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Abstract
The yellow-green algae _Vaucheria_ can be found on tidal �ats as densely interwoven mats. Such dense
mats can stabilise sediments and result in a ridge-and-runnel bedform. While _Vaucheria_ is visually
covering the ridges as thick algal mats, the runnels are apparently deprived of the �lamentous algae. In
the present protocol I describe the procedure for sampling and testing sediments for the presence of
_Vaucheria_ propagules. The method provides a qualitative test for the presence of algae propagules of
_Vaucheria_ in bare sediments but is non-exclusive as also other algae \(e.g., microphytobenthos) will
grow when present. To check for cross-contamination and su�cient growth conditions, appropriate
negative and positive controls are implemented.

Introduction
The yellow-green alga _Vaucheria_ is named after Genevan botanist Vaucher who �rst described it as a
fresh water species1. However, it turned out that _Vaucheria_ species can be found in brackish and sea
water environments as well2. For example, the species _V. litorea_ is euryhaline and can tolerate a large
range of salinities2,3. This species can therefore be found along estuaries from the sea to almost fresh
water conditions upstream. _Vaucheria_ forms long tubular cells or �laments from which it exhibits
apical growth. At high densities these �laments can become an interwoven felt-like structure that appears
dark green1-3. Often the �laments are shaping into interwoven tufts that are spatially organised at the
scale of centimeters in hexagonal facets. This is why the common name for _Vaucheria_ is ‘Nopjeswier’
in Dutch, which would be translated as ‘Bubble seaweed’. Although commonly found, so far these algae
have received little scienti�c inquiry. Dense mats of _Vaucheria_ can stabilise sediments. These mats can
cover creek levees, or the interaction of algal growth and sediment accretion can result in a ridge-and-
runnel bedform at the scale of meters. While _Vaucheria_ is visually covering the ridges as thick algal
mats, the runnels are apparently deprived of the �lamentous algae. Yet, it is not clear why the algae
appear to be absent. It could be that _Vaucheria_ is present but that growth is suppressed due to adverse
local environmental conditions, such as increased �ow velocities or poor drainage. But on the other hand,
it is also possible that no algae are present in the �rst place, which hinders the development of algal mats
within the runnels. Although it is often assumed that algae or their propagules are omnipresent in the
sediment, often no formal tests are conducted to test if they are indeed present. Here, we provide a
protocol that can provide a qualitative growth potential test for _Vaucheria_ species. _**The approach**_
Bare tidal �ats are sampled and samples are incubated to see if viable propagules are present in the
sediments. To this end, samples are taken at different locations \(e.g., different tidal �at sites along an
estuary, and/or different locations or intertidal elevations on one tidal �at) and with a number of
replications \(e.g., 5) per sample location. To clear the samples from sediment dwelling animals the
samples are defaunated by freeze-thawing \(for 48h at -20°C) at arrival in the lab. Next, these samples
are incubated after defrosting and homogenisation to see if _Vaucheria_ develops. The samples are
incubated at 18°C, under light \(1000-1500 lux) and provided with MDV media developed to grow algae.
To control for the procedure, i.e. check for cross-contamination, a negative control was applied for every
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sample by sterilising at 121°C for 15 min. As a positive control, i.e. to check if sample handling and
growth conditions \(e.g., light, temperature and nutrients) are su�cient, also 5 samples, clearly positive
for _Vaucheria_, are taken from each �eld site and incubated following the same procedure. See Figure 1
for an overview of the procedure. See �gure in Figures section. _Figure 1: Overview of the sample
preparation procedure._ _Sample handling, from sampling in the �eld \(1) to sample preparation \(2.1-
2.5) and incubation \(3). The protocol, equipment and materials used as described below are developed
speci�cally for _Vaucheria_ in tidal areas where inundation by brackish or seawater is the main stressor.
However, this method will also incubate other algal species \(e.g., microphytobenthos like diatoms).

Reagents
_MDV medium:_ See "MDV.pdf":https://ccy.nioz.nl/�les/themes/ccy/ccy_media/MDV.pdf for the recipes
to make the MDV medium. Salinity is adjusted with NaCl \(between 5 - 10ppt). Per culture �ask 20 ml
MDV medium is needed. _Erdschreiber medium \(alternative):_ Alternatively to the MDV medium, the
Erdschreiber medium can be used for growing _Vaucheria_3. _Tap water:_ To wet the sediment samples
for homogenisation, sterilised and �ltered \(0.22 µm pore size �lter) tap water is used. No distilled H2O \
(dH2O) is used to reduce risk for osmotic shock, which would reduce viability of the propagules in the
sediment. Alternatively, sterilised �ltered seawater can be used. Make sure it is diluted to the proper
salinity. All media, including sterilised tap or seawater, are sterilised using moist heat sterilisation in an
autoclave at a temperature of 121ºC for 15 min.

Equipment
_**1) Sampling in the �eld:**_ For collecting sediment and _Vaucheria_ samples in the �eld you need: ●
Sterilised sampling containers \(at least 60 ml) ● Waterproof markers ● Conductivity or refractometer to
measure salinity ● \(d)GPS \(optional) _**2) Sample preparation:**_ For sample storage and
defaunation: ● Freezer \(-20°C) For further sample preparation ● Tissue culture �asks, growth surface
25 cm2 \( "TPP A 90026":http://www.tpp.ch ), \(2 per sample) ● Balance \(±0.1 g) ● Metal spatula ●
Bunsen burner ● Pipette balloon ● Autoclave ● Cotton wool ● Sterilised tap water \(using autoclave)
● Sterilised glassware: • Erlenmeyer �ask, 50 ml \(1 per sample) • Glass graduated pipette \(25 ml)
Glassware is sterilized using dry heat sterilization in hot air oven at a temperature of at least 160ºC for at
least 2 hours. _**3) Incubation:**_ For the incubation of the samples a climate room or equivalent is
required. Settings culture environment: ● Temperature: 18°C ● Light conditions: 1000-1500 lux ●
Photoperiod: light:dark \(LD) 16:8 h To set up this incubation environment su�cient light armatures and
time switches are required, _**4) Qualitative scoring:**_ ● Pen and paper ● Digital camera \(optional) ●
Magnifying glass / microscope \(optional)

Procedure
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_**1) Sampling in the �eld:**_ In the �eld, samples are taken from the bare sediment scooping at least 50
ml of material from the upper layer \(~1 cm) of sediment using the sample container itself. Sample
containers are labeled according to the sample location and replicate number. Next to sampling bare
sediment samples, patches with clear _Vaucheria_ presence need to be sampled as positive control. _**2)
Sample preparation:**_ Prepare 2 tissue culture �asks and 1 Erlenmeyer per sample. One �ask per
sample will contain the potentially viable sample for incubation, while the other will be the negative
control. Label the �asks accordingly. If you work in batches because the autoclave can only handle a
limited number of samples, make sure all Erlenmeyer �asks are labeled. _2.1) Freeze-thaw:_ Take the
samples from the freezer and let them thaw to room temperature. _2.2) Homogenisation:_ Place the
Erlenmeyer �ask on a balance. Sterilise the metal spatula in the Bunsen �ame. Bring ~50 gr of sample
into the Erlenmeyer �ask using the spatula. Add 2 ml of sterilised tap water and homogenise the
sediment by stirring and gently shaking. _2.3) Add sample and medium to culture �ask:_ Place the tissue
culture �ask on a balance. Bring ~20 gr of homogenised sample into the �ask using the spatula. Add 20
ml of MDV medium. Gently shake so the sediment gets evenly spread across the �ask growth surface.
_2.4) Autoclave sample:_ Close the Erlenmeyer �ask with cotton wool and sterilise the samples for 15 min
at 121°C using the autoclave. _2.5) Add sample and medium to culture �ask:_ Place the tissue culture
�ask on a balance. Sterilise the metal spatula in the Bunsen �ame. Bring ~20 gr of the sterilised sample
into the �ask using the spatula. Add 20 ml of MDV medium. Gently shake so the sediment gets evenly
spread across the �ask wall. Above steps \(_2.2-5_) are repeated for all samples, including the positive
controls with _Vaucheria_ present. _**3) Incubation:**_ Place the tissue culture �ask in the climate room
for incubation for at least 6 weeks. Make sure the temperature and light conditions are set as described
in: **Equipment** _3) Incubation_ Gently shake the �asks once every couple of days to make sure
nutrients are distributed well and gas exchange is facilitated. Extend the incubation time with a few
weeks, in case no clear visible signs of the �lamentous algae are present. The positive controls are a
good indicator of development. _**4) Qualitative scoring:**_ First, the culture �asks are inspected for the
development of green pigments \(or brown in case of diatoms) on the sediment surface. Presence of
pigments is an indication of good growth conditions for benthic algae and are therefore documented. If
green pigments are present, the �ask is more carefully observed for the presence of �laments. In case
�laments are present it is likely the sample is positive for _Vaucheria_. In case the �laments are weakly
developed a magnifying glass or microscope can be used to make sure the algae are present. To make
sure the �laments are _Vaucheria_ the �asks can be further inspected using magnifying glass or
microscope. Additionally, in well-developed samples _Vaucheria_ can be identi�ed at the species level.
Therefore, the algae need to be sexually mature3. Moreover, it is possible to take pictures of the tissue
culture �asks at the start and at the end of incubation.

Timing
_**1) Sampling in the �eld:**_ Sampling the sediment surface takes about 1-2 minutes per sample point.
Much of the time spent depends on the local conditions in the �eld and the distance one needs to move
between sample points. It is easier to work in locations with �rm soil conditions \(e.g. sandy sites),
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compared to soils of muddy unconsolidated sediments. Time can be saved if the locations of the sample
points are determined in advance and put in the GPS to �nd the plots quickly, e.g. using the stakeout
option. Remark: When doing �eldwork, it is best to work in pairs. It is much easier and more time e�cient
to divide tasks, e.g. one person does the practical work of checking the plots and counting/measuring the
biomass, while the other writes notes and measurements down. Moreover, working in pairs is preferred in
intertidal areas to ensure a safe working environment. _**2) Sample preparation:**_ Gathering all
equipment, materials and preparing the autoclave requires some time. All glassware needs to be sterilised
before use, which takes at least 2 h. With all the reagents prepared in advance, the sample preparation
procedure \(_2.1 – 2.5_) will require 30-45 mins per batch \(depending on experience). The batch size
depends on the volume of the autoclave \(see _2.4_). _2.1) Freeze-thaw:_ Defaunation by freezing should
be done directly at return for at least 48 h. Thawing takes about 2h at room temperature. _2.2)
Homogenisation:_ Adding sediment and water to the Erlenmeyer �ask and homogenisation takes about
1-2 minutes per sample. _2.3/5) Add sample and medium to culture �ask:_ Adding sediment and medium
to the tissue culture �ask takes about 1-2 minutes per �ask. _2.4) Autoclave sample:_ The autoclavation
of the negative controls takes 15 min. In the meantime, adding the medium from step _2.3_ can be done
for the non-control culture �asks. The number of Erlenmeyer �asks that can be sterilised at once is
limited, which requires working in batches. The number of Erlenmeyer �asks that can be autoclaved at
once is an important factor limiting the time it takes to prepare the samples for incubation. _**3)
Incubation:**_ Incubation takes about 6 weeks. However, if no visible signs of _Vaucheria_ have
developed, the incubation time can be extended with a couple of weeks. Especially, the positive controls
are a good indication if the incubation time was long enough. _**4) Qualitative scoring:**_ Judging the
presence or absence of _Vaucheria_ in the tissue culture �asks takes less than a minute if the �laments
are well developed. Otherwise it can take a bit more effort, as magnifying glass or microscope need to be
used for identi�cation.

Troubleshooting
The positive and negative controls are implemented as a quality control. In case the negative control
turns out to be positive, or if the positive control turns out to be negative, action needs to be taken,
because it points at troubles during the execution of the protocol. _Negative control is positive:_ In case
the negative controls are positive, i.e. _Vaucheria_ develops from the autoclaved samples, this means that
somewhere in the procedure cross-contamination has occurred, which makes it unsure if positive
samples are the result from actual propagules in the sediments or not. This means that the experiment
has to be done again. Make sure that all glassware and other equipment and materials that are used to
collect or transfer sediment samples are sterilised. Furthermore, 1) note and obey the remarks on
sterilisation throughout the procedure strictly; 2) make sure the medium is sterilised; 3) make sure the
glass pipette is not touching �asks when adding the medium. _Positive control is negative:_ If the positive
controls remain negative, i.e. _Vaucheria_ does not develop from the samples that contained the algae,
this means one or more of the steps in the sample preparation and incubation are preventing the
_Vaucheria_ from developing. Most likely, the _Vaucheria_ did not incubate long enough. It might require
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more time than the prescribed 6 weeks for visible signs of _Vaucheria_ to develop. Just extend the
incubation period with a few weeks and evaluate development again. It is possible that the freeze-
thawing has decimated the propagules. However, it is unlikely this is the main cause as it has been
shown that propagules in sediments are still viable after prolonged exposure to anoxia4 or after repeated
freeze-thawing cycles5. It is more likely that the incubation conditions are suboptimal. Therefore, make
sure temperate, light and nutrients are set as was described by the protocol in case still nothing develops
after extending the incubation time. Although _Vaucheria_ is known to tolerate large �uctuations in
salinity2,3, it could be that the salinity of the medium is not similar to the salinity of the sample site.
Adjust the salinity of the medium and incubate the sample again. The freeze-thawing step is important
for defaunation of the sediment samples. The presence of benthic fauna can hamper the development of
_Vaucheria_ due to consumption and disturbance of the algal cells. However, some worm species, e.g.
_Hediste sp._, can develop anti-freeze substances in their soft-tissue to make them more resistant to
freezing. Especially, if samples are taken during winter conditions the worms might have been acclimated
and it will be more di�cult to kill all worms. Freezing longer or at lower temperatures can improve the
defaunation in those cases. Furthermore, longer freezing times might also be required if larger sample
volumes are taken.

Anticipated Results
In general, it is assumed that _Vaucheria_ propagules are omnipresent in the sediments. However, as
_Vaucheria_ is not observed to develop into algal mats everywhere, even though intertidal conditions are
favourable, it is possible that the absence of the algae is due to the fact that no propagules are present.
This quantitative test should be able to answer if propagules are present in the sampled sediments.
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Figures

Figure 1

Overview of the sample preparation procedure Sample handeling from sampling (1) in the �eld, to sample
preparation (2.1-2.5), and incubation (3).


