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PHYTOPLANKTON MONITORING FRAMEWORK
Creating a standardised set of guidelines and procedures for collecting water quality and other data to track climate 
change impacts in Scottish aquaculture

PROJECT OBJECTIVES

The objective of this framework is to provide a set of guidelines for Scotland’s finfish industry to use in collecting 
marine phytoplankton data and related environmental parameters. This will help track climate change impacts on 
phytoplankton community trends, and the resultant effects this has on farmed fish health and welfare, because the 
presence of marine phytoplankton can adversely affect gill health, growth and performance.
The project was undertaken through a series of collaborative processes: SAIC facilitated a follow-on workshop between 
relevant industry partners, Salmon Scotland, British Trout Association, SEPA, and academic experts to build on the last 
FFHF HAB workshop hosted by SAIC in July 2021. This was followed by dialogue and input on the draft outputs of the 
workshop, and consultation and editing of the final outputs.
This framework provides:

• Detailed guidance on phytoplankton species of interest (section 6.1);
• Standardised procedures on how to collect and process water samples (sections 3 and 4);
• Standardised procedures on how to assess phytoplankton within water samples (sections 5 and 6);
• Recommendations on fish husbandry responses to sample results that trigger concern and therefore require 

management action.

Standard sampling protocols stored in a standardised data format have also been developed (section 7) and are offered 
for consistent adoption across the Scottish finfish sector. If adopted, this standardisation of data will enable enhanced 
understanding of the changes in phytoplankton risks and challenges to Scottish finfish aquaculture.

PROJECT DELIVERY OVERVIEW
The following document has been developed in fulfilment of a project commissioned by the Scottish Farmed Fish Health 
Framework (FFHF) Climate Change working group, funded by the Scottish Government, and delivered by Sustainable 
Aquaculture Innovation Centre (SAIC) in consultation with Scotland’s phytoplankton experts and finfish sector. This 
project has highlighted the potential for public-private collaboration, with the finfish sector generating a wealth of high-
resolution data of relevance to understanding broader climate change impacts in Scotland’s coastal waters. 
SAIC invited all salmon and trout producers in Scotland to interview, to best understand existing protocols and future 
needs. This process successfully engaged two out of two trout producers, and six out of seven salmon producers, as 
well as Salmon Scotland. In addition, experts from the Scottish Association for Marine Science (SAMS), and Marine 
Scotland Science (MSS) were invited to contribute recommendations and feedback based on their own sampling 
experience, which is well established within the context of shellfish phytoplankton monitoring. 
Having collated the interview findings, SAIC produced a first version of a standard operating procedure for 
phytoplankton monitoring within the finfish sector, including different water collection methods (net tows and tube 
samplers), and different counting and enumeration methods (live counts vs fixed counts; Sedgewick-rafter slides and 
standard microscopy vs the Utermöhl method). SAIC then invited the above interviewees, alongside representatives 
from Salmon Scotland, the Scottish Environment Protection Agency (SEPA), the British Trout Association (BTA), and 
the Scottish Rural College (SRUC) to attend a small, focussed workshop to discuss the document and provide feedback 
on the practicalities of monitoring on site. This was attended by SAIC, SAMS, MSS, Salmon Scotland, SEPA, SRUC, 
one trout producer and three salmon producers. A further two salmon producers provided written feedback via email. 
Discussions during the event informed the creation of version 2 of the document, presented below. A decision tree is 
provided in Appendix 1 to aid phytoplankton sampling. A summary of the pros and cons of each presented technique is 
provided in Appendix 2, as an output from the workshop. 
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FUTURE WORK
There is scope for a finfish specific phytoplankton monitoring training course to be further developed in Scotland. 
The development of a forum to present and discuss results would aid evolution of this course over time to update on 
species encountered, quality issues, ID issues, thresholds for action etc.
There were several potential projects or workstreams identified that would be logical to undertake as a follow on from 
this work. The first would involve enhanced monitoring at twelve Shetland sites to include species of relevance to 
the finfish sector, currently monitored as part of Food Standards Scotland (FSS) shellfish monitoring scheme. Although 
these are only completed weekly, and may be at different locations to finfish sites, enhancement of the existing 
shellfish phytoplankton monitoring scheme could provide a relatively quick and simple way to extend understanding for 
finfish farmers. The outputs of this could feed into SAMS’ HABReports website (habreports.org) to enhance spatial and 
temporal understanding HAB distribution and potentially feed into existing models of HAB advection in the Shetland 
region, thereby enhancing early warning of events. This could subsequently include additional locations including those 
on West Coast Scotland, expanding to forty locations.
Prioritisation should be given to investigating additional mitigation strategies. At present, management decisions 
consist of feed adjustment, feed cessation, increased aeration, or enhanced oxygenation. One suggestion at the 
workshop included investigating cell flocculation using positively charged clay particles, as developed in China/Korea 
but now being tested in other countries including Chile and the US (Seger and Hallegraeff (2016); Yu et al. (2017)). 
Different barrier technologies also warrant further consideration.
A critical next step is for the sector to consider and agree on the location and method of centralised data reporting 
and analysis. A SAIC-funded project (involving SAMS and two salmon producers) is currently examining how this type 
of data can be most easily uploaded to SAMS’ HABReports website to generate early warnings through predictive 
modelling. In the meantime, an agreed method for standardising data reporting would enhance the potential for rapid 
sector-wide engagement once the SAIC-funded project is complete. SAMS have also been involved in a project recently 
to develop an app for displaying HAB reports in Malaysia that could be considered for expansion to work in Scotland 
with suitable funding. This has potential to provide a simple and accessible way to upload cell enumeration data and 
view early warnings on site. 
A further key output of the workshop was the agreed importance to concurrently carry out monitoring for hydrozoans. 
This is not covered in detail within this project report; however, sampling could be completed using a similar method as 
for phytoplankton but using a 500mm opening tow net with a 250µm mesh.
The value of nationally shared data is much larger than just the information gained through a point sample at a site. 
Scotland-wide data would allow the sector to have a stronger understanding of phytoplankton risks and changes over 
time and space. Such information could be developed into an advanced warning system which would inform proactive 
management decisions by farmers, enhancing stock management. 
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BACKGROUND AND RATIONALE
Phytoplankton have naturally dynamic life histories and are spatially variable, both horizontally and vertically in 
the water column. The conditions associated with regional blooms of any phytoplankton species and the specific 
community assembly and succession are not well understood. Phytoplankton blooms are in the main natural events and 
play an important role in the marine ecosystem. Only a small subset of species from a range of different phytoplankton 
groups are responsible for adverse impacts on the health and welfare of farmed fish. These include dinoflagellates, 
diatoms and microflagellates, primarily in the size range 20-200µm. Diatoms have a silicon cell wall (or frustule) which 
is divided into two halves. Most diatoms are non-toxic, but their frustule may have spines or extensions that can harm 
fish gills. Flagellates or dinoflagellates have one or two flagella respectively, with which they can swim short distances. 
Phytoplankton can affect farmed fish in multiple ways. These include:

• Impacts/mortalities due to algal toxins
• Impacts/mortalities due to physical irritation particularly to gills resulting from the spines and setae on 

phytoplankton cells
• Impacts/mortalities due to hypoxia/anoxia resulting from high biomass phytoplankton blooms.

The abundance and impact of phytoplankton blooms can be difficult to predict. Increase in the abundance of any 
phytoplankton species is governed by a complex combination of biogeochemical processes, meteorological and 
hydrographic conditions. One way to try and prevent negative impacts from phytoplankton blooms on farmed fish is 
to provide an assessment of the risk of harmful effects. Risk levels for impacts on farmed fish need to be defined at a 
particular scale, and for a species or genus-specific basis; ideally a holistic assessment of the whole phytoplankton 
community would need to be taken, related to the site, location, time of year and other environmental parameters e.g., 
dissolved oxygen (DO). 
Defining specific cell count thresholds for action or ranges of interest of different phytoplankton species to better 
understand and/or predict when blooms will occur will require expert analysis of existing data on phytoplankton 
occurrence, combined with corresponding fish health data. There may be a set of environmental conditions that could 
suggest a risk from an individual species in terms of its growth and survival. Since finfish sites are often exposed to a 
wide range of species and conditions, it is necessary that both total and individual species cell count thresholds remain 
flexible.
To aid the definition of thresholds, and to identify ranges of concern for specific species, it is recommended that 
a minimum of three years of data is reviewed, although longer (10 years +) would be ideal. This is to increase the 
clarity and reliability of any trends identified. To build a reliable data set and manage future finfish production in light 
of climate change pressures in the future, there is value in combining monitoring data from all finfish producers in 
Scotland to accelerate this process and understand regional variability. This would require that data is collected and 
recorded using standardised method and output formats.
In making management decisions, consideration must be given to overall fish health as well as any additional fish 
health challenges that may precede, co-occur with or follow a phytoplankton bloom event, e.g. sea lice levels and 
gill health status as well as planned treatment events, net washing, predator threat levels, zooplankton or jellyfish 
presence, low dissolved oxygen etc. Therefore, it is a complex task to define specific cell count thresholds for concern 
per species. Determining appropriate farm management responses to risks identified from phytoplankton needs to 
consider these multiple factors. 

THE SAMPLING PLAN

Monitoring objective: To provide information on the phytoplankton community and abundance to allow any potential 
risk to farmed fish from phytoplankton blooms to be identified. 
Samples must be representative, collected in a timely manner, and results should be as precise, accurate and free from 
potential biases as possible. Additionally, sampling methods need to be practical, inexpensive, and simple to undertake. 
Each producer will need to determine how best to gather data, in line with company-specific methodological practices. 
However, given the value to everyone of having common, reliable information from across Scotland, a standardised 
baseline for monitoring is outlined below, and it is proposed that this is adopted by all finfish producers in Scotland. 
It may be that some producers will wish to undertake more detailed monitoring above and beyond this minimum 
standard. 
Sampling plans must consider the impact of depth, frequency, and time of sampling on monitoring results and sample 
regime planning. Sampling points and frequency can be informed by understanding local hydrodynamics and should 
be carried out at the finfish production site, or at a location in the immediate vicinity where the highest risk of arrival 
of phytoplankton in the production area can be detected. The sampling regime should be representative of the water 
column and provide information on the presence of problematic species and on population trends over time, alongside 
fish health data. To detect whether any phytoplankton recordings are noteworthy, it is recommended that sampling 
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should be completed at least once per day to identify phytoplankton community trends over time. It may be appropriate 
to reduce monitoring frequency during winter, when light availability may be insufficient to support phytoplankton 
growth (e.g. November to February). This must be informed by historic evidence combined with on-site knowledge.

STANDARDISED OPERATING PROCEDURE
1. INTRODUCTION AND SCOPE

This SOP details the methods to be employed in the collection and processing of seawater samples for the identification 
and enumeration of potentially harmful phytoplankton species in the context of Scottish finfish farming.

2. SUMMARY OF THE APPROACH

The aim is to collect a representative sample of the phytoplankton community and reliably and accurately identify 
and enumerate the harmful phytoplankton taxa present. The water sample should be collected as the first activity 
completed when staff arrive on site. If the water column is well mixed, then collection from a depth of 10m may suffice. 
If the water column is stratified due to warm, calm weather phytoplankton cells can form a thin layer at a depth > 10m 
and so a sample from a deeper depth e.g. 20m may be needed. So far as possible, the same location in relation to the 
farm cages should be utilised for consecutive daily samples to allow analysis of trends over time. 

3. EQUIPMENT

For seawater sample collection: a conical plankton net, cod end with in-line tap and lowering rope (see figure 1), and a 
discrete water sampler e.g. Van Dorn, Nansen or Niskin including clamped drain/tap, and rope (pre-marked with depth 
of interest) with messenger weight (see figure 2), is required together with the following additional equipment: 

• Secchi disk (see figure 3)
• Temperature, salinity, dissolved oxygen and pH monitoring equipment
• Bucket (for mixing of the sample)
• A labelled, screw capped bottle or sample tube
• Bottle containing required volume of Lugol’s iodine (for easy use have pre-prepared aliquots of Lugol’s on site 

with the correct volume per sample)
• 1 ml pipette
• Template for recording data
• Firm, level work bench shielded from the elements
• Standard microscope (see figure 4)
• Sedgwick-rafter slide and cover slip (see figure 5)

NB: The tow net should have a weight to ensure its descent, a 250mm opening diameter, and a mesh pore size of 20µm. 
The lowering rope should be appropriate to the depth of water of interest at the site to be sampled (up to 20 m).
All equipment should be checked before use to ensure it is clean. After use all equipment should be washed in 
freshwater, dried, and stored in a clean, dry place.
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Figure 1: 25µm mesh tow net and tap at cod end, with lowering rope 
and sample tube shown (left). Image source: Callum Whyte, SAMS.

Figure 2: Van Dorn discrete sampler for taking water samples at 
specific depths of interest.  
Image source: https://tinyurl.com/mr2z5nk9

Figure 4: Standard microscope. 
Image source: https://tinyurl.com/4yeresn3

Figure 5: Sedgewick-rafter counting cell.  
Image source: https://tinyurl.com/bdhhbt9h

Figure 3: Secchi disk and lowering rope.  
Image source: https://tinyurl.com/bdhmtsey

https://tinyurl.com/mr2z5nk9
https://tinyurl.com/4yeresn3
https://tinyurl.com/bdhhbt9h
https://tinyurl.com/bdhmtsey
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4. SAMPLING

In addition to phytoplankton sampling itself, it is recommended that:

• A Secchi disk reading is completed on arrival at site each morning to give a quick indication of the amount of 
material (both phytoplankton and detritus) in the water column. If dark upon arrival at site, site staff should 
await daylight. 

• Associated temperature, salinity, dissolved oxygen and pH readings should also be recorded at 5m depth. 

It is important to build site-specific understanding of the environmental conditions associated with phytoplankton-
related finfish health challenges to support advanced warning and to implement effective management decisions.

4.1. METHOD 1 – TOW NET

Prior to sampling, all equipment must be well rinsed, ideally with freshwater. 

a. Check the tow net for any tears or damage before each use. Any observed damage will invalidate results and 
therefore requires replacement.

b. Check that the cod end and lowering rope are securely attached to the tow net before deployment. Attach the 
other end of the rope to something secure e.g. a boat or cage structure. 

c. Ensure the in-line tap at the base of the cod end is in the open position (vertical), and lower the net into the 
water a few times to wet it and flush any old phytoplankton cells that may exist.  

d. With a closed tap, gently lower the net to the required depth (10 m), and gently pull it back towards the surface 
at a rate of 0.5-1m per second, avoiding creating a bow wave. 

e. Lower and retrieve the full length of the net a few times at the surface to encourage any sampled material from 
the net sides. Keep the net in a vertical position as it is recovered. 

f. Open the tap to release the sample into a sample tube or bottle for further analysis. 
g. Ensure the container is marked with location, date and time.
h. Having removed the cod end from the net, rinse it fully with fresh water and allow it to dry, if possible, before 

being stored out of direct sunlight. 
i. Follow the instructions for sample preservation, data recording and analysis as described in sections 5 and 6.

4.2. METHOD 2 – DISCRETE WATER SAMPLES

If the net tow sample in part 4.1 should highlight any species or counts of concern then additional information about 
the depth of potential phytoplankton issues should be achieved through the use of a discrete water sampler, such as a 
Van Dorn, as follows:

a. Load the discrete water sampler by taking the top end cap wire with the loop, pull it out and towards the middle 
before inserting the loop into the opening and push the trigger to lock the loop in place with the pin. 

b. Take the bottom end cap wire with a clip and hook it onto the previously secured wire, below the spacer. 
c. Rinse your sample bottles out three times with surface waters.
d. Attach the lowering rope to something secure on the pen or barge, then lower the sampler into the water to 1m 

depth. 
e. Drop the messenger to trigger the sampler caps to close.
f. Bring the sampler back to the surface. 
g. Open the air vent and release the drain clamp to collect the water sample in a container. 
h. Repeat steps 4.2a to 4.2g at depths of 5m and 10 m, collected each sample in a separate container, and 

rinsing the kit thoroughly between samples. A further sample can be taken at 15m if required, to assess the 
appropriateness of aeration system use. 
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5. RAW SAMPLE PROCESSING

Following method 4.1, it is important that a thoroughly mixed sub-sample is taken for analysis to ensure that the 
cells counted are representative of the full water sample of interest, achieved by inverting the collected sample in 
a bottle five times. If a sample is too dense to accurately enumerate under the microscope, it can be diluted using 
filtered seawater e.g. 10 ml sample with 90 ml seawater to give a 1 in 10 dilution. This step must be reflected in the 
concentration calculations. 
Associated metadata should be recorded on a sample information sheet (template provided separately), outlining the 
following: 

i. Site location
ii.  Date collected
iii.  Method of collection
iv.  Time
v.  Sample depth
vi.  Note any visible water discolouration
vii.  Name or initials (for traceability purposes)

5.1. LIVE COUNTS

i. If examining shortly after collection, no prior preparation is required to analyse live phytoplankton cells once a 
sub-sample has been obtained. However, for analysis of the tow net sample it is important to ensure that the 
volume taken for analysis remains well mixed and therefore representative of the full depth sampled. 

ii. If there is a delay expected of >2 hours before analysis, filter the sample through a 150µm sieve to remove 
zooplankton organisms that may consume phytoplankton.

iii. Live samples should be stored at low temperatures (below 10°C) and counted as soon as practicable.

5.3. SAMPLE PRESERVATION FOR ARCHIVING

i. Acid Lugol’s solution is typically used for fixation of marine phytoplankton to preserve diatoms more effectively 
and to stain cells to make them easier to count. This can be purchased in different concentrations or prepared as 
follows: dissolve 20g potassium iodide (KI) in 200ml distilled or demineralised water using mechanical stirrers; 
then add 10g iodine (I2 crystalline), shake until dissolved and add 20g glacial acetic acid. Neutral Lugol’s can be 
utilised for quick analysis.  

ii.  The fixative should be added to a sub-sample (minimum of 100 ml) immediately after sample collection, 
typically at a concentration of 1%, i.e., 1.0 ml of Lugol’s solution per 100ml of sample. The sample should 
resemble weak tea. 

iii.  Having tightly screwed on the lid, gently invert the container a few times to ensure complete mixing. 
iv.  The preserved sample should be stored in the dark, ideally in amber glass jars or equivalent at low temperature 

(< 10ºC and out of direct sunlight), for seven days before disposal, retaining a rotating set of seven samples at 
any given time. 

If there are any notable fish health events, the archived samples can be re-analysed by experts to understand further 
and inform future management decisions, or for insurance purposes. Note that fixation of some species will result in 
their rupturing and difficulty or inability in identifying them. It is also possible to “digitally fix” samples by capturing a 
photograph of the unfixed Sedgewick-rafter cell contents. Utilising this method would allow for a longer archiving period 
without any issues with physical storage space but may make subsequent identification more challenging and would 
not allow for recounts. 

6. SAMPLE IDENTIFICATION AND ENUMERATION

Training is required to facilitate the accurate identification of problem species and determine cell abundance. The 
quality of data will be dependent on the skills and experience of the observer. Some fragile cells are likely to burst 
following addition of Lugol’s solution, so will only be detectable in live samples. In addition, some may rupture due 
to the heat of the microscope. A prioritised list of known problematic species are presented below (primary impact in 
brackets). However, all species/genera have the potential to cause problems to the fish if present in high abundance, 
particularly if fish have additional welfare challenges. Those labelled 1 should be prioritised during site personnel 
training, as the most impactful and/or frequent offenders, with those labelled 2 and 3 decreasingly impactful or likely to 
be encountered, but still warranting attention. This list is not exhaustive and will likely evolve with increased monitoring 
of results and enhanced understanding of the effects of different species. 
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6.1. TARGET SPECIES FOR IDENTIFICATION

• Any species/genus in high cell densities (> 1 million cells/l, or less if informed by on site experience) 
(potential hypoxia)

• The most common three species should always be noted

High importance (1)

• Alexandrium spp. (production of ROS* and/or PUFA**, potentially toxic)
• Asterionella japonica (physical)
• Ceratium/Tripos spp. (physical, hypoxia)
• Chaetoceros convolutes (physical) 
• Chaetoceros concavicorne (physical)
• Chattonella spp. (toxic)
• Chrysochromulina (toxic, low priority)
• Cochlodinium spp. (toxic, hypoxia)
• Dictyocha/Vicicitus spp. (physical, toxic)
• Heterosigma akashiwo (production of ROS* and brevetoxins: only identifiable in live samples)
• Karenia mikimotoi (hypoxia at high density, toxicity from PUFAs) 
• Pseudochattonella spp. (physical, toxic)
• Pseudo-nitzschia spp. (potentially toxic and physical)
• Pseudopedinella spp. (potentially toxic and physical)
• Rhizosolenia spp. (physical)
• Centric, pennate or chain-forming diatoms (physical in high numbers)

* ROS: Reactive Oxygen Species such as hydroxyl radical (OH), hydrogen peroxide (H2O2) and superoxide (O2) – thought 
to contribute to fish gill injury.
**PUFA: polyunsaturated fatty acids such as DHA associated with lytic activity and finfish mortality. 

Medium Importance (2)

• Chaetoceros socialis (physical) 
• Phaeocystis spp. (potential hypoxia)

Low Importance (3)

• Amphidinium carterae (potentially toxic)
• Chaetoceros spp. (any other species, physical)
• Fibrocapsa japonica (toxic) 
• Karlodinium spp. (potentially toxic)
• Prymnesium spp. (toxins that impact gills)
• Skeletonema spp. (physical)
• Thalassiosira spp. (physical)

6.2. CELL ENUMERATION BY SEDGEWICK-RAFTER AND STANDARD MICROSCOPE

a.  Mix the sample container by inverting it 10-12 times.
b.  Extract 1 ml and add this to a Sedgewick Rafter (SR) slide. Position the cover slip so that it leaves two diagonally 

opposite corners uncovered. This will allow any air to escape as the sample is very slowly introduced using a 
pipette at one corner before aligning the slip over the SR slide. Avoid the introduction of any air bubbles.

c.  Place the SR slide under a standard microscope using an appropriate magnification, and count and identify the 
cells present in a representative number of cells/rows according to cell density (e.g. 10).

d.  Complete the following steps to derive a total phytoplankton count, and also per species of interest. 
e.  Calculate the volume of the net tow (VT), which is equal to the area of the net (∏r2, m2) x depth of tow (D, m):

volume of net tow (m3) = ∏ × r2 × D

f.  When backwashing to rinse phytoplankton cells into your sample bottle, the volume of water used is VB (l). 
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g.  Calculate the average number of cells per square (SRave), e.g. if 20 cells are present in 10 squares then the 
average count would be 2 cells/square. 

h.  To calculate the total concentration of cells in seawater (cells/l):

Concentration (cells/l) = average cell count (SRave) × 106 × (
VB

VT

)

i.  If the Van Dorn water sampler has been utilised, repeat steps 6.2a to 6.2h to analyse a 1 ml sample from each 
depth examined. 

7. REPORTING

Producers already measure a suite of environmental and fish health measurements daily, and record these in company-
specific software. However to gain maximum value from the above data for everyone a standardised list of information 
needs to be recorded, regardless of the software or database used to store it. It is important that the following are 
reported, as a minimum:

a.  Date and time of sampling and responsible party
b.  Location
c.  Tidal state
d.  Temperature
e.  Salinity
f.  Dissolved oxygen
g.  pH
h.  Secchi disk depth (m)
i.  Depth and method of sampling (m)
j.  Total cell count from net tow or discrete sample (cells/l) 
k.  Cell count per species, as listed in section 6.1 (cells/l), ensuring correct spelling
l.  The most common three species

This information can be recorded in any compatible software, e.g. Microsoft Excel, or an online portal. Ensuring 
standardisation of spelling will allow easier collation of sector-wide data in portals. A central portal might be 
appropriate. The SAMS HABReports (habreports.org) is one option which can generate map-based summaries of 
phytoplankton concentrations, allowing the production of model-based forecasts that can enhance opportunities for 
early farm management decisions. Other options need to be explored. 

8. QUALITY CONTROL

To give confidence in these monitoring results, and an indication as to their reliability, it is important to consider quality 
control checks. These should include the following: 

a.  A validated method
b.  Well-trained personnel
c.  Internal quality controls
d.  Traceability of results

Discussion between several trained analysts may be required in some instances to ensure correct identification. This 
is to be encouraged. Internal quality control approaches could include sending one sample per site per month to the 
company’s in-house phytoplankton expert or to an external third-party laboratory for verification. Alternatively, if 
available, a sub-set of images could be sent for confirmation of species ID.
It is recommended that operators undertake the method outlined in this SOP and enter dialogue with phytoplankton 
experts (such as those at SAMS and/or Marine Scotland) if they have any identification queries. The specific mechanism 
by which these groups could be engaged needs further definition. Some phytoplankton identifications may require 
further analysis using molecular methods or electron microscopy. It is also recommended that analysts attend regular 
phytoplankton taxonomic courses to maintain and further their knowledge.
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APPENDIX 1: DECISION TREE
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APPENDIX 2: SUMMARY OF WORKSHOP 
DISCUSSIONS

PROS OF TOW NETS CONS OF TOW NETS

• Already available at most sites
• Doesn’t take much storage space
• Concentrates the sample (ID species at slow density)
• Semi-quantitative data is of value
• Easy to vary depth
• Easy to transfer between suppliers
• Simple and quick method
• Easy to train
• Low cost

• Cells can stick to net sides and be missed
• Net can become clogged and difficult to clean
• Fragile cells damaged by net
• Integrated - no information about bands of high cell concentration 
(depth of issue)
• Difficult to deploy in strong currents or winds
• Can under report cell counts
• Fragile mesh deteriorates over time (easily torn/worn out)
• Speed of recovery can cause variability (bow wave an issue)

PROS OF TUBE SAMPLER CONS OF TUBE SAMPLER

• More accurate and quantitative
• Easy to standardise samples
• Gentle on fragile species

• Cumbersome - difficult to use/handle (particularly if extending to >10m)
• Have to concentrate sample and use Lugol’s to analyse
• Takes up space on site
• Integrated – no information about bands of high cell concentration 
(depth of issue)
• Need inverted microscope to analyse (expensive)
• Some consider semi-quantitative due to bow wave during recovery 
though this is likely to be minimal due to the small tube thickness

PROS OF LIVE COUNTS CONS OF LIVE COUNTS

• Simple
• Fast results 
• No Lugol’s required on site
• Cheaper microscope
• Can easily digitally fix

• Immediate processing required (within ~1h)
• Zooplankton predation
• Understanding when to dilute samples for accurate counts
• Requires training
• Harder to count (especially fast moving and small cells)

PROS OF FIXED COUNTS CONS OF FIXED COUNTS

• Easier to see and ID (especially motile and small cells)
• Can examine a larger volume
• Better resolution of sampled cells
• Easy to archive for further analysis
• Available for external evaluation
• Travel well

• Requires training
• Lack of sector experience
• Some cells burst in Lugol’s and cannot be ID’d
• Slower to get results
• Expensive microscope required

Other key points of note from the workshop:

• Participants agreed on the shared benefits of a standardised, sector-wide agreed method. How this would 
be adopted and implemented is best decided on a company and site-specific basis (i.e. on the frequency and 
timing of sampling). 

• A tow net method has been selected as the most straightforward. It is recognised that the specifications of 
the kit and training must be standardised across producers.

• A tap at the end of the cod end is recommended as the most straightforward to use (vs. a filter mesh). 
• Workshop attendees concluded that net tow results which are cause for concern, in terms of species 

or cell counts, should be supplemented with discrete water samples to create highest value from each 
phytoplankton monitoring event. 

• For simplicity and speed, live samples should be prioritised for cell enumeration and identification. In 
addition, it would be valuable to look for key raphidophytes/small cells within the live samples from their 
characteristic movements before fixing and counting larger cells more accurately. 

• Since samples are undertaken by various staff, companies are encouraged to adopt the SOPs in this protocol 
and to provide regular training to all staff involved in sampling to minimise variability between individuals. 
Further training resources to support consistent adoption across the Scottish sector are proposed.

• It is important that site staff do not miss data recording or log zero for species counts if the values are below a 
perceived threshold of interest. Likewise, if a sampling event is missed it should not be logged as zeros. This is 
to avoid false trends in phytoplankton community trends if examined over space and time. 
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• In Shetland it is recognised that two Flow Cytobots, one deployed at Scalloway and one to be deployed 
elsewhere on the west coast, will add high frequency information via HABReports.org for some sites. 
However, given these two pieces of equipment are in fixed locations, this will not fully capture the spatial 
variability around all parts of Shetland. 

• Sites with high currents are less likely to experience prolonged phytoplankton/fish interactions than those in 
low current locations. This is likely to contribute to different management strategies.


