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About Natural Resources Wales 
Natural Resources Wales is the organisation responsible for the work carried out by 

the three former organisations, the Countryside Council for Wales, Environment 

Agency Wales and Forestry Commission Wales.  It is also responsible for some 

functions previously undertaken by Welsh Government. 

Our purpose is to ensure that the natural resources of Wales are sustainably 

maintained, used and enhanced, now and in the future. 

We work for the communities of Wales to protect people and their homes as much as 

possible from environmental incidents like flooding and pollution. We provide 

opportunities for people to learn, use and benefit from Wales' natural resources. 

We work to support Wales' economy by enabling the sustainable use of natural 

resources to support jobs and enterprise. We help businesses and developers to 

understand and consider environmental limits when they make important decisions. 

We work to maintain and improve the quality of the environment for everyone and we 

work towards making the environment and our natural resources more resilient to 

climate change and other pressures. 

 



 

 

 

Evidence at Natural Resources 
Wales 
Natural Resources Wales is an evidence based organisation. We seek to ensure that 

our strategy, decisions, operations and advice to Welsh Government and others are 

underpinned by sound and quality-assured evidence. We recognise that it is critically 

important to have a good understanding of our changing environment. 

 

We will realise this vision by:  

¶ Maintaining and developing the technical specialist skills of our staff; 

¶ Securing our data and information;  

¶ Having a well resourced proactive programme of evidence work;   

¶ Continuing to review and add to our evidence to ensure it is fit for the challenges 

facing us; and  

¶ Communicating our evidence in an open and transparent way. 

 

This Evidence Report series serves as a record of work carried out or commissioned 

by Natural Resources Wales. It also helps us to share and promote use of our 

evidence by others and develop future collaborations. 
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Crynodeb Gweithredol 

Mae'r Adroddiad Tystiolaeth hwn yn dwyn ynghyd chwe adroddiad mewnol a 

baratowyd gan Sam Bosanquet, Ecolegydd Planhigion Anfasgwlaidd CNC, yn dilyn 

gwaith maes yn 2017, ac un adroddiad a gomisiynwyd gan arbenigwr allanol ar 

gennau.  Roedd pob un o'r adroddiadau hyn yn darparu tystiolaeth annibynnol o 

effeithiau negyddol amonia ar gennau ar Safleoedd o Ddiddordeb Gwyddonol 

Arbennig (SoDdGAau) yng Nghymru.  Roedd canlyniadau pob arolwg yn sail i'r 

gweddill, felly mae ailadrodd yn y nodau, y dulliau a'r drafodaeth, ond mae pob un 

eisoes wedi cael ei ryddhau o fewn CNC ac yn allanol ac felly heb ei newid yma.  

Ychwanegwyd cyflwyniad trosfwaol at bwnc effaith amonia ar gennau - 'cefndir 

gwyddonol' - ar gais dau adolygydd cymheiriaid. 

Mae dull cyson o asesu safleoedd, yr Arolwg o Gen ar Frigau, sy'n darparu 

mesuriad effaith ar bedair lefel, wedi ei ddatblygu gan academyddion a chenegwyr 

(http://www.apis.ac.uk/lichen-app-monitoring-nitrogen-air-quality-using-lichens), ac 

fe'i defnyddir yma ar dair SoDdGA yn Ne-orllewin a Chanolbarth Cymru.  Mae'n 

dangos pa safleoedd sydd â 'Llygredd N Uchel', pa rai sydd â 'Llygredd N', a'r 

safleoedd sydd 'Mewn perygl' neu'n 'Lân,' yn nhrefn ddisgynnol eu heffaith. 

Mae amonia yn llygrydd sylweddol, ynghyd â chyfansoddion eraill o Nitrogen, 

ac mae'n effeithioôn sylweddol ar ecosystemau naturiol, fel y trafodwyd yn y Cefndir 

Gwyddonol trosfwaol i'r adroddiad hwn: 

¶ Yn wahanol i'r rhan fwyaf o fathau eraill o lygredd atmosfferig, sy'n cael eu rheoli 

gan newid technolegol a rheoleiddio effeithiol, mae allyriadau amonia yn 

cynyddu ym Mhrydain  

http://www.apis.ac.uk/lichen-app-monitoring-nitrogen-air-quality-using-lichens


 

 

 

¶ Mae ffynonellau amonia wedi eu crynhoi mewn ardaloedd gwledig ac mae 

llygredd amonia yn cael effeithiau dwys iawn yn agos i'r ffynhonnell, yn wahanol 

i fathau eraill o lygredd N sy'n crynhoi ar hyd rhwydweithiau trafnidiaeth neu 

sydd ag effeithiau ymhellach o'r ffynhonnell, er bod amonia gwledig hefyd yn 

cyfrannu at effeithiau ymhellach i ffwrdd; 

¶ Mae gwyddoniaeth gadarn yn cysylltu llygredd amonia ac N â newidiadau yng 

nghyfansoddiad rhywogaethau cen, gan gynnwys colli rhywogaethau sensitif 

a'u disodli gan rywogaethau sy'n oddefgar.   

¶ Gostyngwyd Lefelau Critigol ar gyfer amonia ym Mhrydain yn 2007, yn dilyn 

argymhellion gan UNECE, i ddiogelu ecosystemau sy'n gyfoethog o ran cennau 

a bryoffytau.   

¶ Mae cennau yn elfennau allweddol o lawer o gynefinoedd Ardaloedd 

Cadwraeth Arbennig (ACA), yn enwedig Hen Goedwigoedd Derw Digoes, ac 

mae cennau yn nodweddion o 85 SoDdGA yng Nghymru; Mae gan CNC 

ddyletswydd statudol i ddiogelu'r cennau hyn.  Llwyddodd y rhan fwyaf o 

safleoedd gwarchodedig gyda nodweddion cennau i ddianc rhag llygredd SO2 

hanesyddol oherwydd eu bod yn bell o ddiwydiant, ond gallai ffynonellau 

amonia fod wedi eu gwasgaru dros ardal lawer ehangach.   

¶ Nid newid esoterig yn unig yw newid/colled epiffytau a achosir gan lygredd awyr 

- mae'n effeithio ar swyddogaethau'r ecosystemau hefyd: 

¶ Mae cennau'n amsugno dȐr glaw ac yn helpu i leihau dȐr ffo mewn coetir 

cefnforol; 

¶ Mae cennau yn chwarae rhan mewn cylchu maetholion mewn 

ecosystemau coedwig naturiol; 



 

 

 

¶ Mae cennau'n darparu cartrefi ar gyfer anifeiliaid di-asgwrn-cefn, sydd yn 

eu tro yn darparu bwyd i adar a bioamrywiaeth coetiroedd arall. 

Mae cennau epiffytig (cennau sy'n tyfu ar goed) nid yn unig yn cael eu heffeithio 

gan weithgareddau yn y coetir neu'r parcdir y maent yn tyfu ynddo, maent hefyd yn 

ymateb i ddefnydd tir mewn caeau cyfagos. Mae Adroddiad 1 yn cofnodi colli 

rhywogaethau sensitif o barcdir SoDdGA yn dilyn 20 mlynedd o chwistrellu slyri ar y 

cae silwair cyfagos, tra bod Adroddiad 2 yn defnyddio'r Arolwg o Gen ar Frigau i 

ddangos graddiant o goed â 'Llygredd N Uchel' i 'Mewn perygl' o'r cae silwair cyfagos 

i mewn i'r SoDdGA hwn. 

Mae amonia'n gweithredu'n bennaf ar raddfa ychydig gannoedd o fetrau, felly 

gall parthau o gwmpas safleoedd allweddol lle na chaniateir unrhyw ffynonellau 

amonia ac na wasgerir unrhyw wastraff (ee tail, slyri neu weddillion treuliad) roi 

rhywfaint o ddiogelwch; mae angen i'r rhain fod yn ddigon llydan i gadw amonia rhag 

ymledu i'r safle. Mae Adroddiad 3 yn cyflwyno enghraifft o barth tua 500m o led lle 

nad oes gwastraff yn cael ei ledaenu yn gwarchod calon parcdir SoDdGA (lle mae'r 

coed yn cael eu hasesu fel 'Glân') ond yn cofnodi gorfaethu gan amonia ar ymylon y 

SoDdGA (mae'r coed 'Mewn perygl').Mewn cyferbyniad, mae gan y SoDdGA parcdir 

yn Adroddiad 4 gaeau silwair a phorfa maetholion uchel yn gyfagos i'r SoDdGA, a 

thair sied ieir o fewn 2.2 km; mae'r SoDdGA cyfan yn dioddef 'Llygredd N' neu 'Mewn 

peryglô. Mae angen asesu'r cyfraniad at grynodiadau amonia ar y SoDdGA o allyriadau 

o'r siediau cyw iâr o gymharu â ffermydd llaeth agosach. 

Mae SoDdGA cennau parcdir iseldirol yn arbennig o agored i orfaethu gan 

amonia, ond mae effeithiau hefyd i'w gweld mewn ACA coetir cefnforol. Mae 

Adroddiad 5 yn disgrifio cennau brigau niferus yn rhan isaf un coetir ACA, yn cael eu 

disodli gan gennau brigau tila a 'slwj algaidd' (tyfiant rhemp o algâu a/neu 



 

 

 

cyanobacteria sy'n mogi planhigion eraill) yn rhan uchaf y goedwig, nid nepell o gaeau 

a reolir yn ddwys ac o fewn 4 km i fferm ieir. 

Rhoddir golwg ehangach ar effeithiau ar SoDdGA ym Mhowys yn Adroddiad 

6, gydag Arolygon o Gen ar Frigau yn cwmpasu ucheldiroedd 'glân' Mynyddoedd 

Cambria a'r iseldiroedd lle mae mwy o lygredd N.  Yn olaf, mae Adroddiad 7 yn 

cofnodi dirywiad gwirioneddol mewn tri chen sy'n sensitif i amonia yng Nghymru, gan 

gynnwys lleihad sylweddol (rhwng 31% a 57%) yn nifer y safleoedd a feddiannir ac 

arwynebedd meddiannaeth Bryoria fuscescens. 

Thema gyffredin yn yr adroddiadau yw'r amrywiad mewn llygredd amonia a 

arsylwyd ar draws safleoedd - o 'Glân' i 'Llygredd N Uchel' dim ond 200-300m ar 

wahân - er bod www.apis.ac.uk yn rhoi un gwerth am grynodiad amonia, wedi'i fodelu 

gan ddefnyddio CBED (Amcangyfrif o Ddyddodiad ar Sail Crynodiad), ym mhob sgwâr 

5x5km a archwiliwyd.  Mae modelau, cyfartaleddau a rhagdybiaethau yn cael eu 

defnyddio ar hyn o bryd drwy gydol proses CNC ar gyfer asesu effaith: 

¶ Cymerir y crynodiad amonia cyfredol ar gyfer safle o APIS, sydd fel arfer yn 

cyflwyno data ar fanylrwydd 5x5km tra bod amonia yn gweithredu dros bellter 

llawer byrrach; 

¶ Ffitiad gorau'r Lefel Gritigol ar gyfer amonia mewn cynefinoedd cennau a 

bryoffytau yw 1 µg / m3, ond mae rhai rhywogaethau cen yn sensitif i 

grynodiadau llawer is; 

¶ Mae'r modelau'n amcangyfrif crynodiad blynyddol cyfartalog ar gyfer y sgwâr 

grid 5x5km, ond mae llawer o genegwyr yn ystyried bod dosau uchel ysbeidiol 

o amonia yn wenwynig (mae angen mwy o ymchwil); 

http://www.apis.ac.uk/


 

 

 

¶ Nid yw adroddiadau sgrinio yn cyfrif am effeithiau tywydd, fel gwrthdroadau 

tymheredd, a all achosi i golofnau o amonia hongian dros SoDdGA am sawl 

diwrnod. 

O ystyried bod difrod i nodweddion SoDdGA/ACA eisoes i'w weld yn y pedair 

safle a ddisgrifir yn Adroddiadau 1 i 5, bod effeithiau amonia i'w gweld yn fwy eang 

yn SoDdGAau Powys (Adroddiad 6), a bod rhai epiffytau o bwysigrwydd ecolegol 

wedi dirywio'n sylweddol (Adroddiad 7), mae angen i CNC fabwysiadu gweithdrefnau 

cadarnach i atal difrod pellach. 

Mae'r adroddiadau gyda'i gilydd yn darparu tystiolaeth o ddifrod i nodweddion 

SoDdGA/ACA sy'n gyson â llygredd amonia y dylid ei reoleiddio drwy'r cyfundrefnau 

trwyddedu cyfredol a weithredir gan CNC.  Mae rheolaeth a diogelwch parhaus 

SoDdGAau sy'n gyfoethog o ran cennau yn gyfle gwych i ddangos Rheolaeth 

Gynaliadwy o Adnoddau Naturiol yn ymarferol trwy addasu'r asesiadau rheoleiddio 

mae Cyfoeth Naturiol Cymru yn eu cynnal wrth benderfynu ar geisiadau, i ystyried 

sensitifrwydd y safleoedd hyn yn briodol i fygythiadau cyfredol a rhai'r dyfodol: 

¶ Mae ACAau a SoDdGA â nodweddion sy'n gyfoethog o ran cennau neu 

fryoffytau yn amlach na pheidio ar wahân ac o faint cyfyngedig, ac mae hyn yn 

cyfyngu cymhwyso'r gyfundrefn reoleiddio ddiwygiedig i ardaloedd cyfyngedig 

o Gymru.  I'r gwrthwyneb, dylai fod llawer o leoliadau amgen addas ar gyfer 

datblygiadau; 

¶ Llygrydd pellter byr sy'n effeithio ar y rhywogaethau, felly gellir nodi 'mannau 

diogel' lle mae effeithiau'n annhebygol; 

¶ Mae lle i ddatrysiadau technolegol, er mwyn caniatáu datblygu siediau 

amaethyddol dwys hyd yn oed yn gymharol agos at SoDdGA sy'n gyfoethog o 



 

 

 

ran cennau, gan leihau'r risg i'r nodweddion sensitif o'i defnyddio ar cyd â 

threfniadau monitro priodol.  Fodd bynnag, byddai angen adnoddau i fynd i'r 

afael â phob ffynhonnell bresennol o lygredd amonia o amgylch y SoDdGAau 

hyn, a byddai angen atebion technolegol yn arbennig ar gyfer slyri gwartheg. 

Argymhellion 

A. Diwygio gweithdrefnau gweithredol CNC i ddarparu amddiffyniad cadarn ar 

gyfer SoDdGAau/ACA sy'n gyfoethog o ran cennau gan gynnwys parthau dim 

mewnbwn o amgylch y safleoedd pwysicaf; 

B. Diwygio gweithdrefnau sgrinio CNC fel bod crynodiadau amonia yn cael eu 

hasesu'n gywir (peidio â defnyddio modelau 5x5km), ac atal unrhyw fewnbwn 

amonia ychwanegol i SoDdGA sy'n gyfoethog o ran cennau yn agos at Lefel 

Gritigol yr amonia; 

C. Datblygu haen GIS i ganiatáu defnyddio'r Lefel Gritigol seiliedig ar gennau, sy'n 

is, ar Goetiroedd Hynafol sydd â chofnodion diweddar o gennau sy'n sensitif i 

N; 

D. Comisiynu astudiaeth o docsisedd llygredd amonia acíwt i gyfres o gennau 

epiffytig, a diwygio gweithdrefnau yng ngoleuni'r canlyniadau; 

E. Ei gwneud yn ofynnol i ddatblygwyr gomisiynu arolwg o gen ar frigau ar 

SoDdGA sy'n gyfoethog o ran cennau fel rhan safonol o'r broses asesu ar gyfer 

cynigion amaethyddiaeth ddwys yn agos at y safleoedd gwarchodedig hyn; 

F. Ychwanegu Bryoria fuscescens a B. subcana i Adran 7 o Ddeddf yr 

Amgylchedd (Cymru) a defnyddio eu presenoldeb fel arwydd o sensitifrwydd 

eithafol;  

G. Dangos SMNR gan ddefnyddio SoDdGAau/ACA sy'n gyfoethog o ran cennau, 

gan dalu ffermwyr i fabwysiadu technolegau fydd yn lleihau llygredd amonia. 



 

 

 

Risgiau 

Mae risgiau allweddol yn wynebu'r amgylchedd a CNC: 

¶ Mae colledion rhywogaethau yn parhau, ac mae llywodraethau'r DU a Chymru 

wedi nodi ei fod yn fygythiad i genedlaethau'r dyfodol; 

¶ Bydd strwythur, swyddogaeth a gwytnwch ecosystemau yn dirywio wrth i 

epiffytau gael eu colli; 

¶ Mae risg enw da'r sefydliad a mwy o fewnbwn gan swyddogion yn bosibl os na 

fydd Cyfoeth Naturiol Cymru yn rhoi sylw dyledus i nodweddion safleoedd 

gwarchodedig; 

Gallai achosion llys am dorcyfraith ddeillio o ddifrod heb ei reoleiddio i 

nodweddion ACA. 

   

Executive Summary 

This Evidence Report brings together six internal reports prepared by Sam 

Bosanquet, NRW Non-vascular Plant Ecologist, following fieldwork in 2017, and one 

report commissioned from an external lichen expert.  Each of these reports provided 

stand-alone evidence of the negative impacts of ammonia on lichens on Sites of 

Special Scientific Interest (SSSIs) in Wales.  The results of each survey helped to 

inform the others, so there is repetition in the aims, methods and discussion, but each 

has already been released within NRW and externally and therefore remain 

unchanged here. An over-arching introduction to the subject of ammonia impacting on 

lichens ï óscientific backgroundô ï was added at the request of two peer reviewers.   

A consistent approach to site assessment,  the Twig Lichen Survey which 

provides a four level measure of impact, has been developed by academics and 



 

 

 

lichenologists (http://www.apis.ac.uk/lichen-app-monitoring-nitrogen-air-quality-using-

lichens), and is applied here at three SSSI in South-west and Mid Wales.  It shows 

which sites are óVery N pollutedô, which are óN pollutedô, which are óAt riskô and which 

are óCleanô in declining order of impact. 

Ammonia is a significant pollutant, along with other compounds of Nitrogen, 

with profound effects on natural ecosystems, as discussed in the overarching 

Scientific Background to this report: 

¶ In contrast to most other forms of atmospheric pollution, which are being 

controlled by technological change and effective regulation, ammonia 

emissions are increasing in Britain  

¶ Ammonia sources are concentrated in rural areas and ammonia pollution has 

profound short-range effects, in contrast to other forms of N pollution which are 

concentrated along transport networks or have long-range impacts, although 

rural ammonia does also contribute to long-range impacts; 

¶ Robust science links ammonia and N pollution to changes in lichen species 

composition, including loss of sensitive species and their replacement by N-

tolerant species  

¶ Critical Levels for ammonia were reduced in Britain in 2007, following 

recommendations from UNECE, to protect lichen- and bryophyte-rich 

ecosystems.  

¶ Lichens are key components of many Special Areas of Conservation (SAC) 

habitats, notably Old Sessile Oakwood, and lichens are features of 85 SSSIs in 

Wales; NRW has a statutory duty to protect these lichens.  Most protected sites 

http://www.apis.ac.uk/lichen-app-monitoring-nitrogen-air-quality-using-lichens
http://www.apis.ac.uk/lichen-app-monitoring-nitrogen-air-quality-using-lichens


 

 

 

with lichen features escaped historical SO2 pollution because they were remote 

from industry, but ammonia sources are potentially much more widespread. 

¶ Epiphyte change/loss caused by air pollution is not simply an esoteric change 

ï it affects ecosystem function as well: 

¶ Lichens absorb rainwater and help to reduce run-off in oceanic woodland; 

¶ Lichens play a role in nutrient cycling in natural forest ecosystems; 

¶ Lichens provide homes for invertebrates which in turn provide food for birds 

and other woodland biodiversity. 

Epiphytic lichens (lichens that grow on trees) are not only affected by activities 

in the woodland or parkland in which they grow, they also react to landuse in adjacent 

fields.  Report 1 documents loss of sensitive species from a SSSI parkland following 

20 years of slurry spraying on the adjacent silage field, whilst Report 2 uses the Twig 

Lichen Survey to show a gradient from óVery N pollutedô to óAt riskô trees running into 

this SSSI from the adjacent silage field. 

Ammonia operates primarily at a scale of a few hundred metres, so zones 

around key sites where no ammonia sources are allowed and no waste (e.g. manure, 

slurry or digestate) is spread may provide protection; these need to be sufficiently wide 

to avoid incursions of ammonia into the site.  Report 3 presents an example of a ca. 

500m wide zone where no waste is spread protecting the heart of a SSSI parkland 

(where the trees are assessed as óCleanô) but records ammonia enrichment on the 

edges of the SSSI (trees are óAt riskô).  In contrast, the parkland SSSI covered by 

Report 4 has silage fields and high-nutrient pasture adjoining the SSSI, and three 

chicken sheds within 2.2 km; the entire SSSI is óN pollutedô or óAt riskô.  The contribution 



 

 

 

to ammonia concentrations at the SSSI from emissions from the chicken sheds 

compared to closer dairy farms requires assessment. 

Lowland parkland lichen SSSI are especially vulnerable to ammonia 

enrichment, but impacts are also visible in oceanic woodland SAC.  Report 5 

describes abundant twig lichens in the lower part of one SAC woodland, replaced by 

scanty twig lichens and locally abundant óalgal gunkô (rampant growth of algae and/or 

cyanobacteria that smothers other plants) in the upper part of the wood, a short 

distance from intensively managed fields and within 4 km of a chicken farm. 

A wider view of impacts on SSSI in Powys (eastern mid Wales) is given in 

Report 6, with Twig Lichen Surveys covering the ócleanô uplands of the Cambrian 

Mountains and the more N-polluted lowlands.  Finally, Report 7 documents real 

declines in three ammonia-sensitive lichens in Wales, including a significant (between 

31% and 57%) reduction in number of occupied sites and area of occupancy of Bryoria 

fuscescens. 

A common theme of the reports is the variation in observed ammonia pollution 

across sites ï from óCleanô to óVery N pollutedô just 200-300 m apart ï despite 

www.apis.ac.uk presenting a single value for ammonia concentration, modelled by 

CBED (Concentration Based Estimation Deposition), within each 5x5km square 

investigated.  Models, averages and assumptions are currently used throughout 

NRWôs process for impact assessment: 

¶ Current ammonia concentration for a site is taken from APIS, which generally 

presents data at a 5x5km resolution whilst ammonia operates at much shorter 

ranges; 

¶ The Critical Level for ammonia in lichen- and bryophyte-rich habitats is a best 

fit 1 µg/m3, but some lichen species are sensitive to much lower concentrations; 

http://www.apis.ac.uk/


 

 

 

¶ The models estimate an average annual concentration for the 5x5km grid 

square, but intermittent high doses of ammonia are considered toxic by many 

lichenologists (more investigation is needed); 

¶ Screening reports do not account for weather effects, such as temperature 

inversions, that may cause ammonia plumes to hang over a SSSI for several 

days. 

Given that damage to SSSI/SAC features is already visible at the four sites 

described in Reports 1 to 5, that ammonia impacts are visible more widely in Powys 

SSSIs (Report 6), and that some ecologically important epiphytes have declined 

significantly (Report 7), NRW needs to adopt more robust procedures to prevent 

further damage. 

The reports collectively provide evidence of damage to SSSI/SAC features that 

is consistent with ammonia pollution which should be regulated through the current 

permitting regimes enacted by NRW.  The continued management and protection of 

lichen-rich SSSI provides an excellent opportunity to demonstrate practical 

Sustainable Management of Natural Resources through modifying the regulatory 

assessments NRW undertakes when determining applications, to take proper account 

of the sensitivity of these sites to current and future threats: 

¶ SACs and SSSI with lichen- or bryophyte-rich features are mostly discrete and 

of limited extent, thus restricting the application of the modified regulatory 

regime to limited areas of Wales. Conversely there should be many suitable 

alternative locations for developments; 

¶ The species are affected by a short-range pollutant, so ósafe areasô where 

impacts are unlikely can be identified; 



 

 

 

¶ There is scope for technological solutions, to allow development of intensive 

agricultural sheds even relatively close to lichen-rich SSSI, minimising the risk 

to the sensitive features if coupled with appropriate monitoring regimes.  

However, resources would be needed to address all current sources of 

ammonia pollution around these SSSI, with technological solutions required for 

cattle slurry in particular. 

Recommendations 

H. Revise NRWôs operational procedures to provide robust protection for lichen-

rich SSSI/SAC including zero-input zones around the most important sites; 

I. Revise NRWôs screening procedures so that ammonia concentrations are 

accurately assessed (not using 5x5km models), and prevent any additional 

ammonia inputs to lichen-rich SSSI close to the ammonia Critical Level; 

J. Develop a GIS layer to allow application of the lower, lichen-based Critical Level 

to Ancient Woodlands with recent records of N-sensitive lichens; 

K. Commission a study of the toxicity of acute ammonia pollution to a suite of 

epiphytic lichens, and revise procedures in light of the results; 

L. Require developers to commission twig lichen survey at lichen-rich SSSI as a 

standard part of the assessment process for intensive agriculture proposals 

close to these protected sites; 

M. Add Bryoria fuscescens and B. subcana to Section 7 of the Environment 

(Wales) Act and use their presence as an indication of extreme sensitivity;  

N. Demonstrate SMNR using lichen-rich SSSI/SAC, paying farmers to adopt 

technologies that will reduce ammonia pollution. 

Risks 

Key risks face both the environment and NRW: 



 

 

 

¶ Species loss is ongoing, and has been identified by the UK and Welsh 

governments as a threat to future generations; 

¶ Ecosystem structure, function and resilience will decline as epiphytes are lost; 

¶ Organisational reputation risk and increased officer time input are possible if 

NRW does not take propoer account of protected site features; 

¶ Infraction procededings could result from unregulated damage to SAC features. 
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Scientific background 

 Ammonia and N pollution 

a) Nitrogen in natural ecosystems 

Nitrogen (N2) is the most abundant gas in earthôs atmosphere, but its tight triple 

bond renders it largely unreactive and unavailable as a plant nutrient.  Certain 

cyanobacteria, bacteria and archaea have evolved to ófixô nitrogen, converting it to 

ammonia and related molecules, and these molecules then become available for 

uptake by plants.  However, most natural ecosystems have very low levels of fixed 

nitrogen in the soil, and plants have evolved strategies for scavenging N, including 

symbiotic N-fixing bacteria in the root nodules of many leguminous plant species, and 

a range of complex mycorrhizal associations between many plant roots and fungi 

(Lilleskov et al., 2011).  Nitrogen is an essential plant nutrient (Marschner, 2005), as it 

is a component of proteins, nucleic acids, chlorophyll and many other complex 

macromolecules. 

Most terrestrial and aquatic ecosystems have limited available N, although 

some swamps where plant material gathers and decays can have naturally high levels 

of N, as can areas where animals congregate, such as sea cliffs or bat caves.  As a 

consequence, most species that make up natural, biodiverse ecosystems have 

evolved to cope with N being a limited resource, although some plants (e.g. stinging 

nettle Urtica dioica and cleavers Galium aparine) and lichenised fungi (e.g. the orange 

lichen Xanthoria parietina) ï thrive where N levels are high.  Human activities have 

altered environmental N levels for centuries at a local scale, by spreading animal 

manure on farmed land, and this was scaled-up in the 19th century by using mined 
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nitre or harvested guano as fertiliser.  However, the invention of the Haber Process in 

the early 20th century provided an industrial source of ófixedô nitrogen and led to an 

ever-increasing landscape of artificially fertilised land. 

The increased availability of artificial fertilisers, often including phosphorus (P) 

and potassium (K) as well as N (EFMA, 2000), allowed scientists to selectively breed 

crops that thrive in highly fertile environments and produce nutrient-rich forage.  Hay 

was replaced by silage as the principal winter feed for cattle on many farms during the 

late 20th century, with the latter being formed of grass from highly fertile leys or from 

maize, and nutrition has been supplemented by feed concentrates that regularly 

include constituents imported from other parts of the world (Musel, 2009).  Poultry 

units in Wales, with current estimates of more than 7.5 million birds (Statistics for 

Wales, 2017), use a mix of locally grown (DEFRA, 2018) and imported feeds, with soy 

protein sourced in the southern hemisphere being a significant, if now moderated, 

constituent (e.g. Cargill, 2017).  Imported nutrients are contributing to increasing levels 

of N pollution in much of the UK (DEFRA, 2016): nitrogen levels in our environment 

are now typically significantly higher than in natural ecosystems. 

b) Sources of N pollution 

Although nitrogen is an essential plant nutrient, excessive N compounds affect 

the composition and functioning of both terrestrial and aquatic ecosystems. Nitrogen 

pollution occurs when the levels of N compounds are raised by human activity and has 

various sources and expressions.  Asman et al. (1998) describe how ammonia (NH3), 

nitric oxide (NO) and nitrogen dioxide (NO2) are the principal emitted sources of N 

pollution, and how reactions in the atmosphere lead rapidly to the production of 
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ammonium ions (NH4+), gaseous nitric acid (HNO3), and particulate NO3
-.  Deposition 

of these N compounds is described below in section c). 

Nitric oxide (NO) and nitrogen dioxide (NO2), collectively known as nitrogen 

oxides (NOx), are produced by combustion processes, partly from nitrogen compounds 

in the fuel, but mostly by direct combination of atmospheric oxygen and nitrogen in 

flames. According to DEFRA (2016), the UK emits about 2.2 million tonnes of NO2 

each year, and emissions are falling, albeit more slowly than those of some other major 

pollutants such as SO2. Of this, about half is from motor vehicles, a quarter from power 

stations, and the rest from other industrial and domestic combustion processes 

(www.apis.ac.uk).  Emission sources for NOx are therefore concentrated in urban 

areas or along road networks (Fig. I1), although rural settlements, rural industry and 

installations such as farm biomass boilers can be major local sources in rural areas. 

 

Figure I1: map of NOx emissions in the southern part of the UK for 2015 

(http://naei.beis.gov.uk/emissionsapp/). The Critical Load for dry acid and neutral grassland of 

10-15 kg N/ha (the Critical Loads scale) equates to 1-1.5 t/1x1km (the mapped scale). 

http://www.apis.ac.uk/
http://naei.beis.gov.uk/emissionsapp/
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In contrast to NOx, ammonia is predominantly a rural pollutant (Fig. I2) resulting 

primarily from agriculture (Fig. I3), although it also affects urban areas with increasing 

evidence of rural ammonia being deposited in urban areas as ammonium sulphate 

((NH4)2SO4) and ammonium nitrate (NH4NO3) and causing human health problems 

(DEFRA 2019).  At the turn of the 21st century, total ammonia emissions in the UK 

were estimated to be 283 kt N yr-1 (Sutton et al. 2000) with 228 kt coming from 

agricultural sources.  Ammonia emissions declined slightly since 2000 in the UK and 

Wales (Fig. I3), but the decline has recently been reversed and emissions have 

increased in GB and Wales since 2014 (DEFRA 2016).  Emissions of ammonia are 

higher now in Wales than they were in 2010 (Jones et al., 2017a). 

 

Figure I2: map of ammonia (NH3) emissions in the southern part of the UK for 2015 

(http://naei.beis.gov.uk/emissionsapp/) (note the different colour scale to the NOx map, with 0.1-

0.5 t/1x1km being blue on the ammonia map and 0.1-0.3 t/1x1km being green on the NOx map, 

making rural NOx emissions appear higher at first glance than they actually are). 

http://naei.beis.gov.uk/emissionsapp/
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Figure I3: emissions of ammonia in Wales between 1990 and 2013 by sector 

(https://airquality.gov.wales/maps-data/emissions/national-air-quality). 

c) Movements of N pollution 

As discussed above, chemical reactions in the atmosphere convert emitted 

ammonia and NOx to ammonium ions, nitric acid and NO3
-.  Some of the emitted 

ammonia and NOx are deposited on to vegetation close to the pollution source in what 

is termed ódry depositionô, but estimates indicate that up to 60% can move through the 

atmosphere to more distant areas and fall as ówet depositionô (Tony Dore, CEH, pers. 

comm. 18th April 2019).  N deposition and ammonia concentrations are calculated from 

emissions data and climate data using the CBED (Concentration Based Estimated 

Deposition) model, which takes UK national measurement site concentration data and 

uses rainfall data and ñtransfer rates from the atmosphere to the canopy surface and 

then the uptake by various mechanisms within the plant canopyò 

https://airquality.gov.wales/maps-data/emissions/national-air-quality
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(www.apis.ac.uk/popup/cbed) to present modelled deposition levels across the 

country (Fig. I3).  The CBED model is informed by monitoring data, although there are 

currently just seven monitoring sites for NOx in Wales (www.uk-air.defra.gov.uk) and 

just five for ammonia (Fig. I4). 

 

Figure I3: map of ammonia (NH3) concentrations in the southern part of the UK for 2012-2014 
using the CBED model (from Hall et al., 2017); blue: <1 µg/m3; yellow: 1-3 µg/m3; red: >3 µg/m3. 

  

Figure I4: NOx (left) and ammonia (right) monitoring stations in Wales (www.uk-air.defra.gov.uk). 

http://www.apis.ac.uk/popup/cbed
http://www.uk-air.defra.gov.uk/
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Dry deposition of nitrogen oxides is greatest within large conurbations and close 

to major highways because nitrogen dioxide (NO2) is mostly emitted from motor 

vehicles and heating sources.  Some of this NO2 is deposited close to these sources, 

but much reaches the atmosphere. Atmospheric oxidation produces nitric acid and 

particulate and aqueous NO3
-: the main NOy components of wet deposition. These 

can move in the atmosphere over great distances, causing long-range ecological 

effects (e.g. van Herk et al., 2003). 

Reduced nitrogen (NHx) pollution comprises mainly gaseous ammonia NH3, 

and fine ammonium NH4
+ salts.  The latter have a long atmospheric residence time, 

and can be deposited in remote ecosystems through rainfall, termed ówet depositionô 

(Asman et al., 1998).  In contrast, ódryô deposition of ammonia usually takes place in 

close proximity to ammonia sources, although Aazem & Bareham (2015) show 

increased concentrations of ammonia through dry deposition more than 1km from 

poultry farms in central Powys, with a landscape-scale increase in ammonia resulting 

from a cluster of poultry farms north-east of Newbridge-on-Wye. 

Although RoTAP (DEFRA, 2012) reported that ammonia emissions had peaked 

in the UK in the 1980s and that wet ammonium deposition has decreased by 35% 

since 1986, the decline is small compared with those of SO2 and NOx.  The increase 

in ammonia emissions since 2014 (Jones et al., 2017a) means that short-range ódry 

depositionô of ammonia is also likely to be increasing, whilst longer-range ówet 

depositionô with contributions from NOx as well as ammonia may also be increasing. 
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 Effects of ammonia pollution on biodiversity 

d) Assessment with Critical Loads and Critical Levels 

The impact of air pollution on ecosystems is assessed using two principal 

metrics: Critical Loads and Critical Levels.  These two metrics are defined on 

www.apis.ac.uk.  

¶ Critical Loads are defined as: "a quantitative estimate of exposure to one 

or more pollutants below which significant harmful effects on specified sensitive 

elements of the environment do not occur according to present knowledge".  Critical 

Loads relate to the quantity of a pollutant deposited from air to ground, and are often 

assessed as a cumulative mass of the pollutant deposited during a year. 

¶ Critical levels are defined as: "concentrations of pollutants in the 

atmosphere above which direct adverse effects on receptors, such as human beings, 

plants, ecosystems or materials, may occur according to present knowledge.ò  Critical 

Levels relate to the concentration of a pollutant in the air, and are often assessed as 

annual means.  

N deposition is assessed using habitat-specific Critical Loads, which are 

presented on www.apis.ac.uk as ranges that account for variation within habitats 

across Europe.  If the annual load of N deposited to the habitat is lower than the Critical 

Load, then significant harmful effects are unlikely to occur.  Empirical critical loads for 

nutrient nitrogen are set under the Convention on Long-Range Transboundary Air 

Pollution and are based on empirical evidence, mainly observations from experiments 

and gradient studies.  The latest revision of European Critical Loads for N was carried 

out in 2010 (UNECE, 2010), during which many Critical Loads were revised 

downwards because of improved evidence of impacts.  For example, the Critical Load 

http://www.apis.ac.uk/
http://www.apis.ac.uk/
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for valley mires, poor fens and transition mires was reduced from 10-20 kg N ha-1yr-1 

to 10-15 kg N ha-1yr-1.  According to one analysis, 63% of all nitrogen-sensitive habitats 

across the UK receive higher nitrogen deposition rates than they are able to tolerate 

(Hall et al., 2016). 

Ammonia pollution and NOx are assessed using Critical Levels, which are 

usually assessed as annual mean concentrations.  When lichens and bryophytes form 

a key part of the ecosystem integrity, a Critical Level of 1µg NH3 m-3 is used, whereas 

a Critical Level for ecosystems in which lichens and bryophytes are not key 

components are assessed with a Critical Level of 3 µg NH3 m-3.  There are many ways 

that a receptor can experience an annual mean concentration of 1µg NH3 m-3, 

especially given variation in wind direction and changing activities at a pollution source 

(such as cleaning manure out of a shed), and Critical Levels for ammonia have also 

been defined with monthly, daily or hourly means (hourly: 3300 µg m-3, daily: 270 µg 

m-3, monthly: 23 µg m-3).  However, the Critical Level for ecosystems with lichens or 

bryophytes as key components was reduced from 8 µg NH3 m-3 to 1 µg NH3 m-3 by 

UNECE (2007) but there was not thought to be sufficient evidence to allow reductions 

in the shorter period Critical Levels.  Furthermore, the 1 µg NH3 m-3 Critical Level was 

considered to be the óbest fitô value in a continuum of sensitivities, and some lichens 

and bryophytes are damaged by lower concentrations of ammonia (e.g. McCune & 

Geiser, 2009; Johansson et al., 2012).  

e) Effects of N pollution on ecosystems 

Nitrogen pollution has been identified as a significant threat to Biodiversity (Sala 

et al., 2000; Dise et al., 2011), and has profound direct and indirect effects on many 

species that make up both terrestrial and aquatic ecosystems.  Phosphorus pollution 
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has also been identified as reducing plant species richness in terrestrial ecosystems, 

but Soons et al. (2017) show that N is a much more significant driver of species loss 

than P, including when N and P are combined.  Different forms of N pollution have 

different effects, but the differences are complex, and responses may be species 

specific or not apparent (i.e. species are insensitive to the form of N, and only the N 

dose matters) (Sheppard et al., 2014).  Experimental release of ammonia over Whim 

bog (e.g. Sheppard et al., 2011) provides the strongest UK evidence of direct impacts 

on a range of vegetation, including bryophytes and lichens, whilst studies at the 

national scale have shown how these observed impacts and others are altering many 

ecosystems.  Both reduced nitrogen (ammonia NH3 and ammonium NH4
+) and 

oxidised nitrogen (nitric acid and particulate and aqueous NO3-) affect plant growth 

and consequently the survival of other species, and in some cases are directly toxic 

to plants and fungi.  The precise causes of observed effects can be difficult to ascertain 

because a site may be impacted by dry ammonia deposition, dry NOx deposition, wet 

ammonium deposition and wet deposition of oxidised N, whilst effects are often 

cumulative (Payne et al., 2019).  However, Sheppard et al. (2011) showed 

experimentally that dry deposition of ammonia gas caused a more rapid reduction in 

species diversity at Whim Bog than wet deposition of ammonium ions.  

There are three principal causes of species loss in grasslands due to N 

deposition (Stevens et al., 2006): N favours the growth of some grass species rather 

than other herbs, bryophytes and lichens causing competitive exclusion; forb cover 

and flower abundance decline (OôSullivan, 2008); and direct N toxicity damages some 

terricolous lichens and bryophytes.  Furthermore, Basto et al. (2014) showed 

additional long-term impacts because of significantly reduced soil seed bank levels 
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after 13 years of N enrichment, even when forb cover and flowering appeared 

relatively unaffected.  Management such as grazing, mowing or burning can hide the 

effects of N deposition in grasslands, and indeed can mitigate some of the enrichment 

effects if cut material is removed (Jones et al., 2017b), but direct toxicity to some 

plants, bryophytes and lichens will still cause species loss even if competitive 

exclusion is reduced, and spring/summer mowing also prevents flowering and seed 

production in later-flowering plants. 

Wooded ecosystems including forests and parkland are also impacted 

negatively by N deposition, although timber productivity is considered not to be 

affected (UKreate, 2019).  N deposition has been linked to reduced species diversity 

on the forest floor, reduced tree root growth, increased sensitivity to natural stresses 

and an unbalanced nutritional status due to eutrophication and acidification (Erisman 

& de Wries, 2000). UKreate (2019) report a study showing increased insect damage 

to Scots pine, as well as increased abundance of the N-tolerant plants bramble Rubus 

fruticosus and nettle Urtica dioica.  Changes in mycorrhizal fungal community 

composition have been linked to N deposition (Lilleskov et al., 2011), with the genera 

Cortinarius, Tricholoma, Piloderma and Suillus particularly negatively impacted by 

high levels of N, and a general shift from mycorrhiza that scavenge for rare soil N 

(ñmedium- to long-distance exploration typesò) to mycorrhiza that take in more 

abundant soil nitrogen (ñcontact, short-distance, and medium-distance smooth typesò).  

These changes in mycorrhiza have potential implications for tree growth and leaf 

nutritional value, although more research is required.  Mitchell et al. (2005) show that 

Atlantic Oakwoods ï the typical woodland type found in much of Wales ï are especially 
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vulnerable to N deposition because of their high diversity and biomass of lichens and 

bryophytes. 

Some of the changes to the plants and fungi that make up terrestrial 

ecosystems, described above, result in changes to the fauna of those ecosystems as 

well.  Kurze et al. (2018) demonstrated significantly lower survival of six common 

grassland butterflies and moths to adulthood under conditions of raised N.  Their N 

treatments are consistent with direct fertiliser application but also match deposition 

levels close to some agricultural ammonia sources.  Their paper ñcontradicts the well-

accepted nitrogen-limitation hypothesis, which predicts a positive response in species 

performance to dietary nitrogen contentò and provides ñthe first evidence that current 

fertilization quantities in agriculture exceed the physiological tolerance of common 

Lepidoptera species.ò  The reduced survival of common lepidoptera is consistent with 

the changes in butterfly abundance and diversity observed over recent decades in the 

Netherlands, where a longterm trend towards an N-tolerant guild of butterflies has 

recently been reversed, in parallel to recent N pollution reduction in that country, 

leading to slight recovery of some declining species (Wallis de Vries & van Swaay, 

2017).  The links between changes in lichen abundance and invertebrate abundance 

are still only partially investigated, although Pescott et al. (2015) showed significant 

increases in lichen-feeding moth species in parallel with increases in lichen abundance 

following reductions in SO2 pollution.  However, the complex interplay between SO2 

reduction and N increase ï causing some invertebrate species to increase and others 

to decline ï remains an evidence gap requiring research. 

Large declines in woodland birds over recent decades are believed to be 

caused by a suite of different factors, including climate change, habitat modification by 
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deer, predation pressure by squirrels, corvids and great spotted woodpeckers, and a 

reduction in invertebrate food numbers (Fuller et al., 2005).  If the declines in common 

grassland lepidoptera reported by Kurze et al. (2018) are replicated in woodlands (a 

subject of ongoing research) then N deposition may also be a contributory factor to 

woodland bird decline.  Fuller et al. (loc. cit.) also consider a reduction in lichen 

abundance as a potential factor in woodland bird declines, but rule it out because 

declines are also ongoing in areas of Britain with historically low lichen abundance; 

however, the dominance of other factors in some areas does not mean that lichen 

abundance is never a contributory factor.  Lichen-rich forests do support a greater 

abundance of invertebrate prey (Petterson, 1996), especially spiders that form a 

significant part of birdsô diets in winter (Norberg, 1978) and damage to epiphytic lichen 

communities by N deposition is therefore likely to contribute to woodland bird declines 

in those areas where lichens are currently abundant. 

Although biodiversity loss is viewed by many people as undesirable, N pollution 

also causes fundamental changes to the ability of ecosystems to provide services to 

the population.  Jones et al. (2014) show that reductions in N pollution in Britain 

between 1987 and 2005 led to a slight loss in provisioning services (crop growth and 

timber growth) but that this was outweighed by improved cultural services (water 

quality in upland streams and biodiversity).  The net benefit (as Equivalent Annual 

Value) due to declining N deposition was £65m (range £5m to £123m, 95% confidence 

intervals). 

f) Effects of N pollution on lichens 

The ecosystem changes described above demonstrate why control of N 

pollution is essential and backs up current evidence-based regulation.  However, 
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lichens are especially sensitive to N pollution and require enhanced protection.  The 

current Evidence Report focusses on lichens for a suite of reasons: 

¶ there is a strong scientific evidence base surrounding the effects of N on 

lichens; 

¶ lichens have been shown to be among the most sensitive of all 

organisms to N pollution;  

¶ lichens have a direct link to the atmosphere because they are 

poikilohydric (their water and nutrients are taken in directly from the 

atmosphere and rainfall rather than through a root system); 

¶ many lichens react rapidly to environmental change, either increasing or 

declining when conditions are suitable; 

¶ effects on lichens can be observed macroscopically, whereas more 

detailed study is needed to determine changes in diatom abundance or 

grass biomass; 

¶ lichens are a key part of ecosystem integrity in many terrestrial and 

freshwater environments. 

The role of lichens in terrestrial ecosystems is varied and often highly important.  

In upland areas they are the key colonists of exposed rock, along with bryophytes, and 

play a role in soil formation.  Larger lichens in watercourses trap sediment, whilst 

lichens provide significant cover in many dry grassland and heathland ecosystems.  

Lichen cover in the built environment accumulates particulates (Bergamaschi et al., 

2007) and aesthetically provides óculturalô services.  Epiphytic lichens play perhaps the 

most obvious role in ecosystems because of their structural diversity and sheer 

biomass (Ellis et al., 2015): a ñcommunity of epiphytic lichens may be viewed as a 
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miniature woodland on the surface of a tree itself (Shorrocks et al., 1991)ò.  As stated 

above, they provide key habitat for invertebrates (Gunnarson et al. 2004) and thus 

increase the food resource for birds (Norberg, 1978). Epiphytic lichens and bryophytes 

may increase canopy water uptake by around 50% (Knops et al. 1996), increasing 

rainfall interception and thus reducing erosion and flash-flooding.  In a natural, 

unpolluted forest, cyanobacteria in lichens make nitrogen biologically available in the 

forest ecosystem (Antoine, 2004). 

Stevens et al. (2012) showed that changes in the distribution of some 

terricolous lichens across Britain correlate with the national pattern of N deposition 

(Fig. I5), and that N deposition is causing changes in species composition in lichen-

rich grassland, heathland and bog habitats.  Their research also analysed the effects 

of climate change, changes in SO2 pollution and land use change, and concluded that 

ñeven low levels of nitrogen deposition could be damaging terricolous lichen 

communitiesò.  The New Forest Lichen Survey (Sanderson, 2017) discusses air 

pollution effects on heathland lichens (pp. xiïxii), and highlights competition from the 

non-native moss Campylopus introflexus as a cause of lichen decline, along with direct 

reduction in the survival of some Cladonia species (Sparrius, 2011).  However, 

Sanderson found no correlation between the generally low ammonia levels in the New 

Forest (0.72 µg/m3 to 1.51 µg/m3) and terricolous lichen diversity and considered 

management history to be a much more significant factor.  Monitoring of Thursley 

Common (Nisbet et al., 2017) has shown terricolous lichens are recovering well from 

a fire there in 2006, despite spring ammonia concentrations being as high as 1.6 

µg/m3, although the relative frequency of different Cladonia species has not yet been 

established.  Different N sensitivities between species, difficulties over the 
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identification of many Cladonia species and the relative restriction of terricolous 

lichens to semi-natural habitats have all led to limited use of terricolous lichens for 

pollution monitoring in the UK, and the focus has instead been on epiphytic species. 

 

Figure I5: curves of probability of presence (vertical) against total N deposition (horizontal) for 

nine terricolous lichens that show significant negative relationships to N deposition (from 

Stevens et al., 2012). 

Until relatively recently, the use of epiphytic lichens to study air pollution 

focussed on the effects of SO2.  Sulphur Dioxide pollution had profound effects on 

much of southern Britain during the 19th and 20th centuries and governed the 

distribution of lichens to such an extent that many species of epiphyte were restricted 

to north-western areas that were remote from industrial SO2 sources, and heavily 

polluted urban and industrial areas almost entirely lacked lichen epiphytes 
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(Hawksworth & Rose, 1976).  The óHawksworth-Rose Scaleô of lichen pollution 

tolerance focussed on SO2 and was used to demonstrate both the distribution of óclean 

airô and SO2-tolerant lichens, and recolonisation of polluted areas as SO2 levels fell in 

the late 20th century (Hawksworth & McManus, 1989).   

Lichenologists in the Netherlands were among the first to document a rise in 

nitrophilous (N-loving) lichens alongside a return of species that had been lost 

because of SO2 pollution (van Dobben & de Bakker, 1996).  At this stage, British 

lichenologists were focussing more on the recovery in urban areas (e.g. Seaward, 

1997) than on changes in rural landscapes where N levels were increasing.  Van Herk 

(1999) developed a system for mapping ammonia pollution effects in the Netherlands 

using nitrophilous (N-loving) and acidophilous (N-sensitive) lichens, and this was used 

to inform the selection of species for lichen-based ammonia monitoring in Britain.  

Recording macrolichens on the trunks and twigs of oak or birch was found to be a 

consistent way of determining ammonia concentrations, with twig lichens being 

especially sensitive and able to ñact as a sensitive early warning system of changes in 

atmospheric NH3ò (Wolseley et al., 2009). Increasing ammonia levels caused changes 

in lichen community composition, including significant loss of N-sensitive species, as 

described for Coed Ty Canol NNR in west Wales over eight years (Larsen Vilsholm et 

al., 2009).  However, despite documentation of loss of N-sensitive species and an 

increase in N-tolerant species, there was no assessment of overall lichen biomass 

change or epiphyte structure change in the aforementioned studies. 

Research in the Netherlands (van Herk, 2017) has shown an overall increase 

in lichen diversity, but the increase in diversity has been among crust-forming species 

that perform little in the way of ecosystem services, whilst there has been a significant 
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decline larger lichens such as Evernia prunastri (from occurrence in 86% of samples 

to 59% of samples in 25 years).  Van Herk (loc. cit.) also reports recent declines in N-

loving lichen species in response to reductions in N pollution following regulation by 

the Dutch government, but no reduction in the loss of the larger N-sensitive species 

such as Evernia in his study area.  Sparrius (2007) documented ñmassiveò die-off of 

N-loving lichens following 7 years of ammonia reduction in another area of the 

Netherlands, but little recovery among N-sensitive species, although many N-tolerant 

(as opposed to N-loving) lichens did recolonise and overall lichen biomass increased.  

Much experimental work on N pollution has been carried out in bog ecosystems, 

and the work of Wolseley et al. (2003) and van Herk (2017) focussed on differences 

in lichen abundance at areas of known N concentration or where N deposition was 

known.  Experiments carried out by Johansson et al. (2012) in naturally N-poor spruce 

forest in Sweden is therefore powerful evidence of epiphytic lichen community change 

being caused by N deposition.  They dosed spruce trees daily with N at concentrations 

equivalent to 0.6, 6, 12.5, 25 and 50 kg N ha-1 yr-1 (roughly equivalent to concentrations 

of 0.08, 0.77, 1.60, 3.21 and 6.41 µg/m3 and therefore comparable to concentrations 

found in Welsh ecosystems), during four consecutive growing seasons (2006ï2009), 

and found significant changes in the abundance of certain lichens including Alectoria 

sarmentosa, Bryoria spp. and Hypogymnia physodes.  Overall lichen biomass fell 

substantially over the four seasons under the two highest doses, whilst biomass 

stayed roughly stable or increased at the lower three doses, but with species 

compositional change.  They concluded that ñthe significant changes in lichen 

community composition recorded even at 6 kg N ha-1 yr-1 [the second lowest dose] 

after only 4 years indicate that this moderate treatment is above the critical load of N 
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deposition for boreal epiphytic lichen communities. This has not been experimentally 

demonstrated previously, but it strongly supports previously determined critical loads 

and confirms that lichen communities are among the most sensitive communities to N 

depositionò.  

The Critical Level against which lichen-rich habitats are assessed is an annual 

mean, because there is robust science to demonstrate changes in lichen community 

composition and overall lichen biomass decline above the concentration of 1µg/m3.  

However, Paoli et al. (2015) showed that both the photobiont (alga) and mycobiont 

(fungus) of the moderately N-sensitive Flavoparmelia caperata were damaged by 

acute three week periods at 100 µg/m3 or 300 µg/m3 ammonia, whilst the N-tolerant 

Xanthoria parietina was unaffected by the 100 µg/m3 peak and only had its photobiont 

damaged during the period at 300 µg/m3.  Flavoparmelia is less N-sensitive than the 

species used as indicators by Wolseley et al. (2009), whilst the 100 µg/m3 dose is 

higher than the current monthly 27 µg/m3 Critical Level for ammonia; further work is 

needed to test the effects of acute ammonia exposure on more sensitive species. 

 

 Recent observations of ammonia impacts on 

lichens in Wales 

g) The Twig Lichen Survey approach 

Four of the surveys included in this report used the óTwig Lichen Surveyô 

methodology, which has been adapted slightly in terms of recording detail from the 

Field Studies Council óLichen App.ô approach (Wolseley et al., 2019) but retains the 

same scoring system as that robust, peer-reviewed approach.  This involves recording 
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the presence of nitrogen-tolerant and nitrogen-sensitive lichens on three zones of the 

twigs of oak or birch trees: zone 1 is the relatively mature part of a twig, >100cm from 

the tip; zone 2 is 50-100cm from the tip; and zone 3 is the youngest part, <50cm from 

the twigôs tip. The lichen species involved are all easy to identify, without the need for 

specimen collection or microscope work.  The methodology has been adapted slightly 

for use in Wales: the presence of every N-sensitive or N-tolerant lichen within each 

twig zone, rather than the presence of any N-sensitive or N-tolerant species being 

recorded, and Platismatia glauca was recorded whenever present, but did not 

contribute to scoring because it was not included in the original óLichen App.ô 

Every zone that holds at least one N-sensitive lichen contributes 1 to an N-

sensitive count, and every zone that holds at least one N-tolerant lichen contributes 1 

to an N-tolerant count.  There are three zones on each twig, and a survey comprises 

five twigs on an oak/birch or a group of oaks/birches; average N-tolerant and N-

sensitive counts are therefore calculated for a twig by dividing the overall counts by 

five (Fig. I6).  A óLichen Indicator Scoreô (LIS) for the tree/group is then calculated by 

subtracting the average N-tolerant count from the average N-sensitive count, and that 

LIS is then converted to a Nitrogen Air Quality Index (NAQI) using a regression line 

(Fig. I7).  The NAQI allows trees or groups of trees to be assigned to one of four N 

pollution bands: óClean airô trees show very few signs of N pollution; óAt riskô trees show 

a mix of N-tolerant lichens and N-sensitive lichens; óN-pollutedô trees have their 

branches dominated by N-tolerant species but retain some N-sensitive lichens; and 

óVery N-pollutedô trees generally lack N-sensitive lichens entirely, and may have 

macrolichens replaced by a thin layer of algae and crustose lichens, or may even lack 

epiphytic lichens entirely. 
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Figure I6: an example of how to calculate a Lichen Indicator Score, from Wolseley et al. (2019). 

 

Figure I7: regression line for converting Lichen Indicator Scores to Nitrogen Air Quality Index 

figures, from Wolseley et al. (2019). 

h) Observations covered in Reports 1 to 7 of Evidence Report 298 

Epiphytic lichens are not only affected by activities in the woodland or parkland 

in which they grow, they also react to landuse in adjacent fields.  Report 1 documents 

loss of sensitive species from a SSSI parkland following 20 years of slurry spraying on 

the adjacent silage field, although an unfortunate lack of monitoring means that the 
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timing of this loss ï rapid loss within a few years of the commencement of slurry 

spreading or slow loss over a decade or more ï is not known.  Report 2 uses the Twig 

Lichen Survey approach to show a gradient from óVery N-pollutedô to óAt riskô trees 

running into this SSSI from the adjacent silage field.  The óAt riskô oak trees within the 

SSSI support more diverse and abundant lichen epiphytes than the óVery N-pollutedô 

oaks ï indeed some of the latter support just a thin crust of lichens and algae on their 

twigs and lack macrolichens entirely ï but have N-tolerant lichen species growing 

alongside N-sensitive species, with complete loss of N-sensitive epiphytes on some 

branches.   

Dry deposition of ammonia occurs within a few hundred metres of ammonia 

sources, although long-distance wet deposition also arises from ammonia pollution.  

óZero-input zonesô where there are no agricultural sources of ammonia (e.g. livestock 

sheds, manure stores or manure spreading) can provide protection for sites where 

sensitive ecosystems occur, although these need to be sufficiently wide to avoid 

incursions of ammonia.  Report 3 presents an example of a ca. 500m wide ózero-input 

zoneô protecting the heart of a SSSI parkland (where the trees are assessed as óClean 

airô) but records ammonia enrichment on the edges of the SSSI (trees are óAt riskô).  In 

contrast, the parkland SSSI covered by Report 4 has silage fields and high-nutrient 

pasture adjoining the SSSI, along with three poultry sheds within 2.2 km; the entire 

SSSI is óN-pollutedô or óAt riskô.  The relative roles played by the poultry sheds and 

closer dairy farms require further assessment and modelling. 

Impacts of increased N on epiphytic lichens are found in oceanic woodland 

habitats as well as parklands.  Report 5 describes abundant twig lichens in the lower 

part of an SAC woodland in north-western Powys, replaced by scanty twig lichens and 
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locally abundant óalgal gunkô (rampant growth of algae and/or cyanobacteria that 

smothers other plants) in the upper part of the wood, a short distance from intensively 

managed fields and within 4 km of a poultry farm. 

A wider view of impacts on SSSI in Powys (eastern mid Wales) is given in 

Report 6, with Twig Lichen Surveys covering the óClean airô uplands of the Cambrian 

Mountains and the more N-polluted lowlands.  Powys is the area of Wales in which 

poultry developments are most abundant, although Fig. I2 shows that ammonia 

sources are greater in Dyfed (eastern Pembrokeshire and western Carmarthenshire), 

and further investigation is required in that area.  Finally, Report 7 documents real 

declines in three ammonia-sensitive lichens in Wales, including a significant (between 

31% and 57%) reduction in number of occupied sites and area of occupancy of the 

robust epiphytic lichen Bryoria fuscescens. 
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Figure I8: map of the sites covered by reports 1 to 6. 

i) Other recent observations from Wales 

Ongoing studies of epiphytic lichens in Wales reinforce the picture presented in 

reports 1 to 7.  Volunteers from the CENNAD lichen apprenticeship scheme (run by 

Tracey Lovering from Plantlife and supported by experts from the British Lichen 

Society) have carried out Twig Lichen Surveys of 85 trees or groups of trees across 

Wales since late 2017.  These largely back up modelled ammonia concentrations 
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presented on www.apis.ac.uk, but in some cases show local variation in ammonia 

levels that is too fine-scale to be apparent in the CBED modelling presented by APIS.   

At Coed Ty Canol NNR, the site studied by Larsen Vilsholm et al. (2009), some 

trees indicate óClean airô conditions whilst locally frequent nitrophiles show that others 

nearby are óAt riskô, reinforcing the observations from 2009 that N pollution from 

surrounding landuse is affecting this lichen-rich SSSI.  At Bradnant and Brynposteg in 

Powys, there is variation between óCleanô and óN-pollutedô according to location, in an 

area where www.apis.ac.uk reports ammonia concentrations as being below the 

Critical Level for lichen-rich ecosystems.  Birch trees on the eastern edge of Gilfach 

Nature Reserve in Powys ï just to the west of the Powys Pilot Area study of Aazem & 

Bareham (2015) ï all support nitrophilous species alongside N-sensitive lichens and 

are óAt riskô.  True óClean airô areas have been demonstrated by CENNAD Twig Lichen 

Surveys in the Woodland Trustôs Coed Dolifor reserve (SN9665) near Rhayader, the 

ówaterfallsô area in the Brecon Beacons National Park (SN9110), near Llyn Alwen 

(SH9651) in north-east Wales and at Cwm Fron (SN9680) near Llanidloes, and 

doubtless remain widespread in the more remote parts of Wales. 

Twig Lichen Survey demonstrates the high levels of N at two of the most 

important SSSI for plants and bryophytes in Powys: Stanner Rocks NNR and 

Roundton Hill Nature Reserve.  At Stanner Rocks, all surveyed oak twigs support 

nitrophilous lichens, including abundant Physcia and Xanthoria, and almost entirely 

lack N-sensitive species, leading to their classification as óVery N-pollutedô; even 

mature branches hold few N-sensitive lichens.  This indicates that N levels at Stanner 

are already so high that lichens are being adversely affected, and implications for its 

mosses, liverworts and flowering plants ï including three species found nowhere else 

http://www.apis.ac.uk/
http://www.apis.ac.uk/
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in Britain and several others with fewer than 10 known British colonies ï are dire, both 

because of direct N toxicity and because of enhanced vascular plant growth.  The 

same is true at Roundton Hill, which supports two mosses listed on Section 7 of the 

Environment (Wales) Act 2016: abundant nitrophilous lichens on oak twigs indicate 

óN-pollutedô conditions, and óalgal gunkô encrusts cushions of the Section 7 moss 

Weissia levieri. 

The decline of Bryoria fuscescens in Wales (Report 7) is paralleled by a decline 

in the N-sensitive lichen Cetraria sepincola, which is very rare in Britain south of 

Scotland and has its last remaining Welsh site at Cors y Llyn NNR.  Monitoring of this 

lichen commenced in 1998, and repeat monitoring in 2019 (Bosanquet, 2019) showed 

significant declines in almost every part of the reserve.  The only area in which C. 

sepincola continues to thrive is sheltered from surrounding agricultural land use by a 

band of conifers, wheras the remainder of the site ï which appears to have óClean airô 

according to the Twig Lichen Survey method ï receives some ammonia drift and has 

abundant algae on almost all birch twigs.  The decline of C. sepincola even when other 

N-sensitive lichens such as Usnea spp. and Evernia prunastri are abundant is a 

reflection of the difference in N tolerance even among N-sensitive species.  

Agriculture is not the only source of ammonia, and a study by Bosanquet (2018) 

showed that thousands of pheasants released in one area of Allt y Gest SSSI in south-

wetern Powys for a season between 2016 and 2017 caused localised N enrichment, 

leading to ófreeô algae covering crustose lichens and algal encrustation of larger 

lichens.  Other than this localised enrichment, Twig Lichen Survey showed Allt y Gest 

SSSI, near Beulah, to have óClean airô. 
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Natural Resources Wales continue to record and monitor epiphytic lichens 

across Wales, and use the Twig Lichen Survey method to demonstrate ongoing 

impacts from N pollution and to identify areas that are particularly sensitive to N 

pollution. 
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Report 1) Parc Pont-faen SSSI ï a 
visit to assess slurry impacts in 2017 

 Introduction 

1.1.1 Background 

Parc Pont-faen SSSI was notified in 1979 and renotified in 1983.  The citation 

describes the site as ñan old parkland containing many ancient trees, mainly sessile 

oak Quercus petraea, rich in epiphytic lichensò, and says that ñthe lichen flora includes 

the tree lungwort óLobarionô community which, in mid Wales, only occurs on old trees 

in ancient woodland and parkland.ò  The citation explicitly states that ñof particular 

interest is the lichen Anaptychia ciliarisò. 

A 1998 report by Steve Chambers ï a national lichenexpert and county lichen 

recorder for Cardiganshire ï said that Anaptychia ciliaris had been found on a single 

tree: an oak close to the main Lampeter to Aberaeron road in the north-western field 

of the SSSI (Chambers, 1998).  But ñneither Ray Woods nor Steve Chambers [could] 

refind the species here (or indeed the tree Ray climbed to discover it on in1975) beside 

the main road close to a style or gateò according to the Lichens of Wales Website 

(http://wales-lichens.org.uk/species-account/anaptychia-ciliaris-subsp-ciliaris 

accessed 10th March 2017).  A 2016 survey by national lichen expert Alan Orange did 

not relocate the Anaptychia and included the observation that ñRamalina species on 

this tree were well-grazed by molluscs, and it is possible that Anaptychia has been 

grazed awayò (Orange, 2016).  Several other notable lichens recorded from the site in 

the 1970s, such as Lobaria scrobiculata and Nephroma laevigatum, were not 

relocated in either 1998 or 2016.  Orange (loc. cit.) said that ñthere have been no 

http://wales-lichens.org.uk/species-account/anaptychia-ciliaris-subsp-ciliaris
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drastic changes in the site or its lichen floraò since 1998, and that the reason for the 

[apparent] loss of Anaptychia ñcannot be attributed to any aspect of management.ò  He 

also noted that ñDiploicia canescens may be an indicator of nutrient-enrichment; it is 

less abundant in the wood pasture than in the valley, and is absent from some trees, 

but locally abundant on othersò. 

In late February 2017, Natural Resources Wales were alerted to slurry 

spreading within the SSSI boundary.  A visit by Miguel Ortuno (NRM Officer for North 

Ceredigion) confirmed that slurry spreading had taken place and that there was slurry 

on the base of the tree on which Steve Chambers had seen Anaptychia ciliaris in 1998.  

The Site Management Statement states that ñSpraying of herbicides and fertilizers 

should be avoided within close proximity to the parkland trees and where possible, 

should be discouraged on adjacent fieldsò, whilst the 1983 PDO list said that site 

managers should contact CCW (a predecessor body of NRW) if there were any 

changes in management including ñDumping, spreading or discharging of any waste 

materialsò. 

  

1.1.2 Methods 

Sam Bosanquet visited Parc Pont-faen SSSI with Miguel Ortuno on 3rd March 

2017 in order to assess whether the slurry spreading was likely to have affected the 

SSSI lichen feature.  The two trees that MO had seen slurry on were examined for 

approximately 40 minutes, with most time spent on the tree nearest to the road as that 

was where Anaptychia ciliaris had previously been seen.  The lowest part of each trunk 

was examined, and SB also climbed carefully on to the lowest branches of the 

roadside tree in order to check above head height.  Notes and photographs were 
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taken, but no specimens were collected because of Alan Orangeôs thorough 2016 

survey. 

 

 Results 

1.2.1 Observations in 2017 

The tree closest to the road (1/1 in Orange, 2016) retains a good cover of 

lichens on its lower trunk, branches and canopy.  The lichen assemblage is similar to 

that noted by Orange (loc. cit.), as would be expected, with species such as 

Schismatomma decolorans, Chrysothrix candellaris, Parmelia spp. (recorded as P. 

ernstiae by Orange, 2016) and Pertusaria hymenea.  The nitrophilous Diploicia 

canescens was locally frequent on the west side of the trunk (Figs. 1.1 & 1.2), but was 

otherwise sparsely distributed; a single tiny thallus of the nitrophilous Xanthoria 

parietina was noted (Fig. 1.3).  The lichen identified by Orange (loc. cit.) as Dirinia 

massiliensis grows on the base of the oak (Fig. 1.4), where it was partly buried by 

remnants of slurry (Fig. 1.5) and was covered by a thin film of green algae (Fig. 1.6). 

  

Figures 1.1 & 1.2: Diploicia canescens on the Oak where Anaptychia ciliaris grows at Parc Pont-

faen SSSI. 
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There was no Anaptychia ciliaris visible below head height on the roadside oak, 

but careful climbing on to the lowest branches allowed access to a higher section of 

the trunk where a 20x20cm patch of moribund Anaptychia was found and 

photographed (Figs. 1.7ï10).  Further examination of the middle trunk of the oak 

produced a few more scraps of Anaptychia about 20 cm at 2 oôclock from the main 

patch.  A ladder would be needed to establish whether additional patches are present 

higher up the trunk. 

  

Figure 1.3: Xanthoria parietina at Parc Pont-faen SSSI; Figure 1.4: putative Dirinia massiliensis. 

  

Figure 1.5: Dirinia massiliensis spattered with slurry; Figure 1.6: Dirinia massiliensis with a film 

of algae. 
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The tree closest to the one on which Anaptychia ciliaris grows ï tree 1/2 of 

Orange (2016) ï is further from the field boundary and closer, therefore, to the edge 

of the SSSI.  It supports abundant Diploicia canescens and has a limited lichen 

assemblage, although small patches of Pertusaria and Parmelia were seen on the 

south side of the trunk.  Slurry was more extensively present on the base of this tree 

(Figs 1.11 & 1.12), overlapping some of the Diploicia; there was a strong smell of 

slurry.  

  

Figures 1.7 & 1.8: location and extent of the main patch of Anaptychia ciliaris at Parc Pont-faen 

SSSI. 

  

Figures 1.9 & 1.10: moribund Anaptychia ciliaris at Parc Pont-faen SSSI in March 2017. 
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Figure 1.11: slurry on the in-field tree (1/2) at Parc Pont-faen; Figure 1.12: slurry on Diploicia 

canescens. 

Only one tree in the remainder of the SSSI was examined by SB because of 

AOôs recent survey.  This was an Oak where MO had noted a pile of cut branches 

stacked against the trunk (Fig. 1.13).  SB examined the lichens on the branches and 

found only common species such as Parmelia sulcata and species of Ramalina (Fig. 

1.14). 

  

Figure 1.13: branch pile by oak at Parc Pont-faen; Figure 1.14: Parmelia sulcata on the branch 

pile. 
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 Discussion & conclusions 

1.3.1 Impacts of slurry on the lichen assemblage 

Cattle slurry was seen and photographed on the base of two trees ï 1/1 and 

1/2 of Orange (2016) ï overlying lichens such as Diploicia canescens and Dirinia 

massiliensis.  Slurry is a highly effective fertiliser and produces Nitrogen compounds 

that are beneficial to silage crop grasses but have been shown to profoundly alter 

lichen assemblages, for example replacing the Parmelion and Usneion communities 

with the nitrophilous Xanthorion (Wolseley et al. 2003).  ñSensitive lichen species, such 

as Usnea, Bryoria, and Cladonia were found to be lost at even modest ammonia 

concentrations, while nitrogen loving species, particularly Xanthoria increased at their 

expenseò (Sutton et al. 2009).  The thin film of algae overlying lichens close to the 

remaining slurry (Fig. 1.6) is considered to be a direct result of the slurry application 

and is similar to the rapid algal blooms visible in waterbodies that receive a sudden, 

large input of ammonia and related Nitrogen compounds.  A repeat visit later in the 

season will be needed to assess whether this short-term bloom of algae on the lichens 

has resulted in long-lasting damage or not. 

The discovery that Anaptychia ciliaris is still present on the tree where it was 

seen in 1998 is encouraging, although its moribund appearance is of significant 

concern.  Steve Chambers (pers. comm.) considered that the tips of the thalli appear 

alive in the photograph, so there are ñgrounds for hopeò that this rare lichen will 

continue to survive.  It was present for three years in Aberystwyth, where it was 

accidentally introduced on an imported oak, but declined to extinction there by 2017.  

The Parc Pont-faen colony is therefore still the only extant one in Cardiganshire.  
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Scattered populations elsewhere in Wales are in decline according to http://wales-

lichens.org.uk/species-account/anaptychia-ciliaris-subsp-ciliaris (accessed 10th 

March 2017) because of atmospheric pollution.  Ray Woods (pers. comm.) said that 

the strongest population has become overwhelmed by algae since the construction of 

a chicken unit very near by.  It is quite possible that the moribund appearance of the 

Parc Pont-faen SSSI population is a direct result of ammonia enrichment from slurry 

spreading immediately adjacent to the SSSI, as this has taken place annually since 

1992 according to the farmer (J. David pers. comm.).  However, mollusc grazing may 

be partly or even entirely at fault.  

The branches piled against a parkland tree in the eastern part of the SSSI did 

not support any lichens of note, and no damage to the SSSI lichen feature had taken 

place when the fallen branch was cut up.  Piling fallen wood close to tree bases is 

often considered good management practise in parklands, although this particular pile 

of wood was too close to the trunk. 

 

1.3.2 Implications for site management 

Evidence shows that ammonia has severe negative impacts on populations of 

lichens other than a small number that are nitrophilous.  Slurry applications have taken 

place annually adjacent to Parc Pont-faen SSSI since 1992 and two lichens that are 

known to be sensitive to atmospheric pollution ï Lobaria amplissima and Nephroma 

laevigatum ï have been lost from the site, whilst Anaptychia ciliaris has become 

moribund.  There is no direct evidence to link these two occurrences, and the loss of 

Lobaria and Nephroma may have resulted from Sulphur Dioxide pollution before the 

change from farmyard manure to slurry had even taken place.  A good number of other 

http://wales-lichens.org.uk/species-account/anaptychia-ciliaris-subsp-ciliaris
http://wales-lichens.org.uk/species-account/anaptychia-ciliaris-subsp-ciliaris
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notable lichens, many of which are considered to be nutrient intolerant, are still present 

on the site (Orange, 2016). 

The changes caused by ammonia to lichen populations are so profound, 

however, that continuing slurry applications adjacent to the SSSI are highly likely to 

cause (further) damage.  The Site Management Statement suggests that there should 

be no inputs of fertiliser on the SSSI and that ideally there should be no inputs nearby, 

and the PDO list identifies ñDumping, spreading or discharging of any waste materialsò 

as a Potentially Damaging Operation (now an Operation Likely to Damage the Special 

Interest; OLDSI).  Somehow, these requirements have gradually morphed from zero 

inputs via inputs of farmyard manure to annual slurry applications, with supplementary 

stock feeding photographed by Orange (1998); unless this trend is reversed, it is highly 

likely that the lichen assemblage which makes this SSSI special will continue to 

deteriorate.  A clearly marked boundary for slurry application is needed immediately, 

but thought should also be given to removing slurry applications entirely from the field 

that is part SSSI; direct drilling of slurry or spreading when the wind is north-easterly 

might slightly reduce impacts, but high levels of ammonia will still result from the 

presence of slurry in the field.  
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Report 2) Parc Pont-faen SSSI ï 
twig lichen survey 2017 

 Introduction 

2.1.1 Background 

Parc Pont-faen SSSI was notified in 1979 and renotified in 1983.  The citation 

describes the site as ñan old parkland containing many ancient trees, mainly sessile 

oak Quercus petraea, rich in epiphytic lichensò, and says that ñthe lichen flora includes 

the tree lungwort óLobarionô community which, in mid Wales, only occurs on old trees 

in ancient woodland and parkland.ò  The citation explicitly states that ñof particular 

interest is the lichen Anaptychia ciliarisò. 

Following concerns over the condition of the lichen SSSI, NRW commissioned 

a full survey of epiphytic lichens in 2016 (Orange, 2016).  Some of the notable species 

recorded by previous visitors, including Anaptychia ciliaris, Lobaria scrobiculata and 

Nephroma laevigatum were not relocated, but old woodland lichens such as 

Cresponea premnea, Pachyphiale carneola and Schismatomma cretaceum remained, 

and Orange (loc. cit.) concluded that ñthere have been no drastic changes in the site 

or its lichen floraò since 1998.  Both the Lobaria and Nephroma had already been lost 

by 1998 (Chambers, 1998), but the loss of Anaptychia at its only Ceredigion site was 

a significant problem.  Bosanquet (2017) relocated the Anaptychia colony in March 

2017 but found it moribund; a return visit in August 2017 showed no improvement in 

the condition of the remaining scraps of Anaptychia. 

Ongoing increases in ammonia concentrations in Wales combine with ever-

expanding intensive agriculture ï increased use of cattle slurry in silage fields and 
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increased development of large poultry sheds ï to present significant threats to lichens 

in Wales.  Increased concentrations of ammonia have been demonstrated to cause 

wholesale changes in epiphyte composition (Wolseley et al., 2003; Sutton et al., 2009), 

including loss of many sensitive species.  The loss of Lobaria and Nephroma from 

Parc Pontfaen SSSI prior to 1998 might be the result of ammonia pollution, although 

Sulphur Dioxide pollution is believed to have caused the loss of Lobaria on other Welsh 

sites in that period; the moribund nature of the Anaptychia ciliaris colony was also 

tentatively linked to slurry applications that have taken place adjacent to the SSSI 

since 1992.  A visit by SB to Parc Pontfaen SSSI on 23rd August 2017 focussed on 

assessing the ammonia pollution levels across the SSSI, to elucidate whether there 

are likely to be links between slurry applications adjacent to the site and epiphyte loss 

within the SSSI. 
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Figure 2.1: a group of oaks on the banc at Parc Pontfaen. 

2.1.2 Methods 

Wolseley et al. (2017) have produced a standard method for measuring impacts 

on a siteôs lichens from ammonia.  This tried and tested method, accessible from the 

www.apis.ac.uk website, was used at Parc Pontfaen.  The survey method involves 

recording the presence of nitrogen-tolerant and nitrogen-sensitive lichens on tree 

trunks or twigs on groups of five oak or birch trees. The lichen species involved are all 

easy to identify, without the need for specimen collection or microscope work.  Five 

oak trees in three areas of Parc Pontfaen SSSI were selected, giving a rough transect 

from the heart of the SSSI óbancô, where there have been no direct nutrient inputs for 

many years, to the northern field where manure has been spread in the past and 

http://www.apis.ac.uk/
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thence to the north-western field where slurry spreading has taken place since 1992 

(J. David pers. comm.).  Only twig lichens were recorded, because a similar survey at 

Dinefwr Park SSSI (Bosanquet, 2017b) found that the twig results showed more clear-

cut patterns than trunk results, with sensitive species apparently surviving in deep bark 

crevices on trunks that were already showing significant signs of enrichment. 

 

 Results 

2.2.1 The 2017 twig lichen survey 

Recording of twig lichens at five locations across the SSSI allowed calculation 

of Lichen Indicator Scores for these trees (see Appendix 1 for full data).  The lowest 

LIS score was -2.0, for the twigs in the north-west field, whilst the highest was 0.0 for 

one tree on the banc.  Wolseley et al. (2017) give a system for converting these LIS 

values to a Nitrogen Air Quality Index (NAQI), based on their UK-wide survey (Fig. 

2.2).  The NAQI for the trees shows a range from óAt riskô to óVery N pollutedô (Table 

2.1; Fig. 2.3). 

Table 2.1: Lichen Indicator Scores (LIS) and Nitrogen Air Quality Indices (NAQI) for trees at 

Dinefwr Park and nearby farms, using the methodology of Wolseley et al. (2017) (see Appendix 

1 for full data).  NAQI are coloured to match Figure 5: green=Clean; blue=At Risk; yellow=N 

Polluted; red=Very N Polluted. 

Tree Notes LIS NAQI Pollution level 

Pontfaen 1 Banc (zero input) -0.8 1.0 N polluted 

Pontfaen 2 Banc (zero input) -1.8 1.3 Very N polluted 

Pontfaen 3 Banc (zero input) 0.0 0.8 At risk 

Pontfaen 4 N Field (regular manure) -1.8 1.3 Very N polluted 

Pontfaen 5 NW Field (regular slurry) -2.0 1.4 Very N polluted 
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Figure 2.2: the Nitrogen Air Quality Index derived from the LIS score according to Wolseley et 

al. (2017). 
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Figure 2.3: NAQI scores for 5 trees in Parc Pontfaen SSSI (red boundary).  Tree locations are 

coloured according to the NAQI score: red = Very N polluted; yellow= N polluted; blue = At risk; 

green = clean. 
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 Discussion & conclusions 

2.3.1 The condition of twig epiphytes 

The twig lichens at Parc Pontfaen include constant ammonia-tolerant species 

such as Physcia tenella and Xanthoria parietina, and only sparse representations of 

ammonia-sensitive species (see Appendix 1 of original report).  Ammonia-sensitive 

species such as Evernia prunastri, Parmelia sulcata and Usnea sp. are almost 

completely absent from the northern two trees (4 & 5), which have a long history of 

manure and slurry application close to their canopies; the lower branches and twigs of 

those trees almost entirely lack macrolichens except on their north-east sides (facing 

away from the silage fields).  Instead of macrolichens, the epiphyte flora on these lower 

branches is composed of a thin crust of Arthonia radiata (Fig. 2.4), in a much more 

profound example of epiphyte loss than those noted at Dinefwr (Bosanquet, 2017b) or 

the ammonia-polluted parkland at Gregynog SSSI.  This almost total lack of epiphytes 

will preclude any ecosystem services performed by lichens, such as nutrient cycling, 

water retention and invertebrate sheltering (thus removing a foodsource for birds). 

  

Figure 2.4 (left): a thin crust of lichens on very polluted branches; Figure 5 (right): macrolichens 

including Hypogymnia physodes and Parmelia sulcata on an óAt riskô branch.  
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The epiphyte flora is less degraded in the banc field, which forms the heart of 

the SSSI.  Ammonia-sensitive lichens including the indicator species Evernia 

prunastri, Hypogymnia physodes (Fig. 2.5), Parmelia sulcata and Usnea sp. are 

present, and occur in reasonable abundance on a few branches, although the growth 

of Usnea in particular is very patchy.  However, ammonia-tolerant lichens are 

abundant on every oak twig on the banc, and the twigs represent the óPhyscionô and 

óXanthorionô assemblages typical of ammonia polluted areas.  One remarkable feature 

of the twigs in the lower part of the banc is an abundance of Ramalina fastigiata (Fig. 

2.6): a distinctive lichen of base-rich, nutrient-rich bark that would not normally be 

expected to occur on oak.  The transition between an ammonia-sensitive epiphyte 

assemblage composed of Usnea, Evernia and Parmelia and an ammonia-tolerant mix 

of Physcia spp. and Xanthoria parietina might be regarded as esoteric, and solely the 

concern of lichen specialists, although it does highlight the pollution that is affecting 

the entire parkland ecosystem.  The structural diversity of epiphytic lichens is lower in 

the ammonia-tolerant assemblages, providing a lower capacity for water retention and 

less of a niche for invertebrates to exploit.  Pescott et al. (2015) have showed that 

there are complex interrelationships between epiphyte abundance and invertebrate 

diversity and abundance, and invertebrates are (like lichens) a key part of a healthy 

parkland/woodland ecosystem.  Notwithstanding the potential for ecosystem change, 

the deteriorating twig lichen flora is likely to be a precursor to (further) deterioration of 

the trunk epiphyte assemblage for which Parc Pontfaen SSSI was notified, as trunk 

epiphytes decline more slowly under increased ammonia concentrations but do 

gradually change (Pat Wolseley in litt.).   
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Figure 2.6: orange Xanthoria parietina and large tufts of grey Ramalina fastigiata on tree 2. 

 

The report by Orange (2017) includes a map of notable lichens (Fig. 2.7), with 

most species present on the banc but a number on trees in the silage fields.  This map 

requires some interpretation, in part because it does not show trees that were 

surveyed and have limited lichen interest and in part because some of the notable 

lichens are not necessarily sensitive to ammonia pollution.  Notable lichens in the 

silage fields are Anaptychia runcinata, Dirinia massiliensis, Pertusaria coccodes and 

Pertusaria reddenda, which are believed to be sensitive to SO2 but are not listed as 

either sensitive or tolerant to ammonia in van Dobben & ter Braak (1999).  The 

ammonia-tolerant Diploicia canescens is frequent to abundant on the trunks of these 
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trees, as well as in the northern SSSI field and along the west side of the banc field.  

The lack of notable species in the western half of the banc field on the map of Orange 

(loc. cit.) is only really apparent when one examines an aerial photograph and realises 

that there are groups of oak trees within this western half.  These support abundant 

Diploicia and other ammonia-tolerant species suchas Arthonia pruniata, Phyrrospora 

quernea and Schismatomma decolorans, with Opegrapha xerica on 10/26 the only 

notable species recorded.  The most sensitive species, such as Cresponea premnea 

(tree 10/12), Lecanactis subabietina (10/12, 10/13, 10/14, 10/18, 10/21, 10/28 & 

10/29), Parmotrema crinitum (10/6, 10/18 & 10/19), Pachyphiale carneola (10/7), 

Schismatomma cretaceum (10/9, 10/15, 10/17 & 10/24) and Usnea flammea (10/30) 

are restricted to the eastern half of the banc and are concentrated in areas that are 

screened from westerly winds (and ammonia drift from the slurry fields) by other trees. 

  

Figure 2.7: map from Orange (2017) showing trees that support notable lichens on their trunks. 
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2.3.2 Direct and indirect sources of ammonia 

Twig lichen observations at Parc Pontfaen are of particular significance 

because they help to demonstrate how ammonia pollution affects epiphytes even in 

areas where no direct inputs of slurry or manure take place.  The banc has not been 

fertilised for decades because of the farmersô careful management of the SSSI 

interest.  The northern field ï which is only partly within the SSSI ï has received some 

inputs of manure and lime, whilst the north-western field ï which has its north-eastern 

and eastern boundaries in the SSSI ï has received annual slurry inputs since 1992.  

Twig epiphytes are almost absent from the last two fields, but impacts are also visible 

in the banc, and are particularly severe in its western half adjacent to the silage fields.  

Tree 2, which is óvery N pollutedô but retains some scraps of Usnea among abundant 

Xanthoria and Physcia, is less than 50 m from a silage field where slurry is regularly 

applied.  Tree 1 is further from the silage field but is not shielded from it by any other 

trees; it is óN pollutedô but has a lower abundance of ammonia tolerant lichens than 

Tree 2.  Tree 3 is sheltered from the silage field by other oaks, and its óAt riskô twigs 

and branches retain a reasonable abundance of sensitive epiphytes.  Oaks near the 

eastern edge of the banc are similar to Tree 2, with abundant Physcia and Xanthoria 

and very little Usnea.  Regular slurry applications are a significant source of ammonia, 

but distance from that slurry and shelter by other oaks combine to protect at least 

some trees from enrichment. 
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Figure 2.8 (left): Tree 3 on the zero input banc; Figure 2.9 (right): Tree 4 in the manured northern 

field. 

 

As well as the adjacent silage fields, Parc Pontfaen has other relatively 

improved agricultural fields in the surrounding area.  The frequency of slurry and/or 

manure applications on these fields is currently unknown because they lie in different 

ownerships, but it is likely that they make occasional large contributions to the overall 

ammonia concentration on the SSSI.  An additional point source of ammonia ï the 

Coed Farm Cilcennin chicken unit 1.5 km NNE of the SSSI ï was modelled by 

Edgington (2017) as potentially providing 0.04 µg/m³ of ammonia on average per year: 

a contribution that is 4% of the Critical Level of 1.0 µg/m³.  There are currently 16,000 

birds at Coed Farm, and the modelling covers a proposal to double that to 32,000 

birds.  It is uncertain from Edgington (loc. cit.) how much ammonia the current 16,000 

birds contribute, but it is considered likely to be small compared with the inputs from 

adjacent landuse. 

Two factories that lie 2.5 km ESE of Parc Pontfaen emit Nitrogen Oxides and 

Sulphur Dioxide, although these are limited by NRW permits.  Both of these pollutants 

are known to have significant impacts on lichens.  The late 20th century loss of Lobaria 
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scrobiculata and Nephroma laevigatum would be consistent with Sulphur Dioxide 

pollution, but that cannot be linked to the recently licensed factories and occurred at a 

time when Sulphur Dioxide was abundant in much of southern Wales (albeit relatively 

less so in Ceredigion).  The current condition of the epiphytic lichens at Parc Pontfaen 

SSSI seems consistent with ammonia pollution rather than NOx or SO2 pollution, but 

Davies et al. (2007) state that Physcia adscendens, P. tenella, Xanthoria parietina and 

X. polycarpa are highly tolerant of NOx, whilst Evernia prunastri, Hypogymnia 

physodes and Usnea cornuta are sensitive to NOx.  The factories may contribute to 

the damage that is occurring at Parc Pontfaen SSSI, and more detailed examination 

of modelling data would be needed to establish the relative levels of each pollutant 

reaching the site. 

Increasing traffic on the A482 is also likely to contribute NOx to the site, and it 

may be no coincidence that the twigs that almost completely lack epiphytes are on 

trees close to the road.  However, the most striking correlation remains that between 

distance from the silage fields and the Nitrogen Air Quality Index of twig lichens, and 

reducing ammonia pollution from this source is likely to provide the best option for 

protecting the epiphyte flora that remains.  Assessing air pollution impacts on lichens 

is often highly complicated, with different pollutants playing different roles, but this 

should not be seen as a reason to ignore the fact that the lichen feature at Parc 

Pontfaen SSSI is degraded when compared with the 1970s.  

 

2.3.3 Implications for site management 

The 2016 lichen survey (Orange, 2016) demonstrated that parkland lichen 

interest remains at Parc Pontfaen SSSI, although the condition of the SSSI feature 
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has deteriorated significantly since the 1970s when Lobaria and Nephroma were 

present.  Slurry applications adjacent to the SSSI for 25 years are the likely cause of 

much of the deterioration, but external sources of ammonia pollution, N compounds 

from an increasingly busy road and two factories, and long distance Sulphur Dioxide 

pollution may have contributed as well.  The continued survival of ammonia sensitive 

epiphytes on the banc shows that the zero input management there has protected the 

lichens to some extent, otherwise they would be as damaged as those in the northern 

and north-western fields; continuing that management will help to safeguard their 

survival.  Reducing ammonia drift from the silage fields may allow gradual recovery of 

the epiphytes on the banc, although Anaptychia ciliaris is probably beyond saving. 

In the medium term, the parkland lichens require additional host trees and 

shelter from pollution drift.  Consideration should be given to careful siting of groups 

of oak trees, particularly in the western part of the banc field; ash and elm would be 

better screening trees, but Ash Dieback and Dutch Elm Disease prevent their use.  

Even fast-growing poplars might provide a suitable screen to block ammonia drift from 

the silage fields, although that would have landscape implications for the parkland. 

In an ideal world there would be systems available to provide zero input buffer 

zones around important lichen sites such as Parc Pontfaen, and this approach to 

Sustainable Management of Natural Resources needs careful consideration.  

Alternatives for slurry disposal and silage production would be needed, however, and 

a wide zone (2 km radius or more) would be needed to provide genuine protection 

from ammonia drift.  Management of this kind would need a national policy change, 

significant funding, and acceptance that some parts of the countryside are not suitable 
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for ammonia-producing intensive agriculture; protecting lichens may not be considered 

a sufficient priority for such radical work however. 
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Report 3) Dinefwr Park SSSI - a 
transect recording twig lichens to 
investigate current ammonia levels 

 Background 

Dinefwr Park SSSI in Carmarthenshire supports the richest assemblage of 

Nationally Rare and Scarce lichens of any parkland in Wales, and a richer assemblage 

than all but one of Englandôs parklands (Melbury Park; T. Wilkins Natural England in 

litt.).  It has a long history of lichen recording, culminating in a survey by Neil 

Sanderson (2014) commissioned by Plantlife and the National Trust.  Many of the 

rarest lichens within the SSSI are sensitive to air pollution: the high levels of SO2 in 

the 20th century are considered to have led to the loss of a number of species, and 

ammonia pollution in the 21st century poses an ongoing threat. 

The Air Pollution Information System (www.apis.ac.uk) uses modelling to give 

a figure of ammonia deposition at Dinefwr Park.  2013-2015 data give a concentration 

of 1.34 µg m-3 for the Dinefwr area.  However, that figure is based on modelling at 5 

km square resolution, and the 5 km square that Dinefwr Park sits in (SN62SW) 

includes high productivity farmland in the Tywi valley, a number of dairy farms, and 

the town of Llandeilo (Fig. 3.1).  The presence of an outstanding, nationally significant 

lichen assemblage in Dinefwr Park SSSI suggests that the modelled concentration ï 

which is higher than the 1 µg m-3 critical level for ammonia sensitive lichens according 

to APIS ï may not reflect conditions in the heart of the parkland.  Ammonia is a 

http://www.apis.ac.uk/
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relatively short range pollutant, and it is possible that some areas are sufficiently 

remote from current ammonia sources to escape significant ammonia pollution. 

 

Figure 3.1: Dinefwr Park (red circle) stands out as paler low nutrient grassland than the rest of 

the 5km square in which it sits (blue square) [some high productivity riverside leys appear pale 

because of recent mowing]. 



 

Report 3) page 3 

www.naturalresourceswales.gov.uk 

 

   

Figure 3.2: lichen interest on Dinefwr Park SSSI (from Sanderson, 2014); note that the richest 

areas are in the western óDeer Parkô area, and there are only isolated trees of interest in the 

eastern parkland. 
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The aim of the current survey (13th April 2017) is to investigate whether there 

are already signs of ammonia enrichment on the edges of the SSSI.  Sanderson (2014) 

has already shown that there is a difference in the abundance and diversity of the 

lichens of acid lignum between the eastern part of Dinefwr Estate (which was farmed 

with inputs of NPK until the late 20th century) and the heart of the Dinefwr Deer Park 

(which has had zero inputs for decades) (Fig. 3.2).  Sanderson (loc. cit.) explicitly 

states (p. 37) that ñexternally reductions in ammonia pollution from adjacent farmland 

are requiredò to protect the important lichens of the Deer Park.  A paragraph discussing 

ammonia effects within the SSSI (Sanderson p. 23) is best quoted in full: ñAt Dinefwr 

Oak twigs were examined wherever accessible, the Nutrient Rich Bark Community 

(Physcietum ascendentis) was only rarely well developed.  The strongest development 

was on twigs on isolated trees in the south of the landscape park, which were used as 

shelter by large sheep herds.  This is a local effect, the parkland trees along the 

northern edge of Castle Wood have well developed Exposed Acid Bark Communities 

(Pseudevernietum furfuraceae) and local development of the Sheltered sub-canopy 

Community (Usneetum articulato-floridae var ceratinae) with Usnea subfloridana and 

Usnea wasmuthii Nb (NS) indicating low ammonia on trees here.  They are sheltered 

by a woodland from the prevailing winds.  Across the park similar communities occur 

in the low lying sheltered areas of the park.  In exposed areas moderately nutrient 

demanding species such as Ramalina farinacea and Ramalina fastigiata are typically 

frequent with the more demanding Physcia tenella occasional and the nitrogen 

resistant highly resistant species, Xanthoria parietina and Physcia adscendens rare or 

absent.  The nitrogen avoiding species such as Evernia prunastri, Usnea subfloridana 

and Parmelia saxatilis were still present but tended to be occasional.  The very 
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sensitive Usnea florida NT (S42), was recorded by Orange (1985 & 1988) was 

recorded in the 1980s as present but not frequent, however, it was not refound in 2013 

and is either lost of much reducedò [it was rediscovered by Sam Bosanquet near the 

Castle Oak in 2017].  ñThe twig flora suggests moderately background ammonia 

deposition from adjacent farmland, which is being attenuated locally within the park in 

sheltered areas (ammonia is a very short range pollutant).  This is supported by the 

ñAPISò website, which gives the background levels of ammonia pollution at 1.65 Õg 

m3, above the critical level for impact on lichens of 1.0 µg m3.  Serious impacts kick in 

over 2 ï 3 µg m3, with the complete loss of nitrogen sensitive species.ò 

 Methods 

A transect across Dinefwr Park was identified to cover trees in the heart of the 

Deer Park and those on the edge of the SSSI.  Three nearby farms with more intensive 

management were then recorded to provide a contrast with the zero input SSSI 

parkland: National Trust land north-west of the SSSI (historic manure inputs but zero 

input for several years under a Glastir agreement); a privately owned farm1 north of 

Dinefwr (regular applications of chicken manure); and Gelli-aur College Farm (regular 

slurry application).  Four groups of five trees along the Dinefwr transect were recorded 

for their tree trunk lichens, and one tree within each group was recorded for its twig 

lichens; five tree trunks and one set of twigs were recorded on each of the non-SSSI 

farms. 

                                            
1 The privately owned farm is deliberately not identified in this report; it is referred to as óFarm 

Xô.  
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Figure 3.3: transect across Dinefwr Deer Park, with lichens on trunks (five green circles) and 

twigs (one orange square) recorded at four locations (AïD). 

Identifying impacts on the lichens of acid lignum and acid bark which make the 

SSSI so important is a specialist task, requiring a national-level expert.  However, 

Wolseley et al. (2017) have produced a standard method for measuring impacts on a 

siteôs lichens from ammonia.  This tried and tested method, which is a slightly more 

complex version of the OPAL survey used by schools (Power et al., 2017) was used 

here at Dinefwr.  The survey method involves recording the presence of nitrogen-

tolerant and nitrogen-sensitive lichens on tree trunks or twigs on groups of five oak or 

birch trees. The lichen species involved are all easy to identify (Table 3.1), without the 

need for specimen collection or microscope work. 
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Table 3.1: Nitrogen-sensitive and Nitrogen-tolerant species used by Wolseley et al. (2017). 

Nitrogen-sensitive Nitrogen-tolerant 

Bryoria spp. Amandinea punctata 

Evernia prunastri Arthonia radiata 

Graphis spp. Candelariella reflexa 

Hypogymnia spp. Lecidella elaeochroma 

Ochrolechia androgyna Physcia adscendens/tenella 

Parmelia spp. Punctelia subrudecta 

Pseudevernia furfuracea Xanthoria parietina 

Sphaerophorus globosus Xanthoria polycarpa/ucrainica 

Usnea spp.  

 

Trees were recorded with a GPS, and lichen identifications were restricted to 

those listed in Table 3.1 and were made in the field ï the methodology is potentially 

repeatable to allow monitoring of changes.  A Lichen Indicator Score (LIS) was 

calculated using the system shown in Wolseley et al. (2017) (Fig. 3.3).  At the same 

time as the LIS scoring species were being recorded, a detailed search of oak trunks 

outside Dinefwr Estate SSSI was undertaken to search for some of the more distinctive 

rare species known from the SSSI, especially Cresponea premnea and species of 

Calicium and Chaenotheca. 
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Figure 3.3: the Lichen Indicator Score methodology from Wolseley et al. (2017). 

 

 Results 

Recording on the four groups of trees along the transect in Dinefwr Park 

produced Lichen Indicator Scores (LIS) for twig lichens and trunk lichens for each 

group (see Appendix 1 of original report for full data); LIS scores were also worked out 

for the three contrasting farms.  The lowest LIS score was -3, for the twigs at Gelli-aur, 

whilst the highest was 2.2 for twigs in the middle of Dinefwr Deer Park.  Wolseley et 

al. (2017) give a system for converting these LIS values to a Nitrogen Air Quality Index 

(NAQI), based on their UK-wide survey.  The highest LIS score, for twigs at Dinefwr, 

corresponds to a NAQI of 0.3 (óCleanô), whereas the lowest LIS score, for twigs at 

Gelli-aur, corresponds to a NAQI of 1.6 (óVery N Pollutedô) (Table 3.2). 
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Table 3.2: Lichen Indicator Scores (LIS) and Nitrogen Air Quality Indices (NAQI) for trees at 

Dinefwr Park and nearby farms, using the methodology of Wolseley et al. (2017) (see Appendix 

1 for full data).  NAQI are coloured to match Figure 5: green=Clean; blue=At Risk; yellow=N 

Polluted; red=Very N Polluted. 

Site N inputs Trunk LIS Trunk NAQI Twig LIS Twig NAQI 

Dinefwr A Zero 0.6 0.9 0.8 0.6 

Dinefwr B Zero 1.4 0.7 2.2 0.3 

Dinefwr C Zero 1.4 0.7 1.8 0.4 

Dinefwr D Zero 0.4 1.0 0.2 0.8 

Dinefwr farm Past -0.2 1.2 -0.6 1.0 

Farm X Manure -0.2 1.2 -1.6 1.2 

Gelli-aur Slurry -1.0 1.4 -3.0 1.6 

 

 

Figure 3.5: the Nitrogen Air Quality Index derived from the LIS score according to Wolseley et 

al. (2017). 
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A number of other records were made during the survey: a 40 cm tangle of 

Usnea articulata was found at head height in an oak at SN6101522802, the second 

Dinefwr record of this SO2-sensitive lichen.  The dry bark lichen Cresponea premnea 

was seen on two trees at Gelli-aur (SN59012096 & SN59212108), three at Dinefwr 

farm (SN60632309, SN60642309 & SN60692307), and on three on Farm X.  A 

relatively full list was recorded for the trunk of Tree 1 on Farm X, comprising: 

Cresponea premnea, Diploicia canescens, Flavoparmelia caperata, Hypotrachyna 

afrorevoluta, Lecania naegelii, Melanelixia elegantula, Melanohalea subaurifera, 

Ochrolechia androgyna, Opegrapha atra, Parmelia saxatilis, Parmelia sulcata, 

Parmotrema perlata, Phaeophyscia nigricans, Pertusaria amara, Phlyctis argena, 

Physcia adscendens, Physconia distorta, Punctelia borreri, Pyrrhospora quernea, 

Ramalina farinacea, Ramalina fastigiata, Rinodina roboris, Schismatomma 

decolorans and Xanthoria parietina.  

 

 Conclusions & recommendations 

The Nitrogen Air Quality Index (NAQI) scores calculated for Dinefwr Park and 

three comparison farms show the same pattern for twig lichens and trunk lichens 

(Table 3.2).  The pattern is clearest for twig lichens, with the slurry-enriched Gelli-aur 

College Farm being óVery Pollutedô, the manure-treated Farm X and the previously 

manured Dinefwr Farm being óN Pollutedô, trees on the south-western and north-

western margins of Dinefwr Park being óAt Riskô and trees in the middle of the Deer 

Park being óCleanô.  These NAQI scores correspond to a change from an unpolluted 

twig flora in which Usnea species are abundant (Fig. 3.6) to a twig flora dominated by 
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the ammonia-tolerant Xanthoria and Physcia species (Fig. 3.7).  This is a wholesale 

ecological change, and the exact effects on the ecosystem services provided by the 

epiphytic lichens remains unknown.  Massive epiphyte loss because of industrial 

pollution has been demonstrated by Ellis et al. (2011), and this has been linked to 

reduction in woodland soil fertility as epiphytes falling to the woodland floor have been 

lost.  The structural complexity of an Usnea-dominated epiphyte flora is much greater 

than that of a Xanthoria-dominated epiphyte flora, and invertebrate niches might be 

expected to decline as a result.  There are, in addition, complex effects as epiphytes 

increase because of reduced SO2 pollution ï areas of the UK that almost entirely 

lacked epiphytes in the mid-20th century now support a range of epiphytic lichens and 

the insects that feed on them (Pescott et al., 2015) ï but also decline/change because 

of ammonia pollution.  Overall, it is important to realise that the effects of ammonia 

pollution on the epiphytic lichens at Dinefwr Park are likely to be broader than declines 

in the lichens per se. 

  

Figure 3.6 (left): the twig epiphyte flora in the óCleanô heart of Dinefwr Deer Park, dominated by 

bushy grey Usnea and Evernia; Figure 3.7 (right): the twig epiphyte flora at the óVery N Pollutedô 

Gelli-aur, dominated by flat orange Xanthoria. 
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The pattern of Nitrogen Air Quality Index scores for oak trunks is less clear than 

that for twigs, although Gelli-aur remains óVery N Pollutedô and Farm X and Dinefwr 

Farm are still óN Pollutedô.  The high pollution levels are very obvious as well, with 

Xanthoria parietina and Candelariella reflexa (Fig. 3.8) on the trunks at Gelli-aur and 

Farm X: profound change in bark pH and nutrient availability is needed for these 

species to become established on an oak trunk.  Other species recorded on the trunk 

of Tree 1 on Farm X, alongside these observed ammonia tolerant lichens, include 

Diploicia canescens, Phaeophyscia nigricans (Fig. 3.9), Phlyctis argena and Ramalina 

fastigiata, all of which are typical of enriched bark and are more characteristic of ash 

trees in farmland than oak trees.  There are, however, interesting juxtapositions on 

Tree 1, where ammonia-sensitive lichens such as Cresponea premnea (Fig. 3.10), 

Parmelia saxatilis and P. sulcata grow alongside the ammonia-tolerant species.  This 

is probably indicative of an assemblage in transition, from an ammonia-sensitive 

assemblage to an ammonia-tolerant one, particularly as the most tolerant species are 

associated with a deep groove where manure would collect after spreading.  The 

abundance of Diploicia canescens is particularly obvious at the óVery N Pollutedô Gelli-

aur, and is characteristic of parkland oaks that receive regular manure inputs (S. 

Bosanquet pers. obs. in Monmouthshire). 
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Figure 3.8 (left): orange Candelariella reflexa on an oak trunk at Farm X; Figure 3.9 (right): dark 

grey Phaeophyscia nigricans on an oak trunk at Farm X. 

 

Figure 3.10: the acid dry bark lichen Cresponea premnea (black spots) in a bark crevice on an 

oak trunk at Farm X. 

 
























































































































































