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Executive summary 

Spawning stock biomass of jack mackerel (Trachurus declivis) in south-eastern 

Australia is currently unknown. Accordingly, Commonwealth harvest strategies in 

place for this commercially-fished mackerel, along with that for the closely-related 
yellowtail scad (T. novaezelandiae), are likely to remain at Tier 2 until biomass 

estimates are obtained. The lack of stock information on jack ,mackereLpromp.ted 

the author to seek external funding to attempt determine spavmiag biomass-levels · 

of this species applying the daily egg production method·'(DEPM): This' method 

constitutes a well-known fishery-independent approach presently ·applied to 

estimate biomass of clupeoid and a few non-clupeiod species worldWide:The study 
presented a number of challenges due to the lack ofkey adult parameters required 

by the DEPM, including spawning fraction and batch fe~~tY:'-Artdth~for· .. -... 
hurdle constituted the lack ofa species-specific temperature-dependent in.cubatio~· 
model to assign ages to eggs according to developmental stage, as required when 

estimating daily egg production by area. Best estimates obtained durtng this study': 
- '"'·. r- r·· , -·- ,... 

were thus based on the availability of pelagi~., eggs ~f j~Ck · Pia:c~rel -~~~fte<f 
during egg surveys carried out bff ~ou~~ea~I:»'Ji. 'Alistraliia-i' <;)ctpbe~ ZO~" 'to.'~-

~ . ....- , --~· · · '! : r~. ~-: : · ... · t ·: ! . - ~ ::. • .: ! r: .. ; • __·. .-' ,· _ ,. ··:.. ·· . .... 

exallli~~- spaW,ning dynamiC:$ Qi : bl~e l.l1\aQkerei-(S~o-ffl#!er aiistra1asidis), and adult 
para~~t;rs qe~t";e4ft-()~~j~~k·~ker~I:'stie~ilri~iis -~~ught in ~asterii'ra~mari·i~;~~J · 

' \ ' I o • ' ' ,- ' -' ' · ·. ~- - • 

literature-info-trD'ation on Trachurus spp. from the Northern Hemisphere. 

Identifications of eggs suspected as Trachurus spp. from the October 2002 survey 

were verified using molecular techniques that included :.tpe .e~r~fHO~, PCR 

amplifications and sequencing of two gene regions oft~~ ..1?-'!~~~~jCY-t~~~!.o~~ _ 
oxidase and 16s rRNA). However, test results proved highly a~b,i~o,us;..to _~epa~a,t~_-,;:·_::__ 
eggs at the species level, with sequences returning positive matches (83-100%) for 

jack mackerel and yellowtail scad, as well as T. japonicus and T. trachurus which do 

not occur in Australasian waters. Such results led to relying pil morphological 

descriptions based on New Zealand populations to identifyjack..mackerel.eggs.and-..~..-::-,.c.:..:... __ 

distinguish these from those of the co-occurring yellowtail scad. Jack mackerel 
eggs were thus separated from those ofyellowtail scad by theiri~rg~r diameter, ·i.e.- · 

0.93-1.04 c.f. 0.75-0.80 mm. 

Considering the whole shelf region sampled in October 2002, jack mackerel eggs 

occurred along the NSW coast between Sugarloaf Point (32.5°S) and Cape Howe 

(37.0°S), corresponding to an area estimated to be 21,327 kmZ. Mean weighted 

daily egg production at that time (Po) was estimated in 3.80-3.92 eggsf0.05m2/day 

based on an exponential decay model using egg abundance-at-age data fitted with 

a GLM assuming a negative binomial distribution. Abundance data were obtained 
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after each jack mackerel egg (n = 2,627) was staged (I·XI) and aged (days) using 

incubation models developed for T. trachurus from the north-east Atlantic and T. 

murphyi from the eastern south Pacific. Weighted Pos were also computed from 

identical abundance data sets using the traditional least squares non-linear 

regression method (NLS). Two adult parameters, namely female weight (W= 311.4 

g) and sex ratio (R =0.346), originated from mid·water trawl samples collected 

along eastern Bass Strait and Tasmania in 2002. Batch fecundity. (F-=.62',947, eggs): ': . · 

was derived from a relationship combining ovary-free · weight of ·female· jack ..-, '' •· ,.. 

mackerel weight from eastern Tasmania and average values o~· oocytes~per~ graffi' · r. ..... ·· · 

from T. trachurus, while spawning fraction (S =0.2 females/day) was. based on 

data published for T. trachurus and T. symmetricus. Using all parameters, and the 

two statistical methods to estimate Pos (GLM and NLS), spawning biomass of jack 
I • ,. • ) • .,'t ~ • • 
I i ~··, I • 10 ,· ..mackerel in October 2002 was estimated to be --114,900~il·61i;800. t.;:V.ariances.: ·: ,:·:.·:::r:.:.: 

could not be calculated given the lack of appropriate data. Proxies 'for ·spawning 

biomass limits provided herein ( 46,000-398,000 t) were calculated employing 

extreme values of each adult parameter, which combined actual jack mack,r~l data: 
• • 'J.... • 1 .. • . ~. ' . t 

from eastern Tasmania and literature informatiqn. ;::-:::;: 'r }·::'.~ ;::·. .~)~~ p:~,:,:;· 1.:. 

. - . ,. ::.~ f'· : :- ,.:.:::·~A'?/~.~_\(> f;:;--~ b../j f,:_ . :~}~;:·:~t.·.~-:·9 ~~:; _ 
Resuh$ of . th~s ~tud,Y. i!1dic(;1t~ tna.t DltP,M 'isj a~ -~W~tiatetecihtique to ·estimate 

" I t ' J • • •• • • ' • •·' j. 1 . t ! \.; •• ~ .! •' 
spaWiiing biorila~s ( of j-iJ:ck\pj.aalierei."However, the estimates reported here are 

con~d"erM riegati~ely bi~ed and thus largely imprecise, and hence need to be 

treated with due caution. Key problems leading to this uncertainty are: (1) lack of 

reproductive data for jack mackerel in ·south-eastern Australia; (2) absence of a 

species-specific temperature-dependent incubation model to· age,~eggs; (3) .the· ..... · " "' ''' ­

October 2002 egg survey was timed to study spawning dynamics of blue mackerel 

along shelf waters of Qtd and NSW, and did not correspond·.to· the ·peak ·spawning-~:..- --- -= 
period of jack mackerel; and (4) sampling design during that survey was not 

optimal to apply DEPM for jack mackerel. Given the biology distribution _of jack 

mackerel in south-eastern Australia, three key aspects will need to be considered 

in future DEPM applications to provide biomass estimates for this -species: ' (1} 

spawning of the south-eastern Australia stock may take place progressively south . 

towards eastern Tasmania and possibly peak_in summer; (2) the region defined as·.. 

spawning area in Ol.-tober 2002 comprises a · fraction of the entire area at peak 

spawning, which is likely to include eastern Bass Strait and Tasmania; and (3) daily 

egg production estimated at the start of the spawning season may not be as high as 

when the bulk of spawning takes place. Main issues concerning each parameter 

employed to estimate spawning biomass of jack mackerel are discussed, and 

several recommendations provided in relation to future work, including the need 

to collect adult reproductive data as well as additional molecular tests to verify 

with certainty the identity of jack mackerel eggs. 
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1. Introduction 

1.1 Background 

Estimating abundance of fishes constitutes a key undertaking of fisheries science, 


particularly in the pursuit to implement scientifically-based harvest strategies 


aimed at protecting stocks and preserving an adequate.... ecosystem:: .balance.: : . 


Biomass information is also fundamental to predict .recruitment; success and ;,. · · ·· 


overall stock health, and is becoming increasingly essentiaUn,the:e.v.aluation ~of • ,, ··-: ~ 


spatio-temporal changes in distribution and abundance of stocks ···und·er··the. 


looming global climate change scenario (IPCC; www.ipcc.ch). In the case of pelagic 


fishes, changes in ecosystem functioning directly affect selection of s'pawning area 

( ~ ' ' .,which in turn impacts on the survival of spawning productsrte. eggs aml!lar.vae: ln · .. .·_; ., ~ .. ...­

this context, early life history stages of fishes are highly sensitive to environmental 


fluctuations, and can be used as causal indicators of ecosystem perturbation (e.g. 


Neira and Sporcic, 2002) and, ultimately climate change. ~·c .•. 

. . ,.) " ·: . :: ., .· :: ,·.. • 

,. . ."· ,).:...·~·.. :..,~.: }.·;..,;;.>· :~~ c /.~~;~.; ~~; ·>~"{.! 
Much-of the YP.search carrie-d oufdurbig : th~- ~t 2s' y~ars t;e.~fe bid~a~~ ·~f ' · 

~ - _ _ _ , , . __.. -_ / .. _ j •. . ~- ._ _ : , _ • , , . .-· , .r -, r .... __ 

pelagic fishes ;·wotldwide '. lla~ · con~ntrated ·oi't ihe ...applic;:ation. of fishery~ 
indepe~~nt techntqtie~ s~ch as. the daily egg production method (DEPM). Rather 

than employing the standard approach of analysing catch and effort data, this 

technique combines egg production derived frcm intensive egg surveys over the 

spawning area with information on reproductive biology of the targe~ .specie:$.
• _- ;. "C" . · - , _~ -:·;·-· ' - ·. ~.--'! -.-. ... ~-.::-~- ~ ­

Since its development around the mid 80s (Lasker, 1985), the DEPM has 

successfully been employed to estimate spawning biomass.ofpelagic fimes such as__ .. _..· 
................._- •• -..... - --~ - .,_ ,., ••__ ,' .... ... ~ ...,_.,...., ••• _ .. .. + -- -----···- --·- ..,·- ­

anchovies, sardines and mackereis (Stratoudakis et al., 2006; Cubillos et aJ.., 2007), 

as well as mid-water fishes like redbait, Emmelichthys nitidus (Neira et al., 2008a; 

Neira and Lyle, 2011). A key pre-requisite before embarking on DEPM egg surveys 

is to define the spatia-temporal spawning habitat of the.in~~~qed . ~p_ede~,.which .. 
• ' . • • 0 . -~ • ' • • • ~ ~-: .~ •• • •. ...••• •• • 

derives from examining abundance and distribution of eggs and larvae together
• ·-. • • • • - • • .o ~ • '. -. • . ­

with high-resolution oceanographic data, particularly water .column temperature 

and shelfbathymetry (Ibaibarriaga et al., 2007; Neira and Keane, 2008). 

Pelagic schooling mackerels of the genus Trachurus support large commercial and 

recreational fisheries worldwide, though catches have declined markedly since the 

early 1990s. Two main species occur in south-eastern Australia, namely jack 

mackerel, T. declivis and yellowtail scad, T. novaezelandiae. Jack mackerel are 

distributed across temperate Australia from Wide Bay (Qld) to Shark Bay (WA), 

and are particu!arly abundant in Tasmanian waters (Gomon et al., 2008. 

Francisco]. Neira - Fisheries, Aquaculture & Coasts Centre- lMAS 2011 
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Commercial mackerel fishing off south-eastern Australia occurs between southern 

New South Wales (NSW) and south-eastern Tasmania, with catches mainly 

processed to feed farmed tuna and bait for higher-value species. Along with 

yellowtail scad, jack mackerel play a key role in the pelagic ecosystem of temperate 

Australia, both as predator and prey of piscivorous fishes including tuna and other 

game fish species, sea birds and diverse marine mammals (Gales and Pemberton, 
1994;Youngetal.,1997;HeddandGales, 2001). :::.. • . _;, :c· ___ 

Current information regarding the status of jack macke~e.l s,t9c.~ ,i.n. so~t~-~~§tern 
:_• . ' . . . . . .;. - ..- . -- ·- .. .:. ~ ·­

-· 


Australia is limited. This particularly relevant to Tasmania, where the 

disappearance of large surface/sub-surface schools in the early 90s ended a 

productive purse-seine fishery with reported peak catch~~~?{'i~r_ ~H~9~q.~~!J. ,~~~~7r , 


With catches not exceeding -3,000 t since 1999/2000..~he sudden ~ecline was 


described as "climate induced, with the assumed shrinkage and dispersal of jack 


·mackerel schools implying a possible shift in spawning pattern due to changes in "· 

. ·' c . 

key physical and biological drivers (Harris et a/., 19~7; , 199~}. De~ite-. ~tf: 

importance as a commercial species a,!ld..~ey cp~~.o~e~t of:the ?el:~c se~s~a~e .:9~. . 
south--easter:~~ A~sti:alia, no ·i~fp$tation ~s ·:cti~~tly,~vailc~~le ···on the biomass of 

jack:ma~Kerel.cro~sJtk «;ii~tnb~tionatra~g(r twai-d etal., 20t1)."1~arlier attempts 

to asse,ss,_stotks ofthis ' spe~it~s using hydroacoustic and aerial surveys of schools 

were unsuccessful, leading to the recognition that developing methods to estimate 

biomass of the species were of high priority. 

--~-~ --1.2 Need and funding 
..- . . . .... - ·=-· 

The lack of information on biomass levels of jack mackerel in Australian waters has 

significant implications concerning the management both ofthe [lsl1~ry and pelagic 

shelf ecosystem. Importantly, it also implies that harvest ~tra~~~ies: cur~~~tly in.-_ .. 
. , ··­

place by the Commonweaith Small Pelagic Fishery (SPF) to manage the mackerel 

fishery are likely to remain at Tier 2, with associated uncert~inti.es.. and po_tentia.L _.. 
. . . -- . ~- - 1~-· . • - \... .• - - .. . ... .. - '• · - •; --.: ~~ .. . 

loss of profitability to industry until stock estimates are obtained. Consequently, 

this project was developed to evaluate spawning biomass levels of jack mackerel in 

south-eastern Australia based on the DEPM, in what constitutes the first attempt to 

provide a quantitative assessment of this pelagic species in Australia. As such, the 

use of DEPM is aligned to research priorities established by the Commonwealth 

SPF in 2009flO on the pressing need for scientific advice on developing a cost­

effective method to estimate exploitable biomass of SPF species. In this context, it 

is important to highlight that mackerels (family Carangidae) constitute the only 

Francisco f. Neira -Fisheries, Aquaculture & Caasts Centre -IMAS Z011 
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remaining species group included in the Commonwealth-managed SPF that have 

not been to date quantitatively assessed in the manner proposed in this project. 

The study was funded by the Winifred Violet Scott Charitable Trust. To a large 

extent funding was facilitated by the availability of many samples containing jack 
mackerel eggs collected by the author (FJN) during five plankton surveys along 
shelf waters of south-eastern Australia between 2002 \irici· ·2.004' "(NSW · t~ ; fuid-- ·· · · 

eastern Tasmania). Furthermore, the study made use of the extensive dataset of 

biological and reproductive information on jack mackereJ .l:lo~sed ~t lnstiW~e for _, . . . 	 . ;;-: ; ~ ~-, . ... .. ' . . .: -:....... ~ .. 

Marine and Antarctic Studies (IMAS) of the University ofTasm~nia. 

_...., . . ... .1.3 Intended outcomes and specific objectives 	 ., _ .., 

The main outcome of this project constitutes the provision of indicative spawning 

biomass estimates for the eastern zone jack mackerel. The estimates are aimed to 
address a major gap in understanding population characte~istic.rof jack rMcker.el

1 
: 

, 1- - -·- ;._, · -, 1: i ·, . { · , _ · · ~ 

in 	south-eastern Australia, and ~re intenqed, to _ , um~erpi~ ·th~· d~¢ision·m~~-Bg;_ ~ 
0 

: ~ - ' ' I ' t •' .' , .•• • > \t ' ,. , 't , / f ;•,'',, .. ., , : \ ~- ~ :' "<• 
process .for t?e allo~~ti~Jl of·su~~inable haljV~~ l'ti!!~ of ttp;is pQlagie. resoutce~ In 
additloh~ ,estim~~ ~r~ li~~~~ to !~~ist ~ S-PFJ Man~g~ment'~nd-ResourceAdvisery. · ~-­
groups·,in,de~J.hp'irlg ~~re ~~ie~tifically-defensible catch limits for mackerels. This . 	" 
is pa~ti~ularly relevant to address serious concerns posed by recreational and 

conservation groups in relation to current harvest levels implemented for SPF 

species, particuJarly those assigned to jack mackerel (5,000 t eastern zone TAC) 

which are not scientifically based. Results of this study are also relevant to the 
impending expansion of the SPF fishery in south-eastern Australia, especially in 

terms of likely effects on other marine species·and overall pelagic ecosystem. 

Specific objectives of this project are: 

1. To describe the developmental stages of eggs of jack ma'ckeret - · 

2. To provide estimates of spawning biomass of jack mackerenrrsouth--' ·'· 

eastern Australia. 

3. 	To characterise spawning habitat and boundaries of jack mackerel in 

south-eastern Australia using environmental descriptors. 

Francisco}. Neira- Fisheries, Aquaculture & Coasts Centre - IMAS 20i1 
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2. Materials and methods 

2.1 BackfUound 

Results of this study are in part based on mackerel (Trachurus spp.) eggs collected 

by the author during ichthyoplankton surveys carried out between southern 
.-· . ·-. :·.. . ~~ . . 

Queensland (Qld) and southern New South Wales (NSW) in Ogober 2002~ October .
>--,.--, "' l --- - ~~- : ~""~- · - t- . ·:_: _- - r 

2003, and July 2004, and between southern NSW and mi~-eastern. T~~mania. tn___. . 
~ .· - ~ . . -~ { .i"!" - .. _ •.. - .. - . . - ' _, .. ": ; ·1 • - ·• 

February 2003 and February 2004 (Fig. 1). The surveys ~~r.e p,rii:na!ilY,.c.cmdup:ed . --· 
• , ·-- - ~ ~~ J- ~- • "' " ~ ...__ ,· .. . ~- - • - - - ~-- _, ! ~' • .• • : _ , ;_~ : .. : ·. 

to obtain data on egg and larval distribution of Scomber austr.alasicus (Scombri4a~), 
•, ' -~ . ~ , ,- . ;: ' ;. :, ,/" : ' • I ' ~ ' - ' ' • :,, ; ' . ." 

with the purpose of using this information to design adequate sampling strategies 


to estimate spawning biomass of this species using DEPM (Neira and Keane, 2008). 

Collection procedures of plankton samples and enviroiuh~ritcit-daftl-' tol'"~tliese ,- · -··-~--- --

surveys are detailed in Keane and Neira (2008) and Neira and Keane (2008). 


2.2 Identification ofmac}rerel e~~ ·'· 
. +_Q r '. J"h 

"I :•·· .f. -~: , t - · ·:. ~~- • ~...,;.·~·t. ; 
~-~~ ,; ,, :c""•, • ', ' ~;~~-\ ~- ;:·, :~~~·::-•1•' :f,~~ 

Eggs collected in 2002 were identified as Trqtflufu;S ~PP b~ed qa morplwlo~taY,Y 
descn~o,.ns pt~~4 ~y4hlstfo~ and.~l~ (1~5'~}~~Ilobe~o~:'(19~'S), 'Ahlstrom 
and .Mos~r- (198Q),(Ct~sland(1981) a~d · cu~h~ etal. '(2do8j: ct:d~slanii(i98t)___ 

' ". ~ -" - ~ \:-·. ·_ : ' .: ­

proVid&fspedfic descriptions of jack mackerel and yellowtail scad eggs collected 

·in shelf waters around New Zealand based on Robertson (1975), noting that jack 

mackerel eggs were slightly larger in dia:neter than those of yellowtail, i.e. 0.97­

1.03 cf. 0.78-0.88 mm. These ranges were used to separate ·yellowtail scad ·eggs 
from those of jack mackerel, with egg measuring carried out southward.from die. 

· · :...·: . - ~- ...
northern-most station until no eggs ofyellowtail scad werefoun(f(see' R.e~liit5).' ·. •. 

Available mitochondrial DNA (mtDNA) methodology was employed to confirm 
species identity of field-caught mackerel eggs. ThEt-.J;lethc)dology ·has· been____, -- . ... 

successfully employed to separate both eggs (Karaiskou et al., ~007) and adults 

(Karaiskou eta/., 2003; Cardenas et al., 2005) of various Trachurus species,·and is 
"' ""' - .:. . .. ­

being currently employed in the DNA barcoding world project (Heroe"~i""efa't :irio'3;: -· 
Ward et al., 2005). Mackerel eggs tested for these analyses were randomly selected 

depending on total numbers available per sample, starting with the northern-most 

stations off northern NSW. Since DNA extraction requires that eggs be destroyed, 

each egg tested was measured to the nearest 0.01 mm with a stereo-microscope 

fitted with an eyepiece micrometer, and the developmental stage (I to XI) noted 

following the key developed by Cunha et al. (2008) for eggs of T. trachurus. In 

addition, each egg was photographed with a Leica DC300F camera attached to the 
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Figure 1. Staticns sampled for mackerel eggs along shelf waters between southern 
Queensland and mid-eastern Tasmania between October 2002 and July-2004. 
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stereomicroscope, and the image recorded using Leica IM50 imaging software 

together with information on cruise, station and collection date. 

The technique employed herein consisted of (a) extraction of mtDNA from 

individual eggs; (b) amplification using a Polymerase Chain Reaction (PCR); (c) 

sequencing of specific gene regions; and (d) comparison of sequences against those 

of adults of the target species archived in the public databases, namely GenBank 

(National Center for Biotechnology Information- NCBI) and Barcode of Life Data 

(BOLD) Systems. Extraction and amplification of mtDNA were conduct~~ at the 

Central Science Laboratories (SCL) of the University ofTasmania. 

Genomic DNA was extracted from eggs using the QIAamp DNA Micro Kit (Qiagen) 

following the manufacturer's protocol for tissue extractions. The optional addition~~- ­
: ~ -~ -· 

of carrier RNA provided in the kit was used to increase DNA yield. Amplification of 

mtDNA used specific primers which targeted the 655 base-pair region of the 

protein-coding cytochrome oxidase gene (COl), as well as the 16s ri}?osoll',)al DNA,· 

(Karaiskou et al., 2003; Garda-Vazquez et al., 2006) (Tal;He ~jl· The COl genJ;; 
~.... _ _ -·· -, I _ . • '_ : 1 .' ' ·,_ ! . __ r · -. ~-

constitutes the marker currently used in· t~ Fislt :BOLl>. b~118 deve,lope4 to \; 

bare~ a!l fi~h : spepies :wofld\v,td~ ~afd1 e~q~.J2:~Q..J\)~.Each PCR·tea:ctioh ~ixture 
, J . . . , .- , I . ·· •. . . .,.···I · · · 

(25 ~-oftota.lvbh;~Dfle) ~.Ont,inetii~l oftethplate DNA, 12.5~1 oflmmoMix (Bioline), 
' .' ' ., .. - - :' v --··· ~- :, 

0.41lJ.1 ··of· ..each primer, 8.51-ll Milli-Q water. The PCR reactions were performed 

under the following conditions: initial denaturation of 10 min at 95°C, followed by 

30 cycles of 30s denaturation at 95°C, 35s at the specific annealing temperature, 

and 50s extension at 72°C, then a final extension step of 72°C for 5 min. Resultant 

PCR products were visualised using gel electrophoresis (1% agarose at 85 volts for 

30 minutes), and then sequenced using Big. Dye chemistry and an ABI 3730xl ­

sequencer by a commercial sequencing service (Macrogen Inc, Korea). Sequences 

were entered online into GenBank (CO/, 16s) and BOLD (COl) databases for 

identification. 

Table 2.1. Mitochondrial DNA regions targeted on field-caught mackerel eggs 
during this study, and relevant primer information. TA =annealingtemperature. ·-· 

mtDNA reoJon Primer Primer seg_uence 5'- 3' TA COCl 
COl FishF1 TCAACCAACCACAAAGACATTGGCAC 54 

FishR1 TAGACTTCTGGGTGGCCAAAGAATCA 
16s LRN CGCCTGTTTATCAAAAAC 52 

LRJ CCGGTCTGAACTCAGATCACG 
D-loop 16498 CCTGAAGTAGGAACCAGATG 

L15995 AACTCTCACCCCTARCTCCCAAAG 
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2.3 Available e&& data 

Stations with jack mackerel eggs were identified southwards from 32°S, i.e. from 

just north of Sugarloaf Point in central NSW to just north of St Helens in eastern 

Tasmania (Fig. 1). However, spatial distribution of eggs varied significantly across 

years due to intrinsic variable spawning intensity and sampling effort For example, 

eggs were reasonably abundant along southern NSW in~ October 2002 ~but,_were·:.. ;: 

rather scarce along the same shelf region in October 2003t whUe:hotir.rg·tllat fewer··.~, •' f~<,:. · i H • ··· .: 

stations were also sampled that year (Table 2.2). Thus, givEirfthedow·•nuntber.s,.·oh ·' .,,, . ~· ·:· i!,;: w 

jack mackerel eggs collected in October 2003 (n =448) comparedto.October.2002 ··· 

(n =2,627), it was decided only to employ the egg data collected in 2002 to provide 

an overall early spring estimate of spawning biomass for southern NSW (32.0­

37.505; Fig. 4). Likewise, both the overalllowabundances,and•highly.:patch)';'spatiah ~;·h! ' ' ', :: 11 

distribution of jack mackerel eggs observed during the · February ' 2003· and. 

February 2004 surveys (Table 2.2; Fig. 5) precluded the use of these data to 

estimate spawning biomass via the DEPM. I · 
·-"1 .... } ~ ,;. • 

.·:- ' ~ ::,;; . ;~~~.~~- /.. ~>:· ;'~ ;>d'·. ~- j 
Table 2.2. Details of four ichthyo~lan~~o~. S\UYeY~ t~~uct'd aion_g ~helf.wa:t~ ·o( 
soutlt~eastem ,A~sn:alia,-l>e~een southerp N¢w ~~~ Wales ~· centrc:d:.eastern 
Tasrp.m.u;~ · ln ~0,02..~00-t w(tb:detaHs ~h~Jrib.er4lf'ttanse~~. stations sa~pled and 
numb~r ~fJac~ i~na~r~t~gft'S collected; 'positive stations refer to those where eggs. 
of the target spe'cies-were found. 

Survey 
d2te 

Shelfregion 
sampled 
(States). 

Range 
latitude os Transects 

Stations 
sampled 

Positive 
stations 
... - . " ' 

No. 
eggs 

12·22 
October 

2002 

SugarloafPt- Cape 
Howe(NSW) 

32.5-37.5 13 43 36 2,627 

5-11 
February 

2003 

Cape Howe - Four Mile 
Creek(NSW-Tas) 37.5-41.7 12 

;. ~ -~ - - -

..._.. . ~---~ ~ 

55 
-- ·- ~-~ -· · --~· _......... _..., ·--­ -.---..­ -

15 109 

1-B 
October 

2003 

SugarloafPt- Cape 
Howe(NSW) 

32.5-37.5 7 28 8 448 

5-12 
February 

2004 

Kiama - Cape Conran 
(NSW-Vic) 

34.7-38.2 14 60 12 341 

.. 

......... .. ·.
~-···· ··-- ~ ~ · -:·-- ": 

2.4 Spawning_lliomass estimates 

This objective followed a similar approach to that employed to estimate spawning 

biomass of redbait off eastern Tasmania (Neira et al., 2008; Neira and Lyle, 2011) 

and southern NSW (Neira and Lyle, 2008). Existing data for two of the four adult 

reproductive parameters needed for the DEPM model, namely average weight of 

females (W) and sex ratio (R), were obtained from data kept at the Fisheries, 

Aquaculture and Coast (FAC) Centre, of the Institute for Marine and Antarctic 

Studies (IMAS), University of Tasmania. Data of other two parameters, i.e. 

··:~~- -l ~ -: 

- -.~ .... !. -· -:-· • ~- . ·-:­
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spawning fraction (S) and batch fecundity (F), were obtained from available 

scientific literature for various species of Trachurus (see below). 

2.4.1 Spawning biomass model 

Spawning biomass (8, tonnes) was estimated separately for 2005 and 2006 using 

theequationofParker(1985): __ ,.. _.. ~ - : · ; L : .:.·· ,_:-. , ;:.:: 

I j J: ,,- ·~. ·;:~ ·' :_: f.: •: , · • lo, ..- · ;. i ~ ~ ~- _f.·,. ' : •-·. :· ­

B =PoA k/ (RFS I We) ,.. :" t . . . • •• ' . - . ...'~l• .~ "! ., • •' •- 0 • '-' '• • I , , , .· ' ~ , . :: ... ~; • •' 

. . . : . ' : ....~ :-:.~ 

where Po is egg production per unit of area per day (eggs/O.OSmZfday); A 

spawning area (km2); k factor to convert grams to metric tonnes; R fraction of 

mature females by weight (sex ratio); F batch fecun_dity (np.P}ber gh_QoF.Yt~'}';: ! .~: ; · 

released per mature female per batch); S spawning fraction (proportion 9f ma~~r~-. 

females spawning each day); and Wj mean weight of matur~ females in the 

population (g). Variance of spawning biomass estimates could not be computed/ 
• 1, ' : 

due to the lack of key reproductive data (see sect~on 2.5). t; . .' ~::>:~~.\ l:' 
. ;;.- ' 

2.4.ZMean ddi/y!'UUPTOduqtiill J. (~· .r?:ff:;;J ~;.; i ./ .'. . ' 

!:t...u::> {~:L·~--· {~; ~.:, >e-j :.:t~'': ! }:'(~)·:.. ' ·· ,· !c ' 


Param~er estiTnlltion~ employs egg abundance-at-age data, i.e. egg counts grouped 

by daily cohorts per station and standardized to area (numbers per m2), with egg 

ages (days) assigned with a temperature-dependent egg incuba~ion model 

following egg staging. However, such model has not yet been_ deyelop_e4..f9r. T. 

declivis in temperate Australia. Therefore field-caught mackerel eggs examined for 

this study (n = 2,627) were each assigned one of 11 stages described for-eggs ofT.----···· 

trachurus from the north-east Atlantic (Cunha et al., 2008); ·;:md subsequently 

assigned an age (days) based on a temperature-dependent incubation model 

developed for the same species by these authors based on a GLM with Poisson 

distribution and log-link function. In addition, and for comparative purposes, eggs 

were also assigned ages employing a described by a deterministic ·stage-to-age 

model obtained for Chilean mackerel (T. murph.yl) by Sepulveda et.a./.. (2009); i.e.y ­
= 4.1544 e-(0.03Bt+o.onsl) i (1.6SSBJ, where y corresponds to the mean age (hours) of 

stage i at mean incubation temperature toC. Runs employed collection hour of 

sample (EST; hour, min) and mean water temperature of each station to a depth of 

50 m. Peak spawning hour was assumed to be 23:30 hrs (Sepulveda et al., 2009). 

Mean daily egg production of jack mackerel at spawning time (Po) and daily 

instantaneous mortality rate (Z; day-t) of eggs were estimated using an exponential 

decay model based on egg abundance-at-age data (Picquelle and Stauffer, 1985). 

Francisco]. Neiro -Fisheries, Aquaculture & Coasts Centre -/MAS 2011 
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The model assumes all eggs to be spawned and instantaneously fertilized at a 

spectfic time, and affected by a constant exponential mortality rate, with daily egg 

abundance-at-age data in each sample to be independent observations from a 

population with a common Po and Z (Stratoudakis et al., 2006). Two functions were 

fitted to the daily egg abundance-at-age data, namely the traditional least squares 

non-linear regression (NLS) model (Lo et al., 1996), and a generalized linear model 

(GLM) using a negative binomial error distribution (Cubfl1'os1 etdl~. ;21007i Ne'ifu ·and:. 

Lyle, 2011). The NLS, which assumes a constant mortality rate, is expressed as: 

Pt =Po e-zt 

where Pt corresponds to the number of eggs produced by unit of area at age t, Po 

the daily egg production at age 0, and~ the daily instantan·eous"m0rla1icy rate:-na=ta ~. . . . 

employed in model runs included all positive stations as Well as negative' sta:tlons 

embedded within spawning area, and considered all egg stages (I to XI) even if 

catches did not include particular stages at a given ·statio~ (G. Cl~ramunt,/ 

Universidad Arturo Prat, Chile, pers. comm.). Details of how "';e~ghted me~ ~f-Pb 
. : . · . . I. . . . ' -;. I . I .... ' 

estimates and correspondin~. ~stare ~s~~~t~-:~ot ~.~·two\ 1'!10~~15~. ~s w~ll- C~S'·CVS.'· · 
for rti'O:rtality{Z); ar~· prpvi"<Jed tn Nei~a ~dd ~yle (~_Ott). when availaole, daily egg 

proqucti9'~ · ~~~Is\.V~;FE'_ .io~pate4 to thos~ rif Tr~churus spp. from other locations. 
. • \ • 1 \ ' . -~ • \.-. . '. . 

Functions-for the two techniques are available in the library packages STATS and 

MASS available in R (lhaka and Gentleman, 1996; www.r-project.org). Plots ofdaily 

egg cohort abundances per Station (log1o·transformed data; eggsjmZ +1) against 

mean ages (days) provided for the GLM fit correspond toR outputs.:::~~ __;_, ·. · '' · 

.·~ .... - ~ .. -~. ! •J: , -:2.4.3 Spawning area 

Spawning areas (i.e. positive area in km2) for October 2002 was estimated using 


the same approach employed by Neira and Lyle (2011l"for redb'aifoff"eastern·- ···-· ·· ·~ ·- ·~-·--­


Tasmania. For each survey the area regarded as tne ·m.ain spaWriirig ; a'rea'' · ·~· .· ..... ,- ·, ·,~:- : 


encompassed all positive stations (i.e. with jack mackerel eggs) as well as ·negative · · - - --·· 


stations embedded between positive stations. All negative··stations outside''the~ · ·'· .... ·: ..._. ;-·• 


positive area were omitted from the area estimate. 


2.4.4 Adult parameters 

Data available for this study comprised average weight of mature females (W, g) 

and fraction of females by weight (sex ratio, R) from purse-seine and mid-water 

trawl samples of jack mackerel obtained annually between 2001 and.2004 along 

eastern Tasmania and eastern Bass Strait (Table 2.3). Equations used to compute 

Francisco j . Neira- Fisheries, Aquaculture & Coasts Centre -/MAS 2011 
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average female weight and sex ratio are provided in Neira et al. (2008a). For the 

purposes of biomass estimates it was assumed that all females counted and 

weighted were mature and/or in reproductive mode, i.e. with gonads 

macroscopically identified as being in stages Ill to V, with V corresponding to 

running ripe (=spawning). 

Average batch fecundity of jack mackerel (F; eggsfbatch}:was estimated:using the: ·,.:.· - · ,.. ·--· 

relationship F =205 x Wor derived forT. trachurus (Karlou~Riga and:Economidis;' .,_.. ., · ! ·· · 

1997), where War corresponds to the average ovary~free weight of females caught 

off eastern Tasmania between 2001 and 2004 (Table 2.3). Since the average 205 

oocytesfgper female ovary-free weight falls within the 200~209 oocytes g·t range 

reported for the same species by Abaunza et al. (2003) and Goncalves etal. (2009), 

average F estimates were calculated for the entire range,-HoweYS",~it~ should,-be a;_ , . . "' ; .. .- : : .: ,. 

noted that the whole range provided in the literature for Trachurus spp; is 90-725 

oocytesfg (Abaunza et al., 2003; van Damme et al., 2005; Sepulveda et al., 2009). 

Average spawning fraction (S) was assumed to be 0.10 ... 0.30/daybased on values/ 

published for T. trachurus (Karlou~Riga and Economidis, l99i; Cohcalve$ et'al.~· 
2009) and T. symmetricus (Macewlcz anc;lHun~et, t993) (Table ?.4:j. ·:~:~· ~r-t \~:-:· · 1• 

;- ': .,• :;_; .,:>. _;~.1 '· .x.~.- ,' ;?·: ' ::·~ ,:: ~ ~~~: ri;:-!, t'; ' ,.:.: '~.,..,. .' l ~-· ;,,. ...., ­

2.4 S,pBwni'hi hiiliitat 'MrjttetiSition · ·.. · ·· · 
·; \ : .\:: .•( :··: ~:.:: \.~.--- .- '!;_~ -- ~ -~ • : -~. :: ~ 
: . ;.,..,. 

Abundance data of jack mackerel eggs were examined in terms of oceanographic 

conditions during that survey to describe selection of spawning habitat. These data 

include temperature and salinity by depth obtained simultaneously. .with: each ~ -r.- -

vertical plankton sample using a Seabird Electronics SBE19 Conductivity-· 

Temperature~Depth (CTD) profiler attached to a 3m~long ..bongo .sampler (Neira 

and. Keane, 2008). Data were subjected to standard quotient analysis (Ibaibarriaga 

et al., 2007; Neira and Keane, 2008) using average tempel;'atures of each site to a 

depth of 50 m. For this analysis, egg abundances (eggs per m2) within each O.S°C 

temperature interval were expressed as a percentage of total abundance,--divided 

by the percentage frequency of occurrence under each temperature class· and ,· 

plotted. Quotients >1 indicate positive spawning ·-location;·· i.e~.. "' favoured·--· ------- .. · 

temperature range. Water masses off south~eastern Australia during all five 

surveys were identified using classification and NMDS ordination of temperature 

frequencies (Keane and Neira, 2008). 

Frandsco]. /'leira - Fisheries, Aquaculture & Coasts Centre - IMAS 2011 



-----
Totill-tatrt ~art~~!_--~~ --~.:~ _,:,*~~ -·"-'lltl ·r•l 

F M F M 
290.19' -- > L' ~ :. ·-ss;s4s·c3sj-' 12,188 14,658 0.4542 492001 
311.36 •• ;PH ·,14 21 4,359 8,249 0.35 '·-l' 62.~47:(1if2002 

5,733 2,206 0.7220 5 . ; 57,0,6Q(20) ..286.6~-2003 -
24 4 7,990 935 0.90 332.92 73,555 (18)2004 

.:, • " ·. • • .. I ~""..... · 

·-
Wetpted ·'-"~':

--

__ 

0.06958 

T. symmetricus California 0.202 

Saronikos Gulf, 

latemnso, 

hoandPOFs 

to 54 hold 

mnsoand 

- ' 

86 -94* 

112 
.. 

~ ' 0 

381­

1,012* 
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1~;~~.-
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EAtlantic 
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... --- .....-. .-...-· . _..,. ... -
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Atlantic 

N/A N/A 

N/A N/A 
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Table 2.3. Parameters for mature (gonadal stages III to V) jack mackerel (Trachurus 
declivis) in south-eastern Australia. Data were obtained from the database archived at_ 
FAC (IMAS). Average batch fecundity (F; oocytes"1

) was estimated using values of 
200-209 oocytes in the relationship F = oocytes x Wor (ovary-free weight; g). ..

­

­ ­

Table 2.4. Literature-based reproductive parameters of mackerel. (Trachurus spp.) 

employed for this study; * values based on total weigHt(**1nuin6~f1 B¥1btggs''p~r c-n:·d :: F': ! L ' 

gram of gutted female weight Abbreviations: mnso =·migratory nuctl!us-stage 

oocytes; ho =hydrated oocytes; POFs =postovulatory follicles; POFt, 2 = days 1, 2; 

N/A= not available. 

~ : l • 


__ --·· 
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3. Results 

3.1 Identification of jack mackerel e~~s 

3.1.1 Standard techniques 

Eggs were identified as Trachurus using diameter range (0:7•1;3- mm)-together.-_-_··- -- - ---­

with morphological features typical of eggs of the genus, incl~_dj~g ~~(:)o~h ~h_(:)r~o~, ' , c . .. .•. :- --~ ---- _ 

narrow perivitelline space, largely segmented yolk, and a sin'gle1 pigment.ed-.oil--~~-----.. .. . 

globule which is positioned anteriorly in the yolk in late-stage eggs (Ahlstrom and 

Ball, 1954) (Fig. 2). Eggs between 0.97 and 1.03 mm in diameter were classified as 

T. declivis following Crossland (1981). 
'. , . ·- ~:.:..•_·_ ...;. __ ~ •-. ·_·- --!" • • -_.__...__~< .....: ... ­

Diameters obtained for 14 ethanol-preserved eggs of, the closely-related 7: -· 

novaezelandiae collected at a station just north of NW Solitary Islands (29.80°S; 

153.52°E) ranged between 0.75 and 0.80 mm (mean= 0.77; ~D _=_9.02~. By ~nt~-~s~( 

diameters from a similar number of eggs cGllected off Jervis Bay (3S.ot)o.S;::: . . . . -- : , . , . .. . . r . 
151.07°E) ranged between 0.93 (llld 1,0,4, mtni(meal\ -~ ~.9CJ:-SI) =JQ.04) and W~te: : . 

••• '•, ~ ,'' < ' _,-·"•' ,_- .: ' ~- ~ ~ ·~---: •: ~-'"·"' ... "' < f ,"\ \\.~ --. :~.' :.! , , :,· N 

therefore ide,tified as j~ck ~ackeret. ~<; r·: :--~ 'L: · . \'~S ··· , ·. 
:;-~-:·. ~6~·_.: .:-~ f~·i-I~;:..f;:-~:). \:t.,,- ~/r:. -.;·... ~--· ~.. .. . 

3.1.2 M~lecular techniques 

Of the 50 field-caught Trachurus spp eggs subjected to genetic tests, PCR-based 

amplification and positive sequencing of mtDNA material was achieved for 33 eggs 

(66%). Tests for the remaining eggs were unsuccessful due to failed PCRs and poor 

sequencing. Regardless of which online database was used· to compare sequences, 

runs returned 83-100% matches with four mackerel species, namely T. declivis, T. 

novaezelandiae, T. japonicus and T. trachurus (see Appen~~J{). For COl, sequences 

stored in GenBank (NCBI) and BOLD matched inore frequently T. declivis than T. 

novaezelandiae or T. japonicus for the same egg, though they.~provided higher­

frequencies of 99-100% matches for the two Australian species (Fig. 3). In addition, 

for a number of eggs the CO/ sequence matched 100% both with T. declivis and T. 

novaezelandiae using either database (Appendix). Targeting the 16s rRNA gene 

region resulted in higher frequencies of 99-100% matches for T. declivis but still 

resulted in mostly a 96% match forT. novaezelandiae. 
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. - · -- ·-· .... - . ·-- ,..__ . ·-- ..... ·-·----.. -- ·-·­
Figure 2. Eggs of jack mackerel (Trachurus declivis) collected in shelf waters off 

NSW in October 2002 (range= 0.93-0.97 mm diameter). A; stage:4;:B;,stage 6; C;'D•''> ' · 7 · T: 


stage 8; E, stage 9; F, stage 11. Photographs show segmentedyol~~ac,(C~'7 F), single,, . ._,. . . , 

pigmented oil globule (D) and pigment along dorsal surfa_~e..~fenihri:C!.Cf.t-~.Jt..~ . ~ :.. --~ _:--.... _ 
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­

Figure 3. Species matches obtained for CO/ and 16s genomjc_regions of the. mtDNA 
extracted from Trachurus eggs collected in shelfwaters between southern Qld and 
central NSW in October 2002. Top two plots show matches ofthe CO/gene obtained 
from GenBank and BOLD public databases. Abbreviations: TJ, T. japonicus; TN, T. 
novaezelandiae; TD, T. declivis ; the few matches with T. trachurus were omitted from 
the plots. 
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3.2 Developmental stages of jack mackerel eggs 

All except stage 1 eggs of jack mackerel were available for this study. Stage 1 

includes newly-spawned and fertilized eggs with the characteristic single oil 

globule and up to 64 individual cells which can be counted (Cunha et al., 2008). 

Developmental stages 2-11 can be separated using features such as formation of 

blastodisc, closure of blastopore, and formation and growth of embryo prio:tto 

hatching (Fig. 2). 

Stage 2 is characterized by the formation of the blastodisc (=blastodernial cap) af 
the animal pole. The blastodisc continues growing downwards around the 

segmented yolk. Stage 3 commences with appearance of the germinal ring, a 

thickening of the blastodisc margin, and ends with the formation of the embryonic 

shield at the top of the blastodisc. This shield later becomes the embryo axis. By 

Stage 4 the embryonic axis is clearly defined, though neither head nor tail is yet 

discernible (Fig. 2A). Enveloping of the yolk through the do~wfr~s~,developing__?f· 
germinal ring (= epiboly) continues through s~~e/4, t,ater ending\b f stage':11, !~~~~: 
the closure of the blastopor~,. i.~. \c:'OJllpletillp ~f ,ep~l~~ The·h$Jd· a.W t<PJ·regioos­

becom, yisible,by stage-s, and··bQth are cl£1ar1r~i~ible fby s~ge 6Jf1&:.?1H~ !\!_ ___ _ _______ _ 
this :sta"g¢ th~ ~~bey-~ ~~rs ov~r half 'of the yolk mass and a few ~yomeres are 

app<trebt. Pigme~t starts to appear along the dorsal surface of the embryo by stage 

6, gradually increasing in intensity through to stage 11. By stage 7 the embryo's 

enlarged tail begins to separate from the yolk mass, the primordial eyes are visible 

over the head melanophores form around the single oil globule. By stage 8 the 

embryo covers almost three quarters of the yolk mass, and its tail is clearly 

separated from the yolk (Fig. 2C). From stage 9 (Fig. 2E) through to stage 11 (Fig. 

2F), i.e. prior to hatching, pigment continues to appear over the head,body and tail, 

and the tail continues to grow around the yolk mass until it reaches past the head. ___ 

Throughout the last six stages the single, pigmented oil globule is clearly visibly 

roughly in the middle of the yolk between the head and tail regions but it migrates 

towards the head region before hatching (Fig. 2F-D). 

3.3 Spatial distribution of jack mackerel eggs 

Eggs of jack mackerel during the October 2002 and 2003 surveys occurred 

predominantly between 32.5°S (Sugarloaf Pt) and 37.0°S (just north of Cape Howe) 

along southern NSW (Figs 1, 4). Abundances during the 2002 survey were greatest 

off Jervis Bay (1,030 eggs per mZ), at a station just inshore of the shelf break 

m2(35.0°S; 151.07°E). Captures of 100-250 eggs per were also recorded off 

Sugarloaf Pt, just south of Jervis Bay and slightly north of Cape Howe in October 
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2002, and only off Sugarloaf Pt in October 2003 (225 eggs per m2) and just south of 

Jervis Bay in February 2004 (194 eggs per m2; Fig. 5). For the purpose of 

estimating spawning biomass, the spawning area of jack mackerel in October 2002 

was estimated in 21,327 km2 (Table 3.1; Fig. 4). 
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Figure 4. Distribution of pelagic eggs of jack mackerel (Trachurus declivis) along 
shelf waters of southern NSW during October 2002 and October 2003 (data 
combined for the two surveys). 
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Figure 5. Distribution of pelagic eggs of jack mackerel (Trachurus declivis) along 
shelf waters of southern NSW through to central eastern Tasmania during 
February 2003 and February 2004 (data combined for the two surveys). 

Final Report -·Egg-based biomass estimates ofjack mackerel 

.. 
·.­ ~ 

Francisco j. Neira- Fisheries, Aquaculture & Coasts Centre -IMAS 2011 



Fino/ Report- Egg-based bfomoss estimates ofjock mackerel 	 2_4 

3.4 Spawnins conditions 

Quotient analysis of jack mackerel egg abundances obtained during October 2002 

and October showed an optimal spawning temperature at 18.5°C (Fig. 6). It is likely 

that the high quotient value obtained for that temperature interval (7) may reflect 

high abundances of jack mackerel eggs off Sugarloaf Pt and Jervis Bay (Fig. 4). As 

with the quotient analysis, the bubble plot of all positive stations from the October 

2002-2003 surveys showed groups of high egg abundances in waters with average 

temperatures/salinities of 16.5-18.5°C/35.5-35.6 (Fig. 7). Jack mackerel eggs from 

the February 2003 and February 2004 surveys (Fig. 5) were collected in waters 

with mean temperatures (to 50m) mostly within the 17.2-20.1°C range. 

20 8 
\ .-Temperatu~e ' · ..-._·: 

t , - : •.: j :. j ~ : ._, f -.. ? ~' ' :· . 
. -Jatkrt'aCI2rel ~' ! ;.;. ' . 

6'~ ·, · .·-~· ·15 
.': . ·, ~3 : J ' ·,;~.· / b: 

, ,, 
;... 

5 ... 
1:..., 

4 ·.g 

3 
6 

5 	 2 

1 

14 15 16 17 18 19 20 

Mean temperature (0 C) 

Figure 6. Quotients ofabundance of jack mackerel eggs (numbers per m2) by mean 
temperature (0 C) from combined data obtained along shelf waters off southern 
NSW in October 2002 and October 2003. Bars correspond to percentage frequency 
of occurrences of water column temperatures at each positive station averaged for 
the first SOm. 
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Figure 7. Bubble plot showing abundances of jack mackerel eggs (numbers per mZ) 
collected at different combinations temperatures and salinities (average top 50 m/ 
values at each positive station) during the October 2002 and-Octcmer~OQ3isurvey$/: 
along shelf waters· off southern N~w South Walet b.ub~le si~es ~re.; p~oportion!d ~o ,. 

egg ti·:t0;c~f:.;zfJ~;: ~t:J':i}'; ;;,~ f\''\" ~ tc;:'' i. r;: . {' i k' ·• •..,. . ' 

3.5 Adu'itpara:meters 

Average mature female weight (W =311.4 g), batch fecundity (F =62,947) and sex 

ratio (R = 0.346) derive from jack mackerel caught off eastern Bass Strait and 

Tasmania in 2002 (Table 3.1). Ranges of these parameters for 2~~~-~~po~ wer~.W. ~­

=286.7- 332.9 g; F = 57,068- 73,555; and R =0.346- 0.454. Ranges of each of 

these adult parameters, including spawning fraction (S) values from literature on 

Trachurus spp., i.e. 0.1 - 0.3, (see section 2.4.4), were subsequently employed to 

calculate limits of spawning estimate biomass ofjackmackerel off southern NSW. . 
~-:~·-··;· :· ·.· __ ." _ ~-t~~;. ~~ -':';-\ -~';' ;- = ·~-~ ;-:-~::·-;- -~ -~ ~ '{~- : •.:·_- ' 

- ---...:....- ~ .... --­---~.:;...- ~.- - -~-------------- -··-""· --- - ----·-3.6 Daily egg production 

Egg abundances (m2) plotted against respective ages (days) followed the typical 

exponenti<d mortality model described for eggs of other small pelagic fishes (Fig. 

8). Weighted mean Po estimates for jack mackerel (eggsf0.05mZ day-1) varied 

between the two egg aging models and statistical estimation methods, being 

slightly higher for the egg abundance-at-age data derived from the aging model 

developed for the Chilean mackerel both for NLS (4.93 vs. 3.36) and GLM (3.92 vs. 

3.80). In addition, NLS-derived Po values obtained for both aging models were 

characterised by larger CVs compared to those obtained for the GLM (Table 3.1). 
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­

Figure 8. Mortality model for jack mackerel eggs caught in 2Q02 off southern New 
South Wales (extreme data omitted) for cohorts aged using the temperature­
dependent egg incubation models of Cunha et al. (2008) (top) and Sepulveda eta/. 
(2009) (bottom). Curves correspond to the superimposed fitted mortality curve 
derived from GLM with negative binomial error distribution. 
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Table 3.1. Adult input parameters, weighted daily egg production (Po) and 
spawning biomass estimates (tonnes) for jack mackerel (Trachurus declivis) off 
southern New South Wales in October 2002. Assignment of cohort ages is based on 
temperature-dependent egg incubation models obtained for Trachurus spp. from 
Portugal (Cunha et al., 2008) and Chile (Sepulveda et al., 2009). Weighted daily egg 
production (Po) was estimated from, egg abundance-at-age data subjected two 
discrete statistical methods, namely NLS and GLM. Adult parameters derive from 
biological data collected of T. declivis captured off eastern Tasmania (Tas) and 
eastern Bass Strait between 2001 and 2004. Sex ratios for· jack mackerel caught in 
2003 and 2004 off eastern Tas were considered unlikely (0.72 and 0.90) and hence 
were not employed in biomass estimations; values of spawning fraction (S) were 
obtained from relevant literature. 

­

­
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Parameter 

No. stations 36 

DEPM suJVey area 1spawning area (kmZ) 23,934/ 21,327 

200 2 average weight females (W; g) 311.4 

::::::::::::hfecundity (FJ 6:.:: :•' .,~ ~ /~ "; , . _I
1--Sp-awm_·_ng_fr_a_Cti..:...o...:.n-(5)--li-.te-r-atu-re----+---.. ':- ..2-0-.'-.,_""'.. "",:.-<-/ -. ... -,-&,.... _,.. ~ ,. -,_.... .L:-, r(-- ~... ..-----1, 

I ··· _,•..••· ·- ', ' 

i - ~.. '_ . -_~ ..._< ··-~ :··: _-,~~·~ ~ :~ _:>·: .:,-.:r~;_ . ~ ~ ti(t'c~Jt.$>·:· : , 
 ~T. mtRphyi ' 
·. ,.·l(etJtodrtQ -~lgn iii~~ to ¢aged;. . > tPo'r.t&Jlia!j' ' 
 (Chile) 

.;::;: . ~;: \~~:<~~- (_.-:·f:c.. t; .:/ •.'::.. \ ; Cunha eta/. (2008) Sepulveda et al. (2009) 

- · ~: ~-3~!·-'~"'"". ..::.. \41.~:,'. ··_.>_..,""'-:,"'"'",~:_:-'---'-t·---·.:, ........... ......... --~-----1____·,'r 

Weighted Po (eggsf0.0Sm2/day) (CV) 3.36 (0.77) 4.93 (0.91) 

Mortality (day-1) (CV) -1.17 (0.97) -1.68 (0. 98) 

2002 spawning biomass (t) 114,943 168,817 
. 

, • 
... .. : ·',.'-·: ,. :~4".. :2~-~ 

·"· 

Weighted Po (eggsf0.05m2/day) (CV) 3.80 (0.59) 3.92 (0.68) 

- 1.30 (0.44) Monui_zy=~(~da...:.y-~1)~(~CV)~----------~-----1_.3_0..:..(0_.3_2~)--~------~~--~ 

Akaike Information Criterion 458.2 414.0 
----·------~r------------r------------~

2002 spawning biomass [t) 130,082 134,218 
. l •. , •. . -. ' ., 

•. ' 
•' •' · ~

Range W (g) (Tas; 2001 - 2004) 286.7- 332.9 

Range F(Tas; 2 001 - 2004) 57,068- 73,555 

Range R (Tas; 2001, 2002) 0.346- 0.454 

Range S(literature) 0.1-0.3 

Biomass (t) - NLS-derived Po 46,013- 271,076 67,580 - 398,129 

Biomass (t) GLM-derived Po 52,074- 306,778 53,729- 316,532 
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3.7 Spawning biomass estimates 

Spawning biomass estimates for jack mackerel within the defined spawning area 

off southern NSW were -115,000-169,000 t based on NLS-computed Pos, and 

-130,000-134,000 t based on GLM-computed Pos (Table 3.1). These estimates are 

based on egg abundance-at-age data obtained witl}__t~!ll:P~_I"atu~e-dependent 
. .~· ..- ,incubation models published for two geographically-rem-ote ::1Tachurus. s~d.es; , ... ,, 
~- . 

average adult reproductive parameters obtained fromiijack ~ maekerel' isamiJU!!s , ·· 
,_... ~ ...- ...·•• ···~q : : . ~'fi)'.". J· -· ~ .. r-~·~ · ·. ~ ·. t J· ~- · . ,\ -,' - ~- . . .

caught off eastern Bass Strait/Tasmania in 2002, ·_~p.~ -~spaV?riiilg fraction· ·· 

information from current literature on Trachurus. Biom'ii~-~ --~~-~ges . ~stir;;;t~d as a 

proxy of confidence limits were -46,000-398,000 t for NLS-computed Pos, and 

-52,000-316,000 t based on GLM-computed Pos. These figures are based on egg 

abundance-at-age data derived from the two temperature-dependent .incu~ation 

models, and the extreme average values of.adult parameters obtained from the 

above jack mackerel samples as well as literature (Table 3.1). 

4. Discussion 
.. ~ .· . -·"> ,-:..' . t\: ~\ ;::;:+ 

4.1 Idlritift$=a~-o~'n{~,~k·-~~~k:~~ ~ee~ ): f~~ ~',
: \\~~) 1(<:<_, 'c> \ ,.; .. ··~ . - - .­

lchthyoplankton samples examined for this study were collected along shelf 

waters between Wide Bay (Qld) and Cape Howe (NSW), and contained eggs of 

various species including Trachurus spp. Eggs of this genus are easily !listinguished 

from those of other non-carangid taxa using diameter and specific -morphological 

features, particularly the segmented yolk a.nd the single, pigmented .oil .globule 

(Ahlstrom and Ball, 1954; Robertson, 1975; Ahlstrom and Moser; -1-980; Cunha et 
al., 2008). In addition, results of initial molecular tests targeting two specific 

regions of the mitochondrial DNA (mtDNA) to verify identifications confirmed. the 

presence of Trachurus eggs in samples. However, molecular tests 4ncl~rta_ken to 

separate eggs of jack mackerel from those of the co-occurring yell_owtai~ s~.a~ h~9.. .... 
' . ··­

proved· impossible given uncertainties in species matches from _CJ.lJ. pq~_itiv:fl . run~_ 

(see below). Consequently, eggs of the two species in the few mid-NSW stations 

were they occurred together were separated using the slightly smaller average 

diameter of yellowtail scad eggs (0.75-0.80 cf. 0.93-1.04 mm), as described for 

material collected in New Zealand shelfwaters (Robertson, 1975; Crossland, 1981). 

Extraction and sequencing of COl and 16s rRNA gene regions from randomly­

selected eggs collected at several sites along the survey area returned high 

percentage matches with four Trachurus species which included yellowtail scad 
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and jack mackerel, as well as T. japonicus and T. trachurus which are absent in 

Australian waters (Gomon et al., 2008). Furthermore, such mix was obtained 

regardless of gene region used, or public database visited to compare sequences 

(GenBank or BOLD). Such results were surprising, and indicate that targeting 

either mtDNA gene region to discriminate between yellowtail scad and jack 

mackerel eggs may not the best option at this stage. However, it is interesting to 

note that adult museum voucher specimens of the two:species across-JAustralianL· '.. ·::: -: ~:.: 

waters separate well using CO/ despite a few yellowtaiks-cad• ·tissue:.·samples· ·. .._ .· ·- · ... - · ·· 

grouping together with jack mackerel (A. Graham, CSIRO·J:Iobart, pers. oom-m:). 'F.his. :1\ :, : , ; · ~; , .:;• : • 1 ; ; 

grouping is believed to indicate some degree of hybridization-across, yellowtail .. . . ·- ,,: 

scad and jack mackerel populations, with the two species sharing CO/ haplotypes 

(B. Ward, CSIRO Hobart, pers. comm.). While there is no information regarding 16s 

to separate these mackerels, it is likely that both specieSl~may~ also,iShare, ·16s•·i' · n ,: .:: ·; ~-· :·\ 

haplotypes as it is the case of three Trachurus species from the ·AtJa.ntic- and 

Mediterranean waters (Karaiskou et al., 2003). The latter work found that the 

mackerel tested shared 10 different haplotypes for 16s compared to, 22 for(, 
~· - 1, ~ _. I'· 0 , - • ... 1° 

cytochrome b, another protein-coding gene i~ . the . r_nt~~: ,r~~n cqfuO:~~tL· 
employed to ?ifferentiate a~~~t~ck~rrl~{C~e~a:~_: Fal.•:~o~~J..arwe,R~ • \:: 
(Gar~Vazqli~z,.et (It; 2'(}()l5)•_ReS\llts from 16$ anijy~ by Karafskou et al. (2003) 

: . . / " ~ . ;" - -.. 1 : -- .' '· . -~ - ·-·.'. ·- , ; ~: •• : k ~ - · .·* . ·.• . ·,il ~ t ~· ---~ • • ·• •. - - ~ ~ • • .. • ·. .. •v • • 

led t4'J ~eir ·c:9n¢l~s¥)~ t~t ijl.~,~ geri-e se'quence was more conservative tlr.nrthat '-~--: . 
'- ·,: _·. .. .·. j ';, ___ .'· ."J . · A . ~ .... - -... 

of cytochromeb:r.e .. subjected to slower evolution rate, thereby making the latter 


gene region a more suitable marker for the genetic separation of the three 


European mackerels. The same gene region was successfully sequenced along with 


CO/ to verify the identity of eggs of blue mackerel (Neira and Keane, 2008). 


The ambiguity of the molecular tests run during this study -demoristr~tes: the poor ·<; ; '·"-" ::-c ~ 


discriminatory power of the two chosen molecular ma~k~r~(fo~2 ~~p~r~ttiack : u·~. 

mackerel eggs from those of yellowtail scad, while shedding some. light on the 


inherent genetic similarities between these closely-re1ated: .m1t~~r~l~: 'ln·tfie' 

context of the latter, it is relevant that a recent compreh~iis.ive :phylog~itetic.stud.}t · ·, 

of the 11 recognised species placed within the genus Trachurus using cytochrome b 


and D-loop sequences revealed five discrete groups, o"ii~·~f~lil~h\:omprised a'' ,,.,, ,,;r:· "~' 

southwest Pacific group containing T. japonicus, T. novaezelandiae and T. declivis 

(Cardenas et al., 2005). The study also showed this group consistently clustering 

separately from the other four groups, and concluded that all three were well-

defined species representing a monophyletic lineage. While neither cytochrome b 

nor D-loop gene regions were tested during this study to distinguish eggs of jack 

mackerel and yellowtail scad, the latter was successfully sequenced to verify the 

identity of eggs of redbait (Neira et al., 2008b), and consequently remains a 

promising alternative in future molecular studies along with cytochrome b. 
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During this study PCR amplifications and subsequent mtDNA sequencing failed in 

around 34% of the ·eggs tested. Such failure rate was thought to be attributed to 

various factors, including quality/quantity of DNA in eggs, poor extraction 

techniques, quality of PCR reagents, type and suitability of Primers used, and type 

of fixative and/or preservation period. The former two are probable key factors, 

especially if eggs have been left for long periods without fixative and the extraction 

process does not include using specific kits to maximize:the.extraction··of.small ·· ··- ·- :ft •.::: 

DNA quantities, as in the case offish eggs. Primer suitabilit)"' to taf':getselected,gene · · · · .. ~ 

regions appears also to be an important factor, along, Mitih!1using:th-e 'e1!1!f,reet ;. ! : .· - • • .r ·'. c· i 

annealing temperature. In terms of the fixative, all tested eggs .had been fixed .and· ,: . ·· · -" · 

preserved in 98% ethanol which constitutes the recommended· medium for DNA 

analyses over formalin·preserved tissues (Karaiskou et al., 2007). In addition, the 

relatively high PCR amplification success of the eggs ·tested~;(66%]:JeadinR'-to 

generally complete CO/ and 16s sequences demonstrates that 'preservation- period- . 

(g. 9 years) may not be an important factor. 

4.2 Ega distribution and s~!Di area ·~,~;~:~, t>:\f r:~;' ..t:~; !~ ;':'(:: ;;;.. ' 
Results of this study. in<Ut;~te thilt~pawoirig of'jac~ m~tkerEI durlng _.October.2002 

; ...) ,• '; -. : - ·: \_ . •,.. -- -: ·- ,, - ' ... ! . \ .... '·. 
and October 2d(l3'took pJac• alapg most NSW shelf waters; with no eggs·identified · ·­

._ \ l, . - ·, i ._, \, · ,~: •. \, ·.. 

nortbwarttt of Sugarloaf Point in northern NSW (32.5°5). Eggs were found well 

within the shelf area bathed by a mixed water body (MIX; 18.5·19.8°C) comprising 

the warm, low·nutrient East Australian Current (EAC; 20.6·22.3°C) north of 32.5°S 

and Tasman Sea water to the south (TAS; 16.0·17.0°C), with the MI:X·'FAS,interlace· 

being identified at 34.3°5 in October 2002 and 33.7°S in October 2003 (Keane and 

Neira, 2008; Neira and Keane, 2008). The absence of jack.mackerel:·eggs~rrorth:of.:-:::.._. ::... :·· - ---· ­

32.5°S is likely to be linked to the presence of the EAC identified for that region in 

both surveys (Neira and Keane, 2008). The observation that jack.mackerel may 

prefer to spawn in cooler waters is supported by quotient ~nalysis of egg 

abundances which showed temperatures of 18.5°C as those most suitable for-:·· . .:c~ -:.~ 

spawning, at least during October. 
·~- _ .... .. ~ - ... ­

Jack mackerel eggs were also collected between Jervis Bay (35.3°S) and S~ Helens 

in eastern Tasmania (41.7°S), including north·eastern Bass Strait, in February 

2003 and February 2004, though in significantly lower concentrations compared 

to the October surveys. The finding of scattered eggs in low concentrations off 

eastern Tasmania during February is not surprising given that peak spawning of 

jack mackerel along that region takes place between December and late January 

Oordan et al., 1995). In addition, reported sea surface temperatures across shelf 

waters off eastern Tasmania during summer spawning are· almost identical to 
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those reported in this study (mean to SOm) for late summer, i.e. 17.6°C to 20.6°C 

Qordan et al., 1995). Since there is no information for southern NSW waters 

comparable to that available for eastern Tasmania, the presence of jack mackerel 

eggs in October 2002 and October 2003 is not indicative of whether the surveys 

were conducted before, during or after peak spawning of the species in that region. 

Given the spatial distribution of jack mackerel in south-eastern Australia (Gomon :· .,,, ... . 

eta/., 2008), findings of this study pose three major issU.es that would.need to-be ..:·' ' ! .. . .. ' r . -· ~ '' "'·~ 

considered in future biomass estimations: (1) spawnillW-appears.to take.•place:,;-. ,: : •r ,, ,.: , ~ - : ~:~ 


progressively southwards, starting at the northern-most .region. ()f•.the -species ·-~ - - '· -.: · ._ . 


distribution in early spring and continuing along eastern Tasmania through to mid~ 


summer; (2) the region defined as spawning area in October 2002 excludes 

,.. ' . . .. ..- ~eastern Tasmania, implying that it only represents ;a l-fracti-onruof• the: eatire : ~ :~·. : ~ m :. ."\ • . z.~. . 

spawning area of jack mackerel in south-eastern Australia;.·and 1{l) biomass­ :,. . 

estimates based on egg production confined to the northern spawning distribution 

of the species, as in this study, are highly likely to be negatively biased, i.e. they,... 
underestimate the actual biomass of the south-eastern stock. ·::~: £<:~\ f;:~ L:.~ t;,<:~- 1 : ~-

. - . .:,:-. v F~ ·. ··. ,~:~~;- ' t;:(~: v:. H:~ . ;:? _ )~' ~:~_ ;./': ~-~ ',_\}:.-j h:: 
4.3 SJtawning~igmass·ettim{iteandcave.ats ~- V.: l' ;:: ~· t\ .::~ ~.v:: ~...· · 

~,:<·; r:_...:.;: ~\+:~!: t~~-i:~ ·{\:-};~_:<-:-\.-:: -';-~; ..... \ -~ ~- :·. ·-\· ... -- ~ - - ... -.-- --:·- .... - . -... -- .. -­
spawni'(lg-hiomass·estimates reported here for the jack mackerel off southern NSW 

(-140,000 t) are largely imprecise and, as such, need to be taken with due caution. 

Main reasons for this uncertainty lays in the data assigned to each of the 

parameters required by the daily egg production method ·(DEPM); including the:__ 

lack of reproductive data for jack mackerel from south-eastern Australia, and the 

absence of a species-specific temperature-dependent incubation:modeLto-assign.;::....: . _::::.: :. :.... _- .-=: 

ages to field-caught eggs. In addition, surveys conducted in October 2002/2003 

and February 2003/2004 were timed to coincide with spawning of blue mackerel, .. 

with the sampling effort designed to delineate the spatial extent of spawning .of 

this small pelagic species rather than applying the DEPM.cAsummary -of,the:main ' . 

issues concerning each parameter is presented below.... _c_: . ·-:- .r:- :.~ 
. 

-=-- • 

4.3.1 Assignmentofage to staged eggs 

No temperature-dependent incubation model is presently available to assign ages 

to field-caught eggs of jack mackerel from south-eastern Australia. Consequently, 

stage-to-age models.developed for two geographically-distant Trachurus spp. were 

applied in this study to complete this task, i.e. for horse mackerel (T. trachurus) 

from Atlantic-Iberian waters using a GLM with Poisson distribution and log-link 

function (Cunha et al., 2008), and Chilean mackerel (T. murphyl) from eastern 
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Pacific waters using Lo's (1985) deterministic least squares model (Sepulveda et al. 

2009). Whilst built to age eggs of two other Trachurus species, the application of 

these models seem justified as the average temperatures reported here for jack 

mackerel spawning (18.5°C) fall within the ranges employed in the egg incubation 

trials of T. trachurus (12-19°C; Cunha et al., 2008) and T. murphy; (14, 17 and 19°C; 

Sepulveda et al., 2009). However, it is highly likely that applying either model 

would affect the jack mackerel egg abundance-at-age data ,required ,~ tO' estimate:~. · : : .. 

mean daily egg production (Po) and in turn the resultant biomassi~stimates'J·· . "' n <·" · ··. , ,. · ; !• ·' 

Besides the lack of a species-specific temperature-dependent·iflcubationmodel,•no 

information is available on peak spawning time (hh:mm}ofjackmackerel in south­

eastern Australia, which is required to compute egg ages from water temperature 

and sampling time. Given the absence of such information,.,spawriing;time.waslset:••1· i. : \, . 

at 23:30 hrs following work on Chilean mackerel, which is. closer: to 00:00 hrs 

reported for Pacific mackerel (T. symmetricus) (Macewicz and Hunter, 1993). 

4.3.2 Spawning area (A) :;:<··.:;; ;:-~,( f ,>;(: ...:·~· 
~~·· 

• ;. :· I ~ .: ~- -~· ~r· t..( . · _~:_~.:;· ~~- ~;'~-:_ · . .. \.j.. ' • ':l , N... : ' 
' . - /' ~ . ; :-x· ..~:.:-.. :~.._j . : r>; q_-:.).:··. . 'r. _

The r~gion de~~d during tills s~udy as ~p~i.niClfea t:'s· 2-1i30llkm2), which was 
based ~n · the · $paqal distrip~ ·of·.j~ck' hlacke~el eggs along southern NSW, 

~ \ ~ r ~ . , . \- .· -. ; . . :.... • . , -· 

repr~f:llts ortJy'·a 'fraction of the entire spawning area of this pelagic species in 

south-eastern Australia. Previous research on this species has demonstrated that 

spawning extends along eastern Tasmania Gordan eta/., 1995) and into eastern 

Bass Strait (Neira, 2005). Therefore, the exclusion of eastern .Tasmania~during this,,. :~ ., - _..: :.: I. .' · - ' 

study reinforces the conclusion that the biomass estimates reported here are 
negatively biased. -==::::;·_ -~· :::: . ~- .;.=:_:~;:, ::.:.:..;:::....~--:::..:...~-== :-: __ ..::.:.:..:.:::;.:_:: 

4.3.3 Spawning fraction (S) 

'II""_"' • - - . 
··._ ! • · .. . - ~ : .Spawning fraction (S), the fraction of females spawning ·per : day~·:constitutes. 

perhaps the most difficult parameter to esthnate in DEP.M wor:k{Hunter-and -Lo;· 

1997). As S has not been estimated for jack mackerel or yellowtail scad in 

Australasian waters, values were assumed to be 0.10-0.30 females day-1 based on 

published information on T. trachurus and T. symmetricus (Macewicz and Hunter, 

1.993; Karlou-Riga and Economidis, 1997; Goncalves etal., 2009). These estimates 

were quite different than those reported by Sepulveda et al. (2009) for T. murphyi 

from the eastern Pacific ( -0.07), and were subsequently not employed during 

calculations in this study. It is worth noting that S estimates depend on female size 

and therefore age (Claramunt et al., 2007), and that precision of this parameter is 
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highly improved if adult sampling is carried out during peak spawning season 

(Stratoudakis et al., 2006). 

4.3.4 Mean weightfemales (W) 

NoW data are available for female jack mackerel from NSW. Consequently average 


W data was estimated from weights of mature females· (i~e. ovary stages: HL-V)·:.: .,r·.· _h:: '>'' ''" ' 


captured along eastern Tasmania and Bass Strait within-• the 'N11vemner~Ja'ftuacy :_ ··· · , !· '·: ~ 


period from 2001 to 2004, therefore during the spawning season in those years 


(data archived at FACC - IMAS). Besides being from a different region1 · is· unlikely .. 


that appropriate weight corrections would have been applied to·any of the mature 


females employed to account for the positive weight bias from ovary hydration, as 


required by the DEPM. ·.'!' '. ' ·:~:'!?U:~:l!W " Lk .~ :. ·, ~ · - s :r:v · c: ·"'·' '' 


4.3.5 Batch fecundity (F) 

As with S, there is no batch fecundity (F) data available(m{)~Cit'maak~r~to{ 
yellowtail scad in Australasian w~ers~. Co~seq~~n~y~'it was· assum,ed:reas.on~li~ertJ : 
estinaate average E·-of/}C,:cl{ )n,_okerel. ~sing ( the 1·Jecijndity/m~~ lemaie ~eight 
relatiohship ptJblish~d tor. 'r. ~admrJs .(Ka~lo~:ruga and·· Economidisi 1-997), with-·- ' · 

: ·•• ~ - . ' ~- :-.:· . l~- - ; ;_:_· '~ - .. 

W b~irig the average weight of female jack mackerel caught off eastern Tasmania 

during 2001-2004. Given the lack of histological and gravimetric ovarian data for 

spawning female jack mackerel, it is reasonable to conclude that the average F 

estimated in this study is highly imprecise. It is worth ·noting, however, that the; 

average value of 205 oocytesjg applied to female jack mackerel during this study 

falls within the 200-2 09 oocytesjg range reported for. T.:tr.Dchurus .. (Abaunza et al., 

2003; Goncalves et al., 2009). 

4.3.6 Sex ratio (R) 
' -~ . ;.::1.

~. •. :. .:... .. 

Fraction of jack mackerel females by weight (R) employed~during.this study-was _: ,··;-.....h .:.·-, , 

estimated from specimens captured in 2001 and 2002. Ideally, however; average R 

should have been estjmated from males and females caught simultaneously with 

egg surveys during the peak spawning season over the entire assumed spawning 

area. The same logically pertains to average Wand the other two adult parameters, 

i.e. Sand F. 

Francisco J- Neira - Fisheries, Aquaculture & Coasts Centre - IMAS 2011 



Final Report - Egg-basedbiomassestimatu ofjack mackerel 

4.3.7 Egg production at spawning time (Po) 

Weighted Pos of jack mackerel in October 2002 were estimated employing two 

distinct statistical methods (NLS and GLM) using egg-at-age abundance data 

derived from two different stage-to-age models. Results were surprisingly similar 

for the GLM runs (3.80 and 3.92 eggsf0.05m2/day) compared to NLS runs (3.36 

and 4.93 eggsf0.05m2/day). However, the improved CVs· assodatled~wittutheGLM'-..t' ·. ·, ~ · :.:: : ~c·: 

derived Pos suggest that this statistical procedure provideS!aJbettei1:fitte-:tite jackl"-P';·· •) ..·· -!:1:: • ... '~ 

mackerel egg data. This observation parallels recent DEP.M;worltzOJl -~dbai~ from:. 1111. . e1.: ,J:" :m 

eastern Tasmania, which likewise found GLM to fit bettertheeggdatarfor this mid-I · ..:: : , ··· .,.. 

water species (Neira and Lyle, 2011). However, whether GLM adequately fits these 

data in jack mackerel or other Trachurus species need to be tested further. More 

importantly, there are no comparable Po accounts for Trmmum~~?c~part from. total 

production figures reported for north-east Atlantic T. trachurus (Dransfeld et a/., 
2005) that were estimated using a different method to that employed here for jack 

(:1 

..-~ ~\::
· -: _~ ~/ 

'to\: ~ 
ber.. 

 As 

nd 

on, 

mackerel. ,-~ -

. .;.. . · __·.-:_:_;_:~_.~- :...··.:~~..._:·.' .··.·,·': J.~: ~ -~
! ~~- ~ .-- -~-. . . .. -~-... ¥:·.:_ r~·:·

Considering the high likelihood _that jiilc~ ~ckefel -~pawns ~fro~ sou~ern.~SW
i . . ' .. - . ' . . - ' ~ ~ "\ I ' . .' . .I .. I ~, ' '. . I •• ! • 

southern Tasmanialth~(Po restifuates ;reported h.ete·:ttir sotlther.n NSW. in Octo
: . ! . ,1· : ; .. -. ·_ \_. . : .. ..·.: , ;... :. I \ . '· ,: - . 

only repr-ese~t ~ggs· spa~eQ ·by:a·frac'ti'on of the south-eastenrAustralianstock

such; .btotn~~-·~sti~at~s ~ould correspond to those for that area at that time, a

would certainly be negatively biased as they exclude eastern Tasmania. In additi

since there is no information on whether peak spawning of jack mackerel takes 
place iri spring and/or summer, estimating Po at the beginning ·of the·:spawning : ' z :,;• : ; .:,; · ·. - ­

season (e.g. October) in any given year may not be as representative as during 

peak season due to the expected lower spawning fraction-:{SJ-i:e:.:pr.eserice:of:less .....:.. :-.:..;:~--=· .::.::.:. 

actively reproductive females. These factors, combined with the smaller spawning 

area, would ·certainly·result in a spawning biomass lower to that based on data 

from peak spawning (Stratoudakis et al., 2006). 

- ···- .... . . ·.. .. ~ .. 
_,... __ ..___ ---·--"'- ---- ·-- ~..-. --·· . ... .. . ..;.·.... ......... .. . 

• " • •• • ~ 1t. · ­

M application for estimating 

early stated and explained in 

d Lo, 1997; Stratoudakis et al., 

he main issue pertains to when 

4.4 Recommendations 

Ideal conditions to guarantee a successful DEP

spawning biomass of small pelagic fishes are cl

various publications (e.g. Lasker, 1985; Hunter an

2006; Cubillos eta/., 2007; Neira and Lyle, 2011). T

and where to sample, with a plan that should ideally follow a design incorporating 

simultanecus adult and egg surv.eys covering as much of the suspected spawning 

area as possible. In the case of jack mackerel, much work is needed to precisely 

pinpoint when and where to sample. This work includes (1) reproductive biology, 
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.and' · '· 


;the :v! : :; •.;'; c!··r •. il-=· 


and· -'' ...... r·! ·· ~ ,· 


perhaps following a similar approach to that of redbait off eastern Tasmania 


(Ewing and Lyle, 2009); and (2) egg surveys during peak spawning season, based 


on outcomes of reproductive analyses, i.e. annual trend in gonadosomatic index, 


including pilot surveys to assess likely extent of spawning area. The latter can be 


designed following basic reproductive work already carried out on jack mackerel 


from eastern Tasmania (Marshall et al., 1993; Jordan, 1994; Jordan et al., 1995). 


Reasonable progress in the area of reproductive biology •aoth ·of jtlck•mac:kerel

yellowtail scad can be made by funding specific, time-Hmitledilroj.ects;,as in

case of university Honours/Masters theses. With appropriate supervision·,

laboratory facilities, these projects are cost-effective and· ·often· successful 


providing samples are readily available from the fishery. 


As with the main parameters needed for DEPM, developing ·a ·temperature- ·. . ·,· ,_,;. 

dependent incubation model for jack mackerel eggs, as well as yellowtail scad, is 

crucial to the process of assign ages to eggs based on develop~~r,t~l sta&es. T~is<:, 
---::- • J - - ' ,· - - -. t ... 

step is fundamental in the computing of mean daily egg ,producti'n aqd·. ~~ncer:·.: 

spaw~ing bioTass estim~te~-- ~~:~ ~~--~i~tri.~ tt~i~ion~ m~~f_IJI~r r~!iearen'ts ·~-~1 1
.	nee®dtoverify-~eil)lentitfofeggs of the.eit\f(), d~s,ly-r.el8ted :species,.espet:ially 
in shelf r~giohs: wll~~~ ~ey\~rlap d\iriiig ~paw~ing. Given·the·uncerta-intyin-the --- --- ~- ··--­

identlfl€~ti~ns· obtaln~d using the mtDNA gene regions of COl and 16s rRNA, the 

next step is to test both cytochrome band D-loop sequences to verify egg identities 

(Cardenas eta/., 2005). 

' ..-·-· 
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7.Appendix 

Results from molecular analyses carried out on two regions of the mtDNA (CO/ and 
16s) of eggs identified as Trachurus spp., with level of sequence matching(%) to 
each of four valid species in the genus. Taxonomic identifications derive from 
GenBank and BOLD online databases (see section 2.2 for details). Species 
abbreviations: TD, T. declivis; TJ, T. japonicus; TN, T. novaezelandiae; TT, T. ... 
trachurus. Eggs tested (n =50) were individually selected fr.om ~lAlOOr~ollq~~;:i
with vertical plankton samples taken along shelf waters off s.ci.utbe~n.Queen&land-; 1
to mid New South Wales in October 2002. 1;;: '"': _,_ :~ ' , ;:: , , , ­

 ;, ., -··''· :: .,c;.. l .' 

1·.· . : . ,n!d!!l'- , 1:, , 

Sample data 
COl ~ .~ - ':.. ~. ~:::_, ! l6s:. ·' .. 

-~ .;, --
GenBank BOLD GenBank ' 

VIal Transect Statton No. eggs Label Stage Species % Species % Species % 

2 AS2-3 3 1 E2 10 TD 83 TN .. 91;5 -c .._._ ,rn ·~-:: ., a9, 
jJ_ -: ~- -,,9Uj:­ :~, i!JIN; t-~- -.-:<1;6 · 

1-­
3 AS2-3 

TD ·-·91.5 r
-' 

3 1 E3 5 TD 99 

Tbl· 96 ,. 

4 AS 5-6 3 1 E4 10 TN 100 TN..·. 
,-- ... 
' too.d T;D. '' ' / ~, , ' 

TD; ·_: -1.00 lrJ. ; ' 1Qcio iJi\,\ _M, ~ 
} '·.. _m: __l,Qao­ 'v" ( :' \ 

5 [ •' - :.t.s 5-6 .. - 3. ·. :' :.1 / i Eti' '-;~. ; 
.. ' 

·, • ' 

_ 
.. 

.. .. ­
,_; ·~~.,! _. 

TD 94 
:· _r., '· ' 

' ­·-.,_- -:· .· . [· '· ' , .,.,..... 
T.N 95. 

6 '. 
.. '.Q. --: :\ .... l ~ .. \,: '-._,__,1' il6 2 ' .... .,.... .. . -- TD :_r, ::' t.­ ~ 

99 
\ •.:. 

TN 96 

7 9 1 1 E7 2 TD 98 

TN 95 

8 9 1 1 EB 2 TD 100 

TN 96 

r-----2­
I­

10 

9 1 1 E9 7 . -~ Jo • • TD:. : '.. '.99 ' ' 

TN 96 

AS 9-10 2 1 E10-A 10 TD 100 ' -
'-'­TD -• ioo.o. TD ' - -100 

. ·-­ -
, __ 

- --- TN.:__ ..:. : .94 ' 

11 AS9-10 2 1 Ell-B 10 TJ 97 TD 100.0 TD 99 

TD 94 Jl __ __100 p_ __Til _%_ 

. ---­-·-·· 
12 AS9-10 2 1 E12-C 6 TJ 100 TD 100.0 TD 99 

TD 97 TN 96 

13 AS 9-10 2 1 E13-D 2 TJ 98 TJ 100.0 TD 99 

TD 96 TN 96 

14 AS 9-10 2 1 E-14E 2 Tj_ 99 TN 99.7 TD 99 

TD 99 TD 99.7 TN 96 

15 AS9-10 2 1 E15-F 2 TD 100 TD 100.0 TD 100 

TJ 100 TN 99.8 TN 96 

16 AS9-10 2 1 E16-G 2 TD 99 

TN 96 

17 8 1 1 E17-A 2 TD 99 

TN 96 

18 8 1 1 E18·B NoM 

.. :1 " .-·~-...,-. ·.- : ·,c-· .. ~ .t ·, ·· . ~ ~ ':. -:~ ~t·_ ~ ." 
..... . - ~ ; ! ·. - .t ~ 

·

.

.
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COl 16s 
Sample data 

GenBank BOLD 
Vtal Transect Statton No. eggs Label Stage Species % Species % Spedes % 

19 AS10-11 3 1 E19-A 9 TD 99 TN 100.0 

TN 99 - TD -100.0­

20 AS10-11 3 1 EZO-B 6 TD 98 

TJ 98 

21 12 3 1 E21-A 6 TD 99 TN 100.0 TD 99 

TJ 99 TD 100.0 TN 96 

22 12 3 1 E22-B 6 TD 100 TN 100.0 rn · · 99 ... 

TJ 100 TJ 100.0 TN 96 
TD 100.0 

23 12 3 1 E23-C 3 TD 100 TD · ·ti'JO.O TD 100 
-- ·IN­- -- 96­ f-

24 12 3 1 E24-D 3 TJ 98 TD 98.9 TD 99 
TD 98 TJ 98.7 TN 95 

25 12 3 1 E25-E 2 Tl 100 
TD . 99 

26 12 3 1 E26-f1 2 . ,.. . '· ' 
, . . ·. •.... . 1 ' ' 1'111; --+---,---+----:+....,...-----.:'-:-· l-' '--f'.-/...;-~~ i· <~ .' ~-- ~--' ' 96 

---"'2"-7-t--,:~ .h­ . / 3 / ; : 1 - ' m'l..r. 2' ., 1· .n ~ . ' ioo Tl ~ - - - 98.7 . . ... TD . 99" 
.- .·\ 

' .' \~~·:._ TD 99 TD 98.7' ' TN 96 
~~- ·: .. ~...-. 

',' \ TT 99 

28 12 3 1 E28-H 4 TN 99 TN 99.3 TD 99 
TD 99 TJ 99.3 TN 96 

TD 99.3 

_2~9~~-~12~-~--~3--~--~1~~~EZ~9~-I~--~4--t-~TN~-t~1~0~0-r--T~T~~~9~9~.6~--~TD~~~9~9-1 
TD 100 TN 99.6- .. - TN 96 ... 

TJ­ "99.6 - . ­ .. - .. 

TN""~ --roo:o- --- w­ - 99.. ---"3~0-+--~1~2---+-_3:::......-+-·-1~---l-=ll3,0-J 4 TN 99 
TD 99 ·rr - -- 1oo:o.. TN --­ 96-

TJ 99 TD 100.0 

38 9 2 1 E38-A 3 TD 99 
+-TN. . 96 

42 9 2 1 ll42-E 8 TD 99 
. . TN - 96·- . 

2 1 E43-F 9 TD 99' ---4...;;.3-t---~ 
TN ·96 

44 9 z 1 E44-G 9 TD 99 

TN 96 

---
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