Appendix 1

Analysis of aerial sightings data to investi gate trendsin sghtings of kahawai
Prepared by: Paul Taylor, NIWA, Hamilton
Client: James M ace, contracted to Sanford Limited

Date: 84/04

Project: M ACO4301
Overall objective

To revien agria spotting datato determine the presence of trends inthe oveall
avail ability (i.e, abundance at the surface) of kahawa.

1. Background

Information with which theabundance of kahawa can becharaderised is limited.
Aerid sightings data are collected by pilats supporting the domestic purse-seine
operation. Data collection is opportunigic, which makestheir usein characterisng
abundance difficult. However, by assuming that regular s ghtings under avariety of
conditions providerepresentaive informaion on some proportion of thestock of the
spedes of interest,trends in itspresence & the surface providesinformaion on
availability to thefishery, which can be interpreted as arough index of relative
abundance over time. Thisis thefirst gep in an approachtha isbeing developed
elsewhere, in whichthe objective is to produce sock indices of schooling pelagc
spedes standardised usingavariety of environmenta and fishery-related predicdor
variebl es. Standardisation was not included here.

2. Method
Severa messures of availability were considered. A choice was made based onthe

ability of the estimaor to providesome level of robustness by incorporaing measures
of flying effort intothe agorithm, and, because of the short timerame over which the

work was to be completed, was nd are-expression of thesame data. Thus, number of
schools was used for estimating tonnage, but, because of uncertanties aout varying

school size, was abandoned as an independent measure of availability . The measures
chosen were
1. Annua mean TPH (tonnes sighted per hour of flyingeffort).

2. Thenumber of day s during theca endar year that signtings of four diff erent size
categories (smdler than 100 t, between 100 and 500 t, between 500 and 1000 t,

and lar ger than 1000 t) were recorded; these values were expressed & aratio of
the tatal annual flyingtime (i.e, search effort) withinthe regon of interest.



3. Estimating measures of avail ability

Johtings of mixed and pure (monospecific) kahawai schoolswere extracted from the
MFish aeria sidhtingsdatabase (aer _sight). Within the database the basic unit is the
dghting Each sghtingis summarised as follows:

*  SPeciescomposgtion - gpecies comprisgng theschools of thesighting all schools
in a sighting comprise the same species composition.

*  Number of schools.

. I\_/Igif?i_mwn schod size - the pilot's tonnage esimate of the smallest school inthe
sghting

* Maximum school size - the pilot's tonnage etimate of the largest school inthe
dghting

e Location - the half-deg ee square in which the group of schools comprisingthe
dghtingwas located.

« Time of sighting - the time thesi ghting was made (24 h clock).

* Thetime eapseal between takeoff and the time the sichting was made.

* Anindexréatingall sightingswithineach flight.

Previous andly sis has shownthat nat al flyingtime in aflight issearch effort. For

kahawvai, 52% of sightings occur within thefirst 18 min of the flight (Taylor inpress).
Basead on this information, only sightings of kahava made within thefirst 1 h of the

flight were used in estimatingindividua vaues of TPH. Thisprovided sghtings over
apeiod duringwhich mog flyingis dedi cated to searchingfor fish.

Totd tonngge in thesighting is estimated as the grpometric mean of the mini mum and
maximum school sizes in the sighting, multiplied by thenumber of schools in the

sighting. Thus, TPH duringeach flight was estimated asthe simple sumof the
tonnage of kahawai from dl sightings made within the first hour of theflight. Annual
mean T PH was estimated as the mean TPH for all flightsduringthe defined season
(seebelow), withinthe regon of interest.

For the second messure of availability, the size of all sightings was calculated using
the geometric mean. The Sghtingswere then selected acoordingto the four size
categories as countswithinthe regons of interest throughout theentirecalendar y ear

- to ensure maximum possble representation of dl of thesize classes no seasonal
limit was used. To providethe mogt robug index possible, total annual counts were

divided by ameasure of thetota flyingtime during eachyear inthe regon of
interest, to providearatio of the count tothe flying effort.

Flying effort is recorded within thedatabase as 10-15 min periods of flyingwithin a
grid squar e. For each flight, thesetime blocks arerecorded as counts, usudly for a

number of gid squares (Figure 1). For example, aflight (or group of flights) from
Taurangatothe Cava li Islands, reurningto Taurangawill be represented by an
extensive aray of gid squa es.
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Figure 1: Hall degree grid squares used in spatial eoding of aerial sightings dara.



Sohtings wereaggregaed spdialy asfollows:

e East Northland - grids 38, 39, 56, 57, 75, 76, 93.
» Bay of Plenty - grids 129, 130, 146, 147, 164, 165, 166.
» HawkeBay - gids 202, 227,228,229,254,280, 281,306, 307, 332, 333

2.2 Determining seasondity
Seasondlity can be important in the data. When aparticular gpecies is beingtar geted,

sghtings of other species are recorded, but biss may arise from pilats not checking
schools at the limit of their vison, which they can ignore afte identifying them as not

being the target species Thus, the modt reliable datafor a species are recorded during
periodswhen it is beingtargeted.

Obvioudy, thebest datafor identifying target periods records are the records of the
fishing company . However, this informeation gopearsto seldom be available T he best
dternative is toidentify periods in theM Fish catch and effort datawhen high catchrates
of the species of interes occurred and def ine this as the fishing season for that spedes.
Further credence is provided where the catch data suggest similar periods beweeny ears.
This approach was adqted forthe present andysis.

2.3 Exploratory data analysis

Following extraction of the data fromthe database, some simple exploratory anaysswas
carried out to deerminethe presence of erroneous daapoints or outliers. Because time
was relaively short these werenot extensive, consisting of plots of minimumtonnage

and maxi mum tonnageand examination of the distribution of estimaes of school number

by pilot.

24 Pureand mixed schod s

Kahawa is recorded inthe data as ocaurring mixed in schools with anumbe of other
gecies. Including mixed schods in the analysis is problematic however, because only
tota sizeis avalable - no informationis av ailable onthe amount of the various species
compridgnga mixed school. Previous preiminary andysis has suggested that mixed
schools of somespecies occur seasondly . The datawere thaefore examined to determine
the extent of these factors with reped to kahawai, and to deerminewhethea datafrom
mixed school should beincluded in the andyss.



3. Results

3.1 Exploratory data analysis

Examination of mini mum and maxi mum tonnage showed that, in some cases, maximum
tonnagewas smdl ler than minimum tonnage (Figure 2); theserecords were omitted from
the final dat aset.
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Figure 2: Exploratory data analysis: plot of minimom tonnage on maximum tonnage for kahawai.

An examination of school number showed some instances of very high school counts, but
these weare recorded by a number of diff erent pilots and, for this andysis at least, records
oontaining themwere included in the analy sis.



3.2 Seasnality

The gpaio-tenmpora digribution of kehawai catch inthe purse-seinefishery since 1989 is
summarised in Appendix A. Possible seasond periods are highlighted in grey. The
pattern in staigical area9 (BOP) wasused for TPH esimates for the areas analy sed (east
Northland, BOP, and Hawke Bay). No seasord restriction was used for theall-aress
anaysis

3.3 Pureand mixed schod s
The prgportion of kahavai schools tha weremixed isshownin Table 1. Althoughthe

proportion was high in some months, it is generally low between May and September, the
months defined as the main fishing season inthe regons analy sed.

Table 1: Proportion of schools in which kahawai were observed mixed with other species, expressed
a4 3 proportion of the tofal number of schools (mixed and pure) in which Kahawal were observed, by
year and month; data covers all areas,

Year Jan Feb Mar  Apr May  Jun Jul Aug Sep O¢f Mov Dec
1876 013 014 000 043 013 006
1877 033 000 020 060 030 019 047 028 0.02 042 0.0% 0.3
1978 018 00F 010 028 008 024 011 045 045 015 040 012
1879 000 000 000 025 028 032 047 044 029 009 044 0.23
1980 033 045 026 019 026 049 004 002 007 018 042 031
1981 035 086 046 045 046 011 004 005 020 000 027 0.24
1982 037 012 068 037 025 006 000 010 007 011 009 0.27
1883 0258 024 041 020 024 027 003 006 010 043 020 0.33
1084 033 040 049 035 020 005 008 048 023 008 0.22 0,15
1985 041 050 0.2 02 025 0415 004 007 007 034 025 032
1986 027 044 058 044 030 024 000 014 012 046 031 0.27
1967 040 045 025 030 025 028 003 005 020 007 022 0.24
1988 020 020 037 049 020 0918 045 007 008 007 015 0.24
1988 032 044 032 026 040 €12 000 003 013 023 0.34 0.8
1980 021 033 054 038 03¢ 018 000 005 042 02 034 021
1881 050 059 037 046 031 092 047 030 020 020 0.19 047
1992 040 035 020 010 024 007 002 003 0411 015 020 045
1993 024 0% 023 000 022 008 010 000 047 018 0.23 016
1984 040 021 008 028 O3 027 011 000 0089 010 048 0419
1885 013 033 034 032 062 016 008 009 007 022 0.00 04

1896 035 027 014 019 038 013 025 000 013 044 022 004
1947 37 013 014 06 045 000 006 007 04 018 0.2 015
19902 025 011 000 000 009 008 020 003 021 023 043 034
1599 05T 022 022 038 028 022 042 027 043 047 031 0.26
2000 32 019 033 016 036 024 041 004 002 047 .27 025
200 028 019 000 022 000 000 0.00 004 010 032 025 036
2002 019 038 042 022 000 052 007 004 002 023 040 029
2003 027 030 020 010 000 000 000 000 00F 022 047 043

Mean proporction 0,31 0.29 {F.E‘]" D26 02% 046 009 0.09 02 0498 022 025
S1d deviatisn 032 04T 048 014 014 042 010 008 007 009 090 010



3.4 Tonnes per hour

Varyingpatterns of mean TPH were evident for the three regons analy sed and thefull
dataset (Figure3). Generally, no trends wereobvious.

3.5 Annual 9ghtings by sizedass
Pots of this measure are shown in Figure 4.
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Figure 3: Annual means of tonnes sighted per hour of flving using all data and with scasonal limits

for the three regions east Northland, Bay of Plenty and around Hawke Bay; confidence intervals are
2 standard errors (approximately 5% CI). Source: MFish acrial sightings database aer_sighs.
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Appendix A: Number of purse-seine catches of kahawai by statistical area, year, and

month — data were available from October 1989 to March 2003 inclusive. Source:

MFish catch and effort database,
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