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Background 
 
Relative to our knowledge of the oceans’ phytoplankton and fisheries, we have little 
understanding of the ecology of the zooplankton (from small nauplii @ 100 µm to jellyfish @ 
1 m) that link them. This is a major gap, as it is the zooplankton that graze the ocean 
phytoplankton (which provide ~50% of the oxygen we breathe), drive the production of our 
fisheries (Pauly & Christensen 1995), and play a key role in global carbon export (Buesseler et 
al. 2007). Irigoien et al. (2014) showed that the biomass of mid-trophic level fish (by far the 
most abundant fish on Earth) may be an order of magnitude higher than previously thought, 
and feed mainly on zooplankton (but see Davison et al., 2015). This potential enormous 
biomass of mid trophic level fish was kept hidden by our lack of knowledge of zooplankton 
and poorly constrained information on energy transfer through the zooplankton component 
of the pelagic food web. Our biogeochemical, ecosystem and size spectrum models poorly 
represent zooplankton – with only one or two predominantly size based groups– and there is 
little validation of the zooplankton components. This knowledge gap hampers management 
of marine systems and needs to be resolved through advances in both observational and 
modelling research.  
 
Goals 
 
To address these gaps, the Zooplankton Ocean Observations and Modelling (ZOOM) Task 
Team was formed with three goals: 
 

1. To review existing literature on best-practice in how zooplankton observations are 
currently being used in models and to understand the needs of modellers. 

2. Develop zooplankton fields and datasets that are directly applicable for use in 
biogeochemical, ecosystem models and size-spectra models. 

3. Develop value-added products to improve individual zooplankton data streams (i.e. 
NRS, CPR etc.) to allow better analysis and incorporation into models 

 

ZOOM Meetings 
 
2016 Meeting 
The ZOOM Task Team first met in February 2016 in Hobart, with a group of 20 scientists, 
equally split between modellers and observationalists. The aim of the meeting was to bridge 
the silos and language barriers between modellers and observationalists. The first half of this 
meeting was used to understand both the needs of the modelling community, and discuss 
limitations and complexity of the observations. We then discussed ways model initialisation, 
parametrisation and assessment could be improved by access to zooplankton (and 
phytoplankton) data. This resulted in the publication of a manuscript co-authored by all 
members of ZOOM. 



 
This paper focused on how we can best use observations of zooplankton biomass and 
abundance for assessment of zooplankton in models. We identified and filled three key gaps 
we perceived as hampering assessment of zooplankton in models.  

1) Many zooplankton observationalists are unfamiliar with the models that typically 
have zooplankton functional groups, so we described the primary research 
questions addressed by biogeochemical, ecosystem, size-based and individual-
based models, and how each typically represents zooplankton  

2) Many modelers are unaware of the available data on zooplankton biomass and 
abundance and are unaccustomed to the different types of zooplankton sampling 
systems and observations they produce. Here we described the traditional 
sampling platforms (e.g. nets) used for assessing zooplankton in models and more 
modern techniques (e.g. Optical Plankton Counters and bioacoustics) that present 
new opportunities for incorporating high-resolution observations into models. 

3) We provided a detailed discussion and case studies of the two most common ways 
that zooplankton observations can be used for model assessment: data wrangling 
that transforms observations to be more similar to model output and observation 
models that transform model outputs to be more like observations.  

 

 
 

Figure 1. Frontiers in Marine Science publication resulting from our first ZOOM meeting. 



 
2017 Meeting 
Despite the initial focus on zooplankton, it quickly became apparent that phytoplankton was 
an important part of the puzzle and for the second meeting we focused on “plankton”. In this 
meeting, each modelling group presented an overview of their model: 
 

• What are the phytoplankton and zooplankton groups?  
• What size and which taxa do they represent? 
• Where do the data for initialisation and assessment come from? How do you 

do it?  
• In an ideal world, what data are needed for assessment?  

 
Following this, we had open discussion about practical ways of improving the 
initialisation/assessment of these models using existing plankton data and products. This was 
a free-flowing brainstorming session about new ways of model initialisation/assessment with 
plankton data, where both modellers and observationalists learned from each other. Some 
of the outcomes of the discussion were: 

1. Time series data are extremely valuable for model assessment – much better than 
one-off cruises, which are too temporally and spatially constrained for adequate 
model assessment. 

2. No gridded plankton products are currently available (except for remotely-sensed 
ones of some bulk phytoplankton properties), but are extremely important for 
initialising and assessing regional, national and global models. The observationalists 
highlighted that gridded products are generated from statistical models and therefore 
the overall mean and monthly or seasonal climatology are more robust than an inter-
annual product. This is because the amount of zooplankton data collected each year 
is sparse. The CARS approach of using harmonics for describing physical and chemical 
data might not be appropriate for plankton data with more complex seasonal cycles. 

3. There is a push for including greater plankton complexity and realism in model 
components. There is greater scope and desire to increasing zooplankton complexity 
in ecosystem models (e.g. EwE and Atlantis) than in BGC models. 

4. More data on diets are needed –modellers have highlighted consistently that diets are 
important for modelling trophic linkages. 

5. Models use a range of units (Nitrogen, Carbon, Size), yet the modellers are often 
unsure of the best way to convert observations to their model units. There is a strong 
interest in IMOS providing zooplankton data in a range of units, including Nitrogen, 
Carbon, Wet Weight, Dry Weight. Alternatively, a list of equations could be provided 
so others can convert their own data. Equations and list of sources i.e. copepod 
dominated samples, gelatinous samples, oligotrophic systems etc. would be useful. 

6. All plankton data have strengths and weaknesses and this needs to be acknowledged 
and available to those using the data. 

 
This meeting led to closer collaboration between modellers and observationalists. An 
example of this, is the model validation by Skerratt et al. (2018) (Figure X) and by Robson et 
al. (submitted). 



 
 
Figure 2. The Skerratt et al. manuscript which used new ZOOM data products for model 
assessment, and resulted in new collaborations between modellers and observationalists. 
 
Other meetings where the task team activities were presented and discussed include the 
Australian Coastal and Ocean Modelling and Observations 2016 and 2018, the IMOS Annual 
Planning Meetings in 2017 and 2018, and the Australian Marine Sciences Association Annual 
Conference in 2017, 2018 and 2019. 
 
 
Improved data products 
 
This discussion resulted in an extensive wish list of new/improved data products, which are 
now being served or will be served in the near future through the AODN. These can be 
classified into 4 categories. 
 

1. Mapped zooplankton products: Observationalists have developed maps of 
zooplankton biomass, abundance, size-spectra and species distribution based upon 
statistical models. These maps will be made available: 

a. in netcdf format; 



b. at a range of scales, including 1) global, 2) national and 3) marine bioregions 
(south-west, north-west, north, temperate east and south-east); 

c. as an overall mean and as monthly climatologies; 
d. the raw data-points plotted on the statistical maps so users can see where the 

data is from; 
e. with value-added data-points including variables such as Omnivore:Carnivore 

ratio etc.  
f. with measures of uncertainty/confidence: independent data sets (e.g., 

zooplankton biomass maps from nets, CPR, and LOPC), uncertainty estimates 
(standard errors), withhold data to use for prediction, include data distribution 

g. with depth-based estimates of zooplankton biomass (probably not individual 
species) 

Output: The statistical models have been developed and are in the process of being turned 
into spatial maps of zooplankton biomass and abundance. Some example maps are shown 
below, with the model-ready data products being under development for 2020. A Data Paper 
with the zooplankton biomass datasets collated from IMOS, the literature and unpublished 
work has been submitted to Scientific Reports (McEnnulty et al. submitted). Abundance maps 
and models have been submitted to Ecological Modelling (Heneghan et al. submitted). 
 
Modelling outputs are being prepared for publication by Jason Everett and Anthony 
Richardson in 2020. 
 

 
Figure 3. Annual average zooplankton biomass wet weight (log10 mg m-3) 
 



 
Figure 4. Monthly average zooplankton biomass wet weight (log10 mg m-3) for January 
(Summer) and July (Winter).  
 

2. Zooplankton Products: Value add to existing zooplankton species data-products (NRS, 
CPR, Historical data etc) with additional data fields of: 

a. total (meso) zooplankton,  
b. zooplankton functional groups (total copepods, omnivores/carnivorous 

copepods, larvaceans, salps, chaeognaths, calcifying zooplankton, jellyfish) 
c. An index of mean size of copepods 
d. An index of invertebrate predators 
e. Ratio of carnivore:herbivore 
f. Biomass converted to carbon (mg C m-3) 
g. Diversity and evenness 
h. Satellite SST and Chlorophyll a values 

 



 
Figure 5. Examples of the new zooplankton data products developed by ZOOM and now 
available on the AODN. 
 

3. Phytoplankton products: Value add to all the existing phytoplankton species data-
products (NRS, Historical data etc) with additional data fields of: 

a. phytoplankton functional groups (diatoms, dinoflagellates, 
diatom:dinoflagellate ratios, Trichodesmium, Noctiluca),  

b. An index of mean size of phytoplankton based on biovolume of cells. 
c. Ratio of autotrophic:heterotrophic plankton – mixotrophs? (In progress) 
d. Diversity and evenness  
e. Satellite SST and Chla values 
f. Explore the ability to deliver value-added data on Trichodesmium such as 

filament length, puffs and tufts 
 
Output: The ZOOM Task Team, in collaboration with the AODN, have released a significantly 
improved and value-added set of phytoplankton and zooplankton data on the AODN. This 
includes data in table format which now includes zeros at a range of taxonomic resolutions – 
raw data, species data, genera data and higher taxonomic levels (calanoid copepod, 
chaetognath, larvacean etc.). A range of value-added products have also been made available 
for all phytoplankton and zooplankton datasets. These pre-calculated indices include: 

Mean body-size of copepods in the sample. 
Total zooplankton/phytoplankton abundance. 
Diatom : dinoflagellate ratios 
Herbivore : Carnivore ratios 
Satellite SST and Chlorophyll values are also included as parameters in each sample 

for easy reference. 



 

  
Figure 6. A copy of the IMOS Marine Matters article which highlights the improved plankton 
data released by ZOOM. 
 
For model validation, we have collated and made available all the Chl-a data in Australia in a 
data paper (Davies et al. 2018). 
 



 

 
 
Figure 7. The data paper published by Davies et al., collating all chlorophyll a data around 
Australia. A similar paper for zooplankton biomass has been submitted.  
 

4. Size-structured zooplankton: We have value-added to the NRS samples by processing 
them through the LOPC and getting size-spectra data  

a. Produce size-spectra to initialise and assess size-spectra models (e.g. Mizer) 



b. Bin size-spectra data into size-classes corresponding to BGC (e.g. eReefs) and 
Ecosystem Models (e.g. Atlantis and EwE). 

c. Estimate of microzooplankton from size spectrum slope 
 

Output: Zooplankton size-spectra have been generated from the east coast NRS’s (archived 
samples) for 2009-2014, and work is continuing to complete the data set (all stations, 2009-
present). We anticipate this will be finished in 2020 and submitted to the AODN.  
 
Enhancing data delivery (Partnering with AODN) 
 
There was a significant amount of feedback from the broader community that the plankton 
data on the AODN was not being provided in a way that best served the community. As a 
result, the ZOOM Task Team worked with the AODN to improve the delivery of plankton data. 
This includes the addition of new and value-added products (above), better data analysis and 
visualisation tools (on-going), the addition of environmental data to data-sets (partially 
complete). This is a large task, and this process is ongoing. Claire Davies and Jason Everett are 
continuing to work with the AODN to continue this work. We have had very positive feedback 
from data users that this improved data delivery has made the data easier to use. 
 
Concluding comments 
 
It has been a pleasure to be involved with the Zooplankton Ocean Observations Task Team. 
We wish to thank all the IMOS scientists who gave up their time to contribute to the 
workshops, manuscripts, and especially the new data products that will serve the IMOS 
plankton community for years to come. We hope these improved products will help facilitate 
a new era of plankton research in Australia. Many of these data products are being used in 
global model assessments and the development of global zooplankton products. The spirit of 
ZOOM will live on in the enhanced understanding and collaborations between modellers and 
observationalists. 
 
We are particularly grateful to Tim Moltmann, the former IMOS Director and great friend to 
the plankton community, who supported our endeavours over the past few years, and to Ana 
Lara-Lopez, IMOS Scientific Officer, who kept us on the straight and narrow.  
 
Jason D. Everett  and  Anthony J. Richardson 
(UQ/CSIRO/UNSW)  (UQ/CSIRO) 
Co-convenors 
 
 
 
 
Figure 8. Photo of plankton lover Tim Moltmann 
receiving a new copy of “Plankton” from Anthony 
Richardson and Iain Suthers at the 2019 IMOS Annual 
Planning Meeting in Brisbane, QLD. 
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