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Objectives
1. Compare catch rates of retained and discarded catch taken using different length
gillnets.

2. Determine whether there is any difference in damage to catch when using gillnets of

different lengths.
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Background and Need

Managed by the Australian Fisheries Management Authority (AFMA), the shark gillnet
fishery forms part of the Gillnet Hook and Trap Fishery (GHATF); a sub-fishery of the larger
Southern and Eastern Scalefish and Shark Fishery (SESSF). The sector covers an area from
the NSW/Victorian border to the South Australian/Western Australian border including
waters around Tasmania; from the low water mark to the extent of the Australian Fishing
Zone (AFZ). With a GVP of about $20 million (Wilson et al. 2009), the shark fishery has
traditionally supplied fish for local markets with a large proportion of the catch sold in

southern Australia.

Demersal gillnets are used to target primarily gummy shark (Mustelus antarcticus) although
school shark (Galeorhinus galeus), common sawshark (Pristiophorus cirratus) southern
sawshark (Pristiophorus nudipinnis) and elephantfish (Family Callorhinchidae and
Rhinochimaeridae) are common byproduct species. Current management arrangements
permit operators to use up to 4,200 m of gillnet (outside 3nm) with mesh sizes of 15 - 16.5 cm
(6-6%2 inches) and restrict all gillnet operations to waters shallower than 183m (AFMA 2010).

Some experienced industry members have suggested that, now the fishery is under quota
management, the option of using nets longer than 4,200 m (6,000 m) would be more
economically efficient at certain times in their fishing operations. Although this efficiency
may be recognised in a general increase in fishing power of the vessel within a quota
managed fishery, it has been suggested that it would also be particularly useful when
searching for shark “off the moon” or when fishing was “quiet”. The ability to use longer
nets broken up into multiple “fleets” which can be set in different locations is suggested as
being a valuable method to increase the searching capability of operators to find these
patchily distributed species  allowing them to save time and fuel. Operators have indicated

that this increased searching power may lead to increased profitability of fishing operations.

Concerns have been raised, however, that an increase in net length could affect the
sustainability of the target species, or may even be less economically efficient than current
arrangements. These concerns stem from possibility that the additional time required to haul
this extra net could lead to an increase in damage rates of target species, which could increase
discarding or decreased market returns for those species. There is also the potential for

increased bycatch levels.
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GHATMAC and SharkRAG agreed that the use of 6,000 m net should be trialled, but that
observers should be deployed to measure key parameters that will enable the various concerns
to be investigated. Fishwell Consulting Pty Ltd were contracted by interested industry
members to trial the effect of using 6,000 m nets on retained and discarded catches and on
damage done to the catch through lice damage and predation. This report describes the results
from these trials to examine the effect of using longer gillnets.

Methods

Trial 1

The first trial was conducted solely on the fishing vessel Tara-Lyn — an 18 m commercial
shark fishing vessel operating out of Devonport, Tasmania. It was a commercial fishing trip
conducted over the full moon during July 2009. Three different lengths of nets were used
during this cruise: 3,400 m, 4,200 m and 5,500 m.

For each shot, environmental and operational data were recorded including time, date,
location, net configuration, order of retrieval and depth. For each shot, the catch and bycatch,
and the extent of lice damage sharks where recorded. During hauling, sharks (school shark,
gummy shark, southern saw sharks and common saw shark) were measured (total length),
weighed (total weight) and assessed for lice damage as they came onboard. After trunking,
they were again measured (trunk length) and weighed (trunk weight). During assessment of

damage caused by lice, sharks were assigned 1 of 4 codes as follows:

No visible damage

Visible damage around anus/cloaca
Extensive damage in gut cavity
Extensive damage to muscle/flesh

WwWN k- O

The initial trial was criticised because the vessel only used a maximum net length of 5,500 m
(not 6,000 m) and the owners of the vessel conducting the trial had a vested interest in
demonstrating there were no negative effects of using longer nets. It was also noted that
sampling occurred over the full moon, outside of when high lice activity usually occurs (over

the new moon) and that during the colder months, spoilage rates would be minimised.
Trial 2

To address these concerns, the second trial was conducted using two different vessels: the

Tara Lyn — whose owners supported longer nets; and the Cape Everard — whose owners
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considered there was no need to change from the current 4,200 m maximum length. The
timing of the second trial was in March 2010 and coincided with the new moon when lice
activity is generally at its peak, and each vessel was to conduct alternate sets of a 4,200 m nets
and a 6,000 m net.

The Tara-Lyn was used again during the second trials deploying gillnets of lengths 4,200 m
and 6,000 m, with a net drop of 2 m and mesh size of 152 mm. A total of 19 shots were
observed during this trip which took place from 15 March 2001 to 25 March 2010, timed to
coincide with the new moon (16 March 2010). The second vessel used was the Cape Everard
—a 19 m vessel operating out of the home port of Lakes Entrance, Victoria. A total of 14
shots were observed on the Cape Everard during 11 March 2010 to 19 March 2010. Nets of
lengths 1,125 m to 6,000 m were set from the Cape Everard. The net drop was 3.4 m and

mesh size was 152 mm.

Scientific research permits were issued to each vessel by the Australian Fisheries
Management Authority to allow use of the 6,000 m gillnets. Fishing was conducted
according to standard commercial operations except that the skippers of both vessels were

asked to alternate the use of 4,200 m and 6,000 m gillnets.

Vessel and gear details were recorded at the beginning of each trip (Appendix 1 Table 10).
For each set, environmental, operational and gear data were recorded (Appendix 1 Table 11).
For each fish caught, species were identified, and sex (for chondrichthyans) and length
recorded. Total and trunked length and weight were also recorded for sharks caught by the
Tara-Lyn. Based on the suggestion of SharkRAG and Terry Walker, assessment of shark
condition was based on qualitative methods used to calculate post-capture mortality by
Braccini et al. (2009). Each fish was scored according to a “stimuli activity index”, a
‘wounds and bleeding index’, a ‘sea lice damage index’, and a ‘skin damage and surface
bruising index” (Appendix 1 Table 12). The observer onboard the Cape Everard used a
different scoring criteria for “stimuli activity index” (Appendix 1 Table 12), than the observer
onboard the Tara-Lyn. The five value descriptions were very similar in the two indices, but
the values were the opposite way around (eg on the Tara-Lyn, an alive and vigorous fish
wound be scored 1, on the Cape Everard, an alive and vigorous fish wound be scored 5).
Estimates of percent body loss were also recorded for each shark (as percent body loss was
not measured directly, estimates were grouped into the following categories: 0%, 1%, 5%,
10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%). An attempt was made to quantify

the colour and extent of ‘greening’ caused by ruptured gall bladders. Observers were
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instructed to score greening of commercial shark species based on indices presented in
Appendix 1 Table 12. It became apparent during the trips, however, that the onset of greening
occurred well after capture, and further methods need to be developed to enable identification
of individuals at time of landing (e.g. tagging or separate storage). The impact of net length

on greening on the flesh is therefore not presented in this report.

Catch rates of each species were standardised for gillnet length and reported by gillnet
lengths. Because the Cape Everard deployed a range of net lengths less than 4,200 m (as well
as net lengths of 4,200 m and 6,000 m), data from nets with lengths < 4,200 m were grouped
together and titled “Short nets”. Short nets comprised 1,125 m, 2,925 m and 3,000 m long
nets. The main interest was in comparing catch rates (kg/km-lift) of 4,200 m gillnets to
6,000 m nets, so data from short nets were presented, but excluded from analyses. Data from
each vessel were treated independently for simplicity, because significant interaction terms
would likely result because of the large variation in locations fished and because of
differences in catch composition of each vessel. Data were transformed (In+1) and tested for
normality and homogeneity of variances using the Shapiro-Wilk test and Levene’s test for
heteroscedacity respectively. Catch rates of main species were compared using paired t-tests,
or using the Wilcoxon signed rank test where the assumptions of normality were not met. The
software R (version 2.10.1) was used for analyses. The Bonferroni correction can be used to
adjust the significance level to reduce the chance of a Type 1 error (at the expense of
increasing the chance of a Type 2 error), where multiple comparisons are conducted.
Seventeen different comparisons of means were conducted during this study. Using the
Bonferroni correction resulted in the significance level being reduced from 0.05 to 0.003.

This adjustment was not made during analyses.

Retrospective power analyses were conducted to 1) estimate the sample size required to have
an 80% of detecting 20% and 50% differences in catch rates at an alpha level of 0.05; and 2)
to calcualte the minimum difference detectable under the current sampling intensity. Details
of power analysis are shown in Appendix 2.

Qualitative assessments of fish condition and percent body loss were examined for effect of
net length using Pearson’s chi-square test where there were sufficient data available (the
expected value is greater than 5 in more than 80% of cells, and there are no 0 counts in any
cell). Conformity to this requirement restricted Pearson’s chi-square test to Gummy Shark
stimuli activity index and sea lice damage index from the Tara-Lyn, and to Gummy Shark

stimuli activity index, wounds and bleeding index, sea lice damage index, skin damage and

Fishwell Consulting 4



Increase in shark gillnet length

surface bruising index and percent body loss (aggregation of percent body loss categories to
0%, 1-10% and >10% was required to meet requirements of the analysis) from the Cape

Everard.

Length-weight relationships were calculated for male and female Gummy Sharks caught by
the Tara-Lyn. Effect of net length on length-weight relationship was tested using Analysis of

Covariance.

Results and Discussion

Trial 1

The vessel Tara-Lyn departed Devonport on 5/7/2009 and returned to that port on 12/7/20009.
The catch from 12 of the 13 shots conducted was observed. Three different lengths of net
were used during the trip, 3,400 m, 4,200 m and 5,500 m.

The amount of lice damage was recorded for 1,087 sharks caught. Lice damage was recorded
from every shot observed except shot 5 in which no damage sharks were observed. Most of
the damage was limited to either visible damage around the anus/cloaca (lice code 1) or
extensive damage in the gut cavity (lice code 2). Lice damage rates varied between 0% and
36% of sharks effected per shot. Both high and low rates of lice damage were observed in
each of the net lengths, and there appeared to be no relationship to between damage rate and
net length (Figure 1). Note that this trip took place around the full moon which is likely to
have reduced the amount of lice damage, as lice are generally less active at this time

compared to during the new moon.

Lice damage made little or no difference on the carcass weight to length relationship for either
school shark (Figure 2) or gummy shark (Figure 3). The trend line for female gummy shark
appears to show a relatively large decrease in weight at lengths greater than 950 mm, however
this is an artefact of low sample size and the narrow range in shark lengths measured.

Lice damage made even less difference to trunk weight. Trend lines of trunk weight against
trunk length were almost identical for both school shark (Figure 4) and gummy shark (Figure
5). As for carcass weight, the plot of female school shark damaged by lice suffers from low

sample size and a narrow range in shark lengths measured.

School shark measured ranged in length from 720 mm-1290 mm, with most being between
850 mm-1050 mm (Figure 6). There were more females in the smaller size classes, and many

more males that were greater than 1050 mm in length. Trunk lengths of school sharks
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measured ranged 400 mm-880 mm (Figure 7). A plot of trunk length versus carcass length
for male and female school shark is shown in Figure 8. The pattern is the same for both sexes

with linear regressions of each sex almost identical.

Gummy shark ranged in length from 770 mm-1270 mm, with most being between 850 mm-—
1150 mm (Figure 9). There were more males than females in most size classes, particularly in
the larger size classes. Trunk lengths of gummy sharks measured ranged 480 mm-800 mm
(Figure 10). A plot of trunk length versus carcass length for male and female school shark is
shown in Figure 11. As with school shark, the pattern is the same for both species with linear

regressions of each sex almost identical.
Trial 2

Operational data for each set is presented in Appendix 1. Mean depths fished ranged 38 m —
46 m (Figure 12a). There was very little difference in depths fished by each gillnet length by
the Cape Everard. The Tara-Lyn fished an average of 8 m deeper with the 6,000 m gillnet, but
this difference was not significant (t(12) = -1.18, p = 0.262). In general, mean soak times
were slightly higher for both nets on the Tara-Lyn, but there was little difference in soak times
between different net lengths (Figure 12b). Mean soak times ranged 511-609 minutes. Mean
haul time (Figure 12c) of the 6,000 m net on the Cape Everard (170 minutes) was
significantly longer (t(9) = -2.43, p = 0.038) than the 4,200 m net (119 minutes), however
taking the Bonferroni adjustment into account renders this difference insignificant. The
increase of ~42% for the 6,000 m net is about what would be expected at consistent haul rates.
The mean haul time for the 6,000 m net by the Tara-Lyn was 27% longer than for the 4,200 m
net, but this difference was not significant (t(5) = -2.13, p = 0.086). Haul times for both nets

were longer than for the equivalent length net by the Cape Everard.

Tara-Lyn

Mean catch rates of all retained species by both nets on the Tara-Lyn (Table 2) were nearly
identical (~28 kg/km-lift). The retained catch was comprised mostly of Gummy Shark, with
smaller quantities of Bastard Trumpeter (Latridopsis forsteri), Common Sawshark
(Pristiophorus  cirratus), Elephantfish (Callorhinchus milii), Longsnout Boarfish
(Pentaceropsis recurvirostris), School Shark, Broadnose Shark (Notorynchus cepedianus),
Snapper (Pagrus auratus), Southern Sawshark (Pristiophorus nudipinnis), Latchet
(Pterygotrigla polyommata), Silver Dory (Cyttus australis) and Thresher Shark (Alopias
vulpinus). Catch rates of Gummy Shark by each net were similar (Figure 13), but slightly
higher in the 6,000 m net (22.31 kg/km-lift) compared with the 4,200 m net (19.14 kg/km-
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lift). Higher (but non-significant) mean catch rates of Broadnose Shark (V =12, p = 0.281)
and Southern Sawshark (t(5) = -0.53, p = 0.305) were observed in the in the 4,200 m gillnet.
While the mean catch rate of discarded species was about 30% higher in the 4,200 m net
(24.35 kg/km-lift) than the 6,000 m net (18.56 kg/km-lift), the difference was not significant
(V =12, p = 0.219). Captures of School Shark by the Tara-Lyn were too small to enable
comparisons of catch rates. The main discard species was Port Jackson Shark (Table 2).
Mean catch rates of this species were nearly twice as high using the 4,200 m gillnet (Figure
13), however large variability in catch rates meant that the difference was not significant (V =
12, p = 0.281). The mean catch rate of discarded Draughtboard Shark (Cephaloscyllium
laticeps) by the 6,000 m gillnet (7.24 kg/km-lift) was significantly higher (V =0, p = 0.031)
than was observed in the 4,200 m gillnet (1.37 kg/km-lift), however taking the Bonferroni
adjustment into account renders this difference insignificant. Other main discard species were
Spikey Dogfish (Squalus megalops), Gummy Shark and Snapper. The power to detect
differences in catch rates was low for most species (Appendix 2), especially at small effect
sizes. Given the sampling intensity undertaken, the analyses had a power of 80% to yield
statistically significant results if the mean catch rates (log transformed) of total retained and
total discarded species from the 6,000 m net were a minimum of 41% and 47% greater than
those from the 4,200 m net (Table 13). To achieve a power of 80% to yield statistically
significant results if there was a 20% difference in mean catch rates of total retained and total
discarded catches, a total of 54 (27 with each net) and 28 shots would need to be observed
respectively (Figure 23 and Figure 24). To achieve a power of 80% to yield statistically
significant results if there was a 20% difference in mean catch rates of retained Gummy

Shark, a total of 70 shots would need to be observed (Figure 23).

Cape Everard

Total, retained and discarded catches of each species by short, 4,200 m and 6,000 m net for
the Cape Everard are shown in Table 3. Because the interest in this study is in comparing
catches of 4,200 m and 6,000 m gillnets, results from the short gillnets are not discussed.
Gummy Shark was the only species retained in substantial quantities by the Cape Everard.
The retained species with the next highest catch was Draughtboard Shark, however, they were
only retained during one shot of each of the 4,200 m and 6,000 m nets. Mean catch rates of
retained Gummy Shark (Table 4 and Figure 14) were similar (t(5) = 0.44, p = 0.681) for
4,200 m (59.13 kg/km-lift) and 6,000 m (62.50 kg/km-lift). Likewise, mean total retained
catch rates were similar between net lengths (4,200 m = 67.40 kg/km-lift and 6,000 m =
72.58 kg/km-lift; t(5) = -0.24, p = 0.819). Captures of School Shark by the Cape Everard
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were too small to enable comparisons of catch rates, and power analysis determined that about
500 shots would need to be observed to have a power of 80% to detect a 20% difference in
school shark catch rates. Draughtboard Shark and Port Jackson Shark (Heterodontus
portusjacksoni) were the main discard species, while some Gummy Shark was also discarded
(Table 3). Mean catch rate for discarded Draughtboard Shark (Table 4 and Figure 14) was
much higher in the 6,000 m gillnet (51.83 kg/km-lift) compared with the 4,200 m long gillnet
(10.04 kg/km-lift), however this was heavily influenced by one very large lift that caught
1,500 kg alone. This one very large catch caused a high degree of uncertainty around the
mean, and as a result the means were not significantly different (t(5) = -1.12, p = 0.314). In
fact if this one very large catch is excluded, the mean catch rate of Draughtboard Shark by the
6,000 m long gillnet would be 12.20 kg/km-lift — similar to that of the 4,200 m net. Mean
catch rates for discarded Gummy Shark and Port Jackson Shark by each net length were very
similar, and not significantly different (Gummy Shark t(5) = -0.34, p = 0.745; Port Jackson
Shark t(5) = -0.21, p = 0.839). The large difference in mean total discarded catch rate (Table
4 and Figure 14) was almost exclusively due to the very high catch rate of discarded
Draughtboard Shark, and as such, included a high degree of variability and was not significant
(t(5) = -1.09, p = 0.325). Given the sampling intensity undertaken, the analyses had a power
of 80% to yield statistically significant results if the mean catch rates (log transformed) of
total retained and total discarded species from the 6,000 m net were a minimum of 23% and
56% greater than those from the 4,200 m net (Table 14, Table 13). To achieve a power of
80% to yield statistically significant results if there was a 20% difference in mean catch rates
of total retained and total discarded catches, a total of 16 and 84 shots would need to be
observed respectively (Figure 25 and Figure 26). To achieve a power of 80% to yield
statistically significant results if there was a 20% difference in mean catch rates of retained
Gummy Shark, a total of 18 shots would need to be observed (Figure 25). Power to detect
change in catch rates of retained School Shark was much lower, and it would require
approximately 520 shots to be observed to detect a 20% difference in catch rates.

There were few clear differences between gillnet length and any of the fish condition indices
observed on the Tara-Lyn (Table 5). For each species, condition indices were
overwhelmingly dominated by scores of 1, showing that in general, fish landed by both net
lengths were in good condition. There was a significant association between the length of
gillnet used and stimuli activity ( 2 (3) = 18.48, p < 0.001) and sea lice damage ( 2 (3) =
25.50, p < 0.001) for Gummy Shark. The differences suggested that Gummy Shark caught by
the 4,200 m gillnet were in worse condition than those caught by the 6,000 m gillnet (Figure

Fishwell Consulting 8



Increase in shark gillnet length

15). The degree to which the differences appear to be attributed are different for stimuli
activity (much higher frequency of score 4) compared to sea lice damage (higher frequency of

scores 2 and 3). The causes of these differences are unclear.

While condition indices of fish caught by the Cape Everard (Table 6, Table 7) showed
generally worse condition than those from the Tara-Lyn, there was no significant difference in
observations of condition indices of Gummy Shark (Figure 16 and Figure 17) caught by each
net (stimuli activity # (5) = 6.30, p = 0.278; wounds and bleeding 2 (3) = 6.75, p = 0.080;
sea lice damage 2 (3) = 0.50, p = 0.919 and skin damage and bruising 2 (3) = 3.64,
p=0.303).

There was very little body loss of any species to predation or lice on fish caught by the Tara-
Lyn (Table 8 and Figure 18). Gummy shark caught in the 4,200 m gillnet did suffer some
body loss of up to 90%, however observations of any body loss by the 4,200 m net were
limited to two individuals in any percent body loss category greater than 5%. Only 7 Gummy
Shark from the 4,200 m gillnet and 5 Gummy Shark from the 6,000 m gillnet had lost more
than 5% of their bodyweight. Observations of body loss were more frequent on the Cape
Everard (Table 9) than on the Tara-Lyn. There was no consistent trend between percent body
loss and gillnet length, with Common Sawshark, Elephantfish and Gummy Shark having
higher frequencies of body loss (greater than 10%) in the 4,200 m gillnet, and School Shark
and Broadnose Shark having higher frequencies of body loss in the 6,000 m gillnet (Figure
19). The only species with enough data to test for significant difference was Gummy Shark.
No difference was detected in the distribution of observations in each category ( % (4) = 0.64,
p = 0.958). Observations of percent body loss from the Cape Everard were higher than those
reported in Table 11 of Braccini et al. (2009). They found that for Gummy Shark, School
Shark, Common Sawshark, Southern Sawshark and Elephantfish, 96.6%-98.7% of animals
received no body loss through predation, while only 1.3%-3.4% of animals lost more than 9%
of their body weight. In comparison, about 86% of Gummy Shark caught by both the
4,200 m and 6,000 m on the Cape Everard were recorded as having 0% body loss, while about

10% of animals in either net were recorded as having 10% or greater body loss.

Length frequency distribution were similar for each net length used for each vessel (Figure
18, Figure 19 and Figure 21), but were different between vessels. This is not unexpected
given the large geographic distance between areas fished.

Whole and trunked length and weight information were collected from the Tara-Lyn. The

data and length-weight relationships for male and female Gummy Shark are shown in Figure
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22. Trend lines fit the data well, and there appears to be little difference in these relationships
between gillnet lengths. This was supported by ANCOVA which found no significant effect
of gillnet length on the relationship between weight and length for whole females (F(1, 83 =
0.22, p = 0.638), trunked females (F(1, 83 = 0.22, p = 0.638), whole males (F(1, 762 = 3.45, p
= 0.064) or trunked males (F(1, 754 = 1.63, p = 0.202). These results are consistent with
those of the first trial.

Conclusions

Gillnet trials were conducted on two different vessels to determine if using longer than
standard (4,200 m) gillnets resulted in increased bycatch and more damage to the target
species. The first trial was conducted during July 2009 on the Tara-Lyn over the full moon —
when lice activity is generally low. No noticeable differences were found between the size,
weight, and damage to either gummy sharks or school sharks caught in the different lengths of
net. The second trial was conducted on both the Tara-Lyn and Cape Everard during March
2010 to coincide with the new moon — a period of generally high lice activity. Catch rates of
retained and discarded species were very similar between 4,200 m and 6,000 m gillnets, and
the only significant difference was a higher catch rate of Draughtboard Shark by the 6,000 m
gillnet on the Tara-Lyn. The power of this study to detect small (20%) changes in catch rates
was relatively low however, and would have been improved if both boats had fished in similar
areas, and consistently used nets of only 4,200 m and 6,000 m. Nevertheless, there was
enough power in the shots conducted on the Cape Everard to detect a 23% difference in total
retained catch rates and 26% difference in retained gummy shark catch rates. Differences

were less than 10% in both cases.

Results of assessment of four different damage condition indices provided no evidence to
suggest there was an increase in damage to sharks when using the 6,000 m gillnet compared
with using the 4,200 m gillnet on either vessel. Further, there was no increase in percent body
loss when using the 6,000 m gillnet. There did however, appear to be a difference in damage
to catch between vessels, with higher damage rates observed in the catches of the Cape
Everard. This may have been caused by differences in areas fished, but might also reflect
differences in gears used such as net drop. Length frequency data showed no difference in the
size distribution between gillnet lengths. Length-weight relationships of Gummy Shark
caught by 4,200 m and 6,000 m gillnets on the Tara-Lyn were compared and showed no

significant effect of gillnet length on the relationship between length and weight. Greening
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damage was not able to be assessed because the onset of this spoilage occurs after storage,
and the methodology prescribed did not enable matching carcasses with the shot in which
they were caught during unloading. If this were considered an important issue, a future study
would need to develop a system such as code tagging carcasses to enable the effect of gillnet

length on greening.
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Trial 1

Table 1. Incidence of lice damage in all sharks caught during 12 shots of Trip 1.

Shot No. Net length (m) Lice Code Total % Lice damaged
0 1 2 3
1 4200 7 1 2 10 30
2 4200 62 2 3 67 7
3 5500 74 4 78 5
4 3400 14 2 3 3 22 36
5 5500 67 67 0
6 5500 114 20 14 4 152 25
7 5500 171 2 173 1
8 5500 86 14 12 6 118 27
9 3400 36 2 38 5
10 5500 89 11 25 11 136 35
11 5500 148 9 10 22 189 22
12 5500 29 5 2 1 37 22
Total 897 71 70 49 1087 17
Lice damage
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Figure 1. Plot of percentage of carcasses (school and gummy) with lice damage against net length.
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Figure 2. Plot of carcass weight against total length for female and male school sharks that had no
damage from sea lice () and those that had intermediate to heavy damage by sea lice ( ).
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Figure 3. Plot of carcass weight against total length for female and male gummy sharks that had no
damage from sea lice () and those that had intermediate to heavy damage by sea lice ( ).
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Figure 4. Plot of trunk weight against trunk (partial) length for female and male school sharks that had
no damage from sea lice () and those that had intermediate to heavy damage by sea lice ( ).
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Figure 5. Plot of trunk weight against trunk (partial) length for female and male gummy sharks that
had no damage from sea lice ( ) and those that had intermediate to heavy damage by sea lice ( ).
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Figure 6. Frequency distribution of male ( ) and female ( ) school shark carcass length caught
during Trip 1.
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Figure 7. Frequency distribution of male ( ) and female ( ) school shark trunk (partial) length caught
during Trip 1.
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Figure 8. Plot and linear regressions of trunk (partial) length against carcass length for male (X )
and female (+ ) school shark caught during Trip 1.
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Figure 9. Frequency distribution of male ( ) and female ( ) gummy shark carcass length caught
during Trip 1.
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Figure 10. Frequency distribution of male ( ) and female ( ) gummy shark trunk (partial) length
caught during Trip 1.
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Figure 11. Plot and linear regressions of trunk (partial) length against carcass length for male (X )
and female (+ ) gummy shark caught during Trip 1.
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Trial 2

Figure 12. a) Mean (+ SE) depth fished, b) mean (+ SE) soak time and ¢) mean (+ SE) haul
time using different length gillnets by each vessel.
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Table 2. Catch and mean catch rate (+ SE) of retained, discarded and total species by the Tara-Lyn using 4,200 m and 6,000 m gillnets.
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Table 3. Total, retained and discarded catch (kg) of species by the Cape Everard using short (1,125 m — 3,000 m), 4,200 m and 6,000 m gillnets.
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Table 4. Mean catch rate (kg/km-lift) of retained, discarded and total species by the Cape Everard using short (1,125 m — 3,000 m), 4,200 m and
6,000 m gillnets.
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Figure 13. Mean catch rate (+ SE) of a) main retained species and b) main discarded species
by the Tara-Lyn using 4,200 m and 6,000 m gillnets. “=" denotes no significant difference at
p = 0.05; “<” denote direction of significant difference at p = 0.05).
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Figure 14. Mean catch rate (+ SE) of a) main retained species and b) main discarded species

by the Cape Everard using 4,200 m and 6,000 m gillnets.
difference at p = 0.05.
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Table 5. Observations of fish condition of main species caught by the Tara-Lyn using

4,200 m and 6,000 m gillnets.
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Table 6. Observations of fish condition of main species caught by the Cape Everard using
short (1,125 m — 3,000 m), 4,200 m and 6,000 m gillnets.

Wounds and Skin damage
bleeding Sea lice damage and bruising

Species Score Short  4200m 6,000 m Short 4200m 6,000 m Short  4,200m 6,000 m

§ H4( > > > > > > > 0> >
> > > > > > > > >
> > > > > > > > >
> > > > > > > > >

4 0> 0> 0> > . > > > > >

? > > > > > > > > >
> > > > > > > > >
> > > > > > > > >
! ! ! !

oC )
# 5% & " ( ) (1tnt " (rn @ a!

b > > 0.> > > > > > >
> > > > > > > > >
> > > > > > > > >
> > > > > 0> > > >

! ! !

/ ( > > > > > > > > >
> > > > > > > > >
> > > > > > > > >
> > > > > > > > >

2 0> > > > > > > 0> 0>
> > > > > > > > >
> > > > > > > > >
> > > > > > > > >

Fishwell Consulting 25



Increase in shark gillnet length

Table 7. Observations of life status of main species caught by the Cape Everard using short
(1,225 m - 3,000 m), 4,200 m and 6,000 m gillnets.

Species Code Life Status  Short 4,200 m 6,000 m
Elephant Fish 0 0% 19% 8%
1 0% 11% 15%
2 71% 30% 8%
3 0% 26% 23%
4 14% 15% 38%
5 14% 0% 8%
Sample size 7 27 13
Gummy Shark 0 8% 4% 6%
1 8% 11% 9%
2 38% 49% 50%
3 12% 12% 12%
4 8% 5% 8%
5 25% 18% 16%
Sample size 108 528 764
Chi-square 2(5)=6.30,p =0.278
School Shark 0 0% 11% 5%
1 67% 11% 11%
2 33% 42% 48%
3 0% 21% 20%
4 0% 5% 9%
5 0% 11% 7%
Sample size 3 19 44
Seven Gill Shark 0 0% 0% 4%
1 0% 0% 0%
2 17% 4% 10%
3 0% 8% 6%
4 17% 4% 0%
5 67% 85% 81%
Sample size 6 26 72
Common Saw Shark 0 0% 19% 6%
1 0% 0% 0%
2 29% 24% 11%
3 4% 11% 19%
4 8% 3% 15%
5 58% 43% 50%
Sample size 24 37 54
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Figure 15. Percent of fish condition of gummy shark caught by the Tara-Lyn using 4,200 m
and 6,000 m gillnets.
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Figure 16. Percent of fish condition of gummy shark caught by the Cape Everard using

4,200 m and 6,000 m gillnets.

Figure 17. Percent of gummy shark observed in each life status category caught by the Cape
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Table 8. Percent body loss of main species caught by the Tara-Lyn using 4,200 m and 6,000 m gillnets.
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Table 9. Percent body loss of main species caught by the Cape Everard using short (1,125 m — 3,000 m), 4,200 m and 6,000 m gillnets.
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Figure 18. Percent body loss of main species caught by the Tara-Lyn using 4,200 m and

6,000 m gillnets.
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6,000 m gillnets.
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Figure 20. Length frequency of gummy shark caught by 4,200 m gillnet and 6,000 m gillnet
on the Tara-Lyn.
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Figure 21. Length frequency of gummy shark caught by short (1,125 m — 3,000 m), 4,200 m
and 6,000 m gillnets on the Cape Everard.
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Figure 22. Total length and weight and trunked length and weigh of male and female gummy
shark caught by 4,200 m gillnet and 6,000 m gillnet from the Tara-Lyn.
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Appendix 1.

Table 10. Operational and total catch data collected for each shot conducted by both vessels. Note that shot locations of the Cape Everard were
removed to protect privacy. Shot conducted by the Cape Everard were located within an area bound by the following coordinates north S37°00",
east E150°00°, south S41°00°, west E145°00",

Soak
time
Vessel Shot date Shot number Net length (m) Time set Latitude Longitude Latitude Longitude Time Haul start Time Haul finish (minutes) Average depth (m)
Tara-Lyn 12/3/2010 1 6000 03:30:00 11:00:00 13:30:00 600 74
Tara-Lyn 12/3/2010 2 4200 17:15:00 21:20:00 23:00:00 345 53
Tara-Lyn 13/3/2010 3 4200 01:00:00 11:10:00 13:30:00 630 41
Tara-Lyn 13/3/2010 4 6000 13:55:00 21:30:00 00:00:00 425 41
Tara-Lyn 14/3/2010 5 6000 01:10:00 10:40:00 14:00:00 770 42
Tara-Lyn 14/3/2010 6 6000 14:30:00 21:00:00 22:45:00 495 44
Tara-Lyn 15/3/2010 7 4200 02:00:00 11:20:00 15:00:00 780 58
Tara-Lyn 15/3/2010 8 4200 14:40:00 20:40:00 00:30:00 590 53
Tara-Lyn 16/3/2010 9 6000 02:30:00 11:00:00 15:15:00 765 29
Tara-Lyn 16/3/2010 10 4200 15:10:00 21:30:00 00:30:00 560 27
Tara-Lyn 17/3/2010 11 4200 02:30:00 12:45:00 15:15:00 765 22
Tara-Lyn 17/3/2010 12 4200 17:00:00 21:00:00 23:40:00 400 15
Tara-Lyn 18/3/2010 13 4200 03:00:00 12:00:00 13:10:00 610 31
Tara-Lyn 18/3/2010 14 6000 16:00:00 20:40:00 23:00:00 420 48
Cape Everard 16/3/2010 1 6000 5:30:00 12:15:00 15:05:00 575 66
Cape Everard 16/3/2010 2 4200 15:30:00 19:55:00 21:40:00 370 65
Cape Everard 16/3/2010 3 1125 23:00:00 2:25:00 2:50:00 230 63
Cape Everard 17/3/2010 4 4200 4:25:00 12:10:00 14:00:00 575 56
Cape Everard 17/3/2010 5 6000 14:50:00 20:00:00 22:20:00 450 52
Cape Everard 17/3/2010 6 6000 3:20:00 12:15:00 16:05:00 765 38
Cape Everard 18/3/2010 7 4200 16:40:00 21:00:00 23:45:00 425 36
Cape Everard 19/3/2010 8 4200 4:00:00 12:15:00 14:27:00 627 36
Cape Everard 19/3/2010 9 6000 15:25:00 20:25:00 23:45:00 500 38
Cape Everard 20/3/2010 10 6000 3:40:00 12:40:00 14:40:00 660 38
Cape Everard 20/3/2010 11 2925 15:40:00 0:40:00 1:50:00 610 25
Cape Everard 20/3/2010 12 1125 16:20:00 23:50:00 0:15:00 475 17
Cape Everard 21/3/2010 13 4200 3:55:00 11:50:00 13:15:00 560 23
Cape Everard 22/3/2010 14 3000 14:20:00 20:20:00 21:45:00 445 85
Cape Everard 22/3/2010 15 3000 15:15:00 22:45:00 0:30:00 555 23
Cape Everard 23/3/2010 16 3000 2:30:00 14:00:00 15:00:00 750 57
Cape Everard 23/3/2010 17 3000 2:50:00 12:20:00 13:30:00 640 46
Cape Everard 24/3/2010 18 4200 4:00:00 38
Cape Everard 24/3/2010 19 6000 14:00:00 21:50:00 20:34:00 360 41
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Table 11. Environmental observations collected during each shot conducted by both vessels.

Shot Mesh size Wind Wind speed Cloud cover Swell height Tide speed
Vessel number Stratum Type Topography Type (mm) direction (kts) (%) (m) (kts) Tide direction Moon phase Valid shot?
Tara-Lyn 1 Sand/Gravel Flat 150 NE 8 25 0 1 E Third quarter Normal shot
Tara-Lyn 2 Hard Rock or Coral Flat 150 NE 10 15 0 1 E Third quarter Normal shot
Tara-Lyn 3 Gravel Flat 150 NE 10 20 0 1 E Third quarter Normal shot
Tara-Lyn 4 Gravel Flat 150 NE 12 15 0 15 E Third quarter Normal shot
Tara-Lyn 5 Gravel Flat 150 NNE 15 30 0.5 15 E Third quarter Normal shot
Tara-Lyn 6 Gravel Flat 150 NNE 10 30 0.5 15 E Third quarter Normal shot
Hard Rock and
Tara-Lyn 7 Gravel Undulating 150 E 5 10 0.5 3 E New Normal shot
Hard Rock and
Tara-Lyn 8 Gravel Undulating 150 E 5 5 0 3 E New Normal shot
Tara-Lyn 9 Gravel Flat 150 E 5 5 0 2 NW New Normal shot
Tara-Lyn 10 Gravel Flat 150 VAR 5 5 0 15 NW New Normal shot
Tara-Lyn 11 Gravel Flat 150 E 5 40 0 15 E New Normal shot
Tara-Lyn 12 Gravel Flat 150 w 20 40 0 0.5 E New Normal shot
Tara-Lyn 13 Gravel Flat 150 E 5 60 0 0.5 NW New Normal shot
Tara-Lyn 14 Gravel Flat 150 W 5 60 0 0.5 NW New Normal shot
0.5 (tide
change during

Cape Everard 1 Hard Rock or Coral Sloping N 5 0 0 soak) New Normal Shot
Cape Everard 2 Hard Rock or Coral Sloping NNW 5 0 0.3 0.5 SWS New Normal Shot
Cape Everard 3 Hard Rock or Coral Undulating NNW 5 0 0.3 0.5 ENE New Normal Shot
Cape Everard 4 Hard Rock or Coral Flat NNW 10 1 0.3 0.5 SWs New Normal Shot
Cape Everard 5 Hard Rock or Coral Flat NNW 10 2 0.5 0.5 SWS New Normal Shot
Cape Everard 6 Other Sloping S 15 3 1 0.5 ESE New Normal Shot
Cape Everard 7 Other Flat NE 5 5 1 0.5 ESE New Normal Shot
Cape Everard 8 Sand/Gravel Sloping NE 5 5 1 0.5 ESE New Normal Shot
Cape Everard 9 Sand/Gravel Flat NW 20 6 15 0.5 ESE New Normal Shot
Cape Everard 10 Sand/Gravel Flat NW 20 6 25 0.5 WNE New Normal Shot
Cape Everard 11 Hard Rock or Coral Undulating NW 20 6 25 0 New Normal Shot
Cape Everard 12 Hard Rock or Coral Flat NW 20 6 25 0 New Normal Shot
Cape Everard 13 Hard Rock or Coral Flat WSW 10 3 1 0 New Normal Shot
Cape Everard 14 Soft Mud Sloping SwW 20 3 3 1 E New Normal Shot
Cape Everard 15 Hard Rock or Coral Undulating Sw 20 3 3 1 ENE New Pin-Up
Cape Everard 16 Soft Mud Undulating Sw 15 4 2 1 ENE First quarter Normal Shot
Cape Everard 17 Sand/Gravel Undulating SwW 15 4 2 1 ENE First quarter Normal Shot
Cape Everard 18 Hard Rock or Coral Sloping SwW 25 3 3 1 ENE First quarter Normal Shot
Cape Everard 19 Sand/Gravel Sloping SwW 15 3 2 1 ENE First quarter Normal Shot
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Table 12. Definition of indices used to determine post capture mortality

Index

Value and description

Stimuli activity —
Tara-Lyn

Stimuli activity —
Cape Everard

Wounds bleeding

Sea lice

Skin dam
bruising

Greening - color

Greening - extent

Response to stimuli and physical activity (1, Strong and lively, flopping around on deck, shark can tightly
clench jaws; 2, Weaker movement but still lively, response if stimulated or provoked, shark can clench
jaws; 3, Intermittent movement, physical activity limited to fin ripples or twitches, little response to
stimuli, body appears limp but not in rigor mortis; 4, Shark in rigor mortis, stiff and lifeless, no physical
activity or response to stimuli, jaws hanging open)

Response to stimuli and physical activity (0, dead and damaged; 1, dead, in rigour; 2, dead and flexible; 3,
alive, just; 4, alive sluggish; 5, alive and vigorous)

Wounds and bleeding (1, No cuts or bleeding observed; 2, 1-3 small cuts or lacerations not deep only on
skin, some bleeding but not flowing profusely, no exposed or damaged organs; 3, >3 small cuts or one
severe cut or wound, exposed organs but undamaged, some bleeding but not flowing profusely; 4,
Extensive small cuts or very severe wounds or missing body parts, excessive bleeding, blood flowing
freely and continuously in large quantities, internal organs exposed and damaged, may be protruding)

Damage by sea lice (1, No penetration of body by sea lice, body is intact; 2, No penetration of body by sea
lice, sea lice may be present on body but not attached to; 3, Minor penetration of body, sea lice only on
cloaca area; 4, Extensive penetration of body via eyes, cloaca, gills, and/or skin, sea lice ate tissue)

Skin damage and surface bruising (1, 0% of skin body damage and no redness or hemorrhagia on surface;
2, <5% of skin body damage or bruises or redness; 3, 5-40% of skin body damage or bruises or redness; 4,
>40% of skin body damage or bruises or redness)

Shade of darkest section of greening observed in belly of shark (1, no greening; 2, light taint; 3, dark green
in color)

Avrea of belly affected by greening (1, none; 2, greening affects an area of no more than 10 cm2; 3,
greening affects an area 10 cm2 to 100 cm2; greening affects an area greater than 100 cm2.
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Appendix 2

Power analysis

Retrospective power analyses were conducted using data collected during Trip 2. Analyses
were conducted to 1) estimate the sample size required to have an 80% probability of
detecting 20% and 50% differences in catch rates at =0.05; and 2) to calculate the minimum
difference detectable under the current sampling intensity. The alternate hypothesis was that
catch rates are higher in the 6,000 m net than in the 4,200 m net, and the null hypothesis was

that there was no difference in catch rate between the 4,200 m net and the 6,000 m net.

Log transformed data were used for all power calculations as they are used in tests for
comparison of means. GPower v3.1 (Faul et al., 2007) was used for all power calculations.
Because the hypothesis is directional, one-tailed tests were selected (Mayr et al., 2007). The
effect size, Cohen’s d (Cohen 1988), was calculated from the difference between log mean
CPUE of the 4,200 m net and values 20% and 50% greater than the mean, and from the

pooled standard deviation (s) calculated as follows:

n +n,

- [

where n; and n, are the number of observation of catch rates by the 4,200 m and 6,000 m nets

and s; and s; are the standard deviations of catch rates by the 4,200 m and 6,000 m nets.

Cohen’s d was calculated as follows:

_ X1 =X2
S

d

where x; and . are the mean catch rates by the 4,200 m and 6,000 m nets.
The alpha level was set at 0.05 and allocation ratio of sampliong effort set to 1. Power was
plotted against total sample size for each species and vessel. The minimum detectable

difference was calcualted using the sensitivity option in G*Power, which calculates the effect
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size detectable given the sampling intensity. The minimum detectable difference was then
calcuated from the effect size, log mean CPUE of the 4200 m net and the pooled standard
deviation by rearranging the equation for Cohen’s d. Results are reported as detectable
difference in log CPUE and % difference.
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Figure 23. Sample sizes required to achieve a range of power for t-tests to detect 20% and 50% differences between two independent means of
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Figure 24. Sample sizes required to achieve a range of power for t-tests to detect 20% and 50% differences between two independent means of
discarded catches by the Tara-Lyn.
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