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ABSTRACT
The New Zealand aquaculture industry during the late 1990s and early 2000s
experienced a significant and sustained period of growth. Greenshell mussels (Perna
canaliculus) are proving to be a popular and valuable cultured species, with large
domestic and international markets. Traditionally, these bivalves have been farmed
within enclosed embayments and on relatively small scales (~3 Ha). The recent
expansion of the industry coupled with the near saturation of existing ‘traditional’
sites and new culture technologies has led the industry toward alternate environments,
notably exposed offshore sites. Initial proposals within the Bay of Plenty have
included multiple farms of ~4500 Ha each. This novel approach to shellfish culture
created uncertainty with respect to potential environmental impacts, cumulative
effects, and sustainable carrying capacities within these exposed open-coast locations.
In zoning for Aquaculture Management Areas (AMAs), environmental managers must
be informed of each of these aspects to ensure the rational and sustainable use of the
coastal-marine space.
The overall goal of this study is to determine the potential for environmentally
sustainable large-scale offshore mussel culture within the Bay of Plenty marine
environment. The long term sustainability of aquaculture development on an open
coast is a function of many influences which can vary in both time and space. The
benthic environments of the Bay of Plenty exhibit great variability in their ability to
assimilate waste inputs from suspended mussel culture; a direct function of the
variability in sedimentary environments and benthic habitats within the region.
Specifically, silty sediments with low natural organic contents, generally found
between 40 and 100 m depths are the most suitable locations for sustainable mussel
aquaculture from an environmental impact perspective. Both observations and model
predictions indicate productivity potential within the region to be greatest within
neritic zones of the western Bay of Plenty. Local wind forcing is the predominant
mechanism forcing local shelf currents. Current meter data and numerical modelling
tests from this study indicate that local winds explain the majority of water current
variability on the shelf, generate the delivery of new nutrients to the shelf through
upwelling, and hence create the variability in productivity potential. Complicating the
AMA zoning process for environmental managers, however, are existing uses of, and
societal values toward, the coastal-marine environment. GIS planning tools have been
shown to be effective at minimising conflicts and maximising sustainability potential
through informed site selection. Within the Bay of Plenty, these preferential sites are
located on the mid-shelf (60-80 m depths) offshore from Pukehina, Matata, and
Whakatane.
This study shows that the simulated cumulative lower trophic-level depletion impacts
of two large (~5000 Ha) proposed offshore mussel farms vary seasonally as a result of
subtle changes in ecosystem dynamics and mussel feeding patterns. At proposed
stocking densities, largest relative impacts are expected during autumn and winter,
when relative phytoplankton biomass is low and growth rates slow. During spring,
while absolute impacts are greater than those during autumn/winter, greater
phytoplankton-zooplankton biomass and faster growth rates result in quicker recovery
times and reduced ‘depletion halo’ extents. Year-long predicted impacts are below
those applied as ‘acceptable limits of change’, both within New Zealand and
internationally, indicative of the ecological carrying capacity.
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PREFACE
The main body of this thesis comprises five chapters (Chapters 3-7). At the time of
submission Chapter 3 has been published in an international peer reviewed scientific
journal, Chapter 4 has been accepted for publication, and Chapter 6 is undergoing the
peer review process (see references below). I assumed responsibilities for field work,
laboratory and data analysis, scientific reasoning, and thesis compilation. Except
where referenced the material within this thesis was produced from my own ideas and
work undertaken with the supervision of Professor Terry Healy and Dr Kerry Black.
Publications (published, accepted and submitted) to date include:
Chapter 3
Longdill, P.C., Healy, T.R., Black, K.P., and Mead, S.T., 2007. Integrated sediment
habitat mapping for aquaculture zoning. Journal of Coastal Research, SI50
(ICS2007), 173-179.
Chapter 4
Longdill, P.C., Healy, T.R., Black, K.P. accepted for publication (2007). Transient
coastal upwelling on a lee coast shelf with variable width and orientation. New
Zealand Journal of Marine and Freshwater Research.
Chapter 6
Longdill, P.C., Black, K.P., Healy, T.R. 2006. Marine productive regions identified
from satellite remotely sensed data and numerical model results. In: Woodroffe,
C.D., Bruce, E.M., Poutinen, M., Furness, R.A. (eds), GIS for the Coastal Zone: A
Selection of Papers from CoastGIS 2006, Wollongong Papers on Maritime Policy
No. 16. pp 371-380.
Longdill, P.C., Healy, T.R., Black, K.P. in review (2007). An integrated GIS approach
for sustainable aquaculture management area site selection. Ocean and Coastal
Management.
This work builds upon a large consulting project undertaken by ASR Ltd (largely
conducted by myself within the TIF program under the supervision of Dr Black and
Professor Healy) for the regional council, Environment Bay of Plenty. This project
was titled ‘Choosing open coast AMAs to sustain the environment, kaimoana, and
aquaculture industry’. Throughout the project consulting reports were compiled and
presented to them. This thesis combines several aspects of these reports and builds
upon the concepts introduced within them. Without the deadlines of consulting work,
this thesis has been able to expand upon and refine several of the techniques and
methodologies used within the consulting reports; the general conclusions remain
unchanged.
An attached CD-ROM inside the back cover includes digital copies of the following:
• This thesis;
• Papers published and conference presentations conducted during the work;
• Consulting reports arising from the work; and
• All raw data used within the thesis and the geo-referenced GIS benthic habitat
map.
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TABLE OF ACRONYMS
AFDW
ADP
AMA
AVHRR
Chl-a
CTD
CTW
DGPS
DN
DO
DP
DRP
DSS
DW
EAC
EAUC
EBOP
ECC
ECE
ECMWF
ENSO
GB
GIS
GPS
GTSPP
IB
HOC
ICZM
IDW
IOP
LOC
LOI
MCE
MPA
MSL
NCE
NH3
NIWA
NPZ
NOx
NZMG
NZPD
NZST
NW
OCCAM
OTIS
PAR
PSSF
RTK
SC
SDP
SE
SeaWiFS
SI
SOI
SST
Sv
TF
WE
WOD
XBT

Ash Free Dry Weights
Acoustic Doppler Profiler
Aquaculture Management Area(s)
Advanced Very High Resolution Radiometer
Chlorophyll-a
Conductivity Temperature Depth (profiler)
Coastal Trapped Wave(s)
Differential Global Positioning System
Detrital Nitrogen
Dissolved Oxygen
Detrital Phosphorus
Dissolved Reactive Phosphorus
Decision Support System
Dry Weight
East Australian Current
East Auckland Current
Environment Bay of Plenty
East Cape Current
East Cape Eddy
European Centre for Medium-Range Weather Forecasts
El-Niño Southern Oscillation
GigaByte
Geographic Information System(s)
Global Positioning System
Global Temperature-Salinity Profile Program
Inverse Barometer
High Organic Carbon
Integrated Coastal Zone Management
Inverse Distance Weighting
Inherent Optical Properties
Low Organic Carbon
Loss On Ignition
Multi Criteria Evaluation
Marine Protected Area(s)
Mean Sea Level
North Cape Eddy
Ammonium
National Institute of Water and Atmospheric research
Nutrient-Phytoplankton-Zooplankton
Oxidised Nntrogen as NO2 and NO3
New Zealand Map Grid
Nutrient-Zooplankton-Phytoplankton-Detritus
New Zealand Standard Time
North Westerly
Ocean Circulation and Climate Advanced Modelling
Oregon state university Tidal Inversion Software
Photosynthetically Active Radiation
Parameter Specific Suitability Function(s)
Real Time Kinematics
Southland Current
Science Data Product
South Easterly
Sea-viewing Wide Field-of-view Sensor (satellite)
Suitability Index
Southern Oscillation Index
Sea Surface Temperature
Sverdrups (106 m3.s-1)
Tasman Front
Wairarapa Eddy
World Ocean Database
eXpendable-Bathy-Thermograph

*equation constants defined within explanatory text
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