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Aim: ‘horizon scan’ some of the emerging environmental and health related problems that
river and catchment scientists are likely to be asked to solve in the early 21st century

Context: coastal, fluvial and pluvial flooding in both rural and urban environments will

probably remain globally as the primary environmental hazard BUT recent flood events
(e.g. Pakistan 2010, Queensland 2010-11, Thailand 2011-12, UK 2012 – hydrologically an
annus horribilis and it’s still continuing!)

Pakistan 2010

Thailand 2011-12

Queensland 2010-11

UK 2012-13!

Note: all are anthropogenically transformed riverscapes hence ‘Anthropocene’ in the lecture title

Context: ….. have highlighted the significant limitations of current flood risk assessment and

forecasting practices that still remain in their infancy primarily because of (i) the short
length and restricted geographical coverage of river flow records and (ii) non-stationarity in
flood series resulting from climate, catchment land-cover and landuse change
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Context: ….. in addition, new flood-related ecosystem and human health problems have
emerged resulting most notably from sediment-associated contaminants (SACs) and
microbes (SAMs)

25th April 1998 Aznalcóllar accident, SW Spain . The largest
tailings dam failure (6,800,000 m3) in Europe since WW II
[Hudson-Edwards et al. (2003) Applied Geochemistry 18, 221-239.
Macklin et al. (2006) Geomorphology 79, 423-447.
Turner et al. (2008) SoTE 394, 144-161.]

Post clean-up buried tailings

Context: ….. as well as changes in the incidence of water-related diseases such as malaria,
schistosomiasis (2nd most socioeconomically devastating disease after malaria) and
dengue fever through alteration of river habitats and flooding regime.
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Topics:
(i)

Impact of recent short-term climate variability on flooding: improving flood risk
assessment using fluvial sedimentary archives to extend flood series and crowd
sourcing techniques
(ii) Emerging risks to food security, animal and human health: flooding in metal mining
contaminated catchments and co-selection for microbial resistance to metals and
antibiotics in freshwater environments
(iii) Hydrological and geomorphological controls of malaria : the neglected ‘dark side’ of
ecohydrology?

York: Millennium Floods,
Autumn 2000

Boscastle: August 2004

Since 2000 a series of major floods in the UK
have lead many environmental protection
agencies, politicians and members of the
general public to believe that floods are
becoming more frequent and larger.
Recent floods are viewed as “unprecedented”
and are attributed by many to
anthropogenically caused climate change.
Is this true?

Tewkesbury: July 2007

Cumbria: November 2009

Mid-Wales
floods
June 8th and
9th 2012

The longest gauged records (e.g. Wye & Thames) do not show
consistent patterns.
Statistical analysis employed is usually simplistic and fits ‘trends’ in terms
of a straight line fit or smoothed sinusoidal curve.

But variations in river flow are more usually in the form of a step change,
related to abrupt shifts in atmospheric circulation (North Atlantic Oscillation,
NAO) that control storm frequency and type.
The primary challenge for river scientists is to find alternative methods to
extend the flood series, to establish whether or not floods are becoming
more frequent and/or larger.

Documentary sources
(A) Documented extreme floods in
Yorkshire Dales

(B) River Ouse flood record at York
(gauge record in black,
documentary record in grey)

Sedimentary flood records - Boulder
Berms produced by extreme flood
events that can be dated using
lichenometry. 400+ lichen-dated
boulder berm flood units in upland
England and Wales (AD 1630-present)

……enter meta-analysis! (the use of a systematic review procedure and common
set of statistical techniques to combine the results of several studies)

Macklin, Fuller, Jones and Bebbington (2012)
New Zealand and UK Holocene flooding
demonstrates interhemispheric climate asynchrony.
Geology 40(9) 775-778

2012 hydrologically UK’s annus horribilis! A harbinger of anthropogenic climate change?

Mid-Wales floods
June 8th and 9th
2012
June 2012 wettest in England and Wales in a record stretching back to 1766
The depression which crossed England and Wales overnight 7th/8th June (980 mbar)
is believed to have been the deepest in June since before 1900
June 2012 amongst the most cyclonic Junes in a record extending back 140 years
June 2012 mean temperatures were typically 1-2.5 degC below the 1981-2010 mean

COBWEB (Citizen OBservatory WEB)
€ 8.5 m project started November 2012
to use crowd sourced environmental data
in flood risk assessment

Topics:
(i)

Impact of recent short-term climate variability on flooding : improving flood risk
assessment using fluvial sedimentary archives to extend flood series and crowd
sourcing techniques
(ii) Emerging risks to food security, animal and human health: flooding in metal mining
contaminated catchments and co-selection for microbial resistance to metals and
antibiotics in freshwater environments
(iii) Hydrological and geomorphological controls of malaria: the neglected ‘dark side’ of
ecohydrology?

Millennium Floods in Yorkshire Ouse catchment - largest since 1689 –
an environmental wake up call?
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River systems affected by tailings dam failures
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Environmental significance of historical mine waste in UK floodplains:
implications of climate change
12,000 km2 of river catchments in northern England alone affected
by historical metal mining.
Most of the severely affected river systems are in the north &
west of UK where the greatest increase in flooding is expected to
occur in the next 10-50 years.
Floodplain sediments contaminated by mine waste represent a
major diffuse source & (because of increased flooding) are likely to
become (or already are) the predominant supplier of sedimentassociated metals in many catchments.

Mid-Wales floods
June 8th-9th 2012

Pb concentration µmol/l

Bacteria resistance to antibiotics is a significant concern for 21st century medicine (e.g. MRSA)
but what has this got to do with flooding in metal mining contaminated catchments?

= a thing of the past?

Heavy metal tolerance can also select for antibiotic resistance in bacteria

Unlike antibiotics, heavy metals are persistent in the environment
QUESTION: Does fluvial transport of metal contaminated sediments facilitate the dispersal of
antibiotic resistance?

Mid-Wales Floods – June 2012: In the fields of observation chance favours only the prepared
mind (Pasteur)
An ad-hoc experiment to examine correlations between metal concentrations and antibiotic
resistance in flood-dispersed sediments
69 sediment samples collected from 4 river systems with varying extents of mining
histories:
Samples analysed for Cd, Pb, Zn, by AAS
Diluted sediments spread plated on nutrient agar (R2A) supplemented with 100 µg mL-1
Cycloheximide (to stop fungal comtamination), and an equal concentration of
Streptomycin, Chloramphenicol or Tetracycline, plus a non-supplemented control.
Number of colony forming units (CFU) counted after 7 days incubation at 20 °C
Ratio of antibiotic resistant CFU to control CFU assumed to be an indicator of antibiotic
resistance in the culturable bacterial community.

Key findings
Significant positive correlations between Chloramphenicol resistance and Cd concentration in
two rivers (Clarach: r=0.579, p=0.024; Leri: r=0.494, p=0.027)
But: one river (Rheidol) provides interesting results:
Significant negative correlations between Chloramphenicol resistance and Cd concentration
(r= -0.606, p=0.022) and between Tetracycline resistance and Pb concentration (r= -0.540,
p=0.038)
Teasers:
Chloramphenicol and Cadmium resistance can share the same mechanism (drug efflux – Nies
(2002) FEMS Microb Rev. 27, 3-3-39)
Do different rivers harbour bacterial communities with different mechanisms or sources of
resistance?
Only a minority of bacteria are readily cultured on agar in this manner – what about the
species and physiological states we cannot detect but can contribute antibiotic resistance
genes?
Follow up experiments with culture independent methods (metagenomics and DNA
sequencing)

Topics:
(i)

Impact of recent short-term climate variability on flooding: improving flood risk
assessment using fluvial sedimentary archives to extend flood series and crowd
sourcing techniques
(ii) Emerging risks to food security, animal and human health: flooding in metal mining
contaminated catchments and co-selection for microbial resistance to metals and
antibiotics in freshwater environments
(iii) Hydrological and geomorphological controls of malaria : the neglected ‘dark side’ of
ecohydrology?

HYDROMAL: “Hydro-dynamic drivers of malaria transmission hazard in Africa “
NERC funded project - Professor C J Thomas and Professor M G Macklin

Namwawala sub-catchment in Southern Tanzania
• Located within the Kilombero Valley, the largest seasonal wetland area in Africa
• The highest reported malaria transmission in the world

Long understood that river habitats , especially water
bodies (WBs) in river channels and on floodplains,
have a fundamental control on freshwater
invertebrates and fish communities.
BUT the explicit link between river flooding and
sedimentation dynamics that create WBs that provide
habitats for mosquitoes in the dry season (dry season
refugia) has not been made.

HYDROMAL: through a combination of hydrological and
biological monitoring of geomorphologically classified
WBs, mapped from high resolution DEM (World View),
a process-based understanding of the hydromorphic
factors that control the development of Anopheles
mosquitoes which cause malaria in humans is being
developed

65 sample locations:
•
Collecting mosquito larvae (Anopheline) on a
monthly basis
•
Over 5 main water body types
– Classified by geomorphology/hydrology

A productive dry season habitat

Habitat types:

a) Topographic convergence
b) Floodplain basin
c) Palaeochannel
d) River channel
e) Spring fed pond

Proportion of Anopheline arabiensis

Early:Late stage Anopheline

http://www.cccr.ac.uk/
Established in 2006 - a £3 m joint venture between Aberystwyth (Catchment) and
Bangor (Coast) Universities. Interdisciplinary centre that has already secured
>£20 m of external income and would very much like to collaborate with IRS and
other similar centres in Australia and New Zealand!

