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Executive Summary

Dumping of spoils dredged from Napier Port in the Offshore Disposal Area (ODA) commenced
in June 2020. This report describes analyses undertaken to assess evidence of possible effects
on fishing success of the dumping of dredge spoils up to 15 November 2020. This is the first
analysis comparing catch rates before and after the commencement of dumping of spoils at the
ODA.

Primary interest lies in any evidence of an adverse effect on fishing success of dumping
of dredge spoils at the ODA using data sourced from fishers logbooks, geospatial positional
reporting (GPR) and barge tracking data documenting spoil dumping events. Statistical models
are fitted to compare fishing success for gurnard and flatfish near the ODA with success further
away while adjusting, where possible, for other factors. The fine-scale location data available
with the GPR data are well suited to this task. However, the GPR data are available only from
9 July 2019. The main analyses consider the catch and effort of a single vessel, FV Chips, with
permission of the skipper to avoid breaching confidentiality restrictions.

Summaries are presented of more aggregated catch and effort from a core fleet of 11 Hawke
Bay fishing vessels and length frequencies of fish caught on experimental tows mostly for qual-
itative analysis.

Fine scale location data reveal that FV Chips fished over ground within the ODA. However, at
this stage there is no evidence of dumping affecting catch rates of flatfish or gurnard. Bivariate
measurements such as the lengths and weights of individual fish may provide more sensitive

tests for an effect of spoil dumping on fish populations in Hawke Bay.
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1 Introduction

Since June 2020, spoils dredged from Napier Port have been dumped in a new offshore region.
The eastern Offshore Disposal Area (hereafter the ODA) is located on the 20m and 21 m depth
contours, offshore from Napier Port in Hawke Bay. The ODA includes ground that was previ-
ously trawled by fishers targeting red gurnard (Chelidonichthys kumu) and flatfish species.

This study examines the evidence of any effect of the dumping of spoils on fisheries catch
and comes in response to a request from the Napier Port Fisheries Liaison Group (FLG).

The main analyses described in the report are generalised linear modelling of fisheries catch
and effort reported by FV Chips, a commercial vessel that has operated in Hawke Bay for many
years. Interest centres on the effect on catch of the distance between dredge spoil dumping
sites and fishing effort.

Summaries of aggregated annual catch and catch rate since 2007-08 are provided for ad-
ditional context. Histograms of lengths of fish measured on experimental fishing undertaken

since May 2019 are included in an appendix.

2 Methodology

2.1 General data considerations

The confidentiality of fishers’ professional and proprietory information is a consideration when-
ever fine-scale analyses of commercial fishers catch and effort data are presented. The tow-level
data used in this analysis are presented with the fisher’s permission and consider fishing un-
dertaken from 9 July 2019 and 30 September 2020. Additional catch and effort data from fishing
prior to July 2019, we limit the main analyses to the 15 month period for which Global Positional
Reporting (GPR) data were available. The GPR data, described more fully in Section 2.3.2, per-
mits the area covered by individual fishing tows to be described in greater detail than the start
locations of tows reported in fishers’ logbooks.

Aside from confidentiality restrictions, there would be other complications associated with
using catch data from multiple fishers. Firstly, commercial fishers in New Zealand historically
have not been required to report the catch of all species captured on every fishing event. On
the other hand, the total catch of all species caught over the course of a fishing trip must be re-
ported in fishers’ landings returns. Inshore fishers operating in Hawke Bay catch predominantly
gurnard and a combination of flatfish species. A comparison of summed event-level estimates

and landings by trip in Appendix A (Figure Al) suggests the combined tow-level estimates of



flatfishes and gurnard are ususally approximately equal to the total catch on the trip as recorded
in landings returns. On a small number of trips total flatfish estimateds are substantially lower
than landings (Figure Al right).

In the case of flatfish, a second problem is non-uniform reporting of catch of individual
species. Flatfish caught by Hawke Bay fishers consist of a suite of species. Fishers have had
the option of reporting flatfish catch using individual species codes or with different codes that
refer to multiple species. Figure A2 shows, in aggregate, how flatfish catch has been reported
by 11 core vessels (Ariel, Brenda Kay, Chips, La Mer, Mistral, Nancy Glen II, Nancy May, Regent,
Result, St Jude and Te Moana) since 2007-08. These 11 vessels were deemed suitable to provide
an approximately consistent record of recent fishing relevant to the study. From this set of
vessels we exclude a small number of trips where fishing methods other than bottom trawl were
used or that included tows occurring outside Hawke Bay as defined by the light grey shaded
region in Figure 1. The bulk of flatfish catch estimates has been reported at the species level
(Figure A2). However, each year, a proportion has been reported using the FLO, SOL and FLA

generic codes for flounders, soles and flatfishes respectively.

2.2 Basic summaries of catch and effort of core vessels

It can be instructive to look at simple summaries of commercial catch data for any obvious
trends. Total annual catch and raw catch rates by 1 October — 30 September fishing year by the
11 core vessels between 2007-08 and 2019-20 are provided.

Two alternative methods are used to calculate annual catch rates for both flatfish and gurnard.
The first method uses total catches reported on fishers’ landing returns and the total hours
trawled for all tows irrespective of the target species specified by the fisher. A potential disad-
vantage of this approach is that the catch rate of flatfish on tows targeting gurnard, for example,
may not be a reliable indicator of the relative abundance of the flatfish stock.

The second annual catch rate measure provides a calculated catch rate of gurnard from tows
for which gurnard was the nominated target species and flatfish where a flatfish species was the
nominated target species. The disadvantage of this measure is that it relies on estimated tow-
level catch reported in catch-effort returns. Fishers have historically been required to record
the estimated catch weights of the predominant eight species caught on each fishing operation.
Therefore minor components of the catch on some tows are missed and the summation of all

tow-level catches of a given species on a fishing trip can be less than the reported landings.
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Figure 1: The region considered for catch rates shaded light grey with the offshore disposal
shaded white with black outline.

2.3 Data for fine scale modelling of catch

Models of catch of FV Chips were fitted to data extracted from three sources. The first source
is electronic logbook data reported by skipper, Mr Karl Warr, describing his commercial fish-
ing operations and estimates of catch by species from each fishing event. The second source
is GPR data that transmits the location of the vessel every 10 minutes. The first two sources
were provided by the Ministry for Primary Industries with the consent of Mr Warr. The third
data source was barge tracking data providing records of spoil disposal events. These provided
details of each barge load of spoil disposed in the offshore disposal area including date, time,

spoil volume and dumping location.

2.3.1 Logbook data

Information available from fishers’ logbooks includes the start and end times of each tow, depth
at the start of trawling and estimates of catch weights of the predominant species caught on
each tow. Reporting requirements have changed over time and paper logbooks have given way
to the electronic reporting system (ERS) now used. The summaries of catch and catch rate of the
11 core vessels use data starting in the 2007-08 fishing year reported in trawl catch and effort
logbooks and landing returns. Trawl start and end times were used to calculate tow durations.

Logbook data fitted to generalised linear models is limited to that pertaining to FV Chips since



9 July 2019 when GPR data. Estimates of tow-level catch and most of the candidate explanatory
variables (Table 1 were sourced from Chips’ logbook. Also, trawl start and end times were used
to identify which GPR location reports to associate with each tow. The GPR data are described

in subsection 2.3.2, below.

2.3.2 GPR data

The GPR data report the location of FV Chips every 10 minutes irrespective of whether or not
the vessel is fishing. Reported positions relevant to each trawl were assumed to be those be-
tween the reported start and end times for each trawl reported on electronic logbook data. The
GPR data include a derived average velocity with each positional observation. Inspection of
the distribution of average velocity data for GPR observations associated with trawling activity
compared with other times suggested the process used was reliable. The consistency of tow
paths inferred from GPR data with reported start and end locations of matched tows was also

reassuring.

2.3.3 Barge tracking data

Reporting of individual spoil dumping operations give the time and location of the dumping and
estimates of the volume of material dumped. A total of 461 barge loads of dredge spoils were
dumped at the ODA with a total volume of more than 301,421 cubic metres up to 15 November
2020. While the amounts of spoils disposed on each barge load are considerable, the total area
within the ODA to dump spoils is also large. Therefore, spoils from a dumping event can be
expected to impact areas near to where the disposal was made to a greater extent than areas
that were still adjacent to the ODA but further from locations where dumping had actually
occurred.

Records of individual dumpings include the grid square wihin the ODA in which dumping
of the spoils commenced (see Appendix C) and a location at which the hopper was empty after
dumping has been completed. The barges distribute each bargeload of spoils over a continuous
area within the ODA. Approximate dumping tracks were inferred by beginning at the centroid of
the reported grid square and the reported end location. Dates assumed for the first dumping in
each grid square were inferred from these data. For each dumping event, three equally spaced
intermediate points along dumping paths were inferred by linear interpolation between the
grid square centroid used as a starting point and the nominated end point (Figure 2). The grid
square corresponding with each point (including the start and end points) was determined so
that additional grid squares beyond the nominated starting grid squares could be identified

for each load where appropriate. This data was used to ascertain a date for each grid square



to infer when dumping first occurred. The barge tracking data suggest most dumping events
spanned more than one grid square (Figure 2). A grid square is assumed to potentially affect
fishing from the date when dumping first occurred. This process can be expected to give an

approximate record of the dates when spoils were first dumped in each grid square.
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Figure 2: Inferred paths of 461 spoil dumps. Assumed paths connect the centroid of the grid
square where dumping began to the reported end location. Fitted models are affected by grid
squares where dumping is assumed to have occurred, not the precise locations of assumed
dumping events. The thick black line depicts the boundary of the offshore disposal area.

2.3.4 Distance to spoils of each tow

A key requirement for the analysis of catch rates is to differentiate between fishing events that
might be expected to be differently affected by spoil dumping at the ODA. Tows occurring before
the commencement of dumping are clearly unaffected by dumping. A natural assumption is
that tows near to where spoils have been dumped might be more affected than tows farther
away.

Examination of tow paths followed by FV Chips (Figure 3) reveal that distances trawled on
individual fishing operations are large compared with the size of the ODA and that fishing op-
erations follow a variety of paths given their initial starting point. Overall, the starting location
of a fishing event may not be sufficient to specify the expected impact of spoil dumping on its
catch. Therefore, we restrict our analysis to fishing for which GPR data are available to specify
the trawled path in detail.

An average of just less than 20 GPR locations were available for each of the 164 tows con-

sidered between each reported tow start and tow end. For each location reported from GPR, the
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Figure 3: Tracks showing Geospatial Position Reporting locations reported at times between
reported start and end times of bottom trawling before and after the commencement of spoil
dumping. Colour of tow tracks depict the designated distance_to_spoils factor used to model
the effect of spoil dumping. Tows made before the commencement of spoil dumping are all
classified max.

distance to the nearest ODA grid square centroid where spoils had been dumped at the time of
fishing is calculated (Figure 4) using the fields package (Nychka et al., 2017). The arithmetic
mean of the distances between each GPR point and the centroid of the nearest ODA grid square
to have experienced dumping at the time of the tow was calculated for each tow.

The majority of tows (115) with GPR data presently available occurred prior to the com-
mencement of dumping at the offshore site and so the minimum distance to spoils is undefined.
It is important that there are some tows available to be fitted before dumping commenced. The
minimum distance to spoils will be defined for subsequent tows that can be analysed in the
future. Among the 49 tows that occurred after the commencement of dumping, many of the
tows undertaken have been made at distances from the dumping site that may be expected to
be unaffected (Figure 3, right).

For this analysis, the mean distance to spoils is discretised to categorise tows according to
the mean distance from spoils of GPR locations during the tow. We define three levels; min

for tows where the average is up to 1.5 km from the nearest spoil dump centroid, int for tows
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Figure 4: Definition of distance to spoils corresponding to three hypothetical geospatial posi-
tional reporting points from a single trawl near the offshore spoil disposal area. Shaded squares
depict grid squares where spoils assumed to have been disposed at the time of the trawl. Un-
shaded squares are assumed not have have been used for spoil disposal at the time of the trawl.
Closed circles depict centroids of grid squares in which spoils are assumed to have been disposed
at the time of the trawl. Dashed lines identify the distance calculated. ODA border depicted as
black line.

with mean distance between 1.5 and 5 km from the nearest spoil dump centroid and max for
tows where the mean distance is more than 5 km from the dump sites. Tows made prior to the
commencement of dumping are assigned to the max category. Although even 1.5 km from spoils
may seem a long distance from spoils for the catch of a fishing tow to be affected, we point out
that tows that are on average 1.5 km from spoil dump location include intervals that were closer

than this distance. The three classifications are depicted by different track colours in Figure 3.

2.4 Modelling of commercial catch

Commercial catch of gurnard and flatfish by FV Chips was fitted to generalised linear models
(McCullagh and Nelder, 1989). Interest centres on the effect of the distance_from_spoils
variable defined above. Estimates of the effect of this variable are intended to be used to decide
if an effect of spoil dumping on catch can be concluded. It is standard practice, in contexts such
as this, to control for the effects of other variables that affect catch in the model where possible.
In this analysis the effects of depth, latitude, year, month, start_time and target_species
were considered. Tow duration on the log scale was included in models for catch as an offset,
meaning that models were essentially fitted to catch rates in kg per hour. Basic characteristics
of the explanatory variables are given in Table 1.

The variable, depth, is the reported depth at the start of the tow in metres. Similarly, time is

the reported time of day at the beginning of the tow. On the other hand, 1atitude is taken to be



Variable name Description Type

duration Duration of tow (hours) Numeric
distance_to_spoils See Section 2.3.4 Categorical

depth Logbook reported depth at start of tow (metres) Numeric

latitude Mean of GPR latitude locations for tow (degrees) Numeric

month Calendar month {Jan, ..., Dec} Ordered categorical
target_species Logbook reported target species {flatfish or gurnard} Categorical

time Logbook reported time of day, start of tow (hours) Numeric

year Calendar year {2019, 2020} Categorical

Table 1: Explanatory variables offered to models of flatfish and gurnard catch. The variable
duration was included in models for both gurnard and flatfish as an offset on the logarithmic
scale. The variable distance_to_spoils was included in fitted models for both gurnard and
flatfish irrespective of the results of the stepwise variable selection procedure.

the arithmetic mean of latitude values reported by the GPR system between the beginning and
the end of the tow. The effects of the continuous variables, depth, time and latitude were all
modelled using natural splines (see Venables and Dichmont (2004). The remaining variables,
year, month, target_species and distance_to_spoils were modelled as categorical factors.

As well as the explanatory variables used to estimate the expected catch, the fitted mod-
els also need to approximate the variability of the actual catches around their expected values.
This requires specifying an appropriate probability density function family (see McCullagh and
Nelder, 1989). Distributions sometimes considered for modelling fisheries catch weights in-
clude the lognormal, the gamma and, less commonly, the Weibull and inverse Gaussian (Dick,
2004). These distributions accommodate catches that are typically about average or slightly
below but where large windfall catches sometimes occur. A limitation of these distributions is
they do not accommodate instances of zero catch which sometimes occur in fisheries applica-
tions.

Instances of zero catch can be accommodated by modelling the distribution of catch as
a delta-distribution by fitting two GLMs (see Stefansson, 1996). Alternatively, the catch can
sometimes be reasonably modelled as a Poisson-gamma distribution (Smyth, 1996). The Poisson-
gamma distribution is a class of the Tweedie model family.

The gear used by the fisher is custom made. Fishing operations are reported as bottom trawl
with an effort width of 7 m and a headline height of 1 m. What is important for this analysis is

that the method of fishing is consistent.

2.4.1 Flatfish

Catch of flatfishes in this report is modelled as the combined catch of a suite of similar species,
predominantly English sole (Peltorhamphus novaezeelandiae), lemon sole (Pelotretis flavilatus),
yellowbelly flounder (Rhombosolea leporina) and sand flounder (Rhombosolea plebeia). Of 164
FV Chips tows with GPR data, flatfish catch was reported on all but four.

10



The linear predictor for the Tweedie model was specified as:

ng; = offset(log (duration;)) + S5 (latitude;) + ¢q + ky. 1)

The model was selected by backwards stepwise selection (James et al., 2013). Following Ven-
ables and Dichmont (2004), we use S,, to denote a natural spline with n degrees of freedom.
The parameters ¢, and «,, denote the effects of spoil distance and year factors corresponding to
tow 7. Perhaps surprisingly, target_species was not found to be an important predictor after
accounting for latitude. Residual diagnostics for the flatfish Tweedie model (Figure A3) indicate

the fitted model adequately describes catch of flatfish by FV Chips.

2.4.2 Gurnard

Of the 164 Chips tows with GPR data, gurnard catch was reported on all but 19. Tweedie models
for gurnard catch were fitted to the full set of 164 tows. However, residual diagnostics for these
models suggested unsatisfactory fit.

Nonzero catch of gurnard was reported on all of the limited number of tows for which the
variable distance_to_spoils was classified as either min or int. Therefore, these data can
not provide evidence of increased incidence of zero gurnard catch tows. With this in mind, we
focus quantitative comparison on the catch rates of gurnard on tows where catch is greater than
zero. Lognormal and gamma models fitted to gurnard catch on tows where non-zero gurnard
catch was observed exhibited lack of fit. A GLM with Weibull error structure fitted the positive
gurnard catch data better (Figure A4).

The distance_to_spoils variable was not selected in the gurnard model by the stepwise
selection procedure. This factor was added to the selected model.

The linear predictor of the Weibull model is expressed as:

ngi = offset(log (duration;)) + S, (depth;) + Se (latitude;) + Sg (time;) + g + Am. (2)

The parameters 14 and A, denote the effects of distance_from_spoils and month factors

corresponding to tow i.

2.5 Length measurements on experimental tows

A programme of experimental fishing is being undertaken under the guidance of the FLG to
collect additional data as part of ongoing monitoring. In total, 12 sampled tows are summarised

in this report. Lengths of all fish captured on experimental tows are measured.
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The measured lengths can be considered monitoring data. The collection of data permits
the detection of any future changes in length distribution.

Fish lengths sampled from commercial trawling operations exhibit large inter-tow variabil-
ity. That is, the distribution of lengths from one trawl tend to differ substantially from the dis-
tribution of another made in the same general area at the same time. High inter-tow variability
means it is difficult to demonstrate differences in the underlying distribution of fish lengths
sourced from small numbers of tows even if the total number of fish measured is large.

Another problem with these data is a change in fishing gear that was made during the first
year of monitoring. Initially a trawl net with a four inch mesh cod end was used for the experi-
mental fishing tows. However, this was changed with the purpose-made cage, regularly used by

Chips for commercial fishing operations, used for experimental tows from April 2020 onwards.

3 Results

3.1 Summaries core vessels’ catch

Total annual catch of both gurnard and flatfish by the core fleet of 11 vessels has declined over
the last five to ten years (Figure 5a,b). Catch rates have varied among years with gurnard catch
rates trending upwards (Figure 5c), while the trend in combined flatfish catch rates has been
flat (Figure 5d). Therefore, the reduced catch can be attributed to a decline in fishing in Hawke
Bay by the 11 core vessels.

There is no suggestion of an unusual change in overall catch or catch rates from the aggre-
gated data plotted in Figure 5 at this stage. The catch and effort data used to make the plots
in Figure 5 were all reported on Trawl Catch and Effort logbooks up to the beginning of the
2019 fishing year. In the 2019 fishing year the majority of catch was reported on Trawl Catch
and Effort logbooks with the remainder reported by electronic logbooks. In the 2020 fishing
year most of the catch was reported on electronic logbooks with a small amount reported on
TCE paper logbooks. Exact amounts reported by form type are not reported to avoid potentially
identifying the catch of individual fishers.

Catch estimates of flatfish species as reported in fishers’ logbooks can be resolved to indi-
vidual species level or the combined catches of a variety of flatfish species can be reported using
a generic FLA code. A third option exists allowing fishers to report a variety of flounder species
using a generic FLO code and sole species with the code SOL. Annual proportions of total esti-
mated flatfish catch reported at different levels of species aggregation by the 11 core vessels are
plotted in Figure A2. The majority of tow-level catch estimates each year has been reported at

the species level. However, in some years, the proportion reported using the combined species
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codes has been well over 25 percent. A large increase in the proportion of estimated catch re-

ported using the FLA code in the 2020 fishing year suggests that some fishers have responded to

the introduction of electronic logbooks with a reduced tendancy to report catch at the species

level. This ambiguity complicates attempts to analyse flatfish catch data.
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Figure 5: Annual catch of (a) gurnard and (b) flatfish and raw catch rates of (c) gurnard and
(d) flatfish realised by 11 core vessels undertaking bottom trawl fishing in Hawke Bay by fishing
year between 2007-08 and 2019-20. Solid lines in panels (c) and (d) depict raw landings per hour
considering all tows and dashed lines based on estimated catch rates of gurnard and flatfish on
tows where gurnard and flatfish respectively were the nominated targets.
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3.2 Locations fished by FV Chips

Tracks of bottom trawl fishing undertaken by FV Chips prior to the commencement of dump-
ing inferred from GPR data (Figure 3, left) show that this vessel actively fished the area where
the ODA is now located. Therefore, assuming bottom trawling in areas where dumping has
occurred is not feasible in the short term, it can be concluded that qualitatively Mr Warr’s fish-
ing operations, and presumably those of other Napier inshore fishers, will be affected to some

extent.

3.3 Models of catch rates of FV Chips

Models fitted to flatfish and gurnard catch by Chips are summarised in Tables 2 and 3. The
variables in the models are listed in the left column of the tables, while the right-most column
gives a measure of the statistical evidence that the variable influences the catch of flatfish and
gurnard respectively. Numbers in the right-most column very close to zero correspond to strong
evidence that the variable affects catch rate, with numbers less than 0.05 generally considered
indicative of sufficient evidence to justify their inclusion in a statistical model.

In the case of the flatfish model, the (Intercept) term is a baseline level corresponding
to the min level of the distance_to_spoils factor and the 2019 level of the year factor and
tows having a centroid with latitude coordinate of 39.5 degrees South. Noting the log link
function used for the Tweedie model, the expected catch rate for a baseline tow is exp(3.2183) =
25.0 kg/hr. Parameter estimates for the other variables define how we expect flatfish catch to
respond to a change in latitude, distance_to_spoils and year. The coefficient estimates
in the second columns of Tables 2 and 3, when exponentiated, define multiplicative effects
on expected catch rate. The spline effect of latitude is described by five parameters which
makes it difficult to interpret from the table. The effect of 1atitude is more easily gauged from
Figure 6 which gives expected catch rates of flatfish versus latitude averaged over year and
distance_to_spoils. The model predicts flatfish catch rates are maximised at latitudes south
of 39.55° S everything else being equal.

Catch rates of the combined flatfish stock landed by FV Chips were higher, on average, in
the 2019 calendar year than in the 2020 calendar year after allowing for other factors. Given
the inclusion of the distance_to_spoils predictor, we do not assume that 2020 calendar year
effect is attributable to spoil dumping.

The parameters of key interest are the two involving distance_to_spoils. Inthe right most
column of Table 2, we see the measures of evidence Pr(>|t]) is 0.733 and 0.902 for distance_to_spoils
= int and distance_to_spoils = max respectively. This means the estimated differences be-

tween flatfish catch rates at distance_to_spoils classified as int and max relative to min are
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Estimate Std. Error tvalue Pr(>lt|)

(Intercept) 3.2183 0.358 9.002  0.000
ns(latitude + 39.5,df=5); —2.6363 0.485 —5.435  0.000
ns(latitude + 39.5,df=5); —0.2295 0.392 —0.586  0.559
ns(latitude + 39.5,df =5); —2.3935 0.476 —5.031  0.000
ns(latitude + 39.5,df=5), —1.8674 0.409 —4.570  0.000
ns(latitude +39.5,df =5)5 —1.9779 0.482 —4.107  0.000
spoil_dist =int 0.1294 0.379 0.341  0.733
spoil_dist = max —0.0388 0.314 —0.124  0.902
year = 2020 —0.6936 0.133 —5.214  0.000

Table 2: Flatfish Tweedie model coefficient estimates.

too uncertain to conclude any differences in catch rates due to the distance of trawling from
dumped spoils. The uncertainty in catch rates at different levels of distance_to_spoils is
evident in the graphical representation of the effects (Figure 7, right). Point estimates of ex-
pected flatfish catch rates are between 15 and 20 kg per hour at each of the three levels of
distance_to_spoils, with the estimates for the min and int levels particularly uncertain.

Catch rates of gurnard by FV Chips are higher in 2020 than 2019 accounting for other factors.
Also, in contrast to flatfish, gurnard catch rates are estimated to be lower in the southern parts
of Hawke Bay (Figure 8).

There was evidence of differences among months in gurnard catch rates. There were no
tows during March available to be fit to the model and only one from February. The fitted
model suggests gurnard catch rates by FV Chips tend to be higher in October and November
than other months and lower in January. Differences in catch rates among months are not of
central interest. Any differences among months in catch rates of gurnard will become clearer
in the future if these analyses are updated.

The effects of spoil distance on flatfish (Figure 7) and gurnard catch rates (Figure 11) are un-
certain. Minimal fishing in vicinity of the ODA since the commencement of dumping provides

little statistical power to estimate the parameters quantifying the effects of distance_to_spoils.

3.4 Length frequencies

Red gurnard and English sole were the predominant species caught on the experimental tows.
Lemon sole, yellowbelly flounder and sand flounder were caught in lesser numbers.

Gurnard between 20 and 45 cm were caught on the experimental tows when a four inch
mesh codend was used (Figure B1). The length classes caught in the greatest frequency using
the mesh codend were around 30 cm. By contrast, a lower proportion of small gurnard have
been captured since April 2020, when the mesh codend has been replaced by Chips’ regular

cage rig. The discrepancy is also seen in April 2020 (Figure B1), before the commencement of
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Estimate Std. Error tvalue Pr(>[t])

(Intercept) —3.3473 1.245 —2.689  0.008
ns(latitude, df =6)1 3.8474 0.670 5.743  0.000
ns(latitude, df = 6)2 3.3467 0.676 4.953  0.000
ns(latitude, df = 6)3 1.8320  0.440 4166 0.000
ns(latitude, df = 6)4 29792 0.473 6.207  0.000
ns(latitude, df = 6)5 2.4085 0.649 3.709 0.000
ns(latitude, df = 6)6 2.4994 0.520 4.804  0.000
spoil_dist =int 0.1788 0.349 0.512  0.609
spoil_dist = max 0.1181 0.328 0.360  0.719
month.L —0.9359 1.097 —0.853 0.395
month.Q —0.2423 0.310 —0.782 0.436
month.C 2.1114 1.038 2.034 0.044
month” 4 —3.4392 1.290 —2.666  0.009
month” 5 0.7605 0.688 1.106  0.271
month” 6 0.7747 0.650 1.192 0.236
month” 7 —3.2931 1.426 —2.309 0.023
month” 8 4.2047 1.664 2.526 0.013
month” 9 —2.7611 1.238 —2.231 0.028
month” 10 1.5402 0.613 2.511 0.013
ns(bottom_depth, df =4)1 3.7457 0.797 4.700  0.000
ns(bottom_depth, df =4)2  3.4666  0.593 5.842  0.000
ns(bottom_depth, df = 4)3 7.2415 1.837 3.941  0.000
ns(bottom_depth, df = 4)4 0.9137 0.638 1.432  0.155
ns(start_time, df = 6)1 —0.2497 0.469 —0.532  0.596
ns(start_time, df = 6)2 —0.0764 0.568 —0.135  0.893
ns(start_time, df = 6)3 0.2510 0.605 0.415 0.679
ns(start_time, df = 6)4 —1.0918 0.418 —2.613  0.010
ns(start_time, df = 6)5 0.7126 1.117 0.638  0.525
ns(start_time, df = 6)6 1.6899 0.454 3.720  0.000

Table 3: Gurnard Weibull model coefficient estimates for tows with nonzero gurnard catch.
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Figure 6: Effect of latitude of tow centroid on flatfish catch rates assuming effect is described
by a natural spline with five degrees of freedom. The data plotted are expected flatfish catch
rates (kg/hr) by FV Chips given typical values of other relevant variables.

spoil dumping, and appears to be a consequence of using the cage in place of the original mesh
codend.

Most English sole caught on the experimental tows were between 20 cm and 40 cm. (Figure
B2). Histograms of monthly length frequency provide more information (Figure B2). There are
suggestions of bimodality in English sole sampled in August and November 2019, before the
commencement of spoil disposal.

Small numbers of lemon sole and sand flounder were caught on experimental tows (Figures
B3 and B4). Most lemon sole caught on the experimental tows were less than 30 cm (Figure
B3). Most sand flounder caught on the experimental tows were also less than 30 cm. There is
perhaps some suggestion that sand flounder retained by the cage gear are larger on average
than those retained by the four inch mesh codend, although it would be difficult to verify this
quantitatively given the tows were made at different times in different locations and the total
number of experimental tows that caught sand flounder is low.

Reasonable numbers of yellowbelly flounder were caught on some experimental tows (Fig-

ures B5). These mostly ranged between 25 and 40 cm.
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18



"8' 4

E o

O « T o

(O] _ g o

E . s

8 7 ©

n = £ o

— © o]

S o

€

© < | < |

o < T T T T T < T T
8 10 12 14 16 2019 2020
Starting Time (24-hr) Year

Figure 10: Partial effects of year and tow start time on Weibull red gurnard catch model.

0.0
1

Partial for spoil distance
-0.5

-1.0

min int max
Spoil distance factor

Figure 11: Partial effects of spoil distance factor on Weibull red gurnard catch model.

19



4 Discussion

4.1 Modelling catch - difficulties

The detailed fishing location information provided by the GPR data provide rich information
about individual tows. The use of these data to model catch is unique in New Zealand and
particularly well suited to analyses of flatfish because of their patchy distribution. The ability
to draw conclusions about the possibility of an effect of dredge spoil dumping in the ODA on
fishing success nearby is limited by the number of trawls available to be fitted to flatfish and
gurnard models at this time. Additional information could be obtained by getting permission
to report fine-scale data from other fishers. As more data are collected it may be appropriate to
model catch of individual flatfish species separately. However, differences among fishers in the
reporting of flatfish catch, in particular, would complicate attempts to use additional tow-level
catch data.

The present analysis assumes any relationship between proximity to the spoil dumping
ground and catch rates depends only on the distance to the nearest dumping location at the
time of the trawl. The volume of spoil dumping is not considered nor the time since spoils were
first deposited in the nearest cell. As more data become available, alternative assumptions
about the effect of spoils on catch could be investigated. However, if an effect exists, its nature

is likely to be complex and any attempts to model it will require gross simplifying assumptions.

4.2 Suggested effects

The area where spoils have been disposed is no longer fished. Additionally, a buffer around the
area is required to allow fishers to turn. It is evident from the GPR data that Mr Warr has altered
his fishing behaviour in response to the dumping of spoils. Presumably other Napier inshore
fishers are affected to varying degrees.

There is no evidence at this stage that tows nearer to the spoil dumping locations have been
more affected by dumping than those further away since the commencement of dumping. How-
ever, the number of tows less than 1.5 km and between 1.5 and 5 km is low and so the quantity
of data probably give little possibility of detecting an effect at this point, as already mentioned.
The ability to infer a catch effect from commercial catch and effort data will require information
from tows in areas where catch has been negatively affected and there is a commercial incentive

to avoid fishing in these areas.
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4.3 Distribution of lengths

The distribution of the lengths of fish within populations vary over time due to fluctations in
recruitment and survival rates and perhaps to a lesser extent growth and migration. Natural
fluctuation will make it difficult to attribute any changes in length frequency to other causes
such as spoil dumping.

Another problem with the length sampling is well-known inter-haul variability in sampled
fish lengths. The lengths of fish caught in a given trawl tow are usually more similar to one
another than are a random sample from the underlying population. A consequence of this is
that a large number of tows need to be sampled in order to reliably estimate the distribution of
size in the population.

Fishing gear used on FV Chips and fishers in general is intended to be selective. This is
appropriate for commercial fishing operations but is not ideal for biological sampling. Gurnard
caught using the cage included lower proportions of small individuals than were caught with
the original mesh codend. It would not be reasonable to conclude the observed differences
occurred as a result of differences in the size of the underlying population. It may be possible
to qualitatively observe growth rates of young age classes of some species from regular sampling
of length frequencies.

Anecdotally, previous spoil dumping at the inshore areas was followed by smaller and thin-
ner flounder in the vicinity of the dumping areas (pers comm. Karl Warr, 2020). Bivariate obser-
vations of length and weight on individual fish may be more sensitive to detecting this type of
stunting than the length data currently collected. An advantage of measuring both the length
and weight of fish caught on experimental tows is that it provides information relating the
health of each sampled fish. Measuring only the length of a fish provides negligible informa-
tion about the health of the fish. Guidance on the interpretation of length-weight data is given
in Cone (1989).

Although weighing each fish adds to the work required on experimental fishing tows, the
additional statistical power that would result from the bivariate measurements (assuming poor
health is reflected by unusually low weight given length) would be more likely to allow any
effect to be detected. Sampling of lengths and weights in two strata, near spoil deposits and
further away is recommended. Ideally tows further away from spoils would be made on mul-
tiple patches to avoid sampling clusters of unusually fat or thin flatfish. Statistically powerful
“snapshots in time” could be made with just a few tows in each strata. Bivariate observations of
flatfish length and age and age would also be beneficial as well as observations of stomach con-
tents and fullness. However, these observations would be expensive to obtain. The longevity of

the proposed monitoring programme means it will be worthwhile investing a little time at the
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beginning to ensure useful results.
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A Exploratory data analysis and model diagnostics
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Figure A1: Sum of tow-level estimates of gurnard (left) and flatfish (right) versus landed catch by
trip reported by 11 core vessels. Trips for which total tow-level catches were in close agreement

with landings are distributed near the dashed diagonal lines.
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Figure A2: Reporting of estimated flatfish catch by 11 core vessels by fishing year between 2007-
08 and 2019-20. The proportion of tow-level catch estimated at the species level is depicted in
green. The SOL and FLO codes can be used to report sole and flounder species respectively, while
the FLA code can be used to report combined catch of all flatfish species.
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Figure A3: Quantile-Quantile plot of normalised quantile residuals from the Tweedie model
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Figure A4: Quantile-Quantile plot of normalised quantile residuals from the Weibull model
fitted to positive gurnard catch (left) and standardised quantile residuals versus fitted gurnard
catch estimates conditional on positive gurnard catch (right).
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B Histograms of fish lengths measured on experimental tows
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Figure B1: Length frequency histograms of red gurnard caught on experimental tows near the
offshore disposal area by month. The light coloured histograms depict length frequency dis-
tributions of gurnard captured using a four inch mesh codend. The darker (green) histograms
depict length frequency distributions of gurnard captured with using Chips’ trawl cage in place
of a mesh codend.
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Figure B2: Length frequency histograms of English sole caught using cage gear near the off-
shore disposal area by month. The light coloured histograms depict length frequency distribu-
tions of English sole captured using a four inch mesh codend. The darker (green) histograms
depict length frequency distributions of English sole captured with using Chips’ trawl cage in

place of a mesh codend.
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Figure B3: Length frequency histograms of lemon sole caught on experimental tows near the
offshore disposal area by month. The light coloured histograms depict length frequency distri-
butions of lemon sole captured using a four inch mesh codend. The darker (green) histograms
depict length frequency distributions of lemon sole captured with using Chips’ trawl cage in
place of a mesh codend.
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Figure B4: Length frequency histograms of sand flounder caught on experimental tows near
the offshore disposal area by month. The light coloured histograms depict length frequency
distributions of sand flounder captured using a four inch mesh codend. The darker (green)
histograms depict length frequency distributions of sand flounder captured with using Chips’
trawl cage in place of a mesh codend.
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Figure B5: Length frequency histograms of yellowbelly flounder caught on experimental tows
near the offshore disposal area by month. The light coloured histograms depict length fre-
quency distributions of yellowbelly flounder captured using a four inch mesh codend. The
darker (green) histograms depict length frequency distributions of yellowbelly flounder cap-
tured with using Chips’ trawl cage in place of a mesh codend.

C Dredge spoil disposal areas
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