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Summary

Mitigation of endangered, threatened and protected (ETP) species is a challenge in many 
commercial fisheries globally and independent observer programs are often implemented to 
determine accurate estimates of interaction rates. However, interactions with ETP species may 
be extremely rare requiring very high and therefore costly levels of observer coverage to provide 
adequate statistical rigor for such programs. The Pilbara Fish Trawl (Interim Managed) Fishery 
(PFTF) has a long history of developing and adopting mitigation measures that have resulted in 
very low capture rates of ETP megafauna, i.e. dolphins, turtles, sea snakes and sawfish. However, 
there has been uncertainty over the potential for unaccounted mortality of ETP megafauna from 
subsurface expulsion in poor condition through escape hatches in the PFTF trawl nets (particularly 
air breathing species). To examine this issue, all trawl vessels in the PFTF (n = 3) were fitted 
with dual-lens above water and subsurface within-net camera systems from June to December 
2012. Above water cameras recorded continuously (except during malfunctions) and all video 
files were stored in read only folders and encrypted with passwords to prevent tampering. At 
the end of each trip these secure folders containing the video files were transferred onto external 
hard drives by Department of Fisheries staff for later analysis. The observer coverage rates 
of 85.2% of trawl catches above water (n = 1,916 trawls observed), and 71.7% of day-trawls  
(n = 774 trawls observed) and 53.9% of day-trawl hours (n = 1,013 h observed) below water, far 
exceeded that stipulated in the Bycatch Action Plan (22%) and levels achieved from previous 
studies from the PFTF. Captures of ETP megafauna were rare, despite very high levels of 
attendance in and around trawl nets by bottlenose dolphins (> 75% of trawls). All observed 
catches of ETP species were reported in statutory logbooks and these catches were consistent 
with previous data since exclusion grids were mandated in March 2006. Therefore, there was 
no evidence to suggest that captures of ETP species were being unreported by commercial 
fishers. About two thirds of all megafauna, including chondrichthyans, were expelled from 
escape hatches during trawling, with the majority of megafauna expelled relatively quickly  
(< 10 min). This resulted in more than half of the trawl catches containing no megafauna 
(51.4%). A total of 705 megafauna individuals were observed to exit the nets through an escape 
hatch during trawling. Of these megafauna, only one bottlenose dolphin was observed to exit 
these trawls in poor condition. A large turtle was observed to persist in a trawl for an extended 
period (60.1 min). However, despite its condition being inconclusive upon exiting, its duration 
in the net was well within the breath holding capabilities for marine turtles. Thus, the subsurface 
expulsion of megafauna in poor condition was extremely rare. No megafauna were observed to 
exit through the top opening escape slit. However, an upward excluding grid with a top opening 
escape hatch resulted in a higher proportion of escapement for most chondrichthyans. The loss 
of targeted scalefish through escape hatches occurred during less than 3% of trawls. Extensive 
subsurface observations determined that current mitigation strategies are highly effective for 
sea snakes, turtles and chondrichthyans (except sawfish), and that further investigation in the 
forward sections of trawl nets may provide useful information to improve mitigation strategies 
for dolphins and sawfish. The very low rates of mortalities of these ETP megafauna by the 
PFTF were considered to pose a negligible risk to their sustainability based on 1) these rates 
likely to be less than their natural mortality rates (e.g. at least 371 bottlenose dolphins stranded 
from 1981-2010), 2) they appear abundant in Western Australian waters despite large scale 
mortalities from historic foreign fishing (e.g. 13,459 cetacean mortalities from Taiwanese 
fishing from 1981-86), and 3) they have wide distributions and are highly mobile. 
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1.0  Introduction

The retained catch, number of vessels, fishing effort, fishing area and level of bycatch from the 
contemporary State-managed Pilbara Fish Trawl (Interim) Managed Fishery (PFTF) are among 
the lowest compared to other trawl fisheries around the World (cf. Campos et al., 2007; Thurstan 
et al., 2010; Davie and Lordan, 2011; Witherell et al., 2012). The PFTF constitutes a significant 
commercial fishery asset for the state of Western Australia, recording the highest annual 
demersal scalefish catches of any state-managed fishery, with average annual landings valued 
at approximately $6.8 million since 2002 (Newman et al., 2012). Sustainable management of 
this major fisheries resource has reduced operations to three fulltime stern trawl vessels within 
an area of ca 6,900 square nautical miles, representing less than 5% of the total shelf area on the 
north coast of Western Australia (Newman et al., 2012). 

There has been a relatively long and continuous history of trawling on the North West Shelf of 
Western Australia prior to the establishment of the State-managed PFTF in 1987. Since at least 
1959, trawling in this area was dominated by vessels from Japan (1959 – 1963), Taiwan (1971 
– 1989), South Korea and China (1979-1989) and Thailand (1985 – 1990), sometimes under 
joint-venture arrangements with Australia (Sainsbury, 1987; Sainsbury, 1988; Sainsbury, 1991; 
Ramm, 1994). Foreign fleets, particularly the Taiwanese, fished the area heavily until 1986, 
with more than 30,000 trawl hours per year and a peak catch in 1973 of more than 37,000 t 
(Ramm, 1994). Catches by foreign fleets declined rapidly in the 1980s due to a combination 
of changes in effort and fleets after the declaration of a 200 nm Economic Exclusion Zone, but 
also as a result of declining catches. Catches by the Taiwanese fleet declined to approximately 
10,000 t by 1986 and to approximately 200 t in 1990 (Ramm, 1994). The declines in catches 
were associated with declines in the abundance of Lutjanus and Lethrinus species over the 
period from 1962 – 1983 (Sainsbury, 1988). 

Since 1986, due to declining catches of scalefish (see Ramm, 1994) and concerns over the 
impacts of trawling, the Western Australian Department of Fisheries implemented a range of 
controls including effort limits, spatial closures and catch limits (Newman et al., 2012). Some 
of these spatial closures to trawling still exist and are among the longest standing trawl closures 
in Australia. The current PFTF is a fraction of the scale of the fishery at the height of Taiwanese 
effort. The current fleet of three vessels recorded less than 7,400 hours of effort in 2011, landing 
approximately 1,085 t of scalefish (Newman et al., 2012). This large reduction in the total 
trawl effort between the historic foreign fisheries and contemporary fisheries would have also 
likely resulted in a large reduction in interactions with endangered, threatened and protected 
(ETP) species. Although there are limited data available on the interactions of ETP species with 
foreign trawl vessels that fished the North West Shelf, in the nearby waters of the Kimberley 
and Arafura Seas a total of 13,459 cetaceans were estimated by independent observers to have 
been caught by Taiwanese gillnet and pair-trawlers over a 5-year period from mid-1981 to mid-
1986 (Harwood et al., 1984; Hembree, 1986; Harwood and Hembree, 1987). Information on the 
incidental catches of other ETP species by foreign fishing vessels is not available. 

The PFTF was first awarded a Wildlife Trade Operation (WTO) under the Commonwealth of 
Australia’s Environment Protection and Biodiversity Conservation (EPBC) Act in 2004 (http://
www.environment.gov.au/coasts/fisheries/wa/pilbara-trawl/index.html). This included specific 
conditions around the observing, reporting and mitigation of cetacean and turtle interactions 
(http://www.environment.gov.au/coasts/fisheries/wa/pilbara-trawl/declaration.html). Further 
WTOs for the PFTF were awarded in 2007 (http://www.environment.gov.au/coasts/fisheries/wa/
pilbara-trawl/pubs/declaration-december-2007.pdf) and 2011 (http://www.environment.gov.au/
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coasts/fisheries/wa/pilbara-trawl/pubs/wto-march2011.pdf), with further recommendations and 
conditions around dolphin and turtle interactions. Since 2004, the recording of interactions 
with ETP species by the PFTF has been compulsory in statutory logbooks. The mandatory use 
of exclusion grids and escape hatches in trawl nets from March 2006, resulted in much lower 
numbers of dolphin and turtle mortalities as recorded by independent observers (Stephenson 
et al., 2008). However, given the much greater effort from foreign trawl fleets (in excess of 
65,000 h in some years, Ramm, 1994) and the recorded numbers of dolphin mortalities from 
the same fishing vessels in nearby waters in northern Australia (Harwood et al., 1984; Hembree, 
1986; Harwood and Hembree, 1987), it is likely that dolphins, and other ETP species mortalities 
were many orders of magnitude greater by foreign trawlers over the four decades they operated 
in the North West Shelf, than those reported by the PFTF in recent years.

Mitigation of ETP species interactions is a common problem in many trawl and gillnet 
fisheries globally, with 98% of cetacean bycatch reported in gillnet fisheries  (Read et al., 
2006). Independent observer programs are commonly implemented in these fishery to acquire 
accurate estimates of interaction rates (Northbridge, 1996). However, interactions with ETP 
species may be extremely rare requiring very high and therefore costly levels of observer 
coverage to provide adequate statistical rigor for such programs (Rossman, 2007; Taylor et 
al., 2007). If the level of observer coverage is insufficiently low then caution needs to be taken 
when considering subsequent research findings (e.g. ~1% observer coverage, Jaiteh et al., 
2012). However, the higher levels of observer coverage associated with improved mitigation 
measures ultimately result in a significant increase in costs, which are typically shared between 
Governing agencies, license holders, and, to a certain degree, passed onto consumers. Allen 
and Loneragan (2010) reported the capture of dolphins to be very rare (~0.005 trawl-1 in 2010), 
despite dolphins being observed foraging (depredating) inside trawl nets during 98% of trawls. 
This low capture rate formed the current high estimate for the level of observer coverage 
(~62%) required to provide suitable statistical power for analyses. It was also recommended 
that cameras be mounted within trawl nets to observe the condition of ETP megafauna expelled 
from escape gaps during trawling (Stephenson et al., 2008; Allen and Loneragan, 2010). A 
more recent pilot study provided useful advice into the practicalities of using an electronic 
observer program for the PFTF (Diver, 2012). The report by Diver (2012) suggested that an 
electronic observer program could be used to collect information on the catches of large animals 
(i.e. megafauna), but would benefit by being accompanied by subsurface observations of escape 
hatches within the nets.

This project addresses the provisions set out in the current WTO (Appendix 1), aimed at 
conducting an intensive six month observer program to obtain independent observations of 
catches to improve precision and accuracy in estimating ETP megafauna interactions and 
captures. In addition, this study aimed to collect within-net observations to determine the 
effectiveness and efficiency of three configurations of exclusion gear in trawl nets to mitigate 
subsurface interactions with all megafauna species during trawling. The efficiencies of these 
modified trawl nets also considered the rates of targeted scalefish loss associated with the 
exclusion gear.
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2.0  Materials and Methods

2.1  PFTF area of operation and observer program regime

The PFTF uses a single stern trawl net towed close to the substrate to target demersal scalefish 
(e.g. Lutjanidae, Lethrinidae and Epinephelidae, Newman et al., 2012). The boundaries of the 
PFTF were established in 1998 and allow trawl operations on the North West Shelf of Western 
Australia (WA) between 116° and 120° E and essentially within the 50 to 100 m depth contours 
(Fig. 1). There are four management areas open to fishing within this trawl fishery (areas 1, 
2, 4 and 5, Fig. 1), each with separate annual transferable effort allocations. In addition to the 
areas outside of these being closed to trawling, there is a Targeted Fisheries Closed area located 
centrally in this trawl fishery which has been closed to commercial trawl and trap fishing since 
1998 (area 3, Fig. 1). The allocated annual trawl effort is currently consolidated onto three full 
time vessels, which are each fitted with tamperproof satellite monitoring systems to ensure 
trawling is regulated within the management boundaries and annual effort allocations.

A six month observer program was established to independently collect catch information and 
subsurface interactions with ETP and chondrichthyan megafauna species with exclusion gear 
in trawl nets on all three vessels operating in the PFTF from mid June to mid December 2012. 
Cameras were used in place of human observers as a cost effective method for obtaining high 
levels of representative coverage to adequately sample rare events, based on reported capture 
rates of dolphins and turtles (see Allen and Loneragan, 2010). Deck cameras were installed on 
all three vessels to observe the numbers of each megafauna species in catches from all trawls 
(day and night) and surface interactions with marine mammals during net retrieval (day only). 
In addition, cameras were installed in trawl nets during daylight (0830-1630 h) to observe the 
effectiveness and efficiency of mitigating megafauna species interactions with three different 
exclusion gear configurations in trawl nets (Fig. 2).

The start and end positions, times and depths of each trawl were obtained from statutory logbooks 
populated by the Master of each vessel. Incidental catches of four ETP megafauna groups (i.e. 
dolphins, turtles, sea snakes and sawfish) and their condition (alive or dead) upon discard were 
also recorded in these logbooks. This information facilitated comparisons between catches of 
ETP megafauna observed from deck cameras and those reported in logbooks. In addition, the 
numbers of ETP megafauna caught during this six month study were compared with those 
recorded in logbooks since 2004, to determine differences over time, between seasons or during 
periods with no independent observer program.  
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Figure 1.  Map of the five management areas of the Pilbara Fish Trawl Fishery (areas 1 to 5) 
on the northwest coast of Western Australia (WA). Note Area 3 and outside of areas 
1 to 5 have been closed to commercial trawl fishing since 1998.
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Figure 2.  Schematic diagrams (above) and in situ images taken from the net camera systems 
with the camera positioned behind the grid facing forward (below), for the three 
different net configurations, i.e. (a) downward excluding net, (b) upward excluding net 
and (c) experimental net (SM, stretched mesh).

2.2  Deck camera systems

Deck camera systems (MOBOTIX DualDome D14) were installed on each vessel and consisted 
of two independent lenses that recorded in high definition (1280 x 960 pixels per lens) and were 
waterproof and shock proof (containing no mechanical moving parts). A single deck camera 
was mounted at a high vantage point at the stern of each vessel to optimise the field of view 
for both lenses. This allowed one lens to be positioned above and directed toward the catch-
sorting area and the other to be directed astern of the vessel to observe surface interactions 
with dolphins and other megafauna that may occur during net retrieval. The cameras recorded 
continuously at one frame per second (fps) to a computer (Apple Mac Mini™) located in the 
wheelhouse via a shielded Power Over Ethernet cable on each vessel. A live feed was setup 
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on a monitor in the wheelhouse to allow camera function to be monitored periodically by the 
vessels crew. Video images were truncated into files containing one hour of elapsed time and 
stored in a ‘read only’ folder with password encryption to prevent tampering. At the end of 
each trip when vessels returned to port, these secure folders containing all video files were 
transferred onto external hard drives by Fisheries Research staff. The files on these external 
hard drives were also password encrypted and sent registered post to the Western Australian 
Fisheries and Marine Research laboratories (WAFMRL) for analysis. Wheelhouse computers 
were enabled with a secure internet connection, which became available when the vessels were 
within range, typically only in port. This internet connection allowed for remote monitoring of 
potential shifts in lens positions caused by vibrations during trawling (see Diver, 2012), remote 
computer programming if required and monitoring of available storage space to determine the 
frequency for downloading footage to hard drives.

2.3  Net camera systems

In order to achieve full coverage of the longest trawls typically conducted in the PFTF (up to ca 
4 h), net cameras (GoPro Hero2™) were set to record in standard definition (720 p, 25 fps) to 
reduce file size, fitted with a second battery (GoPro BacPac™) and a large capacity, high-speed 
storage card (64 GB SD class 10). Pilot study tests of the capabilities of this camera system 
with these settings prior to field deployment determined that the maximum recording duration 
was ca 4.25 h. Net cameras were placed in water proof housings (Sartek Deep Housing™) 
that were rated to greater than 200 m depth, which was greater than the depths trawled by the 
PFTF (i.e. 50-120 m). On each trawl a single net camera was positioned anterior or posterior 
(within 5 m) and pointed towards the exclusion gear. In this position the camera was located 30 
to 40 m from the centre of the headrope and provided a wide field of view (~170°) that ensured 
all exclusion gear (grid, escape hatches and escape slit) were within the field of view at all 
times. Fishers on each trawl vessel were responsible for changing the camera and connecting 
it to the wheelhouse computer (via USB) after each trawl. Once connected, the computer was 
programmed to automatically download the video footage from the cameras SD card to the 
encrypted ‘read only’ folder, whilst simultaneously charging the cameras batteries. Following 
the automated download of videos, remnant data was found to be cached on the SD cards, which 
required reformatting daily. When reformatting was not carried out or batteries not charged for 
a sufficient period, the maximum recording time of subsequent trawls was reduced.

2.4  Trawl net designs

The body panel sections of the trawl nets used on all three vessels were constructed from three 
types of netting, which included 229 mm (9 inch) stretched mesh in the wings and first body 
panel, 152 mm (6 inch) in the second body panel, and 114 mm (4.5 inch) in the last body panel 
that was connected to the grid extension panel. Each body panel was about ten metres in length 
when stretched. The stretched mesh distance of the grid extension panel from the posterior edge 
of the last body panel to the grid and associated exclusion gear (escape hatch and/or escape slit) 
was 2 to 4 m. The grid extension panel was followed by the codend extension panel (10-20 m 
long) and codend (10 m long, Fig. 2). 

The standard construction of the trawl net used in this fishery from which modifications were 
based on, included a semi-rigid downward angled exclusion grid, which was constructed of 
six stainless steel tubes spaced at 150 mm apart with a side tube length of 795 mm (Fig. 2a). 
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An escape hatch was cut into the bottom of the trawl net at the base of and forward to this grid 
with a mesh cover opening backward to facilitate the subsurface expulsion of megafauna and 
benthos during trawling (Figs 2a and 3). The mesh panels on this net consisted of 105 mm 
(stretched) diamond mesh in the grid and codend extension panels and 110 mm (stretched) 
diamond mesh in the codend. Herein, this standard trawl net configuration was referred to as 
the ‘downward excluding net’.

The first of the two modified trawl nets consisted of an exclusion grid that was rotated to 
achieve an upwardly inclined grid (Fig. 2b). The escape hatch and mesh cover for this net was 
shifted to the top of the net immediately forward of the grid (Fig. 2b). The grid was made rigid 
and the spacing of the stainless steel tubes was increased to 200 mm with the length of the side 
bars increased to 1030 mm (Fig. 2b). The mesh sizes used in this modified net were identical 
to the downward excluding net. Flume tanks trials of this net determined that additional floats 
were needed on the top of the grid to optimise the nets fishing performance (Figs 2b and 3). 
Herein, this modified trawl net was referred to as the ‘upward excluding net’. 

The second modified net used the same rigid grid as the upward excluding net, but with the 
declining orientation of the downward excluding net (Fig. 2c). As with the downward excluding 
net, the escape hatch was cut into the bottom of the net at the base and forward of the grid, with 
a similar mesh cover opening backwards (Figs 2c and 3). However, the grid and escape hatch 
were stitched into 50 mm square mesh which served to keep this section of the net cylindrical, 
which in turn improved water flow through the net (Fig. 2c, Brewer et al., 2003). Following 
recommendations by Allen and Loneragan (2010), a longitudinal escape slit (~3 m long) was 
cut into the top of the square mesh net within one metre of and forward to the exclusion grid 
(Fig. 4). This slit was intended to facilitate the subsurface escapement of predominantly air-
breathing animals, based on the assumption that they would tend to push upwards to escape 
(Allen and Loneragan, 2010). The slit was held together with magnets along its edges to keep 
it closed during trawling and after an animal had passed through it. This top opening slit design 
was refined through trials in a flume tank that involved using a megafauna replica (with similar 
dimensions to a dolphin), in an attempt to minimise the amount of force required to open the slit 
but still well within the capabilities of a megafauna species that may be encountered in the trawl 
net (Fig. 4). Herein, this second modified trawl net was referred to as the ‘experimental net’.

Figure 3.  Sequence of photos taken during flume tank tests showing how a negatively buoyant 
object (~10 litre container filled with freshwater and ballast to give a negative 
buoyancy of ~0.5 kg) would be directed by the downward excluding grid toward and 
out of the bottom opening escape hatch through the backward opening escape hatch 
mesh cover (photos by J. Wakeford).
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Figure 4.  Sequence of photos taken during flume tank tests showing a performance evaluation 
of a megafauna replica passing through the top-opening escape slit (photos by J. 
Wakeford).

2.5  Video analysis

Videos from the deck cameras were viewed at WAFMRL (QuickTime 10.1™) with data input 
into a custom database (FileMaker Pro 12™). The numbers of individuals of each megafauna 
species were counted from each trawl catch. Each megafauna species was identified to the lowest 
possible taxa. These megafauna species were placed into ten groups based on their overall body 
profile (Table 1). The duration of each trawl was measured from the time the net drum (reel) stopped 
rotating with the trawl net deployed, to the time the net drum commenced rotating signifying the 
commencement of net retrieval. During daylight retrievals, the relative abundances of marine 
mammals interacting with the net on the surface were determined as the maximum number visible 
in the field of view within a single frame (MaxN). On the surface, trawl nets were closely monitored 
for potential fallouts of any megafauna species from the escape gaps and net mouth. The reduced 
visibility at night prevented confident observations of these surface interactions and fallouts. The 
incidental catches of megafauna species and their position of retention within the trawl net was 
recorded for each trawl. The condition of all ETP individuals upon discarding was obtained from 
vessel logbooks, as this was difficult to determine from deck camera videos.

Videos recorded from the net cameras were analysed using a custom interface (Event Measure 
version 3.32, developed by the Australian Institute of Marine Science) to collect information 
on subsurface interactions of megafauna species within each of the three net configurations. 
The relative abundances of each megafauna species recorded inside the nets were the total 
number observed per trawl. The pathway taken by each megafauna interaction within nets was 
categorised as; 1) passing through the grid to the codend, 2) retained ahead of grid, or 3) exited 
through an escape hatch or slit. The time taken for each individual to escape through a hatch 
or slit was measured from their initial contact or close proximity to the exclusion grid to the 
time they had entirely passed through the hatch or slit. The condition status of each individual 
prior to exiting or during retention, particularly air breathing animals, was determined from the 
video footage. The occurrences and causes of any loss of targeted scalefish were also noted for 
each of the three trawl net configurations. The attendance outside of the net during trawling for 
any of the megafauna groups was also recorded with their relative abundance determined as the 
maximum number visible in the field of view at any one time (MaxN).
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2.6  Statistical analysis

The spatial distribution of trawls observed from both the deck and net camera systems were 
analysed from maps overlayed with mid latitudes and longitudes of each trawl within each 
management area using GIS software (ArcMAP 10). This spatial distribution was compared to 
MaxN estimates of marine mammals in attendance on the outside of the trawl nets during fishing. 

The consistency of the electronic observer program to report similar numbers of ETP megafauna 
(i.e. dolphins, turtles, sea snakes, green sawfish and narrow sawfish) to those recorded in statutory 
logbooks was assessed by comparing the historic range and trends in catches from the previous 
six seasons (2006 – 2012) since exclusion gear was mandated (March 2006). The abundance of 
these animals were identified as possibly varying between quarters and so as to reduce any issues 
of effort varying between quarters across seasons these comparisons of catches were restricted to 
similar periods within each year, i.e. the last two quarters of each year (June – December). Due 
to the low number of data points (i.e. six seasons) a statistical method such as time series analysis 
was not considered appropriate for assessing the consistency of observed catches from the six 
month observer period to that expected based on historic logbook data.

The effectiveness of each exclusion gear configuration was determined by firstly, comparing 
the mean numbers of interactions of megafauna observed within the nets to those recorded in 
the catches. Secondly, any important behavioural responses made by the megafauna during 
subsurface interactions in relation to the exclusion gear that may aid in improving mitigation 
strategies were recorded. The efficiency of the three net configurations in mitigating megafauna 
retention in trawls was investigated using the proportions of escape for each net type and 
associated escape times. Analyses were conducted individually for each of the ten megafauna 
groups (see Table 1). Each interaction was considered as an independent observation for a given 
net configuration. All analyses were conducted using the R language for statistical computing 
(R Development Core Team, 2013). The proportions of animals that escaped from each of 
the three net configurations for each megafauna group were assumed to follow a binomial 
distribution, ~ ( , )X B n p ; where n is the number of trials and p the probability of escaping. 
Clopper-Pearson confidence intervals were calculated for the proportion of animals escaping 
for each of the three net configurations and the ten megafauna groups. It should be noted that 
this interval tends to be larger than necessary for 1-a confidence, and therefore it is said to be a 
conservative confidence interval (Zar, 2010). 

Differences in the proportions of escapement for each megafauna group between the three net 
configurations were examined using contingency table analysis (using chi-square tests). This test 
requires adequate sample sizes, with counts of more than five in 80% of categories and no categories 
with zero expected counts (Zar, 2010). Based on these guidelines, there was insufficient data (i.e. 
interactions were rare) spread over all three net treatments to facilitate net efficiency comparisons 
for five of the ten megafauna groups (dolphins, turtles, sawfishes, hammerhead sharks and grey 
nurse sharks). A chi-square test of homogeneity was conducted to assess whether the proportion 
of animals that escaped differed among net configurations for these five remaining megafauna 
groups, testing the null hypothesis that the proportions of animals escaping for each of the three 
net configurations were similar. When a significant relationship was observed, post-hoc multiple 
pairwise comparisons using a procedure that is analogous to a Tukey-type multiple comparison test 
was used to explore differences (Zar, 2010). As proportions from 0 to 1 form a binomial rather than 
a normal distribution, with the deviation from normality being greater for small or large percentages 
(i.e. 0–30% and 70–100%), an angular transformation of each sample proportion was used, such 
that the resultant data had an underlying distribution that was nearly normal (Zar, 2010);
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;

where X is the count and n is the sample size composing each sample proportion. The 
difference in the transformed proportions was calculated, along with the standard error, for 
each comparison using;

 
;

where An  and Bn  were the sample sizes for the two proportions being compared. The test 
statistic, known as the studentised range, is the difference in the transformed proportions divided 
by the standard error. Significant differences among proportions at the a level were observed if 
the test statistic was greater than the critical studentised range statistic given (qα,∞,k), with 3k =  
groups in this analysis. 

The expected proportion of escapement and associated uncertainty for each net configuration for 
each megafauna group were generated from 10,000 bootstrap estimates. Each bootstrap sample 
consisted of the same number of samples for each net configuration as the original sample. 
The distributions of the bootstrap estimates of escape proportions were compiled for each net 
type within each of the five megafauna groups, and 2.5 and 97.5 percentiles of these estimates 
were used to form the upper and lower 95% confidence limits and were comparable with the 
Clopper-Pearson intervals computed previously. If a non-significant relationship was observed 
for escape proportions among net types, a post-hoc power analysis was conducted to examine 
whether small sample sizes may have influenced the significance of some of the statistical 
comparisons. Power analyses were used to calculate the minimum sample sizes required to 
achieve 80% power based on the effect size observed for other species, i.e. 

 ;

where P1i are the cell proportions under the null hypothesis of no difference between net 
configurations and P0i are the cell proportions observed (Cohen, 1988).

The distributions of escapement times for each net configuration and megafauna group 
combination were considered as an additional measure of mitigation efficiency. As with the 
analysis of escape proportions, there were insufficient data (i.e. interactions were rare) spread 
over all three net treatments to facilitate net efficiency comparisons for five of the ten megafauna 
groups (dolphins, turtles, sawfishes, hammerhead sharks and grey nurse sharks). Escape times 
were analysed using cumulative frequency distributions to identify those nets for which some 
individuals may have taken extended periods of time to exit through the escape hatches or slit. 
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3.0  Results

3.1  Levels and spatial distribution of observer coverage

During the six-month observer period there were 2,250 trawls completed by the three 
commercial vessels. Catches from 85.2% of these trawls were independently observed using 
the deck camera systems (Table 2). The level of coverage differed among the vessels, with the 
lowest being 67.1% due to a camera malfunction that rendered it inoperable for two fishing 
trips (ca four weeks). The other two vessels had higher levels of observer coverage (i.e. 98.9% 
and 91.2%, Table 2). During this period, net camera systems were deployed in 774 day-trawls 
with an observer coverage rate of 71.7%. However, considering the net cameras did not always 
record the entire trawl, observer coverage based on trawl hours was slightly lower (53.9%). 
Overall, a total of 1,013 h of subsurface footage were observed from within the trawl nets 
(Table 2).

The numbers of trawls observed for the three net types were not evenly distributed among the 
three vessels (Table 3). While two of the vessels used more than one net configuration, each 
vessel primarily used one net type. This meant that statistical differences among vessels could 
not be investigated. As such, subsequent analyses were assumed to primarily explore differences 
in net type, but influencing factors such as vessel and/or skipper could not be excluded. The 
spatial distribution of observed trawls from both the deck and net camera systems were well 
spread throughout the four trawl managed areas (Fig. 5). The high levels of observer coverage 
and similarities between the spatial distributions of observed versus all trawls, suggested that 
the data collected during this six month period provided adequate representation of the fishing 
operations of the PFTF. 

Table 2.  Total number of trawls and cumulative hours trawled (during the day from 0830-1630 
h), and the level of observer coverage from deck and net camera systems for each 
vessel from mid-June to mid-December 2012. 

Deck camera

all trawls day trawls day hours all trawls (%) day trawls (%) day hours (%)

A 796 389 658 787 (98.9%) 286 (73.5%) 399 (60.6%)
B 634 302 593 579 (91.2%) 185 (61.3%) 257 (43.3%)
C 820 388 628 550 (67.1%) 303 (78.1%) 357 (56.8%)

Overall 2,250 1,079 1,879 1,916 (85.2%) 774 (71.7%) 1,013 (53.9%)

Net cameraVessel logbook
Vessel

Table 3.  Numbers of trawls observed from the deck and net camera systems for each trawl 
net configuration used by each vessel.

Downward Upward Experimental Downward Upward Experimental

A 787 − − 286 − −
B 34 545 − 15 170 −
C − 179 371 − 46 257

Overall 821 724 371 301 216 257

Vessel
Deck camera Net camera



14 Fisheries Research Report [Western Australia] No. 244, 2014

Figure 5.  Spatial Distribution of (a) all trawls from mid June to mid December from statutory 
logbooks, (b) observed trawls from the deck camera systems (grey circles, n = 
1,916) and net camera systems (black circles, n = 774) and (c) the numbers of 
marine mammals (bottlenose dolphins Tursiops truncatus being the only species 
observed) observed in attendance either on the surface of the water or subsurface 
interactions on the outside of the trawl nets.
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3.2  Observed abundances of megafauna in catches relative to 
subsurface interactions in trawl nets 

There were a total of 1,475 megafauna individuals observed in catches of 1,916 trawls, i.e. 
0.77 individuals per trawl. Slightly more than half of the observed trawl catches contained no 
megafauna (51.4%). Whaler sharks were the most commonly caught group representing 57.3% 
of overall megafauna and the highest catch rates (Table 4, Fig. 6). Sawfishes, dolphins and 
hammerhead sharks were among the lowest encountered species in the trawl catches, accounting 
for 2.4%, 0.7% and 0.5% of all megafauna, respectively. Sea snakes could not be accurately 
observed in the catches of two of the trawl vessels, as they passed through a sorting grid into 
the hull of the vessel and were discarded out of sight of the camera. However, sea snakes were 
rarely encountered in the catches of the third vessel (Table 4). There were no turtles or grey 
nurse sharks observed in the trawl catches, despite being observed within the trawl nets during 
fishing (Table 4).

In comparison, interaction rates of megafauna in nets during trawling were much higher than 
rates observed in catches. A total of 1,851 megafauna individuals were observed in trawl nets 
from 774 day-trawls, i.e. 2.4 individuals per day-trawl. This suggested that about two thirds of 
all megafauna that entered the trawl nets exited through an escape hatch and were not retained in 
catches. Only 8.3% of trawls (n = 64) were observed to have no subsurface within-net interactions 
with megafauna. Rates of escapement varied among megafauna groups and the time taken for 
individuals to exit the trawl nets were considered most important for air breathing animals. Further 
analysis of escape proportions and times for chondrichthyan megafauna are outlined in Section 
3.3, as they were used to compare mitigation efficiencies among the three trawl nets.

The highest rates of escapement were observed for sea snakes (Fig. 6), which readily exited trawl 
nets through the mesh or escape hatches in less than two minutes. A large majority (86.1%, Fig. 7) 
of sea snakes retained in catches were returned alive, according to logbook records. All grey nurse 
sharks (n = 9) and turtles (n = 11) were observed to exit trawls through an escape hatch. Nine 
of the eleven turtle interactions exited trawls in less than 2.5 minutes, while the remaining two 
took 7.8 and 60.1 minutes. The latter of which was a very large individual interacting with the 
less flexible escape hatch in the square mesh of the experimental net, which greatly impeded its 
escape. The condition of this turtle upon exiting was inconclusive from the video. 

Seven dolphins, all Tursiops truncatus, were observed to come within close proximity to 
exclusion gear inside the trawl nets during five trawls. This resulted in a very rare interaction 
rate with exclusion gear inside the nets of 0.009 dolphins per day-trawl. All seven of these 
dolphins appeared to be distressed at this point (following the terminology used by Stephenson 
et al., 2008). The most conspicuous behaviour observed for this species at this stage was 
short bursts of swimming in a direction upstream toward the mouth of the net, i.e. short (< 10 
seconds), infrequent and non-sustained bursts of swimming. These distressed dolphins (n = 7) 
did not always make obvious movements upwards toward the top of the net. Four of these seven 
dolphins were observed to asphyxiate and be retained within the net ahead of the exclusion 
grid. All four of these dolphins were observed in the catches by the deck camera systems and 
all were recorded in statutory logbooks as dead. Two of the remaining three dolphins exited 
from the upward excluding net through the top opening escape hatch within relatively short 
periods of time (i.e. 0.3 and 5.0 minutes). These two dolphins were considered to have a high 
chance of survival based on their conspicuous swimming movements during escapement. The 
dolphin that exited the net in the shortest time approached the exclusion grid head first and 
exited through the escape hatch head first, whereas the orientation of the dolphins during the 
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other six interactions all approached the grid tail first. The latter of these orientations usually 
involved the tail of the dolphin passing through the grid and becoming lodged. During the 
last of these observations, the dolphin appeared to asphyxiate and was retained within the net 
forward of the grid for 27 minutes. Whilst that trawl was near the water’s surface during hauling 
and under excessive turbulence, the tail of that dolphin was observed to become dislodged 
from the exclusion grid, the net rotated 180° and the dolphin fell out of the net through the top 
opening escape hatch that was now orientated downward. This was the only observation of an 
asphyxiated dolphin exiting through an escape hatch.

Only one sawfish was observed to come within close proximity to the exclusion gear in the nets 
during trawling. This was due to the rostrums of the sawfishes typically becoming entangled with 
the mesh in the forward body panel sections of the trawl nets, as observed from the deck camera 
systems. Overall, there were no megafauna or scalefish observed to exit the trawl nets through 
the top opening escape slit, which was designed to facilitate escapement of predominantly air 
breathing animals. There was however a single dolphin observed to attempt to enter the trawl 
net through this escape slit.

Although the numbers of scalefish lost through the escape hatches was difficult to estimate, its 
occurrence was rare for each net type. Scalefish escapement was observed to occur in 1.3% of 
trawls for the downward excluding net, 2.8% of trawls for the upward excluding net and 1.2% 
of trawls for the experimental net. The loss of scalefish was always associated with a large 
object, usually a sponge, being lodged in the escape hatch.
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Figure 6.  Comparison of the mean number of individuals (±1 se) from each megafauna 
group per trawl catch (observed from the deck camera systems, above x-axis) and 
interactions within nets during trawling (observed from the net camera systems, 
below x-axis) for each of the three net configurations.
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Figure 7.  Numbers of protected species reported as caught alive (white bars) or dead (grey 
bars) in statutory logbooks from commercial trawl fishing in the Pilbara Fish Trawl 
Fishery per quarter from 2004 to 2012. After March 2006 (dashed line), exclusion 
devices (grid and escape hatch) were mandatory in trawl nets. The observer program 
from this study occurred during the third and fourth quarters of 2012 (i.e. the last two 
bars in each histogram).
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3.3  Reporting of ETP megafauna in statutory logbooks

All dolphins, turtles, sea snakes, green sawfish and narrow sawfish observed in the trawl 
catches during the six month observer period were recorded in their associated vessels statutory 
logbook. Catches of these ETP megafauna during this period were well within catch ranges 
reported historically in logbooks since exclusion grids were mandated (March 2006, Fig. 7). 
The number of dolphin mortalities reported in logbooks from March 2006 to June 2012 ranged 
from 1 to 12 per quarter. There were an additional 1 to 3 dolphins per quarter that were reported 
to be returned alive. The numbers of dolphin mortalities reported in logbooks during the recent 
observer period were well within this range, i.e. 6 and 8 for the third and fourth quarters of 
2012, respectively (Fig. 7). The numbers of dolphin mortalities reported in statutory logbooks 
has averaged 16.7 per year and ranged from 11 to 24 per year since the mandatory use of 
exclusion grids.

There has not been a turtle mortality reported in statutory logbooks since exclusion grids were 
mandated. The number of turtles reported to be returned alive during this period has averaged 
1.3 per quarter. According to logbook data, there were no turtles caught in trawl catches in 
2012. This was confirmed from independent observations of catches from the deck camera 
systems in the last half of 2012 (Fig. 7).

The number of sea snake mortalities reported from catches in logbooks since grids have been 
used in trawls nets has ranged from 0 to 14 per quarter, with an average of 3.6 per quarter. A 
large proportion of the sea snakes reported in logbooks during this period were returned alive 
(86.1%, Fig. 7). The numbers of sea snake mortalities reported in logbooks during the recent 
observer period were well within this historic range, i.e. 9 and 0 for the third and fourth quarters 
of 2012, respectively (Fig. 7).

The number of green sawfish reported from catches in logbooks since grids have been used in 
trawls nets has ranged from 0 to 9 per quarter returned alive and 0 to 4 per quarter dead. The 
number of narrow sawfish reported from these catches in logbooks over the same period has 
ranged from 0 to 17 per quarter returned alive and 0 to 4 per quarter dead. The catches of green 
and narrow sawfishes recorded in logbooks during the third quarter of 2012, although relatively 
low (i.e. 4 dead, 9 alive and 3 dead, 17 alive, respectively), were at the upper limits of these 
historic catch ranges. These catches however were in line with the overall increasing trend for 
these animals from previous seasons (Fig. 7). The catches of these sawfishes were lower in the 
last quarter of 2012 (i.e. 4 dead, 0 alive, and 3 dead, 1 alive, for green and narrow, respectively). 
Typically, trends in catches for sawfishes were historically higher during the second and third 
quarters of each year, which suggested there is a strong seasonal influence associated with catches.

3.4  Comparisons of subsurface escapement efficiencies 
between the three trawl net configurations 

The subsurface interactions in the trawl nets for dolphins, turtles, sawfishes, hammerhead sharks 
and grey nurse sharks were unable to be used to investigate mitigation efficiencies among 
different exclusion gear configurations, as there were insufficient numbers of interactions across 
all net types (i.e. interactions were rare). Similarly, sea snake interactions in trawl nets during 
fishing provided no indication of the efficiencies among exclusion gear as a large majority 
readily passed through the grid to the codend or escaped through the mesh. Of the remaining 
four megafauna groups, the overall proportion of individuals that escaped were highest for the 
catshark, zebra, tawny, wobbegong shark group at 81% and the rays, skates group at 71%. The 
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overall proportions of escapement for the whaler sharks and shovelnose, wedgefish, shark rays 
groups were lower at 30% and 33%, respectively. The proportions of escapement differed among 
the three net types (Fig. 8). The upward excluding net had higher proportions of escapement for 
three of the chondrichthyan megafauna groups, whereas these proportions were similar for all 
net types for the catshark, zebra, tawny, wobbegong sharks group (Fig. 8).

Chi-square tests of homogeneity indicated that the unimodal distributions of the proportions 
of escapement were greater for the upward excluding net for three of the chondrichthyan 
megafauna groups (Table 5, Fig. 9). However, the overlapping distributions of the proportions 
of escapement for the catshark, zebra, tawny, wobbegong shark group suggested there was no 
difference among net types (Table 5, Fig. 9). Post-hoc multiple pairwise comparisons indicated 
that the upward excluding net had significantly higher proportions of escapement for the whaler 
shark and ray, skate groups (P < 0.05), and that there was no significant difference between 
those proportions for the downward excluding and experimental nets (P > 0.05). The pairwise 
comparisons were unable to detect a significant difference among the trawl net configurations 
for the shovelnose, wedgefish, shark ray group (P > 0.05, Table 5). However, the distributions 
of the resampled escape proportions for these three chondrichthyan groups suggested that the 
upward excluding net had ca 20% greater proportions of escape than the other two nets (Fig. 
9). Post-hoc power analysis suggested that, on the basis of the effect size observed for the 
other groups, small sample sizes may have resulted in insufficient statistical power to test for a 
significant difference in proportions of escapement among the net types for the catshark, zebra, 
tawny, wobbegong shark group (Table 5). However, resampled distributions of the data were 
similar among the three net types and suggested that the proportions of escapement for this 
megafauna group were equally high among the three net types (81%, Fig. 9).

A large majority of individual chondrichthyan megafauna escaped all three trawl net 
configurations relatively quickly (< 10 min). However, a small number of individuals 
occasionally became lodged for longer periods. This resulted in a highly skewed distribution 
for some of the escape time data sets. These extended escape times were commonly encountered 
in the experimental net for each of the four chondrichthyan groups (Fig. 10). In contrast, the 
maximum escapement times for these groups were always markedly lower in the downward 
excluding net, suggesting greater mitigation efficiency (Fig. 10). The escape times for the 
upward excluding net showed mixed results among the four chondrichthyan groups. Escape 
times for this net were relatively low for the ray, skate and catshark, zebra, tawny, wobbegong 
shark groups, but some individuals did persist in this net type for extended periods among the 
whaler shark and shovelnose, wedgefish, shark ray groups (Fig. 10).
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Table 5.  Results of the chi-square test for overall differences and pairwise post hoc multiple 
comparison tests for difference in proportions of escapement between the three trawl 
nets for the four chondrichthyan megafauna groups. Significant P values bolded and 
dash denotes insufficient sample size.

Shovelnose, Catsharks,

wedgefish, zebra, tawny,

shark rays wobbegong sharks

P  = 0.000002 P  = 0.045260 P  = 0.000028 P  = 0.915100

Downward v. Upward P  < 0.05 P  > 0.05 P  < 0.05 -

Downward v. Experimental P  > 0.05 P  > 0.05 P > 0.05 -

Experimental v. Upward P  < 0.05 P  > 0.05 P  < 0.05 -

Overall

Groups Rays, skatesWhaler sharks
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Figure 8.  Proportions (95% Clopper-Pearson confidence intervals) of escapement during 
subsurface interactions within nets during trawling for four megafauna groups 
from each of the three trawl net configurations (key shown), as recorded from the 
net camera systems. Total number of interactions for each megafauna group and 
net type are shown. Those megafauna groups that had insufficient numbers of 
interactions for comparison across all net types have been excluded. 
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Figure 9.  Data distributions (from 10,000 bootstrap runs) for the proportions of escapement from 
each of the three trawl net configurations during fishing for four megafauna groups, as 
recorded from the net camera systems. Those megafauna groups that had insufficient 
numbers of interactions for comparison across all net types have been excluded. 
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Figure 10.  Cumulative frequency distributions for the escape times from each of the three trawl 
net configurations during fishing for four megafauna groups, as observed from the 
net camera systems. Those megafauna groups that had insufficient numbers of 
escapement times for comparison across all net types have been excluded. 
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3.5  Marine mammal attendance

The only marine mammal species recorded during the observer period was the bottlenose 
dolphin Tursiops truncatus. Observed behaviours of this species generally involved foraging, 
socialising and frequently and intentionally making contact with the trawl nets. Estimates of the 
prevalence and numbers of bottlenose dolphins in attendance during trawling were considered 
conservative as they were limited to the maximum number within a camera’s field of view in 
a single frame. In addition, deck cameras could only observe dolphins when they breached the 
water’s surface and the net cameras were purposely orientated to observe the exclusion gear 
within the net, with dolphin interactions limited to the periphery of the field of view (Fig. 2). 
Nonetheless, dolphins were observed during daylight interacting with trawl nets on the surface 
during hauling for 75.7% of trawls and averaged 2.4 dolphins per trawl (ranging from 0-16 
individuals). Similarly, dolphins were observed underwater on the outside of trawls nets during 
fishing in 76.4% of trawls and averaged 2.0 dolphins per trawl (ranging from 0-13 individuals). 
The spatial distribution of dolphin attendance during trawling was spread throughout all four 
trawl management areas and was strongly associated with the spatial distribution of observed 
trawl effort (Fig. 5). 
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4.0  Discussion

This independent observer program incorporated simultaneous dual lens above water and 
subsurface within-net camera systems, which provided a unique multi-dimensional approach 
that facilitated exceptionally high levels of coverage whilst including all important angles 
of operations and delivered permanent, tamperproof, archival records for reference (video 
footage). A high level of observer coverage was achieved across all three vessels over six months 
from mid-June to mid-December 2012 (i.e. 85.2% or 1,916 trawls). The level of coverage far 
exceeded that stipulated in the Bycatch Action Plan (22%) and levels achieved in previous 
studies in this fishery (Stephenson et al., 2008; Allen and Loneragan, 2010). This study also 
provided an improved understanding of subsurface interactions, exclusion gear effectiveness 
and efficiency and appropriate mitigation strategies for megafauna species from a high level of 
within-net observer coverage during trawling (i.e. 774 day-trawls or 1,013 h). 

The four ETP megafauna groups for which PFTF fishers are required to keep catch records (i.e. 
dolphins, turtles, sea snakes and sawfishes) were rarely encountered and represented a very small 
proportion of the overall megafauna abundances observed in catches and interacting within 
trawl nets (Table 1). During the observer program, all independently observed captures of these 
four groups (noting no turtles were caught) were reported in statutory logbooks. In addition, 
numbers of these four species caught during the six month observer program were within 
historically reported levels from logbook records, since exclusion gear was made compulsory 
in the PFTF (March 2006). Therefore, there was no evidence during this study to suggest that 
incidental catches of these ETP megafauna were being unreported in these statutory logbooks.

Considering fishers were acutely aware that fishing operations were being continually 
monitored and scrutinised onboard all vessels during the six month survey period, provided 
considerable incentive for the vigilant recording of all ETP megafauna bycatch interactions 
in statutory logbooks. This effectively facilitated comparisons of reporting rates between 
human (fishers) and video observations. The fact that records of ETP megafauna interactions 
were identical between these two types of observers provided circumstantial evidence that the 
electronic observer program was a valid method for monitoring bycatch of these ETP species. 
The deck camera systems also provided additional benefits over human observers, some of 
which included 1) capturing permanent secure archival footage that could be revisited to assist 
with accuracy in species identification, abundance estimates and interaction pathways (e.g. 
fallouts); 2) markedly higher levels of continuous (excluding malfunctions) observer coverage 
that was more cost effective; 3) the cameras were mounted at a higher vantage point (on the 
gantry) which increased distance and depth (i.e. looking down into the water) perception of 
observations during net retrieval on the waters surface astern of the vessels; and 4) the use of 
dual lenses on the deck camera systems allowed for simultaneous observations of multiple 
aspects of fishing operations onboard vessels.

Net camera systems were deployed in trawl nets to compare the effectiveness and efficiency 
of subsurface escapement and the condition of megafauna, from three different exclusion 
gear configurations. The high level of observer coverage from the within-net cameras was 
unprecedented, achieving coverage rates of 71.7% of day-trawls and 53.9% of day-trawl hours 
across all three vessels over the six month period. Within-net observations of the efficiency 
of exclusion gear determined that all three configurations successfully facilitated escapement 
of megafauna, but that the effectiveness and efficiency of current mitigation strategies varied 
among megafauna groups. The exclusion grid and escape hatch configurations of all three 
trawl net types allowed 100% of turtles to escape (n = 11). One of these escapements was 
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prolonged (60.1 min) due to the large size of the individual and limited flexibility (stretch) of 
the square mesh surrounding the escape hatch for the experimental net. Although the condition 
of that individual was uncertain upon exiting, the escapement time for this interaction was 
well within the breath holding capabilities for marine turtles that have the ability to endure 
total anoxia for many hours (Lutz and Bentley, 1985). Thus, the subsurface expulsion of 
turtles in poor condition was considered extremely unlikely and therefore current mitigation 
strategies for turtles should be considered effective. Sea snakes were observed frequently 
escaping through the mesh and escape hatches of all three trawl net types. In addition, a large 
majority of sea snakes retained in catches were returned alive (86.1% according to logbook 
records). This suggested that current mitigation strategies are effective for sea snakes and 
future monitoring of incidental captures may not be required. 

Two species of sawfish were identified in catches from the PFTF, i.e. narrow sawfish Anoxypristis 
cuspidata and green sawfish Pristis zijsron. The other two Australian sawfish species (P. clavata and 
P. microdon) have predominantly nearshore distributions, well inshore of the PFTF management 
areas and are unlikely to interact with this fishery. Observed catches of narrow and green sawfish 
in the PFTF were rare (0.007 trawl-1 and 0.011 trawl-1, respectively). Trends in catch rates from 
logbooks showed a strong seasonal influence, with higher catches from April to September. No 
sawfish were observed to exit the trawl nets through any escape hatches and only one sawfish was 
observed to come within close proximity to exclusion gear before becoming entangled with the 
mesh. All other sawfish were observed (from deck camera systems) with their rostrums entangled 
in mesh in the forward body panel sections of the net. This suggested that the current location of 
the exclusion grid and escape hatches in the trawl nets (ca 30-40 m from the headrope) were not 
effective to mitigate subsurface interactions with sawfish in the PFTF. Both narrow and green 
sawfish appear abundant in Western Australian waters and they have wide distributions that 
extend from the Red Sea, through Malaysia and Indonesia to northern Australia, well beyond 
the management areas of the PFTF (Last and Stevens, 2009). Thus, while the International 
Union for the Conservation of Nature and Natural Resources (IUCN) have globally assessed 
these sawfish species as Critically Endangered, these assessments were based on evidence of 
population depletions in other parts of the world and may therefore not necessarily represent the 
status of Australian populations. In Australian waters, P. clavata, P. microdon and P. zijsron, have 
been assessed as Vulnerable under the Environmental Protection and Biodiversity Conservation 
(EPBC) Act, while Anoxypristis cuspidata has not been listed as a threatened species.

There has been considerable focus and investment toward understanding and mitigating 
dolphin interactions in the PFTF over the last decade. Stephenson and Chidlow (2003) 
documented bycatch in the PFTF from 100 days of observer coverage in 2002, spread over the 
(then) five vessel fleet. Bycatch data were obtained from 427 trawl shots representing 1,581 
hours of trawling and an observer coverage rate of 7.7%. Bottlenose dolphins were observed 
around and in (using video cameras) almost every trawl shot. A total of four incidental dolphin 
deaths were reported. In parallel, research on the effectiveness of exclusion grids and escape 
hatches fitted to trawl nets (Stephenson et al., 2008) was undertaken in conjunction with an 
assessment of pingers (Stephenson and Wells, 2008) to reduce dolphin interactions. These 
studies highlighted dolphins deliberately entering trawl nets to forage (provisioning) and 
purposely making contact with the nets (from clinging to the headrope to bouncing along the 
net) during almost all trawl shots (> 98% trawls). They also reported that not all dolphins used 
escape hatches and that these early model pingers (Savewave) were ineffective in mitigating 
dolphin interactions with trawl nets.
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Further work on modified net designs by Allen and Loneragan (2010) and Jaiteh et al. (2012), 
also observed dolphins around (99%) and in (98%) trawl nets during fishing, albeit from a 
limited number of video-observed trawls that represented 0.9 to 1.1% observer coverage (36 – 
44 observed trawls (Allen and Loneragan, 2010); average trawl duration ca 3 h (Jaiteh 2009); 
total fishery effort in 2008 = 11,996 hours (Newman et al., 2012)).  Regardless, studies showed 
that the gear modifications up until 2010 did reduce dolphin mortalities by at least 50% (Allen 
and Loneragan, 2010; Mackay, 2011). Despite this, the renewal of the WTO accreditation for 
the PFTF in 2011 included additional conditions to investigate further reductions of dolphin and 
turtle interactions and potential mortalities (http://www.environment.gov.au/coasts/fisheries/
wa/pilbara-trawl/pubs/wto-march2011.pdf).

The bottlenose dolphin Tursiops truncatus, was the only species of marine mammal observed 
to interact with PFTF trawl nets during the current observer program. They were also the only 
species that deliberately entered trawl nets, typically for foraging, socialising or frequently and 
intentionally making contact with the nets. Despite dolphin depredation of trawl caught scalefish 
being observed in a large majority of trawls (> 75%), the incidental capture of dolphins was 
rare (~0.005 trawl-1). There were only seven dolphins observed to come within close proximity 
to exclusion gear inside trawl nets. All seven appeared to be distressed at this point, suggesting 
they had previously been in the forward sections of the net for some time as observed by Jaiteh 
et al. (2012). The most conspicuous behaviour observed at the exclusion grid by this species 
was short bursts of swimming forward toward the mouth of the net (i.e. short (< 10 seconds), 
infrequent and non-sustained bursts of swimming). These distressed dolphins did not always 
make obvious movements upwards toward the top of the net, as observed in previous studies 
(e.g. Allen and Loneragan, 2010). From the extensive amount of within-net video footage (> 
1,000 hours), only one dolphin was observed to exit the trawl net through an escape hatch in a 
poor condition (i.e. dead). This dolphin had been retained within the net for an extended period 
(27 min) and exited through the escape hatch during heavy turbulence while the net was being 
retrieved and near the water’s surface. This fallout occurred while the codend and exclusion 
gear were a relatively long distance from the stern of the vessel (the combined length of the 
warp, bridle and trawl net of > 140 m), and was not clearly visible from the deck camera system 
(from the higher vantage point on the gantry) and out of range for a human observer. Thus, the 
extensive evidence from the high level of within-net observer coverage provided in this study 
suggested that the unaccounted subsurface fallouts of dolphins in the PFTF in poor condition 
is rare. 

Currently, the sustainability status of bottlenose dolphins is recognised as ‘least concern’ 
according to the IUCN (Hammond et al., 2012). This status takes into consideration that this 
species is cosmopolitan, appears abundant in Australian waters (Allen and Loneragan, 2010) 
and has a distributional range that extends along the entire coast of Western Australia and well 
beyond the PFTF management areas (Groom and Coughran, 2012). This species is also highly 
mobile and covers large spatial scales (Cheney et al., 2012). Thus, while there are no known 
risks to the sustainability of the bottlenose dolphin stocks in Western Australia, the societal 
pressure to mitigate interactions and mortalities is high. However, mitigation is complicated 
as dolphins are observed depredating around and in almost all trawls, actively provisioning on 
discards and deliberately entering and purposely coming in contact with trawl nets (Allen and 
Loneragan, 2010; Jaiteh et al., 2012).

There were discussions with fishers during the current observer program around potential 
circumstances resulting in the entrapment of dolphins. These involved the collapsing of the 
mouth of the trawl net from reduced trawl speed or sharp turning of the vessel during hauling, 
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which may have prevented escapement. It was suggested that this could have resulted in a 
small number of the 14 dolphin mortalities recorded in statutory logbooks during the six 
month observer program. Two of the three vessels use monitoring sensors (MARPORT 
Canada Inc.) on their otter boards to provide immediate feedback to the fishers on the board’s 
orientation (pitch, roll, depth) and performance to prevent net collapse. However, it appears 
the few instances when net collapse occurred were when a relief skipper was onboard. Thus, 
in an attempt to reduce the already low catches of dolphins, a vessel operating Code of (best) 
Practice could be developed to help prevent net collapse and to document other standard 
operational procedures to ensure a consistent standard of mitigating ETP interactions is 
maintained. The extensive evidence provided from the high level of subsurface within-net 
observations at the exclusion grid, suggested that the initial causes of dolphin distress are 
occurring toward the mouth of the net. Therefore, it would be beneficial to obtain in situ 
observations of dolphin behaviour in this forward part of the trawl nets in an attempt to 
determine the potential circumstances that lead to distress, and to develop and trial further 
mitigation measures and strategies in this part of the net.

Only the more commonly observed subsurface interactions with four chondrichthyan 
megafauna groups permitted the comparison of mitigation efficiencies of the three trawl net 
configurations. The proportions of chondrichthyan megafauna that escaped were relatively high 
for all four groups and net types. However, the upward excluding net did have about a 20% 
significantly greater proportion of escapement for three of these four groups. No megafauna 
were observed to attempt to exit the experimental trawl net through the top opening escape slit. 
A large majority of the subsurface escapements of chondrichthyan megafauna were rapid (< 10 
min). There were a small number of chondrichthyan individuals that persisted at an exclusion 
grid before escapement. This was most common for the experimental net and was likely to be 
associated with large individuals passing through an escape hatch that had limited flexibility (or 
stretch) from being cut into square rather than diamond mesh. These comparisons of mitigation 
efficiency among net types should only be considered in terms of chondrichthyan megafauna 
and should not be applied to the other four ETP megafauna groups, as they had very different 
body shapes, behaviours and associated escapement dynamics. 

The results of this project will need to be weighed against the high value of the PFTF fishery 
resource in the supply of fish for human consumption and revenue generated for the State 
government, the significant investment and success in reducing ETP megafauna interactions 
and mortalities over the past decade (Stephenson and Wells 2008; Stephenson et al. 2008; Allen 
and Loneragan, 2010) and the large investment in the current project. Consideration also needs 
to be given to the negligible risks the PFTF poses to the sustainability of ETP megafauna stocks, 
the other risks to sustainability posed from large-scale anthropogenic development on the north 
coast of Western Australia (e.g. ship movements, habitat modifications, marine noise, mortalities 
in other jurisdictions) and the relative natural mortality rates of bottlenosed dolphins (at least 
n = 371 strandings from 1981-2010, Groom and Coughran, 2012). The likely establishment of 
extensive marine bioregional zones and representative areas by the Commonwealth of Australia 
will undoubtedly have conservation benefits to these ETP megafauna and others species, which 
thus further emphasises the negligible risks to sustainability posed from the PFTF. Robust 
estimates of the size of the ETP stocks interacting with the fisheries would assist with sustainable 
management strategies, especially if the conservation benefits from this and other projects are 
resulting in an increase in the size of their populations in Western Australia. 
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5.0  Recommendations for future management strategies 
of ETP species interactions in the Pilbara Fish Trawl 
(Interim) Managed Fishery

1. Industry and Department of Fisheries to develop a code of best practice and standard vessel 
operating procedures to ensure a consistent standard of operations relating to mitigating ETP 
interactions is maintained into the future, as outlined in condition 4(b) of the current WTO 
for the Fishery (Appendix 1).

2. Consider an ongoing electronic observer program for verification of incidental catches of 
ETP megafauna taken by the PFTF as outlined in condition 4(c) of the current WTO for the 
Fishery (Appendix 1).

3. Consider obtaining in situ observations of dolphin behaviour toward the mouth of the 
trawl nets in an attempt to determine the potential circumstances that lead to distress and/
or asphyxiation, and depending on these results, potentially develop and trial mitigation 
measures and strategies that could further reduce dolphin interactions with fish trawling, as 
outlined in condition 4(d) of the current WTO for the Fishery (Appendix 1).
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Appendix 1.  Wildlife Trade Operation approval and 
provisions for the Western Australian Pilbara 
Fish Trawl Interim Managed Fishery from the 
Commonwealth of Australia for the period of 
March 2011 to June 2013.
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