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Diatom microalgae and environmental change

Diatoms are ubiquitous but why are they important?

They:

« are responsible for 20% of global primary productivity*

« occur in planktonic, benthic and terrestrial environments

* are very sensitive to nutrients, salinity and pH (acidity) so
species are excellent indicators of water quality

* respond to environmental change by species substitutions

« cell walls of silica aid identification and persist in both
marine and freshwater environments providing information
on environmental change trends

Roger Flower January 2022

*Malviya et al 2016 PNAS 113:1516-1525
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Diatom cell forms and colony formation

Single cells or short chains: |
(often common in plankton) lanceolate (benthic):

stellate

needle-like:
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Structure of diatoms

paeddoraphe

Diatom cells (frustules) consist
of two silica ‘valves’ usually with
striae (pores) patterns joined by

girdle bands

Plankton species (A) are often

discoid (‘centrics’) with spines

Benthic species (B & C) often
elongate cells (‘pennates’)

(B)

1 central
area

Many ‘pennates’ have a raphe-a
slit involved with cell movement

Diatom i1.d. mainly depends
upon on (valve shape, striae
pattern)

Cell sizes vary from a few to ~500 microns
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_ — : : epilithon
Diatom biofilms grow well on surfaces in nutrient

poor lakes & streams g

Epilithic diatoms
grow on rocks
Note, brown colouration

Is due to PS pigments
(cf brown seaweeds)
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sampllng surface sand

sand/mud

Also diatom epiphyton
on aquatic plants, on
mosses as epibryon,
& epizoic on turtles/

whales etc




ENVIRONMENTAL CHANGE RESEARCH CENTRE

An example of diatom uses:

The UK Acid Waters

Monitoring Network
Monitoring of the impact of acid
rain on 22 sensitive freshwater
sites includes epilithic diatoms

(1988 to present as the UWMN)

Figure 4. UKAWMN site map
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Long-term monitoring of epilithic diatom species responded to water
guality changes from the late 1990s, lagging after sulphate & pH
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1994 1996
Year AD

1990 1992

1998

2000

2002

Eunotia Incisa

Tabellaria flocculosa

Eunofia rhomboidea

wchnanthes marginulata

Pinnularia subcapitata var. hilseana
Frustulia rhomboides var. viridula
Eunofia nasgali

Wchnanthes minutissima

Eunofia vanhaurckii

Brachysira brabessanii

(Cymbella perpusilla
Nitzschia palea
wehnanthes altaica

Mitzschia perminuta
chnanthes austriaca var. minor

Brachysira vitrea
(Cymbella lunata
Wulacoseira distans var. nivalis
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In the Falkland Islands acid rain is not a threat to wetland
biota but what diatom species are present? & do they
correspond with water quality?

Soin 2001, 28 sites
were sampled for
diatoms & water
guality (a few were
re-sampled in 2021)
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Tarns, lakes, ponds and streams were sampled representing a range of
water quality types, examples:

Little Adam Tarn )an’s Shanty pond

Lake Sulivan North
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Some Falkland Islands diatom species in SEM (200
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1) 12 new taxa were found

100 £ 101




ENVIRONMENTAL CHANGE RESEARCH CENTRE

B>

v ! ¢
/ - ’
O Ul G
.g o

[ o ——
- G {4
4 D . F
Ao
N P y
. .
- 4

.

W

-

.

SPAN &

p—

.
7 .

™
o, ik

Low mag image showing high abundance & diversity of diatoms, fragments + silt grains
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E»

Lake Sulivan epipsammon diatoms 10.2.2021 (HI MAG x 1000)
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Large motile pennate diatoms frequently indicate disturbed surfaces: note the raphes
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E»

Moody Brook diatom epibryon 4.8.21 (high mag x1000)
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Low diversity, dominated by Eunotia incisa typical of acid waters
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Colorado Pond diatom episammon 19.3.2021 (low mag x 200
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Quite diverse Eunotia taxa common but note a large marine diatom present...



Diatom % abundances are well distributed in the sites
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Site 1. Dan’s Shanty Pond, 2 Long Pond, 3 Wireless Ridge, 4 Sand Pass Pond, 5 King’s Ridge Pond, 6 Arm
Hill Pond, 7 Wall Mountain Pond, 8 River Malo, 9 Lake Arthur, 10, Mutton Pond, 11 Mappa Pond, 12 San
Carlos River, 13 River Warrah, 14 Adam Tarn, 15, Red Tarn, 16 Little Adan Tarn, 17 Laguna Babbas, 18 Top
Hog Ground Pond, 19 Goose Pond, 20 Mount Rosalie stream, 21 Lake Sulivan North, 22 Lake Sulivan South
Basin, 23 Laguna Isla 24, Valley Pond North,25 Hawk’s Nest Pond, 26 Swan Inlet, 27 Halfway House stream,
28 Cheroog’s Pond
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Diatom spatial distributions according to dissolved salt content

Mappa Pond.
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Site 1 Adam Tarn, 2 Little Adam Tarn, 3 River Malo, 4 Warrah River, 5 San Carlos River, 6 Wall Mountain Pond, 7
Mount Rosalie Stream, 8 Lake Arthur, 9 Arm Hill Pond, 10 Red Pond, 11 Halfway House Stream, 12 Sand Pass
Pond, 13 Dan’s Shanty Pond, 14 Wireless Ridge Pond, 15 Mutton Paddock Pond,16 Top Hog Ground Pond, 17
Laguna Babbas, 18 South Sulivan Lake, 19 Cheroog’'s Pond, 20 North Sulivan Lake, 21 Swan Inlet, 22=Kings
Ridge Pond, 23 Long Pond, 24 Goose Pond, 25 North Valley Pond, 26 Laguna Isla, 27 Hawk’s Nest Pond, 28
Flower et al 2012
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CCA biplot of 28 sites (with TWINSPAN species classes) Shows 3 main sites groups 1.
strongly acid, brown water, 2. less acid, low salts, clearer water, 3. turbid, circum-
neutral pH, higher salts (environmental variables shown by arrows)
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Diatom species change over
time - little data so far but:

Lake Sulivan: Percentage

frequency diagrams of common

epipsammic diatoms

Upper Chart:
February 2021

Lower Chart:
February 2001

Note relatively little change,
abundances of the two most
common species almost
identical — floristic stability?
Or....
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Diatom percentage frequency
diagrams for Red Tarn

Upper chart:
February 2001

Lower chart:
November 2021

Note the complete
change in the two most
common species (and
higher diversity) in 2021
florist change yes but..?
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Summary _. .
Diatoms played a key role in the UK AWMN (Battarbee et al. 2014)

that helped:

» recognise freshwater acidification problems

* monitor mitigation actions over c. 30 years

« improve environmental conditions for acid water ecosystems

« applied science influence policy and public debate

* recognise that future status of acid waters depends partly on
pollution and climate change

For the Falklands, acid rain is not a problem but:

« Climate and landuse are affecting freshwaters & wetland integrity

« Main threats likely include landscape desiccation, water salinization
soil loss & sea level rise

« Establishing hydro-ecological change trends requires long term
monitoring of key inland waters linked with landscape scale
surveillance

With thanks to Stephanie Carter (SAERI) Roger Edwards (Fox Bay) Becky Ingham (Falklands
Conservation) Miles Irving (UCL) Martin Kernan (formerly UCL) lain Orr (FCO) Phillipa Noon (formerly
BAS) Julian Thompson (UCL) David Williams (NHM)
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Post script

7 GOV.UK

Policy paper: Environmental land
management schemes (ELMS):
Expected outcomes of £2.4 billion for ELMs as

part of an integrated response to climate, food
production & and environmental issues in the UK:

Three schemes within ELMs include:

1 bringing soil under sustainable management (inc. peatlands)

2 reducing agricultural emissions

3 halting decline in species

4 reducing the main agricultural pollutants entering watercourses

5 restoration of rivers, lakes and other freshwater habitats

From: DEFRA Published: January 2022



