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Cubic trend
Y(t) =b, + bt +b,t* + bt
Quartic trend
Y(t) =b, + bt +byt* +bt* + bt
Seasonal estimate smoothing constant for seasonality estimate length of seasonality new

smoothed value (Hanke & Wichern, 2005).

Since the logbook data only provided length data of the catches, calculating the total
biomass of the retained catch was estimated using length to weight relationship (LWR) for
each species (Appendix D). From these relationships an average weight data was
determined for each species per year and bioregion. This average weight was then
multiplied by the total number of fish retained for each species, to produce an estimated
total retained biomass per species. Note: not all retained species have sufficient lengths
and/or LWR available for calculation. To estimate the overall total retained biomass for
each year, and to include those species that do not have sufficient data available, the total
weight of those species that can be calculated are multiplied by the number of all retained
species, divided by the total number of those species with an estimated weight, refer to the

following equation (DoF, 2010).

This provided only an approximate total retained biomass of all species retained and
should be used as an indicator only of the total retained biomass. Biomass cannot be
estimated for released species, as lengths of released fish were not recorded. Note the data
reported by the charter industry have not been independently validated for accuracy. The
total number of fish retained and released reported in this thesis may differ to other reports,

as the DoF corrects data and/or outstanding late returns are received.

2.3 RESULTS

The number of licenses issued by the DoF for each financial year and by bioregion, varied

only marginally throughout the study period (Table 2.1). Variation occurs when new
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licenses were created and/or licenses are cancelled or not renewed at the end of each

financial year. The proportion of license types issued was dominated by the Fishing Tour

Operators boat based licenses (FTOL). Note, there were no Aquatic Eco-Tourism

Operator’s Land based category licenses (AEOL) issued since the category was first

created. The West Coast bioregion had the highest number of licensed operators, followed

by the Pilbara/Kimberley, Gascoyne and South Coast bioregions between 2002/03 and

2007/08.

Table 2.1: The number of licenses issued by the DoF each year and bioregion.

Year FTOL FTOL FTOL RFTOL RFTOL RFTOL AEOL AEOL
(Boat (Land (Boat & (Boat (Land (Boat & (Boat (Boat &
based) based) Land Based) Based) Land Based) Land

based) based) Based)
South Coast

2002/03 18 2 1 0 0 0 3 0

2003/04 17 4 1 0 0 0 5 0

2004/05 18 4 1 3 0 0 1 0

2005/06 18 4 2 3 1 0 1 0

2006/07 18 4 2 2 1 0 1 0

2007/08 18 4 2 5 1 0 1 0

West Coast

2002/03 123 4 4 0 0 0 16 2

2003/04 126 4 4 0 0 0 17 3

2004/05 130 4 4 16 0 2 0 1

2005/06 131 4 4 16 2 2 2 1

2006/07 132 3 3 15 1 2 2 2

2007/08 131 3 3 17 1 2 2 2

Gascoyne

2002/03 68 2 1 0 0 0 12 1

2003/04 73 4 2 0 0 0 14 0

2004/05 73 4 3 13 0 0 1 0

2005/06 75 3 3 14 1 0 2 0

2006/07 75 4 3 13 0 0 2 0

2007/08 75 4 4 15 0 0 1 0

Pilbara/Kimberley

2002/03 77 5 14 0 0 0 14 0

2003/04 83 6 13 0 0 0 15 0

2004/05 85 6 12 12 0 1 1 0

2005/06 87 6 13 16 0 1 2 0

2006/07 88 7 15 15 0 0 2 0

2007/08 88 7 15 17 0 0 2 0
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In total, 843,812 clients participated in charter activities in Western Australia between
2002/03 and 2007/08. The number of clients recorded per financial year increased from
133,188 in 2002/03 to 151,921 in 2007/08, with an overall average of 140,000 clients per
financial year. In comparison, the total number of trips, including both fishing and non-
extractive trips, showed a slight decline over the study period (Figure 2.1). The majority of
trips undertaken by the charter boat industry were fishing trips, which was consistently

higher than non-extractive trips (Figure 2.1).
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Figure 2.1: The total number of clients and trips, fishing trips and non-extractive trips
undertaken by the charter industry of Western Australia between 2002/03 and 2007/08.

The total numbers of clients over the study period at a bioregional level showed a general
increase in the West Coast and Pilbara/Kimberley bioregion, whilst client numbers were
highly variable in the South Coast and client numbers had a declining pattern in the
Gascoyne bioregion (Figure 2.2). The West Coast bioregion had the highest number of
clients over the study period with an average of 62,676 clients participating in charter
activity per financial year, whilst the South Coast bioregion had the lowest number of

clients, averaging only 5,511 clients per financial year (Figure 2.2).
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The total numbers of trips in each bioregion over the study period were variable, with a
notable decline in recent years. The West Coast bioregion accounts for the highest total
number of trips, 26,392 throughout the study period, compared with 24,329 trips in the
Pilbara/Kimberley, 16,392 trips in the Gascoyne, and the South Coast had the lowest total
number of trips with 3,557. The Pilbara/Kimberley bioregion had the highest number of
extractive trips (fishing) which accounted for 81% of all trips in the bioregion (Figure 2.2).
In comparison, the Gascoyne bioregion had the highest number of non-extractive trips
which accounted for 60% of all trips in the bioregion. In the West Coast bioregion, the
number of extractive trips was greater than non-extractive trips, with 61% of all trips in the
bioregion extractive. In the South Coast bioregion, 62% of all trips over the study period
comprised extractive activity. Overall, extractive trips were predominant, with the

Gascoyne bioregion as the only notable exception.
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Figure 2.2: The total number of clients and trips, fishing trips and non-extractive trips in
the South Coast, West Coast, Gascoyne and Pilbara/Kimberley bioregion.

In the West Coast and Gascoyne bioregions the number of active fishing operators

generally decreased over the study period, however in the South Coast and
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Pilbara/Kimberley there was no obvious patterns (Table 2.2). In 2002/03, as many as 94
charter operators actively fished in the West Coast bioregion, however, by 2007/08 that
had decreased to just 76 operators. In the Gascoyne bioregion there was a decrease from
46 active fishing operators in 2002/03 to 36 in 2007/08. In comparison, the
Pilbara/Kimberley increased from 63 active fishing operators in 2002/03 to 73 in 2004/05,
which then declined to 59 active fishing operators in 2007/08. In the South Coast
bioregion the number of active fishing operators varied between 10 and 14 during the study

period.

In contrast to the number of active charter fishing operators, the number of inactive
operators, with the capacity to fish, generally increased across all bioregions (Table 2.2).
The greatest relative difference in the number of active fishing operators occurred in the
Gascoyne bioregion, which had a 60% decrease between 2002/03 to 2007/08. Other
bioregions followed a similar pattern, with a decrease of 54%, 51% and 44% in the West
Coast, Pilbara/Kimberley and South Coast, respectively. The number of inactive fishing
operators incorporates the number of fishing licenses (FTOL and RFTOL only, Table 2.1)

issued, compared to the number of active fishing operators per bioregion.

Table 2.2: Number of charter operators actively fishing per year, per bioregion and the
number of charter operators who are licensed to fish, but are inactive.

Number of Active Fishing operators Number of Inactive Fishing operators
Year Pilbara/ Gascoyne ~ West  South Pilbara/ Gascoyne  West  South
Kimberley Coast  Coast | Kimberley Coast  Coast
2002/03 63 46 94 12 33 25 37 9
2003/04 70 42 92 12 32 37 42 10
2004/05 73 36 87 10 43 57 69 16
2005/06 66 35 85 13 57 61 74 15
2006/07 68 40 75 13 57 55 81 14
2007/08 59 36 76 14 68 62 81 16

Of the total number of active fishing operators, 31% conducted between one and ten
fishing trips per financial year (Figure 2.3) of which 11% of those operators reported only
one or two fishing trips per financial year. The number of charter operators that conducted
between 11 and 20 fishing trip per financial year, was 14% and the percent declined further

as the number of fishing trips increased. The highest number of fishing trips undertaken in
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any one year was 280 in 2004/05. Only 1% of charter operators conduct more than 200

trips per financial year.
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Figure 2.3: The number of active fishing charter operators by the number of fishing trips
conducted each year, including the mean over the study period.

In the South Coast bioregion, the top ten fishing operators accounted almost the entire
catch (Figure 2.4) however, the number of active fishing operators in the bioregion was
only 12.3 per year (Table 2.2). In the West Coast bioregion, an average 58% of the total
retained catch was accounted by the top ten fishing operators and in the Pilbara/Kimberley
bioregion this figure was 61%. In comparison, 86% of the catch was accounted by the top
ten operators in the Gascoyne bioregion, where seven of those operators remained the same
in each financial year over the entire study period. In the Pilbara/Kimberley four of the top
ten operators were the same in each year, however in the South Coast and West Coast only

three and two remained the same for the entire study period.
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Figure 2.4: Percent of total retained catch by the top ten fishing charter operators per
bioregion for each financial year.

Catch and effort data varied seasonally in all bioregions, with high catch and effort in the
summer months in the South and West Coast bioregions and high catch and effort in the
winter months (dry season) in the Gascoyne and Pilbara/Kimberley bioregions (Figure 2.5
and 2.7). Catch rates also tended to be seasonal in the Pilbara/Kimberley and West Coast
bioregions, however the seasonal variability in catch rates in the Gascoyne decreased over
the study period, and in the South Coast, catch rates did not follow a seasonal pattern

(Figure 2.5).

The number of clients fishing (effort) and the overall total number of clients shared inter
annual trends in most bioregions, with the exception of the Pilbara/Kimberley. In the
Gascoyne and West Coast bioregions, the number of clients fishing decreased over the
study period, whilst in the South Coast bioregion the number of clients fishing followed a
quadratic trend (figure 2.8 - 2.11) and the Pilbara/Kimberley bioregion remained fairly
consistent throughout the study period (Figure 2.6). The percentage of the total number of
charter clients who fished, decreased over time in the Gascoyne, and remained stable at
about 40% in the Pilbara/Kimberley. In the South Coast the percentage was highly variable

and for the West Coast there was quasi periodic pattern with a declining trend.
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Figure 2.5: Monthly catch, effort and catch rates (total retained catch/total effort (number
of clients fishing) by month) by month from July 2002 — June 2008 for the South Coast
(A), West Coast (B), Gascoyne (C), and Pilbara/Kimberley (D) bioregion.
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Figure 2.6: The number of clients fishing and the overall total number of clients by month
from July 2002 — June 2008 for the South Coast (A), West Coast (B), Gascoyne (C), and
Pilbara/Kimberley (D) bioregions.
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Figure 2.7: The seasonal index for catch and effort by the centred moving average from
July 2002 — June 2008 for the South Coast (A) West Coast (B), Gascoyne (C) and
Pilbara/Kimberley (D) bioregions.



Catch, effort and catch rates were strongly influenced by seasonality, were periodic and
varied between the bioregions (Figure 2.7). In the South Coast, West Coast and the
Pilbara/Kimberley bioregions, the number of clients over the study period had quadratic
trends, whilst the Gascoyne bioregion had a declining linear trend (Figures 2.8 -2.11). For
the number of client fishing (effort), the West Coast bioregion had a linear trend, while all
other bioregions had quadratic trends over the study period. In contrast the catch rate
trends in the South and West Coast displayed a quadratic and quartic trend, respectively,

whilst the Gascoyne and Pilbara/Kimberley bioregions showed linear trends.
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