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Introduction to Presentation for EGU2020 Online

SessionGM3.6 (Dis)connectivityn hydrogeomorphic systems: emerging concepts and thpplications

A

Connectivitya useful concept for us to understand how environmental change including various land management or restoration appt
affect the interrelated structure and functioning of our landscapes.

Beavers as ecosystem engineers can have significant impacts upon the structure and connectivity of riparian environments.

Downstreamdisconnectivity combined with lateral connectivity from dam building and wetland creation can have notable ecological,
hydrological, geomorphic biogeochemical and saxonomic impacts.

Beaver populations expanding and now reintroduced to much of their former European range.
Researchers dhe University of Exeter, alongside many project partners are undertaking a suite of transdisciplinary research to unde!
impacts of the return of beaver to the now intensively manged and populated landscapes of Britain (with broader relevasstheaange

of Eurasian beaver and North American beaver).

Presentation focuses on hydrological research. Do changes in environmental structure and hydrological connectivity frardicignartod
wetland creation affect hydrological functioning i.e. rainfalhoff and flow regimes?

Previously published research has demonstrated flow attenuation due to beaver damming on a small/first order channetakigreisults
from new/ongoing monitoring across larger scales and with more extensive baseline datasets are also presented.

Thoughts and feedback very welcome, particularly on hydrological data analysis.



Introduction: Need for Nature Basé&tblutions

A Hydrological extremes combined with lafdis)managementan causdoth environmental and socieconomic
damage
A Surface water flooding
A Soil erosion
A Diffuse pollution from agricultural land
A Drought and associated water resource issues
A Degradedecology

A Solutions focussed on downstream palliative approaches i.e. building flood defences, dredging channels, extensive
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A Nature Based Solutions/Natural Flood Management/Working with Natural Processes/Landscape Restoration may
offer alternative/complimentary solutions:
A Enhancing resilience of downstream flood defences
A Maintain elevatedbase flowsn rivers during droughts
A Filtering water and trapping sediment
A Biodiversity/habitat enhancement
A Natural spaces health/wellbeing/tourism

A Can Eurasian Beaver reintroduction play a valuable role?
A Can our research inform policy to maximise benefits whilst minimising conflict?



European Beaveastor FiberRange and Context

A Hunted to extinction in UK ca. 400 years ago (for fur, meat,
castoreum).

Probable distribution of

European beaver in A Similar reductions observed across Europe.
Europe (outwith Russia)

after the last Ice Age _
(Halley, D & Rosell, F. - 2002) A Now reintroduced to much of former European range.

A In GBofficial (Knapdale) and neoifficial (Tayside) releases in
Scotland and current licensed trial England (River Otter, Devon).

A Additionally, an ever growing number of enclosed sites (many
monitored by us for research purposes) and reportsieficenced
free-livingpopulations.

A Hypothesised to previously had a large impacstmcture and
,- function of riverine ecosystems (Brown et al., 2018).

Lo A Critical to understand the environmental and seeiconomic impacts

(both positive and negative) as beavers return to what is now a hig!
populated and modified landscape.

Brown et al., 2018. Natural vs anthropogenic streams in Europe: Hisoyogyand implications for restoration, riveewilding and riverine
ecosystem services. Eaf8tience ReviewB0I1:10.1016/j.earscirev.2018.02.001




Devon Beaver Project: Site Description

A Fenced 1.8 h€0.2 kn?) sitein North Devon

A 1storder tributary draining from 20 ha intensively
managed grassland catchment.

A A pair of beavers introduced in 2011

A Changed site from small first order tributary running
through woodland, to a diverse mosaicked wetland
environment. Significant ecological change:

A Frogspawn increased from 10 clumps in 2011 to 580 in
2016.

A Species such as kingfisher and heron observed.

A Monitored change in site structure and associated
hydrological function (quantity and quality).

\' South West Archaeology (2014)
2 Below beaver monitoring statio

http: //WWW devonwﬂdhfetrust orq/sﬂes/defauIt/flIes/flIes/Beaver%ZOPrmect%ZOupdate%ZO( LowRes)%20.pdf



http://www.devonwildlifetrust.org/sites/default/files/files/Beaver Project update (LowRes) .pdf

Results: Structural Change and Water Storage
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Puttock et al., 2015. Aerial photography collected with a multirotor drone reveals impact of Eurasian beaver reintroduetiogystem
structure. Journal of Unmanned Vehicle Systed@I: 10.1139/juv20150005




Beaver engineered systems can red itudinal (downstream) connectivignd increase
ypushing water sideways, reconnecting the river and land.

https:// youtu.be/l1eGsZ9Fuk8


https://youtu.be/I1eGsZ9Fuk8

Natural Flood ManagementConcept

g n b ] =]
Ps -1 Ik el T f

2 |
T i Wi
e : 5 Lag B

I '

E ' ‘ : === Flashy Flow Regime

=== Attenuated Flow Regime
3
o
L
| -
o
=
o
N \E — ]
Lag A

Time

Seeking to slow the flow of water downstream during storm events. Can beaver dam seqt
contribute to this?



Results: Flow Attenuation

Continuous flow and rainfall data for 3+ years, quantifying the rate and amount of water entering and leaving the site.

Results (from 70+ rainfallinoff events) indicate that beaver activity, particularly the building of ponds and dams, mod#rate

channel response to rainfall following storm events.
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activity, including for largest events observec
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Puttock et al., 2017. Eurasian beaver activity increases water storage, attenuates flow and mitigates diffuse pollutiaefsivelymanaged

grasslands. Science of The Total Environni2@.10.1139/juv20150005
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On average, compared to water
entering from intensively managed
grassland, each litre of water leaving
the beaverimpacted site contained:
A 3x less sediment

A 0.7x less nitrogen

A 5x less phosphate

A 2x dissolved organic carbon

A Storm monitoring (17 events, 178 samples

above, 119 below), suggests site may act as a
filter for diffuse water pollutants from
agriculture (suspended sediment, nitrogen
and phosphate).

However, more organic matter in the site, so
potentially results in a greater loss of
dissolved organic carbon than comparative
agricultural land.

Flow attenuation results in further
reductions in total event loads.

Indicates sediment and associated nutrients
being trapped and stored within the beaver
AYLI OGSR aAaisSx

Puttocket al.,2017. Eurasian beaver activity increases water storage, attenuates flow and mitigates diffuse pollution from intemesnag)gd

grasslands. Science of The T&aVvironmentDOI:10.1016/j.scitotenv.2016.10.122
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Results: Sediment and Nutrient Storage in a Beaver Engineered Wetlan

Dam pond sequence surveyed to quantify: sediment
depth, volume and mass surveyed in addition to carbon
and nitrogen content.

13 ponds held over 100 t of sediment (normalised
average of ca 70 kg4dponded extent).

15 t of carbon and 1 t of nitrogen.

Size greatest control over storage, larger ponds hold
more sediment per unit area.

Position in sequence may play a role too.

Estimation of source: >70 % from upstream catchment.
Beaver ponds may have role to play in mitigating
negative impacts of soil erosion and diffuse pollution
from agriculture.

At time of sampling, estimated ponds would have over
50 % remaining storage capacity, not accounting for
continued modification by beavers of site over time to
maintain/increase capacity

Beaver sites can store sediment and nutrients in
addition to water.

Puttock et al., 2018. Sediment and Nutrient Storage in a Beaver Engineered Wetland, Earth Surface Processes and Handforms.

10.1002/esp.4398



Current State of Nationdtolicy

Recentincrease in policymaker suppddr working with natural processes and beaver reintroduction (and ~ 90 % public
supportAusteretal, 2019 hyt recognised that more understanding is required to maximise benefits and minimise conflict.

11 Hugh Graham and 2 others Retweeted

’, -v..‘ Michael Gove @ @michaelgove - 8 Dec 2017 v » T °ﬁ.m
@ fy Delighted to support the reintroduction of beavers to Britain Department :ﬁ"»’é L, @ Environment
:’oo'od&md Affairs ot e AV Agency
HM Government
A Green Future: Our 25 Year Plan to
|mprove the Environment Working with Natural Processes — the evidence base
Project Summary SC150005
Background The Evidence Directory summarises the effectiveness
Working with Natural Processes (WWNP) to reduce flood of WWNP measures from a FCRM perspective as well as

and coastal erosion risk (FCRM) involves implementing the wider ecosystem service benefits they may deliver. It

measures that help to protect, restore and emulate the s underpinned by:

natural functions of catchments, floodplains, rivers and * adetailed literature review

the coast WWNP takes many different forms and can be « Guidance on project monitoring

appiied in urban and rural areas, and on rivers, estuaries « 65 standalone case study examples

* 14 one-page summaries of each of the WWNP
measures, which provide a high level summary of the
material inchuded in the directory

400 years ago the British beaver
028 | 96k views V€N 1O @xtinction...

We have mapped the potential for WWNP. These maps
are ntended to be used alongside the Evidence Directory
to help practitioners think about the types of measure that
may work in a catchment and the best places in which to
locate them. It is a useful tool to help start conversations
with key partners. The maps are provided in spatial data
and POF format, and are supported by a user guide and
a detailed technical guide.

+ Headwater cranage + Sand cdunes
Why A;;;I;;ﬂ!wl-, .:—u»-l‘m WWHE. bk R We have written a guide which sits alongside the
{ > here en much research on . . Evidence Directory and the Maps, and explains how to
Visitbbc.couk > p never been synthesised into one location. This has meant uumembhebmaemecmp':'mpbm:;wWWNP
P that it has been hard for flood risk managers to access when developing business cases. It also includes
5

O 361 11 661 Q1 O

— iy L'“’l} up-to-date information on WWNP measures and 10 guidance on implementing WWNP in areas at risk of
understand their potential benefits. groundwater Slooding,

What did the study include? T reaarlk oape. el oed 151be iikimuend I ove
This study is made up of 3 intedinked projects which this form of FCRM into the mainstream are identified in
together make up the WWNP evidence base (see the Evidence Directory. To help fil these gaps we have:
figure) + worked with the Natural Envionment Research
Council to develop a £3.4 million research call to
address some of these gaps with the aim of working in
partnership with projects funded through this call to
Evidence help advance science in this field
Directory « shared the list of research gaps with catchment-scale
Defra-funded natural flood management projects so
they can address research gaps through long-term
mondoring

Mapping + developed an evaluation plan to capture the outcomes
the Research of the monitoring conducted as part of Defra-funded
potential for 2305 catchment-scale projects so that leaming can be

“More research is needed to understand

P Bkt k. how beavers could be used to mitigate
We need the power of nature and human ingenuity working side by flood risk in the UK, however, local trials
side. And when you think that the humble, native beaver has the power are producing interesting findings (see,
to transform vast landscapes by creating natural dams, it’s clear that we for exam p|e’ Puttock et al. 201 7)_"
need to think outside the box when it comes to helping the
environment.

Auster, R. E., Puttock, A., & Brazier, R. (2019). Unravelling perceptions of Eurasian beaver reintroduction in GreseBritaga.12576.
https://doi.org/10.1111/area.12576




Ongoing Research: Need for Understanding Across Scalésanddses

Forest of Dean Beaver Project
Release summer 2018 (+1 yea
baseline monitoring)

4.1 kn? forested catchment.
Upstream of town (Lydbrook
liable to flooding.
Beavers now damming. ,
Can beaver provide an NFM
solution? ,
Forestry commission also now
working with uson aYorkshire
Beaver Projectagain with NFM
as main objective.

o oo Dodo Do

Cornwall Beaver Project

A 134hacatchment, 2d order

A Agricultural land use

A Beavers introduced Summer
2017

A Increased water storage and

flow attenuation now being

observed
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Tayside Beaver Territory and Population Dynamic

A Surveyed increase in territories and population
estimates between 2012 (a) and 2018 (b).

A Gives understanding of wild beaver population
catchment use and expansion patterns.

A Identification and understanding of potential
management impacts.

A Calibration dataset for suite of models in
development. Ca. 5000 Kmatchment.

A https://www.nature.scot/snhresearchreport-

1013 surveytaysideareabeaverpopulation

20172018

& River Otter Beaver Trial

A First licenced wild trial in England
(reporting to Natural England in 2020).

| A PhDprojects(Hugh Graham) lookiraf
environmentalchanges ircatchment and
socio and soci@conomic impacts (Roger
Auster)

A Partnershiped by Devon Wildlife Trusias
reportedon broad range of
environmental/social and economic
impacts of beaver reintroduction.

A Inform UK policy and management
strategies.

@ Exe k_-l Bournemouth
o/

A 250 kn? catchment scale, additional nested
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monitoring sites
A http://www.exeter.ac.uk/creww/research/b
eavertrial/



https://www.nature.scot/snh-research-report-1013-survey-tayside-area-beaver-population-2017-2018
http://www.exeter.ac.uk/creww/research/beavertrial/

Cornwall Beaver Project

Cornwall Beaver Project Fraddon T ——
_ 7 : g PG A Woodland Valley Farm

A Site on one of 3 main tributaries
of Tresillian entering Ladock2
» order stream).
' A Ladock liable to flooding and in
: = need of flood management
=5ngrton ‘ i ‘ solutions.
A Total Catchment + 2300 ha
SR A Site catchmentl.34 kn?.
& | A Significantly larger catchment tha
Devon enclosure (20ha)
A Dominated by Farmland.
A 1+ year baseline monitoring
before introduction.
A Beavers released f6June 2017
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Cornwall BeaveProject event summary data
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River OtterBeaverProject

A The ROBT provided ayg&ar window to observe the colonisation
phase of beavers into a lowland English river catchment.

A First official wild release in England.

A Report covers a wide range of interdisciplinary research by
University of Exeter, University of Southampton, Devon Wildlife
Trust and other project partners.

A Trial showed beavers were able to thrive in a modern English
landscape increasing from 2 territories in 2015 to 13+ territories in
20109.

A A summary of quantifiable costs and benefits demonstrated that
ecosystem service benefits of beaver at the catchment scale
(biodiversity, water resources, ecotourism etc.) outweigh the
financial costs incurred.

A However those who benefit from beaver may not always be the
same as those who bear the costs.

Science and Evidence Report

A Trial extended by 6 months to allow government to make a decision
on future of wild beavers.

Pink-tagged female beaver with a kit on
River Otter near Otterton
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http://www.exeter.ac.uk/creww/research/beavertrial/



http://www.exeter.ac.uk/creww/research/beavertrial/

River OtterBeaverProject- East Budleigh




