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Summary

The trend with length in parasite prevalence irdisar on the South Coast is modelled in a
manner that isolates behaviour at larger lengttentble a determination of whether the trend
continues to increase from age one to ages of tweb above. The results indicate that a
continued increase is robustly confirmed at thel&%&l of significance, and hence that there
must be some movement of sardine of ages greaterahe in at least one direction between
the West and the South Coasts under the hypothegisnfection by the parasite can occur
only on the West Coast.

Introduction

Data measuring prevalence of a parasite infectfosaadine, when fit to a logistic model, indicate@ntinued
upward trend in prevalence as length increases @earlLingen and Hendricks, 2014; van der Lingeml.,
2014; van der Lingen and Winker, 2014). This hapartant implications for two-stock models of thediae
population, the current version of which assumenowement of fish after their first birthday in ethdirection
between the South and West Coasts. This assumptioid be invalidated if prevalence on the South stoa
continues to increase above this age, given thethggis that the parasite infection can be corgdaonly on
the West Coast (van der Lingen and Hendriks, 2014).

The aim of this analysis is to investigate whettés upward trend is significantly different frorern for the
South Coast over the length range where ages ofd2okder sardine predominate. It is possible tteatiar
results reported by van der Lingen and colleagedigat the extrapolation of trends through datdoater
lengths dominated by fish of age 0 and 1, whiclamer lengths swamp any signal from the smallerdas of
older fish. The method utilised for the South Castrefore models the parasite prevalence depeademc
length as a logistic up to length 18cm, and théeeads a straight line (in contrast, for the West§l, the
dependence on length was modelled with a logisti@li lengths). The choice of 18 cm was basedspéction
of length-at-age distributions for sardine, whialggested that the contributions of 1-year-old fdtove this
length would not be large (in November at leas® Kdoor and Butterworth 2012, 2013). This approacts w
chosen because of its simplicity, compared to takite mixture of 1-year-old and older fish at diéfet lengths
into account at a more detailed level, which wordduire incorporating this analysis within the asseent
model itself to be able to take account of changiolgort strength and fishery impacts on age andééangth
structure from year to year. The output statistimterest is the slope parameter of the straiigiet for the South
Coast data, and whether this value is significaditierent from zero, indicating an increase inyalence from
age 1 to age 2+ year old sardine on the South Coast

Data and M ethods

The available data on parasite prevalence from 20PD13were kindly provided by Carl van der Lingen
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The logistic function utilised is of the forrk = a/|_1+ e ] where B denotes prevalence of the parasite

infection in fish of length clads anda, b andc are estimable parameters. A binomial error distiin is
assumed for the likelihood maximised in the fittprpcess, and as such the negative log likeliheajvien by:
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where N, is the total number of observations for length €lbsk is the total number of infected fish observed

for length clas, and R is the model-estimated prevalence.

Sensitivity tests repeat the analysis for the assurh-2 year transition length approximation of 18byn
alternative choices of 17 and 19cm. This is to khbe robustness of the result to the choice o€m3 given
uncertainty about the most appropriate length tmsk.

Results

The estimates for the parameters of the logistiction for the West Coast, along with associateshddrd
errors, are given in Table 1. The estimates fordlgestic function for the South Coast, as welltlas estimates
of the slope parameter for the straight line retatit larger lengths, are given with their standardrs in Table
2.

Figure 1 shows plots of the South Coast data viith fits for both the case where a logistic waddit all
lengths, and where a straight line was fit instieedengths greater than 18cm, with continuity bat derivative
continuity at the 18 cm transition point.

The over-dispersion paramefaffor the data used in these South Coast fits wamatstd as follows:
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Estimates oD do not differ significantly between coasts forpadfic year, but do differ from year to year. The
values for the South Coast, with standard errozairenthesis, are: 0.50 (0.09); 1.52 (0.20) and (08L7) for
2011, 2012 and 2013 respectively.

Discussion

The key concern of this paper is whether or not daga for the South Coast are sufficient to confam
continuing increase in prevalence with length faxdths corresponding to age 2+ sardine, which latassinto
the question of whether or not the slope of thaigiit line relationship above a certain lengthigmidicantly
different from zero. For the baseline choice ofch8to separate sardine of age 2 and above frone thiosge 1,
and if adding the assumption of distribution noiityathe slope estimate is clearly significantted 6% level for
all three years considered (see Table 2). Thisires even when the alternative separation lemfti§s and
19 cm are used, with one exception. That is forcthee of 19 cm in 2012, for which the slope estntitough
still positive, is not significantly different frorpero at the 5% level. However reference to thé @idits for the
South Coast in 2012 in Fig. 1 shows that this isetyethe inevitable result of few data being avalgabeyond
19 cm, with these being unable to provide the remgsinformation content required to lead to sigfitly
precise estimates.

The inference of significance at the 5% level dejseaiso on the assumption of data independenceé)emak on
the appropriateness of the binomial distributiosuagption. The data proved too limited (lacking it
contrast) to estimate over-dispersion internallyotigh the use of a beta-binomial distribution, fehich
convergence difficulties were encountered. Howetier estimates oD provide by equation (2) and reported
above provide some insight. Certainly for 2011 &@d.3, there is no indication that over-dispersioight
invalidate the inferences drawn. However theradidation of over-dispersion for 2012, and adjustnfer this
may be made by dividing the negative log-likelihaddequation (1) by the point estimatel@bf 1.52. If this is
done, the standard error of the slope estimatah@rstraight line increases from 0.032 to 0.039thsd the
estimate of 0.111 for the slope itself remains ificgnt at the 5% level. Thus the inference ab@mains valid
even when over-dispersion is taken into account.

Conclusion

A continued increase in parasite prevalence inisafiom age 1 to ages 2 and above in on the Soa#st has
been robustly demonstrated. It follows from thiatthf parasite infection can occur only on the Y@sast as
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hypothesised, there must be some movement (irastt ¢me direction) of sardine of these ages betteei/est
Coast and the South Coast.
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Table 1: Estimates for the parameters of the logistic fumcfor the West Coast data. Standard errors are givparenthesis.
Units ofb are cnt.

Binomial, logistic for all lengths 0.507 (0.045) 2P (1.037)| 47.443 (16.742)
Binomial, logistic for all lengths 1.000 (0.001) 2@ (0.113) 0.663 (2.089)

) 848 (0.231)] 17.100 (3.949)

Binomial, logistic for all lengths 0.964  (0.144

Table 2: Estimates for the parameters of the logistic fuorcfor the South Coast data, as well as the estindtine slopen of
the straight line into which the logistic functichanges above the length indicated, which servascasrse separator
of sardine above and below age 2. Results are diretie case where a logistic is fit for all lengitlas well as the
cases where the logistic function is fit up to grsgl7cm, 18cm and 19cm respectively, and a stréiighthereafter.
Iln all cases a binomial error distribution has bassumed. Standard errors are given in parenttdsiis. ofb are cm

Binomial, logistic for all lengths 1.000 88  (0.175)| 16.558 (3.20
87 (0.420)| 16.448 (7.373) 0.198 (0.056)
Binomial, straight line from 17cm 0.166 .7 (43890) 1231 (713970) 0.187 (0.030)

Binomial, straight line from 19cm . 91 (0.229)| 17.121 (0.029)

Binomial, straight line from 18cm 1.000

Binomial, logistic for all lengths

(0.387)| 16.069 (6.540) - -

®B80 (1.057)| 14.736 (14.452) 0.111 (0.032)
®64 (0.678)| 12.280 (11.411) 0.120 (0.025)
Binomial, straight line from 19cm . (0.552)| 16.519 (8.908) 0.081 (0.060)

Binomial, straight line from 18cm 0.735
Binomial, straight line from 17cm 1.000

Binomial, logistic for all lengths 1.000 06 (0.106)| 12.993 (1.948) - -

Binomial, straight line from 18cm 0.051 5243 (352760) 46.63 (1988200)0.139 (0.026)
Binomial, straight line from 17cm 0.039 1202 (151790) 1.553 (6936Q) 0.075 (0.014)
Binomial, straight line from 19cm 1.000 ®B60 (0.164)| 13.118 (2.918) 0.105 (0.069)
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Figure 1:
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South Coast prevalence. Plots show the resultshiocase where the data are fit to a logistic fanc{dashed
line), as well as for the case where they aredfiitlogistic function up to length 18cm, with aagght line
thereafter (solid line) (note that this line waplaeed by 1 for lengths for which is would othemvisave
exceeded 1). Note that a binomial error distributicas assumed for the fits shown here.



