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the bay is fringed by offshore reef covered with seaweed and kelps. Inside the bay, there is
generally hard bottom reef area to the east and in the west, where the study sites are located,
there is generally soft sandy bottom with extensive seagrass beds.

As has already been mentioned, Ocean Grown Abalone has a 40 ha aquaculture approved lease
site, hereafter known as the Main Lease. The habitat modules on this lease site were on flat
sandy bottom interspersed with irregular sea grass, at a depth of ~19 m between the west

(34° 22.461'S, 115° 12.167'E) and east (34° 22.463'S 115° 12.242'E) mooring (Figure 1).

Two other small site locations have been given temporary approval by the Department of
Fisheries for OGA to conduct abalone sea ranching trials. These two sites, termed R&D1 and
R&D2 (Figure 1), are slightly shallower than the Main Lease site. R&D1

(34°21.772'S 115° 11.505'E) is in the western corner of one of the two lease sites that have
been applied for by OGA and which are presently under consideration by the Department of
Fisheries. This site, as with the Main Lease site, is on sandy bottom with sea grass cover at a
depth of ~15 m. R&D2 (34° 21.254'S 115° 11.063'E) is to the north of both R&D1 and the two
aquaculture lease sites being considered for approval (Figure 1). It too is on flat sandy bottom
with sea grass cover and is at a maximum depth of 16 m.
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Figure 1. Map showing boundaries of the Two Oceans Pty Ltd
greenlip (H. laevigata) abalone aquaculture lease in Flinders Bay, offshore from Augusta,
Western Australia and two additional sites for which application has been made to the
Department of Fisheries. The three sea ranching trial lease sites forming the basis of this
study are shown on the map as Main Lease, R&D1 and R&D2
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Table I: Details of habitat structure designs on the Main Lease of the sea ranching lease sites
in Flinders Bay, Augusta, Western Australia, including number of H. /aevigata stocked in each
year class, number of habitat units and numbers stocked per m? of habitat area

Initial
Stockin Number Number
Unit design Density (tgtal of ha.bitat T):T::;:;:i‘:ﬁ:’ stocke-d per m?

number of units of habitat area

abalone)
Star Units 20
Year-2 1200 60 30
Tubes -V reef 10
Year-2 2400 240 22.9
Tubes — Groups of 3 10
Year-2 2640 9x240; 1x480 22.9;45.7
Hollow Block Units 10
Year-2 1980 9x180; 1x360 40.9; 81.8
Solid Block Units 10
Year-2 1980 9x180; 1x360 47.9; 95.7
Kerb Units 11
Year-2 1440 10x120; 1x240 414,828
Train — Hollow Blocks 10
Year-2 1800 180 40
Year-3 200 20 4.4
Year-4 50 5 1.1
Train — Solid Blocks 9
Year-2 1620 180 60
Year-3 180 20 6.7
Year-4 45 5 1.7
Besser Block Units 72
Year-2 1960 10 per block 222
Year-3 392 2 per block 4.4
Year-4 78 0.25 per block 0.6
Total year-2 seed 17020
Total year-3 seed 772
Total year-4 seed 173
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Tabie il Detalis of habitat structure designs on the R&D1 lease of the sea ranching lease sites
in Flinders Bay, Augusta, Western Australia, including number of H. laevigata stocked in each
year class, number of habitat units and numbers stocked per m? of habitat area

Initial
Stocking Number Number Number stocked
Unit Design Density (total of habitat stocked per per m? of habitat
number of units habitat unit area
abalone)

Star Units 5
Year-2 300 60 30
Year-3 30 6 3
Year-4 10 2
Solid Block Units 5
Year-2 500 100 26.6
Year-3 200 40 10.6
Year-4 50 10 27
Hollow Block Units 5
Year-2 500 100 227
Year-3 200 40 9.1
Year-4 50 10 2.3
Tube Units 5
Year-2 500 100 9.5
Year-3 200 40 3.8
Year-4 50 10 1
Kerb Units
Year-2 500 5 100 34.5
Year-3 200 40 13.8
Year-4 50 10 3.4
Besser Blocks 18
Year-2 360 20 (10 per block) 22.2
Year-3 114 6 (3 per block) 6.7
Year-4 38 2 (1 per block) 22
Pyramid design 15
units
Year-2 900 60 13.3
Year-3 675 45 10.0
Year-4 375 25 5.6
Total year-2 seed 3560
Total year-3 seed 1619
Total year4 seed 623
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variation in the mean sizes of abalone across the different habitats. We are satisfied that the
similarity between the OGA and Curtin University measurements on those habitat types that
were measured, is indicative of the accuracy of measurements across other habitat types on the
study site.

Table IV: Mean differences between length frequency measurements made by Curtin

University and OGA divers, of H. faevigata 2-year old seed stock on three different habitat
structures in sea ranching trials at Flinders Bay, Augusta, Western Australia

OGA Curtin Universit
Habitat type measurements Mean (SE) y t-test resuit P
Mean (SE)
Star units 74.9 (1.0) 76.3 (0.8) df. =173, t=1.14 >0.05
Tube units 82.2 (0.7) 83.4 (0.7) df. =191, t=1.17 >0.05
Hollow block units 82.7 (0.8) 82.2 (1.6) df. =31,t=-0.23 >0.05

The mean size of stock at the start and end of the experiment, as well as the annual growth
increments in the Main Lease for nine habitats with 2-year old stock and three habitats with 3-
and 4-year old stock, is shown in Table V.

Table V: Mean length (£SD) of seeded H. laevigata at the start (December 2011) and end

(January 2013) of sea ranching trials, and the resulting annual growth increment for different
habitat types on the Main Lease site in Flinders Bay, Augusta, Western Australia

2-year size class

Mean length -Dec

Mean iength — Jan

mean increment t

{mm) (mm) SE (mm)
Holiow Blocks 447 +53 82.7 £8.0 38.0+1.0
Solid Blocks 444+52 79.0 9.8 34.6 £1.1
Tubes 442 +55 82.2 8.1 38.0 £0.9
V Tube Reef 455+6.0 80.9 £8.3 35.4 £1.1
Star 38655 74.9 £10.2 36.3 1.1
Kerbs 456+5.2 78.9 £8.6 33.3+1.0
Hollow Block Train 46.1£5.1 79.3 7.2 33.21.0
Solid Block Train 45457 76.2 9.5 30.8 £1.2
Besser Blocks 43.3+3.9 81.2 8.8 37.9+1.0

3-year size class

Mean length -Dec

Mean length - Jan

mean increment t SE

Hollow Block Train 71.8+55 108.0 +5.3 36.2 +1.1
Solid Block Train 69.4+54 105.2 +6.2 35.8 +1.1
Besser Block 726 +69 107.7 +6.3 350+14

4-year size class

Mean length -Dec

Mean length — Jan

mean increment + SE

Hollow Block Train 956 +4.9 121.9 ¥4.7 26314
Solid Block Train 946+6.7 119.56 £2.7 249+1.4
Besser Blocks 93.6+6.2 120.2 +4.2 26.7 £1.5

Direct comparisons of growth increments for the different habitat types may be biased by the

Sea ranching trials for commercial production of greenlio (Haliolfs laevigaia) abalone in Westermn Australiz 21






The annual growth rates between habitats in the Main Lease were not significantly different
(p>0.05) for any of the size classes, indicating that growth rates were not influenced by the
habitat designs that were tested (Table VI).

Table VI: ANOVA results for growth comparisons of H. /laevigata across habitat types on the
Main Lease site of sea ranching trials in Flinders Bay, Augusta, Western Australia

Size Class d.f. F P
Z2- year 8,27 0.18 .99
3- year 2,8 $.07 .93
4- year 2,9 (.04 0.96

Growth increments for individual habitat types were not available for the R&D1 and R&D2
lease sites. However, pooled random measurements of abalone seeded on different habitat

types in R&D1 and R&D2 and mean growth increments for all habitats sampled on the

Main Lease, have allowed lengths to be compared across leases for 2, 3 and 4-year old stock

(Table VII).

Table VII: Mean length (+SD) of seeded H. /aevigata at the start (late December 2011) and
end (early January 2013) of sea ranching trials in Flinders Bay, Augusta, Western Australia,
and the resulting annual growth increment for the three R&D lease sites

Mean length — Dec

Mean length — Jan

mean increment £SE

(mm) (mm) (mm)

2-year size class

Main Lease 44157 79.6 £9.1 355+04
R&D1 Lease 38.0+5.2 75.0+£8.3 36.9+1.0
R&D2 Lease 40849 711271 30.3+0.9
3-year size class

Main Lease 71.0+6.0 107.0+£6.0 36.0+£0.7
R&D1 Lease 70.2 £6.1 108.3+7.3 38.1+1.3
R&D2 Lease 69.4+6.4 103.6+7.2 342+11
4-year size class

Main Lease 946+6.0 120.6 + 4.1 26.0+0.8
R&D1 Lease 96.4+4.0 123.614.4 272+1.0
R&D2 Lease 93.6+5.8 1185+5.5 24911.2

Once again, owing to differences in mean length of seeded abalone across habitats at the start
of the study, these data have been standardised to represent average growth increment as a
percentage of the starting length for each R&D Lease site (Figure 5). ANOVA (Table VIII),
showed there to be no significant difference between mean growth increment across the three
R&D leases (p>0.05).
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Table XI: Long ferm survival percentages and the results of ANOVA comparison of
long term survival rates between habitats of the three year classes of H. laevigala
on the (a) Main Lease, (b) R&D1 lease and (c) R&D2 lease sea ranching sites
in Flinders Bay, Augusta, Western Australia. Those habitats causing a significant

difference within the year size class are shown with an asterisk

{(a) Hollow Solid Tube r Solid Hollow
Kerbs Tubes Stars V biock block
blocks blocks blocks ) )
reefs train  train
2-year size class
Survival % 84 80 75 77 56* 90 33 92 100
3-year size class
Survival % 82 89 93
4-year size class
Survival % 88 91 100*
{b) Hollow Solid Besser
blocks blocks Kerbs Tubes Stars blocks
2-year size class
Survival % 94 103 90 89* 113*
3-year size class
Survival % 96 98 80 65* 90
4-year size class
Survival % 85 90 63 86 89
{c) Hollow Solid Besser
blocks blocks Kerbs Tubes Stars blocks
2-year size class
Survival % 112 117 39 89 88 93
3-year size class
Survival % 105 87 62* 94 100 98
4-year size class
Survival % 77 71 52 80 80 86

Survival comparisons between leases can only be made by comparing like habitats. For the
2-year old stock, comparisons have been made between leases by combining the counts in
each lease of hollow blocks, solid blocks, kerbs, tubes, stars and besser blocks. There was a
significant difference in cumulative survival between leases (d.f. = 2,87, F = 8.058, p=0.001),
with stock on the Main Lease showing lower survival than the other two leases (Figure 12(a)).
However, this result needs to be treated with caution, because movement of abalone from

one habitat to another must result in increases in numbers on one habitat type being offset by
decreases in numbers at a different habitat type. Since not all habitat types in the Main Lease
were included in this ANOVA comparison, there is a possibility that overall survival rates on
the Main Lease could have been underestimated.
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Comparing survival between leases for the 3- and 4-year old stock has been restricted to besser
block units, because that was the only habitat type common to all R&D lease sites for these age
classes. There was no significant difference in cumulative survival across lease sites for either
the 3-year old (d.f. = 2,12. F =2.041, p =0.173), or 4-year old (d.f.= 2,12, F = 0.515,

p = 0.610) year classes (Figure 12b-c).

Overall survival for the three lease sites over the period October 2011 — January 2013 (i.e.
which inciudes the initiai survivai phase) is summarised in Table Xii and Figure 1i. The toiai
survival rate across all three lease sites is 67% from seeding.

Table XII: Percentage survival from October 2011-January 2013 of the three year classes of

H. laevigata on each sea ranching site in Flinders Bay, Augusta, Western Australia, and the
overall total for each year size class

Main Lease R&D1 Lease R&D2 Lease Overall
2-year 65 50 79 65
3-year 84 75 80 80
4-year 86 68 65 72

For the period January 2012 — January 2013 (i.e. including only the long-term survival phase)
the survival rates are summarised in Table XIII and (Figure 12). The total survival rate across
the three lease sites from January 2012 is 86%.

Table XlII: Percentage survival from January 2012-January 2013 of the three year classes of

H. laevigata on each sea ranching site in Flinders Bay, Augusta, Western Australia, and the
overall total for each year size class

Main Lease R&D1 Lease R&D2 Lease Overall
2-year 83 96 93 86
3-year 87 93 93 91
4-year 92 81 75 82

Survival data from the time of seeding as a 2-year old through three subsequent years has been
projected using data from this study (Figure 13). The projection shows the initial mortality at
stocking followed by survival rates through the first year (0-13 months). Survival data for 3 and
4-year olds from this study has been added for the subsequent years, to take the projection out
to 37 months (three years) after stocking.

Survival rates after three years vary from around 40 to 55% for the three leases, with the mean
survival around 50%.

Note that the Main Lease had a longer initial phase than the other two leases and that the
longer period would have resulted in a slightly lower survival rate in that phase compared with
the other two lease sites. Caution must be used with the projection in Figure 13, because the
data has utilised animals that have grown for different amounts of time in aquaculture prior to
release onto the artificial habitats and clearly this does not reflect true continuity.
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o wem getting swept away after placement. Hatchery-reared animals are also not exposed to
predators and it has been suggested by Shepherd er al. (2000) that this naivety to predators may
lead to behavior characteristics that expose them to higher mortality rates than wild-spawned
individuals.

Additionally, several published studies (Dixon et al. 2006; Roberts et al. 2007) have suggested
that optimal survival of released juvenile abalone is maximized where the habitat is complex
and cover for released animals is provided in the form of ledges, crevices and the undersurfaces
of packed boulders. Shepherd (1986) has stated that crevices are the preferred habitat for
greenlip abalone and that the animals move around until they find a suitable crevice, which
may explain the high mortality rate after release if animals are searching for suitable shelter.
Hart et al. (in press a), have emphasized the importance of releasing juvenile greenlip abalone
into habit with cryptic locations within areas that have viable natural populations.

Finally, the physical condition of abalone at the time of seeding is an obvious potential cause
for elevated mortality within the first few days. The process of transporting animals from

a growout facility to the point of release in the wild is, even with the best of intentions and
planning, always going to be stressful to the animal. Much can be done to minimize the stress
and developing protocols for the holding and transport of seed stock from the hatchery to the
point of release such as has been done for H. rubra by Heasman et al. (2004), is a worthwhile
investment. Tegner and Butler (1985) reported that the mucus produced by stressed abalone
attracted predators and this led to the development of “planting modules” along the lines of the
module reported on in McCormick et al. (1994). The function of these modules is to provide
shelter to newly settled abalone, and thereby protect them from predators for a day or two
until they have become more settled and therefore less stressed in their new environment. The
success of these units in improving immediate post-settlement survival is universally accepted
and various adaptations of the modules are used in most abalone seed stocking deployments.

This study showed higher initial mortality rates for the three year classes across and within
each R&D site compared to any single subsequent quarterly period sampled. It is not clear
which of the above possible causes contributed to the high initial mortality, but two habitat
types in this study (kerb and besser) had significantly higher mortality rates compared to
other habit structures. These two habitat types were the only ones seeded by hand without a
planting module, because of difficulties in attaching the modules to those structures. Their
higher mortality rate substantiates the importance of providing protection for seed stock at
deployment.

The seed stock that were released by hand were slotted into the sand around the sides of the
reef leaving the sand to hold the abalone against the surface of the star and besser blocks until
the foot had attached to the structure. Brad Adams, who was doing the seeding, was aware that
the mortality rates were likely to be higher on these structures than other habit types because
he observed fish predators (mainly wrasses) predating on the abalone before they had chance to
firmly attach themselves.

The results from this study show that size at seeding is an important determinant of survival.
Across habitat types, 4-year old seed stock had higher survival than 3-year olds and 3-year olds
better survival rates than 2-year olds. Decreasing mortality rates with size and age are a feature
common to most animals and are therefore not an unexpected result. Improved survival rates
using larger/older seed stock have been reported on in numerous enhancement studies for a
variety of different abalone species (e.g. H. iris (Roberts ef al. 2007); H. midae (de Waal and
Cook 2001); H. discus hannai (Saito 1984)). The relevance of this finding lies in its economic
application, which is the need for any commercial sea ranching operation to optimize the lower
survival of small individuals against the higher cost of large individuals.

Several abalone stock enhancement studies (Shepherd et al. 2000; Heasman et al. 2004;
James 2005; Roberts ef al. 2007) have reported on relationships between stocking density
and survival. The conclusions from these studies were similar in that all showed their data
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was a feature of the way that the data were collected and a more robust sampling strategy,
possibly by measuring tagged individuals on the different habitats, may have provided stronger
statistical evidence for differences in growth. Certainly, the three R&D sites showed evidence
of different levels of food availability in different seasons (Figures 15 to 17), which might have
been considered to result in different growth rates across the sites.

Stocking density would also be expected to be a factor affecting growth if stocking levels
were high enough to negatively impact food availability for the abalone. As has already been
discussed in survival (above), calcuiating surface areas of habitat without taking into account
the actual area colonized rather than available area for colonization, is a theoretical exercise.
The fact that growth rates were not significantly different across habitat types, suggests that
areas colonized by the abalone on the various habitat types in this study were at a low enough
density for food to not be a limiting factor.

Other authors (Dixon and Day 2004) have recorded enhanced growth of greenlip abalone after
a reduction in density of as little as 40%, but a different study that manipulated densities of
Haliotis iris (McShane and Naylor 1995a), failed to show any response in the growth rate of
that species. Growth rates of abalone have been shown to be more responsive to experiments
where animals have been translocated to areas of more abundant or better quality food and
various authors (Emmett and Jamieson 1989; McShane and Naylor 1995b; Dixon and Day
2004) have shown increased growth rates in different species of abalone as a result of such
translocation experiments. While growth increments in this study were not impacted by the
stocking densities, they did show seasonal differences across the board for all size classes
(Figures 15 to 17).

The smaller growth increments recorded in the fourth quarter for all size classes in this study
are most likely due to the animals redirecting their energy away from somatic growth and into
gonadal production. Greenlip abalone mature at around three years and ~75 mm in size and
spawn in spring and summer from October through March (Shepherd and Laws 1974). Other
possible causes for the downturn in growth in the fourth quarter could be due to a response to
food quality or physical environmental variable such as temperature.

Growth increments decreased with age, particularly between 3 and 4-year old seed stock. This
is because there is a non-linear relationship between length and weight, which means that small
increases in length result in proportionally much larger increases in weight. The 2, 3 and 4-year
old year classes in this study were still in a very strong growth phase in terms of increases in
both their length and meat weight (meat weight increases not shown) and this is why these
three year classes could not be used to estimate an asymptotic length (Loo).

The growth rates recorded in this study were very similar to the average growth rates recorded
by Hart et al. (in press a) for H laevigata in the wild at Augusta, close to the experimental sea
ranching sites reported on in this study. A 1-way ANOVA analysis of the merged data from
this study (as seen in figure 7b) compared with data from the Hart study shows there is no
significant difference in the growth rates across the period 2.25 — 4.25 years (d.f. = 1,6,

F =0.000, p = 0.996). Caution must again be used with this result owing to the study data
being merged.

Preliminary growth data have been included in this report for stock seed on pyramid design
habitat units. There are important differences between data for pyramid design units and that
for all other units, which necessitate considering any comparisons of growth between these
habitat types being treated with caution.

The pyramid design units were seeded seven months after the other habitat types and during
this time the seed stock abalone were held under aquaculture conditions. As a result of this
longer holding period in tanks, their growth had been compromised and they were substantially
smaller compared to the same aged abalone that had been stocked on other units at the start

of these trials. The standardized increment (percentage increase in size) is probably the most
useful index of comparison between growth on pyramid design and other habitat types and in
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