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5. SUMMARY AND CONCLUSIONS 
The information and analysis presented in this review has provided evidence that abalone have a 
robust capacity to deal with suspended sediments in the water column. In particular, the results 
indicate that it is highly unlikely that the Yumbah land-based abalone farm would be impacted by 
this development. Even in the absence of an appropriate dredge management plan, suspended 
sediment levels are not expected to exceed values the defined threshold (25 mg/L) at which no 
chronic or acute effects are likely. Irrespective, a dredge management plan should be developed to 
further manage the risk from periods when suspended sediment levels exceed water quality criteria 
(Table H-12). 

Analysis of the literature leads to the conclusion that abalone are more resilient to suspended 
sediments than other aquaculture species having adapted to environments that routinely see them 
exposed to elevated levels of suspended sediments. Any dredge management plan should aim to 
ensure that suspended sediment loads (99th percentile) do not exceed 25 mg/L with median levels 
not exceeding 10 mg/L. A key element of the dredge management plan would be pro-active 
prediction of suspended sediment loads using tidal and weather data and the incorporation of real 
time monitoring of in-situ turbidity, at an appropriate location, between the dredging and 
construction activities and the Yumbah seawater intakes, with turbidity thresholds to trigger 
appropriate management interventions. 

The analysis has also illustrated the vulnerability of abalone aquaculture facilities in southern 
Australia to climate change and particularly to increasing sea water temperatures, coupled with the 
ocean acidification, that is now occurring. In this context, the predicted changes in water flow on 
the leeward side of the causeway may result in a very slight (maximum effect less than 0.1 °C) 
increase in water temperature in the vicinity of the seawater intakes. This increase is unlikely to be 
detectable particularly against the existing background of climate change induced changes to 
seawater temperature (and associated acidification) however, mitigation strategies (e.g. culverts 
through the causeway) are available should they be deemed necessary. 

The analysis further highlighted the potential impact of discharges from Smith Creek on coastal 
water quality. A solid causeway (with a gated culvert) would provide ancillary benefits to the 
aquaculture farm by directing flows from Smith Creek further offshore and thereby reducing the 
extent to which discharges from Smith Creek mix with the intake water flowing onto the abalone 
farm. 

Other factors including noise and vibration, light and wind-blown dust have been investigated and 
it has been concluded that these issues do not present problems for an abalone farming operation. 
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Table H-12: Summary of risks to abalone aquaculture associated with the KI Seaport development. 

"il "il 

" ] " ] CJ ..., CJ ..., 
Hazard = 0 ~ Management / mitigation = 0 ~ 

" 0 "' " 0 "' ::s ..c:: ·;:: ::s ..c:: ·;:: 
Ref Activity (Environmental Potential Impact tr measures and additional tr 

" 
;:= E " ~ -a " Aspect) "' j information / rationalisation 

., 
j ::s = " = "" ~ 0 " 0 u ..c:: u "' = ~ .... 

Construction Phase 
I 

Data from hydrodynamic modelling 
showing ambient and plume 

Mobilisation of 
concentrations very unlikely to 

marine sediments 
Impacts on water quality at exceed 25 mg/L. Comprehensive 

Capital dredging 
causing turbid 

Yum bah intakes resulting in high dredge management plant with in-situ 
Virtually 

1 and causeway levels of suspended sediment Moderate Possible Medium monitoring of suspended sediment Minor Low 
construction 

plumes at Yumbah 
( exceeding 25 mg/L) and that loads (via measurements of turbidity) 

impossible 
intakes exceeding 25 
mg/L 

compromise abalone health with management intervention when 
threshold levels are exceeded at 
intermediate location. Evidence that 
the NOEC for abalone is 25 mg/L 

Mobilisation of 
Comprehensive dredge management 

marine sediments Impacts on water quality at 
plant with in-situ monitoring of 

Capital dredging causing turbid Yum bah intakes resulting in high 
suspended sediment loads (via 

2 and causeway plumes at Yumbah levels of suspended sediment Negligible Likely Low 
measurements of turbidity) with 

Negligible Likely Low 
construction intakes exceeding 10 ( exceeding 10 mg/L but not 

management intervention when 
threshold levels are exceeded at 

mg/L but not exceeding 25 mg/L) 
intermediate location. Evidence that 

exceeding 25 mg/L 
the NOEC for abalone is 25 mg/L 

Mobilisation of 
Impacts on water quality at 

Capital dredging marine sediments 
3 and causeway causing turbid 

Yumbah intakes resulting in 
This is typical of ambient conditions and therefore not considered a risk 

construction plumes at Yumbah 
levels of suspended sediment 

intakes (<=10 mg/L) 
(not exceeding 10 mg/L) 

Capital dredging 
Impacts on water quality at No evidence for anoxic sediments at 

No significant change from existing risk 
4 and causeway 

Release of anoxic Yum bah intakes resulting in 
Moderate 

Virtually 
Low 

levels that would impact on ambient 
profile of farm 

construction 
sediments reduced levels of dissolved impossible oxygen levels in the water at Smith 

oxygen Bay 

Capital dredging Release of nutrients 
Impacts on water quality at 

No evidence for elevated levels of 
5 and causeway or toxicants from 

Yum bah intakes resulting in high 
Major 

Virtually 
Low any nutrients or toxicants in 

No significant change from existing risk 

construction sediments 
levels of nutrients or toxicants impossible 

sediments at Smith Bay 
profile of farm 

that compromise abalone health 

Impacts on water quality at 
Anticipated levels of suspended 

Yum bah intakes resulting in 
sediments would have no material 

Capital dredging Impact of elevated reduced rates of algal 
Virtually effect on algal production rates in Virtually 

6 and causeway turbidity on light photosynthesis in nursery tanks Minor Low Negligible Low 
construction attenuation sufficient to impact on algal 

impossible nursery tanks (<5% without impossible 

production and thereby juvenile 
accounting for photoacclimation 

abalone nutrition 
responses). 



Assessment of KI Seaport Development on Abalone Aquaculture Page 72 

"il "il 

" ] " ] <.l ..., <.l ..., 
Hazard = 0 ~ Management / mitigation = 0 ~ 

" 0 "' " 0 "' ::s ..c:: ·;:: ::s ..c:: ·;:: Ref Activity (Environmental Potential Impact tr measures and additional tr 

" 
;:= E " ~ -a " Aspect) "' ~ information / rationalisation ., 

~ ::s = " = 0 .,,a "" 0 J :E " u ..c:: u "' = ~ .... 

• I. • I 

7 
I Coastal zone 

infrastructure 
I Modification to 

coastal water levels 
I No known mechanism for an impact on abalone 

Waste water discharged from the 

Modification to 
abalone farm may pool in the lee 

I Minor I Unlikely I WW 

I Pass through culverts or piered 
8 

I Coastal zone I coastal circulation -
I of the causeway causing elevated section along inshore section of 

I No significant change from existing risk 
infrastructure nutrients that could be drawn profile of farm 

currents 
back into the farm (self-

causeway 

eollution) 
Pooling of water in the lee of the 

Pass through culverts or piered 
Modification to I causeway causing localised section along inshore section of 

9 
I Coastal zone I coastal circulation -

warming with the result that 
Major Unlikely Medium causeway I No change from existing risk profile of 

infrastructure water taken on to the farm is farm 
water temperature 

sufficiently warmer that 
Maximum effect size shown to be 

increased mortali!l'. occurs 
below0.1°C 

Modification to 
Shielding of Smith Creek plumes 

I Coastal zone I coastal circulation -
to the east of the causeway with 

10 potential benefits to water I Beneficial I I I Nil 
infrastructure Smith Creek 

quality at Yumbah seawater 
discharge plumes 

intakes 

Comprehensive dredge management 
plant with in-situ monitoring of 

Maintenance 
Impacts on water quality at suspended sediment loads (via 

dredging causing 
Yumbah intakes resulting in high measurements of turbidity) with 

11 I Ship operations I increases in 
levels of suspended sediment 

Moderate Possible Medium 
management intervention when I Moderate I Virtually I WW 

that compromise abalone health threshold levels are exceeded at impossible 
suspended sediment 

( exceeding 10 mg/L but not intermediate location. 
loads 

exceeding 25 mg/L) Modelling data shows the likelihood 
of an impact is very much lower than 
for the ca ital dred · n, 

Propwash and bow- Impacts on water quality at 
wave propagation Yum bah intakes resulting in high 

Virtually 
Modelling data shows no evidence I Moderate I Virtually 12 I Ship operations I causing increases in levels of suspended sediment Negligible 

impossible 
WW for a plume extending much beyond 

impossible 
I WW 

suspended sediment that compromise abalone health the access channel 
loads (exceeding 10 mg/L 

Impacts on water quality at Standard ballast water management 

13 I Ship operations 
I Introduction of red- Yum bah intakes due to elevated 

Moderate Unlikely Medium 
systems. Natural wave energy and I Moderate I Virtually I WW 

tide species cell numbers of red-tide algal movement of water in bay provides impossible 
species risk mitigation. 

Airborne dust Impacts on water quality of 
Strategic use of dust covers, 

depositing on raceways resulting in high levels Virtually I Minor 
I Virtually 14 I Land operations I Yumbah land-based 

Minor WW screening vegetation and dust I WW 
of suspended sediment that impossible 

suppression systems 
impossible 

facilities compromise abalone health 



Assessment of KI Seaport Development on Abalone Aquaculture Page 73 

"il "il 

" ] " ] <.l ..., <.l ..., 
Hazard = 0 ~ Management / mitigation = 0 ~ 

" 0 "' " 0 "' ::s ..c:: ·;:: ::s ..c:: ·;:: Ref Activity (Environmental Potential Impact tr measures and additional tr 

" 
;:= E " ~ -a " Aspect) "' ~ information / rationalisation ., 

~ ::s = " = 0 .,,a "" 0 J :E " u ..c:: u "' = ~ .... 

No evidence for such impacts, 

15 I Land operations 
Extraneous light I Light spill resulting in negative I Negligible I Possible I Low 

I however, strategic use of screening I Negligible I Unlikely I Low I from land operations impacts on abalone aquaculture vegetation and light baffles could be 
used to further minimise light spill 

Noise levels are quantitatively similar 

Noise and vibration resulting 
to the design specifications for the 

I Noise and vibration I from land operations having a 
Yumbah Nyamat farm (Yumbah I Negligible I Virtually I Lo 16 I Land operations Negligible Possible Low 2018) and thus not considered to 

from land operations negative impact on abalone 
represent a risk to the animals. The 

impossible w 
aquaculture 

strategic use of screening vegetation 
could further limit noise propagation 



Assessment of KI Seaport Development on Abalone Aquaculture Page 74 

6. REFERENCES 
ABARES (2017). Australian Fisheries and Aquaculture Statistics 2016. Published by the Australian 

Government, Department of Agriculture and Water Resources, ABARES. Pp 150. 

Aguirre, JD., McNaught, D.C. (2010). Habitat modification affects recruitment of abalone in 
central New Zealand. Mar Biol 158(3): 505-513. 

Ahmed, F., S. Segawa, M. Yokota & S. Watanabe. 2008. Effect of light on oxygen consumption 
and ammonia excretion in Haliotis discus discus, H. gigantea, H. madaka and their hybrids. 
Aquaculture 279: 160-165. 

Airoldi, L. (2003). The effects of sedimentation on rocky coast assemblages. Oceanography and 
Marine Biology: an Annual Review 41, 161-236 

Allen, V.J., Marsden, ID., Ragg, N.L.C. and Gieseg, S. (2006). The effects of tactile stimulants on 
feeding, growth, behaviour, and meat quality of cultured Blackfoot abalone, Haliotis iris. 
Aquaculture, 257(1-4): 294-308. 

Alter, K., Andrewartha, S.J. and Elliott, N.G. (2016). Hatchery conditions do not negatively impact 
respiratory response of early life-stage development in Australian hybrid abalone.(Report). 
Journal of Shellfish Research. 35(3): 585-587. 

AMOG Consulting (2010) BHP Billiton Olympic Dam EIS Project: Assessment of Waves and 
Propeller Wash Associated with Shipping: Final Report. Pp 32 

ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality. 
Volume 1. The Guidelines (Chapters 1-7). Australian and New Zealand Conservation Council. 
Agriculture and Resource Management Council of Australia and New Zealand. 

Australian Bureau of Meteorology (2018). Data obtained under a creative commons licence. 

Aquaculture Regulations (2016). South Australia Aquaculture Regulations 2016 under the 
Aquaculture Act 2001. Published 7/07/2016. 

Baldwin, R. P. (1992). Cargo vessel ballast water as a vector for the spread of toxic phytoplankton 
species to New Zealand. Journal of the Royal Society of New Zealand 22, 229-242. 

Bax, N., Williamson, A., Aguero, M., Gonzalez, E., and Geeves, W. (2003). Marine invasive alien 
species: a threat to global biodiversity. Marine Polity 27, 313-323. 

Beman, J. M., Chow, C.-E., King, A. L., Feng, Y., Fuhrman, J. A., Andersson, A., Bates, N.R., 
Popp, B.N. and Hutchins, D. A. (2011). Global declines in oceanic nitrification rates as a 
consequence of ocean acidification. Proceedings ef the National Academy ef Sciences ef the United 
States if America, 108(1) 208-213. http://doi.org/10.1073/pnas.1011053108 

Blott, S. J. and Pye K. (2012). Particle size scales and classification of sediment types based on 
particle size distributions: review and recommended procedures. Sedimentology 59 2071-2096. 

BMT (2018a). Smith Bay EIS - Hydrodynamic Modelling Report. Report prepared for KIPT as 
part of the Environmental Impact Assessment of the Smith Bay Port Development 
Application. Pp 120. 

BMT (20186). Marine Water Quality- Baseline and Impact Assessment. Report prepared for KIPT 
as part of the Environmental Impact Assessment of the Smith Bay Port Development 
Application. Pp 77. 

BMT (2018c). Smith Bay EIS - Coastal Processes Impact Assessment. Report prepared for KIPT 
as part of the Environmental Impact Assessment of the Smith Bay Port Development 
Application. Pp 42. 



Assessment of KI Seaport Development on Abalone Aquaculture Page 75 

Bolam, S. G. and Rees, H. L. (2003). Minimising impacts of maintenance dredged material disposal 
in the coastal environment: a habitat approach. Environmental Management 32, 171-188. 

Bray, R. N. (2008). Environmental aspects if dredging. Taylor and Francis, London. 

Burke, C. M., Harris, J. 0., Hindrum, S.M., Edwards, S.J. and Maguire, G.B. (2001) Environmental 
&quirements if Abalone. Report to FRDC and CRC for Aquaculture (Project no. 97 /323): pp 
150. 

Cannon, J .A. (1990). Development and dispersal of red tides in the Port River, South Australia. In: 
Graneli, E., Sundstrom, B., Edler, L. and Anderson, D.M. (eds), Toxic Marine Phytoplankton. 
Elsevier, New York: 110-115. 

Cannon, J .A. (1993). Germination of the toxic dinoflagellate, Alexandrium minutum, from sediments 
in the Port River, South Australia. In Smayda TJ, Shimizu Y (eds), Toxic phytoplankton 
blooms in the sea. Elsevier, Amsterdam: 109-1 14. 

Cheshire, A. C. and Miller, D .J. (2000). The impact if sand dredging on Benthic Community Structure at Pt 
Stanvac Dredge Site: Final repott on the results if survrys 1992 to 1999. Report to the Coast Protection 
Board, South Australian Department of Environment and Natural Resources, 4: 1-38. 

Cheshire, A.C. and Westphalen, G. (2000). Assessing the status if reefs in Gulf St Vincent IV· &suits if 
the 1999 survry. A report to the Environmental Protection Authority of South Australia. 
Department of Environmental Biology, University of Adelaide. 

Cheshire, A.C., Hall, S., Havenhand, J., and Miller, D.J. (1998). Assessing the status if temperate reefs 
in Gulf St Vincent II: Survry results. A report to the Environment Protection Agency of SA. Pp 
57. 

Cheshire, A.C., Westphalen, G., Wenden, A., Scriven, L.J. and Rowland, B. (1996). Photosynthesis 
and respiration of a subtidal macroalgal community. Aquatic Bota1!)1 55: 159-170. 

Cheung, S.G. and Shin, P.K.S. (2005) Size effects of suspended particles on gill damage in green­
lipped mussel Perna viridis. Marine Pollution Bulletin. 51: 801-810 

Chew, C. A., C. D. Hepburn, and W. Stephenson. 2013. Low-level sedimentation modifies 
behaviour in juvenile Haliotis iris and may affect their vulnerability to predation. Marine Biology 
160:1213-1221. 

Chung, E-Y., Shin, Y-K; and Lee, J-H. (1993) Effects of Silt and Clay on Respiration and Mortality 
of the Abalone, Nordotis discus. Korean Journal ofMalacology. 9(2): 23-29 

Collings, G., Miller, D., O'Loughlin, E., Cheshire, A., and Bryars, S. (2006). Turbidity and reduced light 
responses if the meadow farming seagrasses Amphibolis and Posidonia, from the Adelaide metropolitan 
coastline. ACWS Technical Report No. 12 prepared for the Adelaide Coastal Waters Study 
Steering Committee. South Australian Research and Development Institute (Aquatic Sciences) 
Publication No. RD0l/0208-17, Adelaide. 

Commonwealth of Australia (2009a). National Assessment Guidelines far Dredging. Commonwealth of 
Australia, Canberra 2009. 

Commonwealth of Australia (20096). National Biefouling Management Guidelines far &creational Vesselr. 
Commonwealth of Australia. 

Commonwealth of Australia (20096). National Biofouling Management Guidelines for 
Recreational Vessels. Commonwealth of Australia. 

COOE (2017). Kangaroo Island Plantation Timbers, Deep Water Export Facility: Assessment of 
Marine Sediments. Published by SEA Pty Ltd. Pp 27 + Attachments. 



Assessment of KI Seaport Development on Abalone Aquaculture Page 76 

Copertino, M. S., Cheshire, A. and Kildea, T. (2009), PHOTOPHYSIOLOGY OF A TURF 
ALGAL COMMUNITY: INTEGRATED RESPONSES TO AMBIENT LIGHT AND 
STANDING BIOMASS. Journal of Phycology, 45: 324-336. doi:10.1111/j.1529-
8817.2009.00664.x 

Copertino, M. S., Cheshire, A. and Watling, J. (2006), PHOTOINHIBITION AND 
PHOTOACCLIMATION OF TURF ALGAL COMMUNITIES ON A TEMPERATE 
REEF, AFTER IN SITU TRANSPLANTATION EXPERIMENTS. Journal of Phycology, 
42: 580-592. doi:10.1111/j.1529-8817.2006.00222.x 

Cox, KW. (1962). California abalones. Family Haliotidae. California Department of Fish Game, 
Fisheries Bulletin, 118. 

DAC (2017). Guidelines for the preparation of an Environmental Impact Statement: Deep water 
port facility at Smith Bay, Kangaroo Island. Proposal by Kangaroo Island Plantation Timbers 
Ltd. Published by the South Australian Development Assessment Commission (DAC) June 
2017. Pp 36. 

Day, R.W. and Fleming, A.E. (1992). The determinants and measurement of abalone growth. In 
Abalone of the World: Biology, Fisheries and Culture. Eds. S. A. Shepherd, M. J. Tegner, and 
S. A. Guzman del Proo. pp. 141-168. (Blackwell, Oxford). 

Department of Agriculture and Water Resources (2016). Australian Ballast Water Management 
&quirements Version 6. Commonwealth of Australia 2016. 

Department of Agriculture and Water Resources (2017). http://www.agriculture.gov.au/ 
biosecurity/avm/vessels/ballast, Accessed June 2017. 

Doubleday ZA, Clarke SM, Li X, Peel GT and others (2013) Assessing the risk of climate change 
to aquaculture: a case study from south-east Australia. Aquacult Environ Interact 3:163-175. 

Ecology, EBS. (2016). Smiths Bqy Ecological Assessment - KIPT Kangaroo Island Adelaide: EBS 
Ecology. 

Eggleston, D.B., Lillis, A., and Bohnenstiehl, D.R. (2016). Soundscapes and Larval Settlement: Larval 
Bivalve &sponses to Habitat-Associated Underwater Sounds. In: Popper A., Hawkins A. (eds) The 
Effects of Noise on Aquatic Life II. Advances in Experimental Medicine and Biology, vol 875. 
Springer, New York, NY 

Einstein, H.A. (1950). The bed-load function for sediment transportation in open channel flows. 
US Dep. Agric. Tech. Bull (1950), pp. 1-71. 

Endresen, 0., Behrens, H. L., Brynestad, S., Anderson, A. B., and Skjong, R. (2004). Challenges in 
global ballast water management. Marine Pollution Bulletin 48, 615-623. 

EPA (2008). Code ef practice for vessel and faciliry management (marine and inland waters). Updated April 
2017. Author Jade Ballentine, Environment Protection Authority. Government of South 
Australia. 

EPA (2010). Water Qualiry Guidelines. Government of South Australia. 

EPA (2013). Smith Creek, SW from Smith Beach. Aquatic Ecosystem Condition Report. 
http:/ /www.epa.sa.gov.au/ reports_ water/ c0370-ecosystem-2013 

Essink, K. (1999). Ecological effects of dumping of dredged sediments: options for management. 
Journal ef Coastal Conservation 5, 69-80. 

Falkowski, P.G. and Raven,J.A. (1997). Aquatic Photo!)'nthesis. Blackwell Science. 



Assessment of KI Seaport Development on Abalone Aquaculture Page 77 

Fisher-Pool P.I., Lammers M.O., Gove J., Wong K.B. (2016). Does Primary Productivity Turn Up the 
Volume? Exploring the &lationship Between Chloropf?yll a and the S oundscape of Coral &efs in the Pacific. 
In: Popper A., Hawkins A. (eds) The Effects of Noise on Aquatic Life II. Advances in 
Experimental Medicine and Biology, vol 875. Springer, New York, NY 

Fox, D.R., Batley, G.E., Blackburn, D., Bone, Y., Bryars, S., Cheshire, A., Collings, G., Ellis, D., 
Fairweather, P., Fallowfield, H., Harris, G., Henderson, B., Kampf, J., Nayar, S., Pattiaratchi, 
C., Petrusevics, P., Townsend, M., Westphalen, G., Wilkinson, J. (2007). The Adelaide Coastal 
Waters Stucfy Final &port, Volume 1 Summary of Findings. Prepared for the South Australian 
Environment Protection Authority. Adelaide Coastal Waters Study and CSIRO ISBN 1 
921125 20 9 

Geiger, D.L., Niitzel, A., Sasaki, T. (2008). "Vetigastropoda". In Ponder, W.F. and Lindberg, 
D.R. Phylogeny and evolution of the Mollusca. University of California Press. pp. 297-330. 

Hallagraeff, G. M. (1998). Transport of toxic dinoflagellates via ship's ballast water: bioeconomic 
risk assessment and efficacy of possible ballast water management strategies. Marine Ecology 
Progress Series 168, 297-309. 

Haynes, D., Muller, J. and Carter, S. (2000). Pesticide and herbicide residues in sediments and 
seagrass from the Great Barrier Reef World Heritage Area and Queensland coast. Marine 
Pollution Bulletin 41, 279-281. 

Heasman, M. and Savva, N. (2007). Manual for intensive hatchery production of abalone. Theory and practice 
for year-round, high density seed production of blacklip abalone (Haliotis rubra). New South Wales 
Department of Primary Industries. Fisheries Research Development Corporation. 

Hochstein, A.B. and Adams, C.E. (1986). A numerical model of the effects of propeller wash and ship­
induced waves from commercial navigation in an extended navigation season on erosion, sedimentation, and 
water quality in the Great Lakes connecting channels and harbors. Prepared for the U.S. Army Corps 
of Engineers, Detroit District. Pp 49. 

Humphrey, G. F. (1983). The effect of the spectral composition of light on the growth, pigments, 
and photosynthetic rate of unicellular marine algae. Journal of Experimental Marine Biology and 
Ecology. 66, 69-67. 

Hutchinson, W.G. and Vandepeer M (2004). Water Quality: Effects and Management on Abalone 
Farms South Australian Research and Development Institute (Aquatic Sciences), Adelaide. 
54pp. 

Ingerson, T ., Flowers, T. and Todd, J. (2007). Code of practice for the environmental management of the 
South Australian abalone industry. Updated March 2016. Environment Protection Authority. 
Government of South Australia. 

International Maritime Organisation (2017a). http://www.imo.org/en/About/Conventions/ 
ListOfConventions/Pages/International-Convention-for-the-Control-and-Management-of­
Ships '-Ballast-Water-and-Sediments-(BWM) .aspx, Accessed June 2017. 

International Maritime Organisation (20176). http://www.imo.org/en/OurWork/Environment/ 
Biofouling/Pages/default.aspx, Access June 2017. 

James, N., Bone, Y., Brown, K. and Cheshire, A. (2009). Calcareous epiphyte production in cool-
water carbonate seagrass depositional environments - southern Australia. International 
Association of Sedimentologists. Species Publication 41, 123-148. 

Kinloch, M.A. (2005). &view of Kangaroo Island Marine, Coastal and Estuarine Biodiversity Monitoring and 
&search Programs. Kangaroo Island Natural Resources Board, Kings cote. 

Kinloch, M.A., Brock, D.J ., Kirkman, H. and Laperousaz, T. (2007), Seagrass Biodiversity on Kangaroo 
Island. KI NRM Board Coast and Marine Program Report No. CMP07 /004 



Assessment of KI Seaport Development on Abalone Aquaculture Page 78 

Kirk J.T.O. (1994). Light and photosynthesis in aquatic ecosystems. Second edition. Cambridge 
University Press. pp. 511. 

Kitidis, V., B. Laverock, L. C. McNeill, A. Beesley, D. Cummings, K. Tait, M.A. Osborn, and S. 
Widdicombe (2011), Impact of ocean acidification on benthic and water column ammonia 
oxidation, Geophys. Res. Lett., 38, L21603, doi:10.1029/2011GL049095. 

Kuczynska, P., Jemiola-Rzeminska, M. and Strzalka, K. (2015). Photosynthetic pigments in 
diatoms. Marine Drugs 13, 5847-5881. 

Lee, K. S.(2008), The effects of suspended solids on the mortality and the glycogen content 
of abalone, Haliotis discus hannai, Journal of the Korean Society of Marine Environment 
& Safety, Vol. 14, pp. 183-187. English abstract and data tables only. 

Lee, K-S. (2015) Review on the Biological Effects of Suspended Solids on Shellfish, Fish, and 
Seaweed.Journal of the Korean Society of Marine Environment and Safety. 21 (1) 109-118 

Loh, R. (2017). Post mortem report to KIAB, Case 20170104 Abalone Mucus Stuefy Dr Richmond Loh 
21 March 2017. (Document not sighted). 

M. Harzhauser. 2007. Oligocene and Aquitanian gastropod faunas from the Sultanate of Oman 
and their biogeographic implications for the western Inda-Pacific. PalaeontographicaAbteilungA 
280:75-121 

Marshall, D J. & Mc Quaid, C.D. (1989) The influence of respiratory responses on the tolerance to 
sand inundation of the limpets Patella granularis L. (Prosobranchia) and Siphonaria capensis 
Q. et G. (Pulmonata).Journal of Experimental Marine Biology and Ecology. 128:191-201 

McGarvey, R. (2006). Assessing Survey Methods for Greenlip Abalone in South Australia. South 
Australian Research and Development Institute (Aquatic Sciences), Adelaide, RD04/0152-2. 
SARDI Research Report Series No. 184. 195 pp. 

McShane, P .E. (1992). Early life history of abalone: a review. In Abalone of the World· Biology, Fisheries 
and Culture. Eds. S. A. Shepherd, M. J. Tegner, and S. A. Guzman del Proo. pp. 120--138. 
(Blackwell, Oxford). 

McShane, P.E. (2017). Impacts of a proposed wharf development on the marine environment and an existing 
abalone aquaculture facility, Smith Bqy, Kangaroo Island, South Australia. Global Marine Resource 
Management Pty Ltd. 

Melville-Smith, R., Fotedar, R., Pattiaratchi, C., Adams, B., Hart, A. (2017). Investigating critical 
biological issues for commercial greenlip abalone sea ranching in Flinders Bay, Western 
Australia,Perth, September 2017. Pp 83. 

Newcombe C.P. and MacDonald, D.D. (1991). Effects of suspended sediments on aquatic 
ecosystems. North AmJ Fish Manage 11(1): 72-82. 

Nomura, S. and Tomita, G. (1933). A simple method of measuring the mechanical activity of cilia. 
Journal of the Shanghai Science Institute (Section IV) 1, 29-39. 

NRC Hansard (2017). Hansard record of Yumbah presentation to the Natural Resources 
Committee of Parliament concerning the Smith Bay Wharf Proposal. May 19 2017. 

Onitsuka, T., T. Kawamura, S. Ohashi, S. Iwanaga, T. Horii, and Y. Watanabe. 2008. Effects of 
sediments on larval settlement of abalone Haliotis diversicolor. Journal of Experimental Marine 
Biology and Ecology 365:53-58 

Owens T.G. and Wold E.R (1986). Light-Harvesting Function in the Diatom Phaeodacrylum 
tricomutum. I. Isolation and characterisation of pigment-protein complexes. Plant PfDtsiology 80, 
732-738. 



Assessment of KI Seaport Development on Abalone Aquaculture Page 79 

Pallayil, V., Chitre, M., Kuselan, S., Raichur, A., Ignatius M. and Potter, J .R. (2016). Development ef 
a Second-Generation Unde,water Acoustic Ambient Noise Imaging Camera. In: IEEE Journal of 
Oceanic Engineering, 41 (1): 17 5-189. 

Pattiaratchi, C. Newgard, J. and B. Hollings (2007) "Physical oceanographic studies of Adelaide 
coastal waters using high resolution modelling, in-situ observations and satellite techniques -
Sub Task 2 Final Technical Report". ACWS Technical Report No. 20 prepared for the 
Adelaide Coastal Waters Study Steering Committee. School of Environmental Systems 
Engineering, The University of Western Australia. 

Periera, L., Riquelme, T. And Hosokawa, H. (2007). Effect of Three Photoperiod Regimes on the 
Growth And Mortality of the Japanese Abalone Haliotis discus hannai ino. Journal of Shellfish 
Research, Vol. 26, No. 3, 763-767. 

Phillips, N .E. and Shima, J .S. (2006). Differential effects of suspended sediments on larval survival 
and settlement of New Zealand urchins Evechinus chloroticus and abalone Haliotis iris. Marine 
Ecology Progress Series 314, 149-158. 

Raimondi, P. T., Barnett, A. M. & Krause, P. R. 1997. The effects of drilling muds on marine 
invertebrate larvae and adults. Environmental Toxicology and Chemistry 16, 1218---1228. 

Henrys, N. (2018). Kangaroo Island Plantation Timbers EIS: Environmental Noise Impact 
Assessment. Prepared by Resonate. Pp 71 plus Figures. 

Sainsbury, KJ. (1982). Population dynamics and fishery management of the paua, Haliotis iris. I. 
Population structure, growth, reproduction, and mortality. New Zealand Journal ef Marine and 
Freshwater &search 16, 147-161. 

Seddon, S. and Cheshire, A.C. (2001). Photosynthetic response of Amphibolis antarctica and Posidonia 
australis to temperature and desiccation using chlorophyll fluorescence. Marine Ecology Progress 
Series 220, 119-130. 

Shepherd, S.A. (1973). Studies on southern Australian abalone (genus Haliotis). I. Ecology of five 
sympatric species. Australian Journal ef Marine and Freshwater &search 24, 217-57. 

Shepherd, S.A. and Breen, P.A. (1992). Mortality in Abalone- its estimation, variability and causes. 
In Abalone ef the World: Biology, Fisheries and Culture. Eds. S. A. Shepherd, M. J. Tegner, and S. 
A. Guzman del Proo. pp. 276-304. (Blackwell, Oxford). 

Shepherd, S.A. and Steinberg, P.D. (1992). Feed preferences of three Australian abalone species 
with a review of the algal food of abalone. In Abalone ef the World· Biology, Fisheries and Culture. 
Eds. S. A. Shepherd, M. J. Tegner, and S. A. Guzman del Proo. pp. 169-181. (Blackwell, 
Oxford). 

Shiel, B.P., Hall, N.E., Cooke, LR., Robinson, N.A. and Strugnell, J.A. (2017). Epipodial Tentacle 
Gene Expression and Predetermined Resilience to Summer Mortality in the Commercially 
Important Greenlip Abalone, Haliotis laevigate. Mar Biotechnol 19:191 - 205 

Staudta, F., Mullarneyb, J.C., Pilditchb, C.A. and Huhna, K. (2017). The role of grain-size ratio in 
the mobility of mixed granular beds. Geomophology 278: pp 314-328 

Stevens, P.M. (1987). Response of excised gill tissue from the New Zealand scallop Pecten 
novaezelandiae to suspended silt. New Zealand Journal ef Marine and Freshwater &search 21 ( 4), 605-
614. 

Stone, D.A.J., Bansemer, M.S. and Harris, J.O. (2014). Final Report. Development of formulated 
diets for cultured abalone. Prepared by the South Australian Research and Development 
Institute (Aquatic Sciences), Adelaide. CRC Project No. 2010/736. 131pp. 



Assessment of KI Seaport Development on Abalone Aquaculture Page 80 

Stringer, T. (2018a). Ecotoxicology Laboratory Professional Opinion: Total Suspended Solids 
Guideline Value for Pacific Abalone. Published by Intertek. Report No. ECX18-1004. Pp 8. 

Stringer, T. (20186). Ecotoxicology Laboratory Test Report: Effects of Total Suspended Solids on 
Juvenile Greenlip Abalone. Published by Intertek. Report No. ECX18-1116-1. Pp 9. 

Stringer, T. (2018c). Ecotoxicology Laboratory Test Report: Effects of Sawdust on Juvenile 
Greenlip Abalone. Published by Intertek. Report No. ECX18-1004. Pp 8. 

Tegner, M.J. and Butler, R.A. (1989). Abalone seeding. In. Handbook efCulture ef Abalone and Other 
Marine Gastropods. Hahn, KO. (Ed.) pp. 157-82. CRC Press. Boca Rotan. 

Theil, M., Wear, R., Tanner, J ., Bryars, S. and de Jong, S. (2004). Environmental Risk Assessment 
of Land-Based Aquaculture in South Australia. South Australian Research and Development 
Institute (Aquatic Sciences), Adelaide. SARDI Publication No. RD04/0156. 

Thomas, S. and Ridd, P. (2004). Review of methods to measure short time scale sediment 
accumulation. Marine Geology 207, 95-114. 

Turner, D.J., Kildea T.N. and Westphalen G. (2007). Examining the health ef subtidal reef environments 
in South Australia) Part 2: Status ef selected South Australian reefs based on the results ef the 2005 survrys. 
South Australian Research and Development Institute (Aquatic Sciences), Adelaide, 97pp. 
SARDI Publication Number RD03/0252-6. 

van Gils, J., Erftemeijer, P., Fernandes, M. and Daly, R. (2016). Development ef the Adelaide &ceiving 
Environment Model SA Water Project 1210877-000, Reference 1210877-000-ZKS-0030. 
Deltares 2016. 

Vandepeer, M. (2006) SARDI Publications, Abalone Aquaculture Subprogram: Preventing 
summer mortality of abalone in aquaculture systems by understanding interactions between 
nutrition and water temperature. South Australian Research and Development Institute 
(Aquatic Sciences), Adelaide, 85pp. SARDI Publication Number RD02/0035-2. 

Vesk, M., and Jeffrey, S. W. (1977). Effect of blue-green light on photosynthetic pigments and 
chloroplast structure in unicellular marine algae from six classes. Journal ef PfDtcology 13, 280--
288. 

Victorian Department of Economic Development (2015). Victorian Wild Harvest Abalone Fishery 
Management Plan. Published by the State of Victoria Department of Economic Development, 
Jobs, Transport and Resources Melbourne, Victoria. Pp 40. 

Wang, G-J; Xie J., De-guang, Y.U., Lan, W.U., Zhao-ying H.U. (2007) Physiological responses of 
abalone Haliotis divericolor to suspended sediment stress. Journal of Dalian Ocean University. 
22 (5):352-356 

Warne, M.St.J. (2001) Derivation of the Australia and New Zealand Water Quality Guidelines 
for Toxicants. Australasian Journal ef Ecotoxicology. 7:123-136 

Warne MStJ, Batley GE, van Dam RA, Chapman JC, Fox DR, Hickey CW and Stauber JL. 2015. 
Revised Method for Deriving Australian and New Zealand Water Quality Guideline Values 
for Toxicants. Department of Science, Information Technology, Innovation and the Arts, 
Brisbane, Queensland, 50 pp. 

Westphalen, G., Collings, G., Wear, R., Fernandes, M., Bryars, S. and Cheshire, A. (2004). A review 
ef seagrass loss on the Adelaide metropolitan coastline. ACWS Technical Report No. 2 prepared for 
the Adelaide Coastal Waters Study Steering Committee. South Australian Research and 
Development Institute (Aquatic Sciences) Publication No. RD04/0073, Adelaide. 

Wiltshire, D. and Brook, J. (2016). Kangaroo Island Plantation Timbers Pry Ltd Smith Bqy Marine 
Ecological S urvry and Assessment. SEA Pty Ltd. 



Assessment of KI Seaport Development on Abalone Aquaculture Page 81 

Wood, AD. and Buxton, CD. (1996). Aspects of the biology of the abalone Haliotis mideae (Linne, 
1758) on the east coast of South Africa. 1. Feeding Biology. S. Afr.]. mar. Sci. 17: 61-68. 

Yoon, S-J and Park, G-S. (2011) Ecotoxicological Effects of the Increased Suspended Solids on 
Marine Benthic Organisms. Journal of Environmental Science International: 20 (11): 1383-
1394 (English translation) 

Yumbah (2017). Document provided by Yumbah to the Natural Resources Committee of 
Parliament concerning the Smith Bay Wharf Proposal. May 19, 2017. 

Yumbah (2018). Yumbah Nyamat Abalone Farm Works Approval Application. October 2018. 
Published by Yumbah Aquaculture Ltd and submitted to the Victorian Environment 
Protection Authority. Pp 121 plus Appendices. 



Appendix H2 –
Ecotoxicology 

Reports – 
Intertek



Appendix H2 – Part A 
Total Suspended Solids 

Guideline Value for 
the Pacific Abalone - 
Professional Opinion



intertek 
Total Quality. Assured. 

ECOTOXICOLOGV LABORATORY 

PROFESSIONAL OPINION: 

TOTAL SUSPENDED SOLIDS GUIDELINE VALUE 

FOR PACIFIC ABALONE 

CLIENT NAME 

Environmental Projects 

REPORT NO. 

ECX18-1004 

COMPILED BY 

Dr Tristan Stringer 

PROJECT NAME 

Total Suspended Solids 

Guideline Value for 

Abalone 

DATE 

19 October 2018 

•



@ 

Issuing office: 

Disclaimer 

lntertek Welshpool 
41-45 Furnace Road 
Welshpool, 6106 
Western Australia 

This report has been prepared for the titled project or named part thereof and should not be relied 
upon or used for any other project without an independent check being carried out as to its suitability 
and prior written authority of lntertek being obtained. lntertek accepts no responsibility or liability for 
the consequences of this document being used for a purpose other than the purposes for which it was 
commissioned. Any person using or relying on the document for such other purposes agrees, and will by 
such use or reliance be taken to confirm his agreement to indemnify lntertek for all loss or damage 
resulting therefrom. lntertek accepts no responsibility or liability for this document to any party other 
than the person by whom it was commissioned. 

Report No: ECX18-1004 2 of 8 



@ 

CONTENTS 
Introduction 4 

Risk Assessment of suspended solids on abalone 4 

Characterisation of Risk 4 

Literature Review 4 

Derivation of an Interim Total Suspended Solids (TSS} Guideline Value for Pacific Abalone 6 

References 8 

Report No: ECX18-1004 3 of 8 



@ 
INTRODUCTION 

The export of commercial timber from Kangaroo Island requires a new deep-water wharf and seaport to 
accommodate larger bulk carriers. This seaport is currently proposed to be constructed in Smith Bay, 
South Australia. The environmental risk assessment for the proposed wharf has identified suspended 
sediments from the associated dredging operation as a potential risk to the adjacent greenlip abalone 
aquaculture facility. For a complete description of the project, background information and risks 
associated with proposed seaport and dredging operation please see environmental impact statement 
and Cheshire (2018). 

To best assess the impacts of suspended sediments on green lip abalone, laboratory ecotoxicity testing is 
planned to be conducted by lntertek. However, due to the potential issues with sourcing juvenile 
abalone, the laboratory testing may be delayed. Therefore, this supplementary literature-based risk 
assessment has been undertaken to build on the previous work to provide a literature-based intertim 
guideline value for total suspended solids (TSS) for pacific abalone (Haliotis discus) to give an interim 
investigation into effects of TSS on abalone until direct testing can be performed with green lip abalone. 

RISK ASSESSMENT OF SUSPENDED SOLIDS ON ABALONE 

Characterisation of Risk 

As described in Cheshire (2018) there are several risk categories in which suspended sediments can 
affect abalone: 

• Physical burial, smothering, and/or the loss of attachment due to surface settling of sediments 
• Impacts of suspended sediments on larval development and survival 
• Impacts of suspended sediments on the survival and physiology of juvenile, sub-adult and adult 

abalone 

While all these pose a potential risk to abalone in the general vicinity of the dredging operation, this risk 
assessment will solely focus on the risk posed to the abalone aquaculture operation and thus will only 
consider the impacts on the survival and physiology of juvenile, sub-adult and adult abalone. A broader 
description and discussion of the other risks is detailed in Cheshire (2018). 

Literature Review 

There is limited literature available on the effects that suspended sediments have on abalone, and there 
is no research found specifically for greenlip abalone (Haliotis laevigata). The following table (modified 
from Cheshire 2018) is a synopsis of the literature values of various abalone species sensitivity to total 
suspended solids. Note total suspended solids (TSS), not suspended sediment concentration, have been 
used in these studies. While those two methods look similar, the analytical approach for each method is 
different and they are not interchangeable. Without providing a comprehensive comparison of TSS and 
suspended sediment concentration, which can be found elsewhere, in general terms TSS for the most 
part does not contain as many larger / denser particles (such as fine sand) as suspended sediment 
concentration. 
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Table 1 - Summary of studies comparing effects of suspended sediments on various abalone 
(and other) species (modified from Cheshire 2018) 

Species Treatments Period Finding 

Haliotis discus TSS at: 0, 1,000, 1,500 and 96 h No effect on mortality. 
hannai 2,000 mg/L Decrease in glycogen 

content over 1,500 mg/L 

Haliotis TSSat:100,200,300,400 96 h No effect on mortality, 
diversicolor mg/L weaker motility at higher 

concentrations 

Haliotis discus TSS (silt and clay): 50 48 h No effect on mortality 
mg/L 

Haliotis discus TSS (silt and clay): 1000 96 h 82.5% mortality (20°C) 
mg/L 

Haliotis discus TSS (silt and clay): 50, 200, 96 h Small Size {2-2.Scm) 

600, 1000 mg/L LCso (l0°C) = 813 mg/L 
LCso (20°C) = 547 mg/L 

Large Size (4-Scm) 
LCso (l0°C) = 1077 mg/L 
LCso (20°C) = 698 mg/L 

Haliotis discus TSS at: 250, 500, 1000, 7d NOEC = 250 mg/L 
hannai 2000 & 4000 mg/L LOEC = 500 mg/L 

LCso= 1,888 mg/L 

Tigriopus japonicas TSS at: 31, 63, 125, 250 & 7d LOEC = 31 mg/L 
(copepod) 500 mg/L LCso=61 mg/L 

Paralichthys TSS at: 125, 250, 500, 7d LOEC = 125 mg/L 
olivaceus 1000, & 2000 mg/L LCso=157 mg/L 
(flounder fry) 
Haliotis iris Synthetic particles 100 No significant effect on 

mg/L growth or mortality 
NOEC- No Observed Effect Concentration for the experimental protocol. 
LOEC- Lowest Observed Effect Concentration for the experimental protocol. 
LCso- Concentration at which 50% mortality occurred. 

Source 

Lee 2008 

Wang 2007 

Chung et al. 
1993 

Chung et al. 
1993 

Chung et al. 
1993 

Yoon and Park 
2011 

Yoon and Park 
2011 

Yoon and Park 
2011 

Allen et al. 2006 

Of all the literature reviewed only two studies had calculated statistical endpoints sensitivity of juvenile 
abalone to TSS, Chung et al. (1993) and Yoon and Park (2011). The other three studies, Allen et al. 
(2006), Wang (2007), and Lee (2008) saw no effects on mortality at the highest concentrations tested. 

The study by Chung et al. (1993) examined the effects of TSS on two size categories of pacific abalone 
(Haliotis discus): small (2-2.Scm) and large (4-5 cm), at two different temperatures 10°C and 20°C. The 
authors found that both size and temperature affected sensitivity to TSS, with the smaller abalone being 
more sensitive to TSS, and that abalone exposed at 20°C were more sensitive than those at 10°C. The 
most sensitive treatment, the small abalone exposed at 20°C, had a resulting 96-hr LCso of 547 mg/L TSS. 

Unfortunately, there is no information given about controls (i.e. 0 mg/L TSS) and additionally it appears 
that there was only one replicate per TSS concentration used in the experimental design. This brings the 
validity of the calculated LCsos into question. 

Furthermore, it was noted that the authors do not detail what the "normal" temperature range is for 
Haliotis discus or the temperature that they were reared at (as they were from a culture facility), so it is 
unknown how much thermal stress the two temperature regimes (especially 20°C) had on the 
individuals. Also, the lack of control data did not allow the assessment of the temperature regime on 
mortality rate. 
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The study by Yoon and Park (2011) also looked at TSS effects on the pacific abalone Haliotis discus 
hannai (subspecies of Haliotis discus) as well as to a copepod (Tigriopus japonicas) and flounder 
(Para/ichthys olivaceus) fry. In the study they determined a 7-day LCso 1,888 mg/L TSS for 10-12-month­
old juveniles at 15°C. The abalone was more tolerant to TSS than the other two species tested, copepod 
and flounder. 

Comparing these two studies, the results show a significant difference in sensitivity for these related 
species. The abalone used in Yoon and Park (2011) were significantly more tolerant to TSS than those in 
Chung et al. (1993) with a 7-day LCso 1,888 mg/L TSS compared to 96hr LCsas from 547 -1,077 mg/L TSS 
respectively. However, there is some difficulty in comparing and reviewing these studies due to the 
issues associated with the Chung et al. 1993 only having a brief description on the experimental set up 
and it appears that the study lacked controls and replication. This makes robust comparison and 
interpretation of the data challenging. 

Considering these two studies and the other studies detailed in Table 1, all indicated that abalone are 
tolerant to suspended solids. This is discussed in great detail by Cheshire (2018) as is the rational that 
the ANZECC (2000) guideline value (previously referred to as a trigger value) of 10 mg/L TSS for 
aquaculture is overly conservative for abalone. Thus, there is justification for a new guideline value to be 
derived for abalone. This new guideline value aims to provide a realistic and not overly conservative 
guideline value as the default ANZECC (2000) trigger is likely overly conservative for abalone. Ideally this 
would be derived using laboratory exposures of greenlip abalone, which is planned on being conducted 
as soon as abalone are available for testing. However, considering that sourcing those juvenile green lip 
abalone can be problematic, and until laboratory studies have been performed further investigation in 
to the sensitivity of pacific abalone (Haliotis discus) is warranted. 

Derivation of an Interim Total Suspended Solids (TSS) Guideline Value for Pacific 
Abalone 

Prior to discussion on the derivation of the guideline value, it is important to highlight that this guideline 
value has been gathered only for total suspended solids (TSS). TSS is loosely defined as particles that 
remain in suspension (i.e. do not settle out, such as large sediment particles) and is determined via 
filtration, drying, and weighing. By nature, TSS is generally fine silts and clays, however the overall size 
distribution and composition (silt, clay, organic content, etc.) can vary considerably depending on the 
type of sediment, geology and environmental conditions. 

The most important factor in deriving the guideline values is data quality, especially considering the 
limited data for abalone sensitivity to TSS. Ideally testing on the target species for the risk assessment or 
a species sensitivity distribution would be used to develop a guideline value for TSS, as per the 
methodology as detailed in ANZECC (2000), however, there is insufficient data to do so. Therefore, at 
this stage in the risk assessment an interim guideline value for pacific abalone is investigated. 

The comparison of sensitivity of pacific abalone to greenlip abalone is not considered in this 
assessment. Investigation into the comparison between these species life history and sensitivity is 
presented elsewhere (Cheshire 2018). The results presented in this assessment should not be used as a 
surrogate for testing on green lip abalone, and further investigation is required before any guideline 
value is derived for greenlip abalone. 

Using the criteria detailed in Warne (2001) and Warne et al. (2015), which gives guidance on how data 
was selected for the ANZECC water quality guidelines, as well as the author's experience of conducting 
commercial ecotoxicology studies under a NATA (ISO 17025) framework, the data quality of Chung et al. 
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(1993) and Yoon and Park (2011) were assessed as these are the two papers which provide sensitivity 
thresholds for pacific abalone to TSS. 

Given the issues with the lack of controls and replication in Chung et al. (1993) the overall quality of the 
data was insufficient and validity of the calculated LCso data is brought into question. Therefore, the 
results detailed in this paper should not be used to derive a TSS guideline value for green lip abalone. 
Ideally there would be other data that would be sufficient to derive a guideline value, but given the lack 
of data, further investigation into Chung et al. (1993) was warranted to extract some additional data 
that could be used for indicative purposes. Based on the figures detailing the observed mortality rate 
over the test period, as well as the description of results in the text, it is clear that there was no 
mortality (100% survival) in all of the four size and temperature exposures up to 48-hr in the 50 mg/L 
TSS concentration. Therefore, we can conclude with reasonable certainty that 50 mg/L TSS is an 
estimated 48-hr NOEC (no observed effect concentrations) for this study. 

The study design of Yoon and Park (2011) give a high level of confidence in the results and the statistical 
endpoints reported. Therefore, the 7-day NOEC of 250mg/L TSS is suitable to be used in guideline 
derivation. 

The other study reviewed using pacific abalone (Lee 2008) did not see any effects on mortality rate in 
concentrations up 2000 mg/L TSS and no sublethal effects at 1,500 mg/L TSS. The lack of reliable and 
defined threshold toxicity data leaves only the Yoon and Park (2011) 7-day NOEC of 250 mg/Las a basis 
for estimating an interim guideline value and the rest of the data only can be used for indicative 
purposes. 

Therefore, to ensure conservatism, especially with the lack of data, it is this author's opinion that the 
interim guideline value be derived by using the Yoon and Park (2011) 7-day NOEC of 250 mg/L with a 
10x acute to chronic conversion factor applied. A 10x acute to chronic conversion factor was chosen as it 
the default correction factor used in ANZECC (2000). 

Using this conversion factor, provides an interim guideline value of 25 mg/L TSS for pacific abalone. At 
this concentration it is expected that no sublethal effects or chronic effects would be expected for TSS 
to pacific abalone. It is noted that this interim guideline value is to be used only for indicative purposes. 
As stressed previously, the results presented in this assessment should not be used as a surrogate for 
greenlip abalone, and further investigation is required before any guideline value is derived for greenlip 
abalone. 
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INTRODUCTION 

The export of commercial timber from Kangaroo Island requires a new deep-water wharf and seaport to 
accommodate larger bulk carriers. The proposed seaport is to be constructed in Smith Bay, South 
Australia. The environmental risk assessment for the proposed wharf has identified suspended 
sediments from the associated dredging operation as a potential risk to the adjacent greenlip abalone 
(Haliotis laevigata) aquaculture facility. For a complete description of the project, background 
information and risks associated with proposed seaport and dredging operation please see the 
environmental impact statement and Cheshire (2018). 

There are several risk categories in which suspended sediments can affect abalone Cheshire (2018) 
grouped them into the following categories: 

• Physical burial, smothering, and/or the loss of attachment due to surface settling of sediments 

• Impacts of suspended sediments on larval development and survival 
• Impacts of suspended sediments on the survival and physiology of juvenile, sub-adult and adult 

abalone 

While all these pose a potential risk to abalone in the general vicinity of the dredging operation, during 
the environmental risk assessment process it was determined that suspended sediments (light sediment 
particles that remain in suspension) is the primary risk posed to the abalone aquaculture facility, especially 
the juvenile abalone during the dredging. Therefore, the focus of this ecotoxicity risk assessment was on 
juvenile abalone. 

To best assess the impacts of suspended sediments on juvenile greenlip abalone, laboratory ecotoxicity 
testing was undertaken with the goal to define a threshold concentration for juvenile green lip abalone 
to total suspended solids (TSS). However, the sourcing juvenile greenlip abalone by commercial divers 
proved to be more challenging than expected and only a limited number of juvenile abalone were able 
to be obtained. This limited the scope of the experiments and only one concentration of TSS, 250 mg/L, 
was able to be assessed. Due to the lack of sensitivity data for greenlip abalone to TSS, the results while 
limited, provide valuable data for the risk assessment. 

METHODOLOGY 

Abalone collection 

Juvenile abalone (approx. 15 - 20 mm) were collected by SARDI (South Australian Research and 
Development Institute) divers over a four-day period (12/11/18 -1 5/11/18). The abalone were sent and 
received by lntertek on (16/11/18). Upon receipt of the juvenile abalone they were placed into a ~100 L 
holding tank with ~50 L of filtered seawater (sourced from Fremantle, Western Australia). "Live rocks" 
(rocks that are covered in a biofilm of bacteria and algae) were added to the tank for the juvenile 
abalone to graze on and to provide them with a suitable habitat to live on. The holding tank was 
maintained under constant aeration at l8°C with a 12:12 light:dark cycle for three days prior to 
commencing exposures. Routine water changes were conducted every 2-3 days to maintain water 
quality. 
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Total suspended solids test solution 

Prior to test initiation a 250 mg/L total suspended solids solution was prepared. To prepare the 

suspended sediments solution sediment sourced from Smith Bay, Kangaroo Island, South Australia was 

gently sieved through a 63 µm sieve and the <63 µm sediment fraction was collected. An initial trial 

showed that this <63 µm sediment fraction stayed in suspension under gentle agitation (to prevent 

settling over time). The dry <63 µm sediment was then weighed using an analytical balance and then 

added to 0.45 µm filtered seawater (sourced from Fremantle, Western Australia) at a loading ratio of 

250 mg/L. 

Experimental setup 

To ensure that the suspended sediments remained in suspension over the duration of the exposure 

period a special testing apparatus was created. The testing apparatus was based on Yoon and Park 

(2011) and consisted of a 600 ml HOPE funnel fitted with an air lift at the bottom of the funnel to 

maintain dissolved oxygen and suspended sediment concentration. Figure 1 details the test apparatus. 

Due to the limited number of individuals available for testing, only one suspended sediment treatment 

(250 mg/L TSS) was tested alongside seawater controls. Both the treatment and the controls consisted 

of four replicates with four juvenile abalone per replicate. Once placed into the test apparatus the 

juvenile abalone were exposed to the suspended sediments for 24 hours at l8°C with a 12:12 light:dark 

cycle. Water quality parameters were maintained at salinity of 34%0, pH 8.2, and dissolved oxygen (DO) 

>90% saturation. After the 24-hour exposure period, the test apparatus and juvenile abalone were

transferred into a 5 L beaker containing 4 L of fresh filtered seawater (Figure 3) for a further 48 hours for

post exposure observations. To minimise handling stress of removing the juvenile abalone from the test

apparatus instead the whole test apparatus was moved to the clean seawater after being gently rinsed

with filtered seawater.

Abalone were not fed during the test period. Mortality and behavioural observations were made twice 

daily over the testing and observation period. 
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Figure 3: Post exposure observation period where juvenile abalone and test apparatus were 
transferred to SL beakers 

RESULTS 

No mortality was observed in either the controls or in the 250 mg/L TSS treatment group (Table 1). 
There were no noticeable behavioural changes between the controls and treatment groups during the 
exposure and post exposure test periods. 

Table 1 - Concentration-response data for juvenile abalone exposed to suspended sediments 

JUVENILE ABALONE CONTROL 250 MG/L TSS 

Survival 100 ± 0 % 100±0 % 

CONCLUSIONS 

Despite the limited nature of this pilot study only being able to test one concentration of total 
suspended solids (TSS) it provided valuable information on the sensitivity of green lip abalone to 
suspended sediments. No effects on mortality or behaviour were observed during the test (both 
exposure and observation periods) and despite the relatively weak statistical power of the experimental 
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set up as no mortality was observed (i.e. 100% survival in all replicates) it suggests with a high 
confidence that exposure to 250 mg/L TSS will not adversely affect juvenile greenlip abalone when 
exposed for up to 24 hours. 

The results from this study are consistent with previous studies with other abalone species detailed in 
Table 2 and discussed elsewhere (i.e. Cheshire (2018) and Stringer (2018) ECX18-1004). 

Table 2 - Summary of studies comparing effects of suspended sediments on various abalone (and other) species 
(modified from Cheshire (2018} and updated with results from current study) 

Species Treatments Period Finding Source 

Haliotis laevigata TSS: 0, 250 mg/L 24 h No effect on mortality. Current study 

Haliotis discus TSS at: 0, 1,000, 1,500 96 h No effect on mortality. Lee 2008 
hannai and 2,000 mg/L Decrease in glycogen 

content over 1,500 
mg/L 

Haliotis TSS at: 100, 200, 300, 96 h No effect on mortality, Wang 2007 
diversicolor 400 mg/L weaker motility at 

higher concentrations 

Haliotis discus TSS (silt and clay): 50 48 h No effect on mortality Chung et al. 
mg/L 1993 

Haliotis discus TSS (silt and clay): 1000 96 h 82.5% mortality (20°C) Chung et al. 
mg/L 1993 

Haliotis discus TSS (silt and clay): 50, 96 h Small Size {2-2.Scm) Chung et al. 
200, 600, 1000 mg/L LCso(l0°C) = 813 mg/L 1993 

LCso(20°C) = 547 mg/L 

Large Size {4-Scm) 
LCso (l0°C) = 1077 mg/L 
LCso (20°C) = 698 mg/L 

Haliotis discus TSS at: 250, 500, 1000, 7d NOEC = 250 mg/L Yoon and Park 
hannai 2000 & 4000 mg/L LOEC = 500 mg/L 2011 

LCso= 1,888 mg/L 

Tigriopus TSS at: 31, 63, 125, 250 7d LOEC = 31 mg/L Yoon and Park 
japonicas & 500 mg/L LCso=61 mg/L 2011 
(copepod) 

i Paralichthys TSS at: 125, 250, 500, 7d LOEC = 125 mg/L Yoon and Park 
olivaceus 1000, & 2000 mg/L LCso=157 mg/L 2011 

(flounder fry) 

Haliotis iris Synthetic particles 100 No significant effect on Allen et al. 
mg/L growth or mortality 2006 

NOEC- No Observed Effect Concentration for the experimental protocol. 
LOEC- Lowest Observed Effect Concentration for the experimental protocol. 
LCso- Concentration at which 50% mortality occurred. 
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INTRODUCTION 

The export of commercial timber from Kangaroo Island requires a new deep-water wharf and seaport to 
accommodate larger bulk carriers. The proposed seaport is to be constructed in Smith Bay, South 
Australia. The environmental risk assessment for the proposed wharf has identified that sawdust poses 
a potential risk to the adjacent greenlip abalone (Haliotis Jaevigata) aquaculture facility. For a complete 
description of the project, background information and risks associated please see the environmental 
impact statement and Cheshire (2018). 

There is currently no information on the potential effects of sawdust on abalone. To best assess the 
impacts of sawdust on juvenile green lip abalone, laboratory ecotoxicity testing was undertaken with the 
goal to define a threshold concentration for juvenile greenlip abalone. However, the sourcing juvenile 
greenlip abalone by commercial divers proved to be more challenging than expected and only a limited 
number of juvenile abalone were able to be obtained. This limited the scope of the experiments and only 
one concentration of sawdust, 35 mg/L was able to be assessed. Due to the lack of sensitivity data for any 
abalone species to sawdust, the results while limited, provide valuable data for the risk assessment. 

METHODOLOGY 

Abalone collection 

Juvenile abalone (approx. 15 - 20 mm) were collected by SARDI (South Australian Research and 
Development Institute) divers over a four-day period (12/11/18 -15/11/18). The abalone were sent and 
received by lntertek on (16/11/18). Upon receipt of the juvenile abalone they were placed into a ~100 L 
holding tank with ~50 L of filtered seawater (sourced from Fremantle, Western Australia). "Live rocks" 
(rocks that are covered in a biofilm of bacteria and algae) were added to the tank for the juvenile 
abalone to graze on and to provide them with a suitable habitat to live on. The holding tank was 
maintained under constant aeration at l8°C with a 12:12 light:dark cycle for three days prior to 
commencing exposures. Routine water changes were conducted every 2-3 days to maintain water 
quality. 

Due to the limited number of abalone obtained the abalone that were used in these sawdust exposures 
were the same individuals that were exposed to the suspended solids (see lntertek report ECX18-1004-
l). The abalone were given a 6-day depuration period between exposures and allowed to feed on live 
rocks. 

Sawdust test solutions 

Prior to test initiation a sawdust solution was prepared at a loading ratio of 35 mg/L. Bluegum 
(Eucalyptus globulos) sawdust was provided to lntertek for use in the experiments. To isolate the finest 
fraction of the sawdust, which is most likely to be transported to the abalone aquaculture facility, the 
sawdust provided was gently sieved through a 63 µm sieve and the <63 µm sawdust fraction was 
collected. The <63 µm sawdust was then weighed using an analytical balance and then added to 0.45 
µm filtered seawater (sourced from Fremantle, Western Australia) at a loading ratio of 35 mg/L. This 
loading ratio of sawdust was chosen as it is lOx the 99 th percentile of sawdust deposited on abalone 
cages. 
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Experimental setup 

To ensure that the sawdust remained in suspension over the duration of exposures a special testing 
apparatus was created. The testing apparatus was based on Yoon and Park (2011) and consisted of a 
600 ml HOPE funnel fitted with an air lift at the bottom of the funnel to maintain dissolved oxygen and 
distribution of sawdust. Figure 1 details the test apparatus. 

Due to the limited number of individuals available for testing, only one sawdust treatment (35 mg/L) 
was tested alongside seawater controls. Both the treatment and the controls consisted of four 
replicates with four juvenile abalone per replicate. Once placed into the test apparatus the juvenile 
abalone were exposed to the sawdust for 24 hours at 18°C with a 12:12 light:dark cycle. Water quality 
parameters were maintained at salinity of 34%0, pH 8.2, and dissolved oxygen (DO) >90% saturation. 
After the 24-hour exposure period, the test apparatus and juvenile abalone were transferred into a 5 L 
beaker containing 4 L of fresh filtered seawater (Figure 3) for a further 48 hours for post exposure 
observations. To minimise handling stress of removing the juvenile abalone from the test apparatus, the 
whole test apparatus was moved to the clean seawater after being gently rinsed with filtered seawater. 

Abalone were not fed during the test period. Mortality and behavioural observations were made twice 
daily over the testing and observation period. 

Figure 1: Test apparatus (side view) with juvenile abalone 

Report No: ECX18-1116-2 5 of 8 



@ 
Figure 2: Test apparatus (top view) with juvenile abalone 
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Figure 3: Post exposure observation period where juvenile abalone and test apparatus were 
transferred to SL beakers 
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RESULTS 

No mortality was observed in either the controls or in the 35 mg/L sawdust treatment group (Table 1). 
There were no noticeable behavioural changes between the controls and treatment groups during the 
exposure and post exposure test periods. It is noted that over time the colour of the water changed in 
the sawdust test solution (see Figure 2), due to leaching of the organic materials (i.e. tannins, wood oils, 
etc.) from the sawdust. 

Table 1 - Concentration-response data for juvenile abalone exposed to sawdust 

JUVENILE ABALONE CONTROL 35 MG/L SAW DUST 

Survival 100 ± 0 % 100±0 % 

CONCLUSIONS 

Despite the limited nature of this pilot study only being able to test one concentration of total sawdust it 
provided valuable information on the sensitivity of greenlip abalone to sawdust. No effects on mortality 
or behaviour were observed during the test (both exposure and observation periods) and despite the 
relatively weak statistical power of the experimental set up as no mortality was observed (i.e. 100% 
survival in all replicates) it suggests with a high confidence that exposure to sawdust at loading ratios of 
up to 35 mg/L will not adversely affect juvenile green lip abalone when exposed for up to 24 hours. 

Report No: ECX18-1116-2 7 of 8 



@ 
REFERENCES 

Cheshire, A. (2018) Assessment of risks and mitigation strategies to the Yum bah Aquaculture Facility from 
the Construction and Operation of the proposed Kl Seaport. Prepared for Kangaroo Island Plantation 
Timber Pty Ltd. 24 September 2018. 

Report No: ECX18-1116-2 8 of 8 




	Appendix H – Aquaculture Studies
	Appendix H2 – Ecotoxicology Reports – Intertek
	Part A – Total Suspended Solids Guideline Value for the Pacific Abalone - Professional Opinion
	Part B – Effects of Total Suspended Solids on Juvenile Greenlip Abalone – Ecotoxicology Laboratory Test
	Part C – Effects of Sawdust on Juvenile Greenlip Abalone – Ecotoxicology Laboratory Test





