
National Reference Stations

In order to determine the location and number of National Reference Stations a number of factors 

were taken into account. First Australia’s coast can be divide into five regions: (1) a broad, shallow, 

shelf seas in the tropical north, from North West Cape to Torres Strait, (2) the Great Barrier Reef 

lagoon, (3) very narrow shelf on the sub-tropical east coast, from Fraser Island south to Tasmania,   

(4) narrow shelf along the sub-tropical west and south west coast, and (5) broader shelf in the 

Great Australian Bight, SA Gulfs and Bass Strait. Second there are two principle currents systems 

bounding Australia’s coastal oceans both of which flow poleward – the East Australian Current which 

forms off the Great Barrier Reef and flows south along the Queensland coast, separating in New 

South Wales to flow east as the Tasman Front, or south as the East Australian Current Extension; 

and the Leeuwin Current, which flows south from North West Cape to southern Tasmania.
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In addition, Australia is divided into six phytoplankton provinces, four of which are coastal (1) The 

shelf waters of north-west Australia, the Gulf of Carpentaria, Arafura Sea and Timor Sea, with 

chlorophyll biomass discriminating the biomes 1 a, b, c, (2) The tropical neritic communities carried 

southwards by the Leeuwin Current (2b) and East Australian Current (2d), respectively,   (3) The 

floristically distinct shallow waters of the Great Barrier Reef lagoon  dominated by fast-growing 

nanoplankton diatoms, (4) The productive temperate neritic province comprising coastal waters of 

New South Wales, Tasmania, Victoria and South Australia.

Phytoplankton distribution map
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Based on these physical and biological features, it can be argued that there are at least five distinct 

regions of Australia’s coastal oceans - tropical north, GBR lagoon, south east, south west, and 

south central (Great Australian Bight and SA Gulfs).

Building on the three long-term sites at Maria Island, Rottnest Island and Port Hacking (shown in 

orange below), the NRS Network was expanded by six extra sites at Darwin, Yongala, Kangaroo 

Island, Stradbroke Island, Ningaloo Reef and Esperance (black and green below), making nine in 

total. In 2014 the network underwent consolidation after which the Ningaloo Reef and Esperance 

NRS were decommissioned (shown in green).

Of the three existing long-term stations, two are in the south east (Maria Island and Port Hacking) 

and one is in the south west (Rottnest Island). A station has been established in the tropical north, at 

Darwin. A station has been established in the GBR lagoon, at Yongala (off Townsville). A station has 

been established in south central, at Kangaroo Island. An additional station has been established 

in the EAC dominated south east, at North Stradbroke Island (making three in this region).

Water samples at Ningaloo are collected by CSIRO and AIMS. IMOS Node: QLD: Queensland; NSW: New South Wales; TAS: 

Tasmania; SA: South Australia; WA: Western Australia. Marine Reserve Network: GBRMP: Great Barrier Reef Marine Park; TE: 

Temperate East; SE: South-East; SW: South- West; NW: North-West; N; North. Phytoplankton provinces: GBR: Great Barrier 

Reef; TN: tropical neritic; TO: tropical oceanic; TS: tropical shelf. Institutes: AIMS: Australian Institute of Marine Science; CSIRO: 

Commonwealth Scientific and Industrial Research Organisation; SARDI: South Australian Research and Development Institute; 

SIMS: Sydney Institute of Marine Science. Shelf processes: C: currents; CZ: connection zone; E: eddies; M: monsoonal influences; 

T: tidal influences; U: upwelling. Current systems: EAC: East Australian Current; FC: Flinders Current; HC: Holloway Current; LC: 

Leeuwin Current; LUC: Leeuwin Undercurrent; NC: Ningaloo Current; ZC: Zeehan Current (Lynch et al., 2014). NOTE: Ningaloo and 

Esperance NRS were decommissioned in 2014
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The in-situ moored sensors of the NRS network comprise a number of instruments deployed at all 

sites that measure a set of core parameters. Additional sensors, identified by the science nodes to 

collect data for addressing specific science questions, are deployed at a subset of sites.

Moored Sensor Parameters

Schematic representations of the moored sensor design for each of the National 

Reference Stations. Note, not all instruments are deployed onto single mooring 

lines. A few modifications have since been done to the moorings: PAR on 

Maria Island is at 10m, there are no ECO triplets at bottom in Maria and North 

Stradbroke [90m and 65m]. There is no PAR sensor nor subsurface SBE39s on 

North Stradbroke. The Ningaloo and Esperance NRS have been decommissioned.
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Core Parameters
The high temporal resolution data collected at each NRS site are mostly generated by paired - 

shallow and deep deployed - Water Quality Monitors (WQM; Wetlabs, Philomath, USA) and a 

bottom mounted Acoustic Doppler Current Profiler (ADCP; Teledyne RDI, Poway, USA). Each WQM 

consists of a pumped conductivity, temperature and depth (CTD) sampler (SBE MicroCAT, Seabird, 

Seattle, WA, USA), oxygen sensor (SBE 43, Seabird, Seattle, WA, USA) and a combined flourometer 

and turbidity sensor (FLNTU; EcoPuk, Wetlabs, Philomath, USA). The fluorescence excitation 

wavelength of the EcoPuk in the WQM is 470 nm while the emission wavelength is 695 nm. For 

the turbidity measure the EcoPuk’s wavelength is 700 nm. A variation in instrumentation occurs 

at Kangaroo Island, where the near surface sensor package consists of a NXIC CTD (Falmouth 

Scientific, Cataumet, MA, USA) with an Optode oxygen sensor (Aanderraa, Bergen, Norway) and 

an EcoPuk FLNTU. A Photosynthetically Active Radiation (PAR) sensor (QSP-2100, Biospherical, 

San Diego, USA) is also mounted on the Kangaroo Island mooring near the FLNTU at 40 m depth.

Water column current velocity and direction are measured using bottom mounted and upward-

looking 300 KHz ADCPs at all sites, except Yongala and Darwin, where 600 KHz ADCPs are 

deployed. These higher frequency ADCPs are better suited to resolving the shallower water and fast 

tidal patterns of these two sites and are used to infer multi-directional internal waves. ADCPs are 

deployed either as separate sub-surface moorings (NRS Rottnest, Kangaroo and Port Hacking) or 

landers (Maria, Yongala, Darwin, North Stradbroke) to avoid interactions with mooring lines. Optical 

sensors are placed in-line with the mooring wire, as they are designed to take point samples; 

though the actual sampling volume of the EcoPuks is not characterized by the manufacturer. For 

the FL signal, interactions with the mooring wire or cage will only occur with fouling as the sensor 

registers fluorescence.
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Vessel-based Sampling 
The National Reference Stations collect observations of both physical and biogeochemical variables 

to characterise the ocean environment and to understand fundamental biological processes within 

the environment. Core variables observed include temperature, salinity, dissolved oxygen, nutrients, 

turbidity, carbon, phytoplankton, and zooplankton. The vessel-based sampling comprises:

- Vertical profiling sensor measurements of conductivity (salinity), temperature and depth,  

 oxygen, fluorometry and turbidity;

- Niskin bottle samples at discrete 10 m intervals for measurements of total dissolved   

 inorganic carbon, alkalinity and nutrients;

- A combined water column sample from all Niskin bottles for phytoplankton and pigments;

- Zooplankton samples from a plankton drop net;

- Additional Niskin bottle water samples taken adjacent to moored instruments to allow for                  

 cross validation and characterization of data collected by the moored sensors; and

- Measurement of turbidity with a Secchi disk.

CSIRO’s Cassie Schwanger is sampling for Dissolved Oxygen (DO) from a 

Niskin bottle. This sample forms part of the suite of samples taken and analysed 

by the IMOS hydrochemistry team. Photo credit: Carlie Devine, CSIRO.
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Laboratory Analysis
Samples of similar suites of parameters are freighted to centralized laboratories for analysis by 

specialized teams of technicians and scientists. Three different laboratories at CSIRO’s Oceans 

and Atmosphere (OA) Business Unit in Tasmania conduct analysis on hydrochemistry, plankton 

pigments and carbon respectively. Tropical and temperate phytoplankton and zooplankton 

samples are processed at the OA laboratories in Queensland, while cool temperate phytoplankton 

samples are processed at the Australian Antarctic Division in Tasmania. Pico-plankton analysis is 

undertaken by the Australian Microscopy and Microanalysis Research Facility at the University of 

Western Australia


