 1  

1 8 / 2 1 9 1  

1 9 / 2 / 9 1  

1 8 / 2 / 9 1  

1 8 / 2 / 9 1  

2 0 / 2 / 9 1  

2 1 / 2 / 9 1  

2 1 / 2 / 9 1  
1 9 / 2 / 9 1  

2 1 / 2 / 9 1  

2 1 / 2 / 9 1  

2 1 / 2 / 9 1  

2 6 / 2 / 9 1  

2 7 / 2 / 9 1  

2 8 / 2 / 9 1  

2 8 / 2 / 9 1  

2 8 / 2 / 9 1  

2 6 / 2 / 9 1  

2 6 / 2 / 9 1  

2 6 / 2 / 9 1  

2 7  / 2 / 9 1  

2 7 / 2 / 9 1  

2 7 / 2 / 9 1  

2 7 / 2 / 9 1  

2 7 / 2 / 9 1  

2 7  / 2 / 9 1  

2 7 / 2 / 9 1  

2 7  / 2 / 9 1  

2 7  / 2 / 9 1  

2 7  / 2 / 9 1  

2 7  / 2 / 9 1  

1 8 / 3 / 9 1  

1 8 / 3 / 9 1  
3 / 1 9 / 9 1  

Lat 

4 1 4 8  

4 2 0 1  

4 2 0 2  

4 2 0 3  

4 2 1 4  

4 2 1 7  

4 2 1 6  

4 3 0 4  

4 2 3 0  

4 2 3 2  

4 2 4 0  

4 2 4 6  

4 2 4 8  

4 2 S l  

4 3 0 1  

4 3 0 1  

4 3 0 1  

4 2 3 6 

4 2 4 0  

4 2 4 0  

4 2 4 7  

4 2 S O  

4 1 1 9  

4 1 1 8  

4 1 1 8  

4 1 3 4  

4 1 3 3  

4 1 3 4  

4 1 4 9  

4 1 S O  

4 1 4 9  

4 2 0 2  

4 2 0 8  

4 2 0 2  

4 2 1 S  

4 2 1 6  
4 2 1 8  

4 2 3 1  

4 2 2 4  

4 2 2 8  

4 2 3 6  
4 2 4 8  

4 2 S 2  

4 2 S 7  

4 2 S 8  

4 2 3 9  

4 2 4 0  

4 2 4 2  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 4 0  

4 2 3 2  

4 2 3 9 
4 2 S l  

Long 

1 4 8 1 8  

1 4 8 1 9  

1 4 8 2 8  

1 4 8 3 6  

1 4 8 3 3  

1 4 8 2 7  

1 4 8 2 2  

1 4 7 1 S  

1 4 8 0 3  

1 4 8 1 7  

1 4 8 2 4  

1 4 8 2 0  

1 4 8 1 1  

1 4 8 0 0  

1 4 8 1 0  

1 4 8 0 6  

1 4 7 S 9  

1 4 8 1 2  

1 4 8 0 8  

1 4 8 1 3  

1 4 8 1 5  

1 4 8 0 S  

1 4 5 3 9 

1 4 8 3 9 
1 4 8 3 4  

1 4 8 2 0  

1 4 8 2 6  

1 4 8 3 S  

1 4 8 3 4  

1 4 8 2 6  

1 4 8 1 9  

1 4 8 2 0  

1 4 8 2 7  

1 4 8 3 6 

1 4 8 3 3  

1 4 8 2 6  
1 4 8 2 0  

1 4 8 2  

1 4 8 1 4  

1 4 8 0 7  

1 4 8 1 4  

1 4 8 0 9  

1 4 7 S 9  

1 4 8 0 6  

1 4 8 0 1  

1 4 8 1 3  

1 4 8 1 0  

1 4 8 0 S  

1 4 8 1 4  

1 4 8 1 1  
1 4 8 1 1  

1 4 8 1 2  

1 4 8 1 2  

1 4 8 1 2  

1 4 8 1 2  

1 4 8 1 2  

1 4 8 1 2 

1 4 8 1 2  

1 4 8 1 8  

1 4 8 0 2  

1 4 8 1 7  
1 4 8 0 8  

Depth ( m )  
Wat er Tow 

3 8  

s o  

8 7  

l S O  

1 2 1  

9 8  

7 3  

2 0  

4 0  

8 8  

1 8 0  

1 1 8  

9 4  

6 6  

1 0 2  

9 6  

7 S  

8 9  

S l  

9 3  

1 0 1  

7 8  

1 1 3  
1 0 3  
4 9  

.i s  
9 0  

1 9 3  

1 1 8  

7 1  

4 5  

S l  

8 7  

1 1 9  

1 1 4  

9 7 
7 2  

3 6  

5 6  

4 3  

8 6  

8 S  

5 S  

8 9  

7 1  

9 0  

7 8  

6 8  

8 0  

8 2  
8 2  

8 8  

8 8  

8 8  

8 8  

8 8  

8 8  

8 8  

1 0 3 

4 4  

1 0 2  
9 0  
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Temp ( T°C ) 
Surface 1 0  m 

1 6 . 7  

1 6 . S  

1 6 . 5  

17 

17 

1 6 . 4  

1 6 . 3  

1 7 . 2  

1 7  

1 6 . 4  

1 6 . 4  

1 6 . 3  

1 6 . 3  

l S . 8  

l S . 4  

1 5  

l S . 2  

1 6 . 4  

1 6 . 7  

1 6 . 1  

17 . 4  

1 6 . 3  

1 7 . 8 

1 6 . 6  

1 6 . 5  

1 6 . 2  

1 6 . 3  
1 6 . 9  

1 6 . 5  

1 6 . 4  

1 6 . 6  

1 6 . 5  

1 6 . 2  

1 6 . 4  

1 5 . 8  

1 5 . 9  
1 6 . 2  

1 7  . 1  

1 6 . 2  

1 6 . 7  

1 5 . 8  

1 5 . 5  

l S . 6  

1 5 . 4  

l S . 5  

1 6 . 2  

1 6 . 4  

1 6 . 8  

1 6 . 4  

1 6 . 2  

1 6 . 2  

1 5 . 9  

1 5 . 9  

1 5 . 9 

1 5 . 9  

1 5 . 9  

1 5 . 9  

1 5 . 9  

1 5 . 7  

1 6 . 5 
' 1 7 . 4 

1 6  

T ime 
( EST ) 

1 3 2 S  

1 13 S  

1 0 3 0  

9 3 0  
7 4 S  

6 S O  

s s o  

1 2 0 6  

1 2 3 0  

1 3 4 S  

9 3 0  

1 2 0 0 

l-3 1 S  
1 4 4 S  

9 4 0  

8 S 5  
8 0 0  

1 S 3 0  

1 6 0 0  

8 2 0  

1 2 4 0 

1 4 0 S  

1 1 3 0  

1 1 0 0  
1 0 0 0  

8 4 0  

8 0 0  

1 3 0 0  

1 5 1 0  

1 5 3 0  

1 6 3 0  

1 3 4 5  

1 2 4 5  

1 6 5 5  

8 2 0  

9 0 5  

1 1 1 5  

1 2 0 0  

1 0 3 0  

1 1 2 S  

1 4 1 5  
1 7 0 0  

1 1 0 0  

9 1 0  

1 0 0 5 

1 5 0 0  

1 5 3 0  

1 6 1 0  

1 1 2 0 

1 5 3 0  
1 5 3 0  

1 2 1 0  

1 2 3 0  

1 2 5 0  

1 3 1 0  

1 3 3 0  

1 3 5 5  

1 4 2 0  

1 4 4 0  

1 3 2 0  

1 5 0 0  
9 3 5  

Wa t er 
Vo l ( m3 l  

l O S  

1 0 2  
8 6  

9 1  

1 0 7 
9 7  

1 2 4  

1 0 6  

l S l  
1 5 1  

1 2 2  

1 4 7  

9 4  

9 0  

1 1 4 

1 0 6  
9 7  

1 4 4  

1 2 1  

1 6 0  

1 1 1  

9 7  

1 5 4  

1 7 2  
1 8 1  

1 4 7 

1 3 8  
1 8 1  

1 7 9  

1 6 8  

1 5 6 

1 9 9  

1 9 3  

1 7 3  

2 3 2 3  

1 3 5  
1 4 9  

1 9 4 

1 8 6  

1 4 6  

1 4 9  

1 3 5  

1 5 7 

1 3 3  

1 8 2  

1 3 0  

1 0 2  

1 3 0  

2 1 7 

1 8 8  

1 4 0  

1 3 8  
1 -. : -. � .J O  

1 6 0  
1 5 5  
1 4 8  

1 3 5  

1 1 9  
1 0 2  



Depth ( m ) Temp ( T°C ) Time Wa t er 
Cru i s e  S t  a t  Date Lat Long Wat er Tow Surtace 10 m { EST ) Vo l {m3 > 

2 5 4  3 2  1 9 / 3 / 9 1  4 2 5 4  1 4 8 0 2  5 2  1 6 1 3 2 0  1 4 1  

2 5 4  3 5  1 9 / 3 / 9 1  4 3 02 1 4 8 0 3  1 5 . 7  1 1 1 5 1 2 1 

2 5 4  3 6  1 9 / 3 / 9 1  4 3 0 1  1 4 7 5 8  6 5  1 5 . 8  1 2 0 0  1 2 8  

2 5 4  7 0  1 8 / 3 / 9 1  4 2 4 1  1 4 8 1 3  9 1  1 7 . 5 1 5 5 0  1 2 9  

2 5 4  .7 1 1 8 / 3 / 9 1  4 2 4 1  1 4 8 1 0  7 7  1 6 . 9 1 6 1 5  1 4 0  

2 5 4  7 2 1 8 / 3 / 9 1  4 2 4 1  1 4 8 0 7 5 2  1 6 . 2  1 7 0 0  1 1 7  

2 5 4  7 3  1 9 / 3 / 9 1  4 2 4 3  1 4 8 0 5  6 5  1 6 . 1  8 2 0  1 1 7  

2 5 4  7 4  1 9 / 3 / 9 1  4 2 5 5  1 4 8 0 7  9 1  1 6  1 0 1 5  1 2 4  

2 5 4  7 5  2 0 / 3 / 9 1  4 2 2 5  1 4 8 2 2  9 7  1 8 . 7  1 1 3 0  1 5 6  

2 5 4  7 6  2 0 / 3 / 9 1  4 2 2 0  1 4 8 2 2  7 4  1 8 . 8  1 2 2 0  1 3 6  

2 5 4  8 0  2 0 / 3 / 9 1  4 2 1 8  1 4 8 2 1  7 3  1 9  1 3 0 0  

2 5 6  2 5  8 / 4 / 9 1  4 2 3 2  1 4 8 0 5  4 0  1 5 . 7 1 4 0 5  1 0 7 

2 5 6  2 6  8 / 4 / 9 1  4 2 3 6  1 4 8 1 4  8 5  1 5 . 8  1 5 3 0  1 1 0  

2 5 6  3 0  9 / 4 / 9 1  4 2 4 4  1 4 8 2 1  3 0 0  1 7 . 4  9 0 0 2 8 0  

2 5 6  3 1  9 / 4 / 9 1  4 2 4 9  1 4 8 1 1  9 3  1 5 . 8  1 0 4 0  1 0 9  

2 5 6  3 2 9 / 4 / 9 1  4 2 5 2  1 4 7 5 9  5 5  1 5  1 6 4 0  

2 5 6  3 5 9 / 4 / 9 1  4 3 0 2  1 4 8 0 5  9 4  1 4 . 9  1 2 4 0  1 8 3  

2 5 6  3 6  9 / 4 / 9 1  4 3 0 2 1 4 7 5 9  7 0  1 4 . 7  1 3 4 0  1 1 3  

2 5 6 4 2  9 / 4 / 9 1 4 2 5 3 1 4 8 0 3 7 9 1 5 . 5  1 5 5 0  1 0 9  

2 5 6  4 3  9 / 4 / 9 1 4 3 0 2  1 4 8 0 2  8 3  1 4 . 8 1 4 1 5  1 0 9 

2 5 8  2 5  6 / 5 / 9 1  4 2 3 1  1 4 8 0 6  5 1 1 4 . 3  1 2 5 0  1 3 2  

2 5 8  2 6  6 / 5 / 9 1  4 2 3 3  1 4 8 1 6 9 0  1 4 . 4  1 3 5 0  1 1 6  

2 5 8  2 7  6 / 5 / 9 1  4 2 3 5 1 4 8 2 7  1 4 0  1 4  1 5 0 0  1 0 1  

2 5 8  3 1  7 / 5 / 9 1  4 2 4 8  1 4 8 1 1  9 4  1 4 . 1  1 2 2 5  1 5 5  

2 5 8  3 2  7 / 5 / 9 1  4 2 5 1  1 4 8 0 0  6 5  1 4 . 2  1 3 4 0  1 3 9  

2 5 8  3 5  7 I 5 1 9 1  4 3 0 2 1 4 8 0 6  9 5  1 3  . 4  1 6 0 0  1 5 7  

2 5 8  3 6 . 8 / 5 / 9 1  4 3 0 2  1 4 7 5 9  7 2  1 3  . 1  1 6 3 0  1 6 4  

2 5 8  Ll 7 / 5 / 9 1  4 2 5 3 1 4 8 0 1  6 5  1 3 . 9 1 4 2 0  

2 5 8  Ml 8 / 5 / 9 1  4 3 0 8  1 4 8 0 1  1 3  . 1  1 5 3 0  

2 5 8  Rl 7 / 5 / 9 1  4 2 4 1  1 4 8 0 8  5 0  1 3 . 9 8 2 0  

2 5 8  R2 9 / 5 / 9 1  4 2 4 0  1 4 8 0 7  3 0  1 3 . 9 9 1 5  

2 5 8  R3 9 / 5 / 9 1  4 2 4 0  1 4 8 0 7  2 8  1 3 . 9 1 0 0 0  
2 5 8  R4 9 / 5 / 9 1  4 2 5 3 1 4 8 0 1  1 3 . 9 1 0 1 0  
2 5 8  R5 9 / 5 / 9 1  4 2 3 7  1 4 8 0 9  4 9  1 4 . 2  1 1 3 5  

7 





6 .  ORIGINAL GRANT AP P LICATION 





Fishing Industry Research Committee 

Application for Funding - 1988-89 

1 • Title of proposal: Jack mackerel resource assessment in south eastern Australian waters. 

2 . Name of Applicant: Department of Sea Fisheries, Tasmania (DSF) 

3 . Department, division or section: Fisheries Division, Pelagic Fisheries S ection. 

4 .  Proposal : 

This proposal aims to develop methods for estimating the size of the jack mackerel resource 
using fishery-independent techniques. This information will be used to develop relative indices 
of abundance which will become the basis for calculating annual total allowable catch (TAC) 
for the jack mackerel fishery. 

The primary methods to be used will be sonar and aerial survey techniques. S onar surveys will 
involve regular transect sampling aimed at developing a hydroacoustic index of abundance. 
The aerial surveys will take advantage of the aerial census data currently being collected by the 
DSF. This information is collected from the spotters by a logbook, but is not currently being 
analysed due to staffing shortages. 

Inter-annual variability in the jack mackerel resource will be assessed by relating the baselines 
formed from the hydroacoustic, and aerial surveys to sea temperature. Sea temperature data 
will be derived from routine hydrographic surveys and by sea surface temperature images 
provided by the CSIRO Division of Fisheries. In this way a qualitative understanding of the 
effects of sea temperature on adult distribution will be gained. 

The project will utilize the research vessel Challenger to conduct transects on a fortnightly basis 
through the summer and autumn on the east coast of Tasmania. A Simrad S Q  270 sonar will 
be u sed to map school abundance on these transects. Routine ichthyoplankton and 
hydrographic stations will also be sampled on the transects .  Associated with the transects will 
be mid-water and bottom trawling to sample and identify targets. 

There is a paucity of information on adult abundance, distribution, spawning areas and the 
early life history of jack mackerel. This project would substantially add to our knowledge in 
these areas whilst providing information of direct relevance to the management and 
development of the fishery. 

5 . Name of persons responsible for program: 

Name Kim Evans, B .Sc . (Hons.) 
Acting Assistant Director - Fisheries 

Address Dept Sea Fisheries, Tasmania 
GPO Box 6 1 9F 
Hobart 700 1 

Telephone (002) 30 6632 
Facsimile (002) 23 1539 

Dr Bowel Williams 
R.0.1. C. Pelagic Fisheries S ection 

Dept Sea Fisheries, Tasmania 
GPO Box 6 1 9F 
Hobart 700 1 

(002) 27 8867 
(002) 278 025 

6 . Qualifications of staff to be employed on program: 

H. Williams, B . Sc . (Hons.) Ph.D 
C. Waterworth, Technical Officer 
Research Officer to be appointed 
Technical Officer to be appointed 

1 

% on this project 
( 10%) 
(10%) 
( 1 00%) .  
( 1 00%) .  



O bjectives: 

(a) develop indices of abundance for jack mackerel to enable appropriate annual T ACs to be 
set. 

(b) . describe and assess the po tential for variability in jack mackerel stocks caused by 
environmental factors. and 

(c) . collect data on the breeding behaviour and early life history of jack mackerel. 

Justification, including practical application: 

B ackground :  

, The jack mackerel fishery is a new and developing fishery, for which there has only been two 
full seasons of fishing. Even so it has grown dramatically from an unexploited resource in 
1 984 to the largest single species fishery in Australia at present in terms of landed weight. In 
the last season, landings of 42,000 tonnes were valued at approximately $4 million. The 
principal product is fish meal. which is of value both as a replacement for imponed stock feeds 
and as a source of feed for the developing Tasmanian salmonid aquaculture industry . Several 
new markets are developing for mackerel (notably baitfish, canning and expon for human 

. consumption), and their development will greatly increase the value of the fishery. 

The strong growth in landings has occurred because of the increasing participation of vessels 
and processors in the fishery. Whereas in 1985 the fishery was based around one processor 
and three vessels. the fishery now suppons three maj or processors and ten vessels with an 
existing potential capacity in excess of 85,000 tonnes per annum. 

With fundin g  from FIR.TA and the DSF a joint program has been developed to monitor catch 
data and collect basic biological information from the exploited population. However no 
assessment has been made of the population size or the existence of inter- annual variability. 

Last year Tasmania sought to introduce planned development of this fishery through an 
Offshore Constitutional Settlement (OCS) giving Tasmania management responsibility. The 
developmental pressure has become intense with a potential for serious overcapitalisation 
occuring. This OCS was opposed on the grounds that the fishery was still developing and that 
the question of stock size and distribution had not been resolved. 

As the OCS negotiations were unsuccessful. and because of concern that overcapitalisation may 
occur, the Tasmanian Government implemented a management plan for Tasmanian waters 
where 99.6% of the catches are made. The objective of this plan is to reduce the risk of 
overcapitalisarion and protect the fish stocks. Management will be effected by setting annual 
TAC's and allocating quota to fishermen. 

Under the new management plan it will not be possible to set TAC's in the shon term that will 
optimise economic value and harvest rates due to the lack of resource assessments. This will 
require management to take a speculative course in setting annual TAC's.  The jo int 
FIRT A/DSF resource monitoring program will be maintained as the core research program for 
this fishery by the DSF. This program. although of great value in collecting data from the early 
development period of the fishery, is only of real value in the long term. The present rime 
series data from this pro gram is currently of little value to an assessment of resource size for 
two reasons.  Firstly, this is because the program has only run for two full seasons and 
therefore the data is too sparce to be useful, and sec ondly the data is fishery based and is 
therefore biased to the existing fishing grounds and by fishing effon. 

No information is available on stock size or on what might be a realistic TAC. It should be 
possible however to use the TAC as a long term research tool by sending pulses of effon 

· through the stock by changing the annual TAC and monitoring the biological effects under the 
existin g  monitoring pro gram. This would be a long term res earch pro gram and the 
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interpretation of the results would be complicated by the large scale fluctuations in population 
size that are characteristic of pelagic fish populations.  This would have the effect of 
introducing so much background noise to population parameters that the effects of pulsed effort 
may be impossible to detect with the current fishery based research program. This type of 
research would have little chance of success in isolation of resource estimates derived by 
fishery-independent means. 

The proposed program is aimed at estimating the abundance of the population by fishery­
independent techniques. This would remove several of the constraints that hamper population 
analysis in the existing program, and particularly it will be independent of fishing area and 
intensity . This program will also aim to identify and qu antify those factors that cause 
fluctuations in the population. A better understanding of the relationship between abundance 
and TAC will be attained and this will allow the fishery to develop to the optimal level of 
capacity in a shorter period of time. 

Need for resource assessment:  

Temperate pelagic fisheries such as the jack mackerel commonly exhibit year class failures and 
changes in adult distribution due to the effects of sporadic or cyclic changes in their habitats. 
Typically these perturbations are detected by changes in sea temperature and their effects are 
often complex. Where adult distribution is changed then abundance of fish in traditional 
fishing grounds may be low or nonexistant. Spawning in abnormal years may be affected as 
spawning grounds may not be accessible due to adverse temperature conditions. In addition 
the effects of adverse temperature on larval survival (through changes to the timing and 
magnitude of primary productivity and thus food availability) will be the main determinant of 
recruitment for the ensuing year class. If this effect is not detected then the recruiting year class 
may be overfished. 

These phenomena have been detected in other temperate fisheries and are recognised as major 
determinants of abundance. For example, pelagic fisheries in Japan have fluctuated markedly 
as a result of changes to warm water currents, whilst both the sardine fishery in America and 
the anchovy fishery off South America have been dramatically affected by El Niiio events. 
Environmental changes rather than fishing pressure have become the primary concern of 
management strategies in these fisheries. 

Fisheries consultants Dr. John Gulland, Prof. Carl Walters and Dr. Ray Hillborn who visited 
Australia recently have emphasised the problems of using conventional fisheries orientated 
methods for assessing such fisheries. They see the need for fisheries-independent methods for 
resource assessment. Dr. Ray Hilborn, who was employed as consultant to the DSF for five 
months suggested that priorities in the research strategy should be the formulation of methods 
for assessing abundance. 

Because the size of the jack mackerel resource may vary it is not appropriate to set a TAC that 
remains static from year to year. The DSF's aim is to develop a method to routinely assess the 
population and calculate an index of abundance to be used each year as the basis for setting the 
size of the TAC. It is hoped that this may also account for future compensations in the TAC to 
accommodate variable recruitment. It is anticipated that if the development of the techniques 
described here are successful then resource assessments of jack mackerel will be continued by 
the DSF after FIRTA funding ceases. 

Need for fundamental breeding information : 

There is very little known about the early life history of jack mackerel or of its breeding 
behaviour. These aspects of the species biology are of great importance in understanding many 
aspects of the population's dynamics. B asic information is impossible to collect from the 
fishery as no fish in ripe or running ripe condition have been sampled to date. Our data 
suggests that the breeding fish leave the fishing grounds to spawn (probably at the shelf break) 
and return when they are in a spent condition. However there is only scarce data relating to the 
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probable spawning sites and the early life history stages of larval jack mackerel; whilst data on 
the behaviour of spawning fish. their fecundity and the relationship of spawning fish to the 
inshore populations is virtually nonexistant 
Data of direct relevance to these questions could be collected in parallel to the other work 
described here with little extra effort This opportunistic sampling of larvae and adults in 
breeding condition would greatly add co our understanding of the biology of this species. 

Location (s)  of operations : 

Department of Sea Fisheries Laboratories. Taroona 
Fisheries research vessel Challenger off the east and north east coast of Tasmania. 

1 .  Proposal in detail : 

a) Plan of O peration 

1. Method of procedure-

Field work will be carried out predominantly during the summer and autumn months when jack 
mackerel school up into swface and shallow sub-swface aggregations. During each year of the 
project. the Department's research vessel Challenger will be utilized to carry out sonar transects 
off the Tasmanian east coast. The transects will cover areas both within and outside the fishing 
grounds. and will run from the coast out to the shelf break. 

The number of schools encountered perpendicular to the vessel's course along each transect 
will be counted. It is not known yet whether this method will allow fish schools to be scaled 
by size. However this is not central to the analysis as the information on average school size is 
available from the fishery. Observations on schooling behaviour by day and by season will be 
recorded. A hard copy of the sonar image will be primed by plotter to produce a permanent 
record and also to allow measurements and accurate counts to be made. 

Spatial autocorrelation will be used to determine packing rates of schools per unit area and 
interaction between schools . It may also be used to examine interaction between schools of 
different species if species identification becomes possible with experience. The hydroacoustic 
method of producing an index of abundance will be assessed for its suitability on j ack 
mackerel. 

Regular ichthyoplankton and hydrographic stations will be conducted along the transects. 
Ichthyoplankton tows will be made using 500µm plankton nets and the samples preserved for 
later analysis. Temperature profiles will be made using temperature/depth probes (and 
associated software and hardware) at each station. The nets, probes, flowmeters and ancillary 
deck gear for this equipment will be supplied by the DSF. 

Target trawling on the transects and at the shelf break will be carried out The DSF has recently 
purchased and tested a pelagic trawl net and net sonde, and techniques for mid- water trawling 
with this equipment have been developed. Catches from these trawls will be used to identify 
sonar targets and the fish caught will be analysed to determine breeding condition. Gonad 
samples will be taken and histological examination of the ovaries made. 

Development of a data base for existing and future returns from the aerial spotters logbook will 
give information on the abundance of surface schools from the beginning of the 1 9 86-87 
fishing season.  S ubsequent analysis should yield information on abundance as a function of 
spotting effort. S potting data is also available for areas outside traditional fishing grounds. 

The distribution of adult fish detected by bo th hydroacoustic and aerial survey techniques will 
be mapped and analysed. This data and the temperature data gained from the temperature 
profiles and th� sea surface temperature images will be examined for correlations. 
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2. Facilities available-

(a) office and laboratory space at the Taroona Marine Laboratories of the DSF. 
(b) dedicated sea time on the Challenger and use of associated equipment (plankton/trawl 

nets, net sonde, etc). 
(c) dedicated use of the Simrad SQ270 sonar* and temperature/depth probes with associated 

microcomputer. 
(d) administrative support. library services. 
(e) unrestricted use of the Departments in-house computing facilities and peripherals. 
(f) access to SST images purchased by the DSF from CSIRO Division of Fisheries. 
(g) unresticted access to the purse seine data base including catch and biological data. 

* It should be noted that the Simrad SQ270 was aquired specifically for this type of project. 
The unit was purchasd and installed in 1987 with funding from Rural Credits and the DSF. 

b) Supporting Data 

1 .  Previous work in this or related fields-

Hydroacoustic surveys have been used by many countries to assess fish populations. Sonar 
mapping has been used in both South and North America to assess anchovy populations. In 
South America routine surveys from commercial vessels are used to measure fish abundance at 
the begining of each season (EUREKA surveys). Similar techniques using research vessels 
have been used in the U.S .A. for most of the pelagic fish resources off the west coast of North 
America. 

1 1 .  Commencement and completion dates: 

Commencement date 1 July 1988 

Completion date 30 June 1 99 1  

1 2 . Funds requested. 

Total funds requested. 

Item 

Total salaries 
T_otal operating expenses 
Total travelling expenses 
Total capital items 
Estimated income 

Gross Total Cost 

1988-89 
$ 

57 7 15  
7 500 
7 278 

27 300 
0 

99 793 

1989-90 
$ 

60 586 
6 800 
7 278 

0 

74 664 

1 99 1-91 
$ 

62 725 
6 800 
7 278 

0 

76 803 

The assets of FIRT A program 85n7, "Resource monitoring of the jack mackerel purse seining 
fishery in south eastern Australia" include a Wild M5A stereo microscope. This program 
terminates in June 1988 and the equipment will then be returned to FIRTA. As the proposed 
program outlined here also requires a similar item, it is suggested that if a transfer could be 
made to this program then the Capital grant requested above could be reduced by $6 500, with 
a total request for 1 988/89 of $93 293 .  

See Annex A for detail 
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, • Funds to be provided by the ap plicant or sought from other sources: 

Funds provided by applicant 

n 1 988-89 
$ 

1989-90 
$ 

1991-9 1  
$ 

tal salaries 4 5 12 
159 100 
209 

4 674 
1 63 800 
209 

4 790 
1 67 500 
209 

tal operating expenses 
cal travelling expenses 
ta! capital items 
irnated. income 

·oss total cost 

See Annex B for detail 

. Cooperating agencies : 

144 200 
0 

308 021 

0 0 

168 683 172 499 

Specific advice on currents and the sea temperature flux around Tasmania will be sought from 
Dr Graham Harris of the CSIRO Division of Fisheries Research (DFR). Dr Ron 'Thresher and 
Dr John Gunn (also .of CSIRO-DFR) will be consulted on information arising from the analysis 
of the Southern Program larval collection. particullarly taxonomic and aging techniques. 

Scientific advice will be sought at Demersal and Pelagic Fisheries Research Group meetings. 

. Is similar work being undertaken in Australia: 

No work of a similar nature is being undenaken in Australia. However research on jack 
mackerel of interest to the proposal is being carried out. This research includes; 

e ongoing monitoring program of the jack mackerel fishery by the DSF, 
e parasite marker research by the University of Queensland and 
• an analysis of the distribution of mitochondrial DNA in jack mackerel populations by 

the University of Tasmania. 

The CSIRO-DFR has a taxonomically important larval collection aquired during the Southern 
Program. Some cooperative work between the DSF and CSIRO-DFR has been undertaken to 
recover Carangid larvae from this collection. Taxonomic and aging techniques developed in the 
future by the CSIRO-DFR will be of central importance to the analysis of the larval samples to 
be collected by the methods described in this proposal. 

. Publication of results :  

The results of the program will be presented to  FIRC in  the prescribed progress reports and in 
the project final report. The results and progress will be presented yearly at DSF research 
reviews. Progress will also be reported in the DSF Technical Report series . 

The results will also be written up in manuscrip ts for submission to scientific journals for 
publication . 

Some of the results will also be presented at annual meetings o f  the Demersal and Pelagic 
Fisheries Research Group, Australian Marine Science Association. and the Australian S ociety 
for Fish B iology . · 
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Annex A. Details of funds sought. 

Budget item 1 988/89 1 989/90 1 990/9 1 
$ $ $ 

1 .  Salaries 
Research Officer 25 395 27 1 02 28 3 10 
Technical Officer 1 9  325 19 842 20 292 

Sea going Allowances (120 seadays, 
payed as overtime and is subject to payroll 
tax and workers comp. ) 6 8 1 1  7 1 50 7 403 

Payroll tax (6%, including sea going) 3 092 3 246 3 360 

Workers compensation ( 6% due to 
seagoing staff) 3 092 3 246 3 360 

S u b- total 57 715 60 586 62 725 

2. Operating expenses 
. Consumable equipment and 

maintenance of gear 4 500 4 500 4 500 

Wet weather gear, film development etc. 1 500 800 800 

Software development 1 OOO 1 OOO 1 OOO 

Purchase of monographs 500 500 500 

Sub-total 7 500 6 800 6 800 

3. Travelling expenses 
Sea victualing allowance 2 088 2 088 2 088 

Personal allowances (2 trips for 5 days) 990 990 990 

Air fares (2 return trips Sydney) 1 200 1 200 1 200 
[DPFRG and Conference attendance] 

Vehicle running costs 3 OOO 3 OOO 3 OOO 

S u b-total 7 278 7 278 7 278 

4. Capital items 
Motor vehicle (Ford utility) 10 800 

Dissecting microscope 6 500 

Simrad sonar plotter (installed) 10  OOO 

S u b-total 27 300 

3stimated income. 0 0 0 

}ross Total C ost · 99 793 74 664 76 803 
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riex B. Details of funds provided by applicant. 

lget itex:i 1988/89 1989/90 1990/9 1 
$ $ $ 

)alaries 
Research Officer 10% 2 7 10 2 83 1 2 900 
Technical Officer 10% 1 802 1 843 1 890 

Sub-total 4 512 4 674 4 790 

Jperating expenses 
Boat time: 
60 days Challenger per year 
(@$ 1 100 per day) 66 OOO 66 OOO 66 OOO 

Sea surface temperature data 4 000 4 000 4 000 

Office, administrative and laboratory 
services. [Based on multiplier of 
1 . 8  x total salries] 88 600 92 900 96 100 

Publishing and page charges 500 900 1 400 

Sub-total 159 100 163 800 167 500 

rravelling expenses 
Sea vicrualing allowance 209 209 209 

Sub-total 2 0 9  2 0 9 2 0 9  

:apital items 
S onar and transducer 120 OOO 

Submersible data loggers, reader 
and deck gear 22 OOO 

Plankton nets, flow meter and deck gear 2 200 

S u b - total 144 200 

>ss Total Cost 308 02 1 168 683 172 499 
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