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Hill walkers and mountaineers are particularly vulnerable to slips, a 
major cause of accidents outside the home. Data obtained from the 

UK Lake District mountain rescue teams, for example, show that over 
the past five years, slips of one kind or another accounted for a quarter 
of all call-outs, with a similar proportion in the Yorkshire Dales. The 
most common injury was a broken or sprained ankle. Slips are caused by 
two main processes: ‘rolling’ on small stones which, if rounded, act like 
marbles and provide a very unstable surface, and by shear, or the loss of 
friction between the ground surface and the sole of the walker’s boot. 

This is caused by particles sliding over one another, usually in a thin 
‘shear zone’. The latter can take many forms but the best-known example 
of this is ice, where a thin layer of water develops between the ice and sole 
of the boot and acts as an efficient lubricant. Flat stones behaving like a 
pack of cards can also cause slips. Clay or mud behaves in a similar way 
but here the movement involves millions of minute flake-like mineral parti-
cles sliding past each other.

A surface layer of algae can also provide a plane of weakness especially 
if wet, acting like a lubricant between rock and boot, but it’s not just rocks 
and soil that are dangerous. Last year, a small party made its way up the 
northern slope of Great Borne, a mass of granite towering over Ennerdale 
Water in the Lake District. The sound of laboured breathing was suddenly 
punctuated by a loud ‘oof’ as one of our group slipped on the grass. 

Soon we were all down, and hardly able to keep to our feet, as the 
journey continued with increasing effort and frustration. Upon examina-
tion, the grass was found to be covered in patches of green slime, here and 
there developing into hand-sized gobbets with a jelly-like consistency. It 
turned out to be the coccoid green alga Coccomyxa dispar. Having frequently 
slipped on grass, I began to question how often algae were responsible for 
accidents in the hills, and indeed in our towns and cities. Consequently 
samples from a range of slippery surfaces on rock, stone, wood and grass 
were examined for their algae.

In all cases examined, similar algae were present: the filamentous blue-
greens and the coccoid greens. The former consist of long chains of cells 
thickly invested in soft mucilage, while the latter either develop into jelly-
like clumps visible to the naked eye or consist of microscopic filaments 
enveloped in mucilage. Algae produce mucilage as a means of retaining 
moisture during periods of drought and it is this that makes them slippery. 
The mucilage consists of a complex, highly hydrated polymer, usually 

Figure 1: The blue-green alga Phormidium. Microscope image showing parallel 
filaments, magnified about 500x. This alga is common in rocky streams and is 
very slippery when wet. The filaments are covered in a slimy mucilage and the 
filaments can also roll over one another.

Figure 2: The grey lichen is Pertusaria corallina, a common mountain lichen, 
showing where a boot has slipped on it. This has revealed the green algal layer 
underneath – the green layer represents a zone of weakness.
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but for the most part they 
remain unrecorded. With 
increasing interest in moun-
taineering and in the new 
sport of canyoning, such 
incidents are likely to rise.

Free-living algae tend to 
be less common on rocks 
that are not wetted for long 
periods as most of them 
require more or less perma-
nent moisture to survive. 
Many lichens however, are 
adapted to withstand long 
periods of drought and they 
are common on all kinds of 
exposed surfaces. Lichens 
consist of a fungus in close 
association with one or more 
algae. The algae are mainly 
blue-greens or coccoid greens so it should come as no surprise that they 
too can cause problems. The crustose lichens in particular make climbing 
hazardous in wet weather. They adhere strongly to rock and when dry, 
they are reasonably safe to stand upon. However, once they are wetted 
by a rain shower, they expand and soften, and the situation becomes very 
different. Most lichens are built up of layers rather like a sandwich. The 
often brightly covered surface is formed of microscopic fungal cells under-
lain by a layer rich in algae. Beneath this are further layers of fungus. The 
algal layer provides a zone of weakness – here there is little fungal material 
to supply mechanical strength and it readily shears. The spherical algal 
cells are also able to roll over each other. If you are unfortunate enough to 
slip on a lichen-covered surface you can often see how the green layer of 
algae becomes exposed where your boot has contacted it.

Slips involving lichens can happen at any time of year. Crustose lichens 
are perennial, often living for many years, but the free-living algae are 
frequently seasonal. In streams, algal growth is often most rapid in spring 
when levels of sunlight and dissolved nutrients are high. During summer 
and autumn while light levels may remain high, demands for nutrients by 
other plants may compete with algae, reducing growth, and in wooded 

a polysaccharide to which may be attached a wide range of lipids and 
proteins.

When the sole of a boot contacts a rock with a rough surface colonised 
by a thin layer of algae, local high points touch the sole first and the pres-
sure is normally sufficiently high to force off the algae so that the sole bites 
onto the rock giving a good grip. But if the rock is smooth, or the algal 
layer thick, this cannot happen. Locally high pressures do not develop and 
the algae with their mucilage remain in place causing loss of friction. The 
polymer molecules slide easily over one another as they do not interact 
with one another – they are separated from each other by large numbers of 
water molecules, acting as a lubricant rather like engine oil.

Blue-green algae belonging to the genus Phormidium have their long fila-
ments arranged parallel to one 
another, and aligned with the 
flow of water. They are particu-
larly treacherous as this arrange-
ment allows them to slip past 
each other even more easily. 
They can often be seen as black 
leathery patches on stones in all 
kinds of streams and rivers.

Exactly how slippery these 
surfaces are can be determined 
experimentally by measuring 
coefficients of static and dynamic 
(sliding) friction. The former is 

the ratio of the force necessary to 
start the movement of a body on a surface to its weight. The latter is the 
ratio once the body starts to slide and is generally a little lower than the 
former. Experiments using Vibram-soled boots on a smooth, algae-covered 
paving slab give ratios of around 0.2. Because the coefficients tend to be 
independent of the area of surface in contact with the ground, some simple 
mechanics allows safety zones to be plotted for non-horizontal surfaces. 

How dangerous it is to walk on rounded cobbles submerged in a stream 
can be judged from Figure 3. Clearly it is very easy to misjudge where to 
tread and emphasises the danger of crossing rocky rivers. Rocky lake edges 
are also hazardous although most accidents occur in flowing waters. On 
the seashore seaweed-covered rocks are dangerous to walk upon for the 
same reason.

On a recent geology field trip one of our party decided to cross a small 
innocuous-looking stream no more than a metre wide. Instead of jumping 
across he placed his foot on an angled outcrop in the middle of the water 
then slipped sideways and broke his leg in two places. In this case, exam-
ination showed that a bloom of diatoms was responsible. These micro-
scopic algae are common in streams and have a silica cell wall covered 
in a thin layer of mucilage. Accidents such as this must be commonplace 

Figure 3: The red colour represents areas of 
a stream bed covered with cobbles colonised 
by algae and lichens where a slip will occur if 
trodden upon.

Crags of the Rwenzori 
Mountains, Uganda at 
c4000m where the rocks often 
remain slippery from algae.
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streams, light is also reduced by shading. Intense sunlight may in fact be 
detrimental to algae. A few days of bright sunshine during the spring of 
2012 killed most of the algae growing around the shore of Stickle Tarn in 
Cumbria and the rocks were no longer difficult to walk upon. However it is 
best to assume that permanently wet rocks are always hazardous.

In the high mountains of the Alps algae and lichens become less trou-
blesome at altitudes exceeding about 3200m. These organisms require a 
moderate supply of liquid water and in the high mountains this is in short 
supply. Ultraviolet radiation is also more intense and can damage cells. As 
a result these plants can be hard to find. It is possible to find small growths 
of lichen above this altitude and these tend to be on steep, south-facing 
aspects where snow does not accumulate and solar heating allows liquid 
water to exist on the surface for short periods. Many of the lichens at this 
height are often brightly coloured or appear almost black. These are adap-
tations to screen the delicate algal cells from intense ultraviolet radiation. 
Generally speaking, the risk of a ‘bio-slip’ is greater below the snowline. In 
the East African mountains the rocks are often covered with lichens at alti-
tudes of 4000m or more owing to the elevated snow-line at this low latitude 
so caution is required at all times.

Old flagstones made of fine-grained sandstones often have a smooth 
surface. A special group of ‘endolithic’ algae favour such rocks with their 

Xanthoria elegans is an orange leafy lichen that grows at high altitudes 
throughout the world. The yellow colour protects the lichen from damaging UV 
rays.

complex microscopic cavities and water-retaining ability. These small 
algae are able to deeply penetrate minute cavities within the stone where 
they are protected from strong sunlight and grazing. Once colonisation is 
complete, the channels, which helped to conduct surface water through 
the stone, become blocked and these algae begin to grow as a surface film. 
Extremely dangerous surfaces often result, particularly along shady paths 
that are little used, even in big cities like London. Again blue-green and 
coccoid green algae often predominate. 

The danger does not stop here. Neglected roads are often colonised by 
algae and lichens. Once the toxic tarmac surface has been weathered and 
rendered innocuous, growth begins. Permanent wet patches on roads often 
occur where there are seepages beneath and a wide range of algae can grow 
there. These surfaces can be hazardous to cars, pedestrians and particularly 
to cyclists. If swimming baths are not properly maintained, their surfaces 
also become extremely slippery from algae, not to mention roofing slates 
and tiles. The Wimbledon tennis championships of 2012 saw players slip-
ping on the grass and one wonders whether algae played a part there too.

Returning to the countryside, wooden slats or steps are rapidly colo-
nised once any preservative has leached out. Stiles appear to be a particular 
hazard; mountain rescue teams report several serious slipping accidents 
each year in Britain. Their flat surfaces reduce water run-off, retaining 
moisture for long periods, particularly in shady spots. Algae are able to 
colonise readily as the wood fibres provide a moisture-retaining surface 
and good adhesion for the cells. Wooden boardwalks can feel as slippery as 
ice when colonised by green coccoid algae such as the desmid Mesotaenium.

We are surrounded by hazardous surfaces for which algae appear to 
be largely responsible but there are no hard data to determine just how 
dangerous they are. Slips can certainly occur in their absence, but with 
warmer and wetter weather predicted for the future, things can only get 
worse. In fact, mountain algae are probably responsible for more serious 
accidents than algae responsible for well-publicised shellfish poisoning 
incidents and toxic water blooms.


