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WG Recommendations regarding the National Reference Stations (NRS) 

 

The IMOS Bio-optical WG has reviewed the NRS program in relation to the current protocols for bio-

optical measurements, and has the following comments on the scientific rationale and 

recommendations for improvement. 

 

Location of sensors at NRS. 

Most NRS have 2 Wetlabs Water Quality Meters (WQMs). As one of the goals of in situ bio-optical 

measurements is to validate remotely sensed satellite products such as ocean colour, the current 

location of the shallower WQMs at a depth of 20 m is not ideal as it may be too deep for validation 

of the satellite observations at some locations. The upper sensors should instead be re-located 

closer to the surface, if at all possible – discussions with satellite oceanographers and reviews of 

chlorophyll climatologies (see below) for the various NRS locations would be recommended for 

determining the most appropriate depths for these upper sensors.  

 

Another goal of the in situ bio-optical measurements is to monitor changes in dissolved and 

particulate material in the water column, particularly phytoplankton biomass. To achieve this, the 

WQMs should be located at a depth where chlorophyll a biomass tends to accumulate (i.e. is at a 

seasonal maximum). The WG recommends that nodes use whatever means possible to estimate the 

vertical distribution of phytoplankton in their sampling regions (for example, from nearby process 

studies, recent and historical data from MNF voyages, from vertical CTD data collected during 

biogeochemical sampling, etc.) and generate a “chlorophyll-a climatology” relative to each NRS 

location.  This will then form the basis for an informed decision regarding the most appropriate 

location for  the deeper WQM (currently ranges from 40 – 100 m) within the upper mixed layer, 

where phytoplankton biomass is typically at its greatest (median/average depth value).   

 

Along the same lines, if the goal of bio-optical sensor measurements is to monitor changes in 

dissolved and particulate material near the ocean floor, then additional WQMs (depending on 

availability) should be located at a depth where they are likely to detect sediment resuspension, 

sinking detritus and the generation of dissolved organic matter. 

 

For those NRS with two WQMs available, the WG recommends the following configuration: 

one near the surface for satellite match ups, and one in the best location to sample the chl-a 

maximum. Given physical dynamics at the NRS, the depth of the second WQM may need to be 

changed depending on season (e.g. at Rottnest, the WQM may need to be located at ~80 m in 

summer to target the deep chlorophyll maximum, but ~40 m in winter when biomass is maximal in 

the upper mixed layer) – there should now be enough data from the NRS to evaluate this vertical 

variation in chl-a biomass and make appropriate recommendations for each site. 

 

Validating bio-optical sensor signals. 

The WG recognises the inherent value of bio-optical data, not just in validating satellite signals. Bio-

optical sensors at NRS provide data every 15 minutes (at far higher intervals than physical sampling 

can take place) and therefore have the potential to “fill in” knowledge gaps on time scales up to 

several months.  Making the most of this data will require attention to calibration of the sensors 
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before they are deployed, checking their performance and condition after retrieval, and validating 

their bio-optical signals. 

 

The WG is currently preparing detailed documents regarding calibration and performance checking 

of bio-optical sensors.   

 

To our knowledge, IMOS is using biogeochemical sampling at the NRS as the approach to validating 

sensor signals. Appropriate validation of bio-optical sensor signals is critical to QA/QC of the data 

and for its interpretation. 

 

Biogeochemical sampling at the NRS. 

 

One goal of the NRS biogeochemical sampling program is to validate bio-optical sensor signals from 

the moored instruments.  This is accomplished by collecting discrete samples at the same depth as 

the WQM sensor package and conducting analyses for parameters relevant to the sensors. This is 

necessary for each NRS because relationships are likely to be regionally specific. Water samples are 

currently collected at 0, 10, 20, 30, 40, and 50 m (or the bottom, whichever is shallower) and 

analysed individually for hydrochemistry parameters, which includes dissolved nutrients, salinity, 

dissolved inorganic carbon, alkalinity and dissolved oxygen.    

 

In terms of discrete samples for calibration of the bio-optical sensors, water samples are collected at 

the depth of the WQMs and analysed for phytoplankton pigments via HPLC (for calibration of the 

chlorophyll fluorescence signal). 

 

The residual water from the hydrochemistry samples (collected at the 10 m intervals) is then pooled 

for analysis of:  total suspended solids (TSS), picoplankton via flow cytometry, and pigments via 

HPLC.  This pooling of water samples over the 50 m depth range makes comparisons with, and 

calibration of, WQM data difficult.  This is because the abundance of phytoplankton is effectively 

averaged over a much larger distance than the discrete depth of the WQM, and is likely to increase 

the error between what the sensor reads and the direct analyses. In particular, it should be noted 

that without a discrete TSS sample taken at WQM depth, there is presently no valid calibration of 

the turbidity sensor. 

 

For most effective validation of the sensors, the WG recommends collection of samples at the same 

depth as the WQM.  At the present time, only HPLC pigments are specifically collected at WQM 

depth.  At a minimum, TSS samples for calibration of the turbidity/backscatter sensors should also 

be collected at WQM depth.   

 

In addition to sensor and discrete sample comparisons, a further goal of the biogeochemical 

sampling program is to characterise the variability of water masses and their planktonic populations.  

Sampling methodologies for this purpose have been the subject of many reports over the years (e.g.,  

Sournia et al. 1972).  Just as with the location of the WQM on the mooring, an understanding of the 

vertical (z) and spatial (x-y) variability of bio-optical parameters at the NRS would also facilitate the 

design of biogeochemical sampling. In water bodies with vigorous vertical mixing, sampling 

anywhere in the surface mixed layer would be appropriate. However, in the absence of this 
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information, an effective approach is to take a depth integrated sample. For example, on an annual 

basis, sampling at the surface captures only ~ 50% of the phytoplankton biomass relative to an 11m 

integrated sample in some locations around Tasmania. Ideally any vertically integrated sampling 

scheme would span the euphotic zone, thereby yielding a robust measure of phytoplankton on an 

areal basis. 

The best accepted method for obtaining a depth integrated phytoplankton sample is to use a tube 

(Sournia 1972, Majaneva et al. 2009).  This works well unless the euphotic depth is > 20m.  So at 

locations like Rottnest Island where the euphotic depth might reach 80m, another method is 

required.  If a tube cannot be used it is still possible to obtain a depth integrated sample using a 

pump and tube system. This was considered for the NRS but not recommended initially due to 

deployment complexities and cost.  There was also the unresolved issue of consistency across 

stations.  Should all phytoplankton samples be from the same depth to facilitate cross station 

comparisons?   

With the present design of the different NRS, it is clear they are in different water depths, which 

already introduces differences between stations.  Previously there has been no consensus on this 

issue so the decision was made to adopt a pooled sample made from a series of discrete samples.  

As the NRS were going to have discrete bottle samples for nutrients at 10m intervals, this was a 

relatively efficient option.  Therefore a pooled sample from 0, 10, 20, 30, 40, 50m (or the bottom, 

whichever is shallower) was the initial recommendation for phytoplankton sampling at the NRS.   

Given the issues discussed above, the WG recommends that IMOS re-investigate the feasibility of 

using a pump to collect depth integrated samples to assess phytoplankton abundance at the NRS, 

which would provide the best estimate of phytoplankton on an areal basis.  The WG further 

recommends that if a pumped sampling method is feasible for IMOS to implement at the NRS, that a 

comparison be made between pumped and pooled samples for the period of one year at several 

stations, to allow best use of the presently existing data.  

Confidence in validating bio-optical sensor data on a regional basis will come from comparing more 

and more physical samples with in situ sensor data. Some NRS are only visited 4 times per year, 

suggesting a very long time before suitable relationships between measured parameters and sensor 

signals can be generated.   

 

Validation of bio-optical sensor signals could be expedited by putting sensors into known mixtures of 

particulate/dissolved materials in the lab and recording sensor signals, conducting intensive sample 

collection surveys around the NRS, or alternatively, conducting process studies in the vicinity of the 

NRS.  Currently these are all activities outside the scope of the NRS program. 
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