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Crynodeb
1. Rhoddwyd y gwaith o fonitro rhywogaethau ar gynlluniau amaeth-amgylcheddol (CAA)
Cymreig ar waith ar ystod o dacsa rhwng 1 Ebrill 2009 a 31 Mawrth 2012.
2. Ymgymerwyd â’r monitro fel project dan arweinyddiaeth yr RSPB mewn partneriaeth gydag
Ymddiriedolaeth Cadwraeth Ystlumod, Cadwraeth Gloÿnnod Byw, Plantlife, a Chymdeithasau
Byd Natur Cymru, ar ran Llywodraeth Cymru (LlC).
3. Y rhywogaethau a gafodd eu monitro oedd: planhigion a bryoffytau tir âr, ffwng glaswelltir,
ystlumod (chwe rhywogaeth), gloÿnnod byw (tair rhywogaeth), adar (pum rhywogaeth),
llygoden bengron y dŵr a’r ysgyfarnog.
4. Detholwyd rhywogaethau oherwydd eu pwysigrwydd cadwraethol, ac oherwydd bod eu
hymatebion disgwyliedig i reolaeth CAA yng Nghymru wedi eu hadolygu’n flaenorol mewn
astudiaeth ddesg.
5. Rhoddwyd monitro ar waith ar gyfer rhywogaethau penodol wrth ddefnyddio dulliau priodol ar
raddfa’r cae ac/neu fferm, a gyda Thir Gofal fel y CAA o ddiddordeb pennaf. Oherwydd y
diffyg data sylfaenol, gwnaed cymariaethau ar sail caeau/fferm wedi eu paru, i brofi
gwahaniaethau rhwng ffermydd o fewn Tir Gofal a ffermydd oddi allan i GAA, a rhwng caeau
o dan bresgripsiynau a chaeau heb bresgripsiynau.
6. Defnyddiwyd hefyd setiau o ddata hanesyddol oedd yn bodoli eisoes ar gyfer dwy rywogaeth
(brân goesgoch a grugiar ddu) i brofi effaith Tir Gofal ar y rhywogaethau hyn.
7. Modelwyd mesurau amlder, presenoldeb a chyfoeth o ran rhywogaethau yn erbyn statws CAA
caeau a ffermydd, ac yn erbyn amrywiol newidynnau rheolaeth a chynefin yr oedd angen eu
hateb, neu a allai fod o gymorth i egluro’r canlyniadau dan sylw yn berthnasol i GAA. Mewn
rhai achosion, cymharwyd mesurau o ansawdd cynefin hefyd rhwng caeau a ffermydd CAA a
chaeau a ffermydd oddi allan i GAA, er mwyn egluro patrymau ymateb rhywogaethau.
8.

9.

10.

11.

Ystlumod
Ni arddangosodd y rhywogaethau o ystlumod targed (ystlum lleiaf ac ystlum lleiaf soprano,
ystlum mawr, ystlum y dŵr, ystlum pedol mwyaf ac ystlum pedol lleiaf) unrhyw wahaniaethau o
ran gweithgaredd ar ffermydd a oedd o dan reolaeth Tir Gofal o’u cymharu â ffermydd nad
oedden nhw dan reolaeth y CAA hwn. Ni chanfuwyd tueddiadau yn berthnasol i’r cyfnod o
amser ers i’r ffermydd TG ymuno â’r cynllun (ystod astudiaeth mwyaf o 3 i 11 mlynedd), ac
eithrio cynnydd nad oedd yn arwyddocaol yng ngweithgaredd ystlumod pedol mwyaf, arwydd o
bosib o adferiad yn dilyn gwaith rheolaeth a oedd wedi aflonyddu arnyn nhw ar y dechrau.
Roedd presenoldeb rhywogaethau targed ar lefel y fferm yn uchel yn gyffredinol ledled ardal yr
astudiaeth, gan awgrymu bod y math o gynefin drwyddo draw o ansawdd gweddol dda o’i
gymharu â thirluniau a amaethwyd yn fwy dwys. Cafwyd bod gan y rhan fwyaf o rywogaethau
hoff gynefin yn unol â’u hecoleg wybyddus, er nad oedd tueddiadau cyn gryfed â’r disgwyl, gan
adlewyrchu amrywiaeth isel o ran math ac ansawdd cynefinoedd ar ffermydd.
Gwelwyd mwy o weithgaredd chwilota am fwyd gan yr ystlum lleiaf soprano lle’r oedd
cyfrannau uwch o laswellt niwtral heb ei wella (TG8B), adferiad gwrychoedd (TG18) a
choedlannau llydanddail lle nad oedd da byw yn pori (TG1A) gyda’i gilydd. O ganlyniad i
brofion uniongyrchol am berthnasau rhwng gweithgaredd ystlumod pedol lleiaf ac ystlumod
pedol mwyaf gydag adferiad gwrychoedd (TG18), a gweithgaredd ystlum y dŵr gyda choridor
glan afon (TG38), ni chafwyd tystiolaeth bod y presgripsiynau hyn wedi cynyddu defnydd y
nodweddion pwysig yma.
Ni chafwyd gwahaniaethau arwyddocaol mewn cynefinoedd allweddol rhwng ffermydd o fewn
Tir Gofal a’r rhai oddi allan i’r cynllun hwn, heblaw am gyfrannau uwch o wrychoedd â ffensys
dwbl a gwrychoedd newydd eu plannu ar ffermydd Tir Gofal. O gael amser i aeddfedu, efallai y
bydd y rhain yn werthfawr gan fod gwrychoedd yn nodweddion pwysig sy’n cynnig cysylltedd
ac adnoddau chwilota am fwyd i ystlumod; fodd bynnag, byddai angen monitro dros gyfnod
hwy o amser i gadarnhau hyn. Mae’n debyg mai’r amrywiaeth isel mewn cynefinoedd o fewn

ffermydd a rhwng parau o ffermydd yw’r rheswm mwyaf tebygol am y diffyg gwahaniaeth
mewn gweithgaredd ystlumod a welwyd ar ffermydd Tir Gofal a ffermydd oddi allan i GAA.
12. Roedd awgrym clir bod rheolaeth organig yn darparu buddion positif i ystlumod, a chanfuwyd
mwy o weithgaredd chwilota am fwyd ymysg ystlumod y dŵr. Gan fod y rhywogaeth hon yn
chwilota am fwyd yn uniongyrchol o wyneb y dŵr a’r gofod uwch ei ben, mae’n debyg ein bod
yn gweld canlyniad positif dwr nad yw wedi ei lygru gan agrogemegau, ynghyd â dwysedd uwch
o ysglyfaeth ar ffurf pryfed o ganlyniad i’r ffaith na ddefnyddir plaladdwyr. Gwelwyd mwy o
weithgaredd ystlumod y dŵr hefyd ar hyd rhannau o’r afon â dynodiadau SDdGA, ac mae hyn
o bosib yn adlewyrchu gwerth gwarchod cynefinoedd sydd eisoes o ansawdd uchel yn ogystal â
sefydlu rhai newydd.
13.

14.

15.

16.

17.

18.

19.
20.

Adar
Mae’n ymddangos bod un rhywogaeth, y bras melyn, yn ymateb yn dda i reolaeth Tir Gofal,
gyda phoblogaethau uwch ar ffermydd Tir Gofal, a mwy o ddefnydd o rai caeau gyda
phresgripsiynau Tir Gofal yn yr haf, ac o bresgripsiynau Tir Gofal yn y gaeaf. Yn y gaeaf,
cafodd y caeau â phresgripsiwn a ychwanegwyd at y Cynllun Ffermio Organig fwy o ddefnydd
eto gan freision melyn na chaeau â phresgripsiwn Tir Gofal yn unig.
Nid oedd amlder dwy rywogaeth o rydiwr, y gylfinir a’r gornchwiglen, yn uwch ar raddfa’r fferm
a’r cae yn eu tro nag ar gaeau oddi allan i GAA, er bod cornchwiglod yn fwy lluosog ar gaeau
presgripsiwn TG34A (glaswelltir â rheolaeth wedi ei wella ar ran y gornchwiglen) nag ar gaeau
eraill ar ffermydd Tir Gofal (heb bresgripsiynau neu gyda phresgripsiynau eraill). Ychydig iawn
o dystiolaeth a gafwyd bod wyau cornchwiglod wedi deor ac nid oedd gwahaniaeth rhwng caeau
gydag unrhyw statws CAA.
Nid oedd gwahaniaeth i’w weld ym mhresenoldeb tiriogaethol a chynhyrchiant y frân goesgoch
yn ôl faint o gytundebau Tir Gofal a gaed o fewn 300 m i’r nythod. Yn yr hydref a’r gaeaf,
roedd yn well gan frain coesgoch chwilota am fwyd mewn caeau a oedd o dan bresgripsiynau
Tir Gofal. Rhagwelwyd y byddai trefnau pori llai llym yn gysylltiedig â phresgripsiynau Tir
Gofal yn negyddol i’r rhywogaeth hon.
Nid oedd perthynas rhwng cyfrifiadau o niferoedd grugieir duon ar eu llecynnau arddangos
gydag unedau tirfeddianwyr o dan gytundebau Tir Gofal, ond fe’u rhagwelir gan faint o gynefin
priodol oedd ar gael, a faint o dir oedd wedi ei reoli fel rhan o broject adfer penodol oddi allan i
GAA..
Planhigion tir âr a ffwng glaswelltir
Roedd y gymuned o blanhigion tir âr (a phlanhigion yn darparu adnoddau neithdar a phaill,
chwyn trafferthus a phlanhigion tir âr prin) yn fwy amrywiol mewn caeau a oedd wedi eu
cynnwys mewn presgripsiynau TG24A (caeau heb eu chwistrellu) a TG29 (ymylon braenar) o’i
chymharu â chaeau a reolir mewn dull confensiynol. Y rheswm am hyn yw cyfyngiadau ar y
defnydd o chwynladdwyr a gwrtaith ar y presgripsiynau hyn.
Roedd y gymuned o blanhigion tir âr a phlanhigion tir âr sy’n darparu adnodd neithdar/paill yn
fwy amrywiol ar ffermydd Tir Gofal Organig o’u cymharu â ffermydd a oedd yn rhan o Dir
Gofal yn unig. Gellir egluro’r canlyniad hwn gan y defnydd o wahanol ddulliau o reoli chwyn ar
ffermydd organig (megis ogedu gyda dannedd) ac fe all hefyd adlewyrchu rheolaeth hanesyddol.
Roedd gwell gorchudd o blanhigion ar ymylon braenar TG29 nag ar ffermydd a reolir yn
gonfensiynol. Fodd bynnag, nid oedd canran y gorchudd o dan reolaeth caeau heb eu
chwistrellu TG24A yn sylweddol uwch na chaeau confensiynol, ac ychydig o orchudd a gafwyd
(<1%), mae’n debyg mewn ymateb i’r ffaith fod gwrtaith wedi ei daenu.
Roedd dipyn mwy o amrywiaeth o blanhigion tir âr, sy’n darparu adnodd hadau dros y gaeaf i
infertebratau, mamaliaid bach ac adar ffermdir, ar ymylon braenar nag ar gaeau a reolir yn
gonfensiynol.
Ni chanfuwyd gwahaniaeth yn amrywiaeth afuadau nofiol, cyrnddail a llysiau’r afu tir âr rhwng
ymylon braenar Tir Gofal a chaeau a reolir yn gonfensiynol. Awgrymir mai gorchudd o
blanhigion fasgwlaidd a adewir ar ymylon braenar dros y gaeaf yw’r rheswm dros y llai o gyfoeth

planhigol nad yn arwyddocaol o dan y drefn reolaeth hon. Felly, efallai y ceir llai o fuddion
cadwraeth ar gyfer bryoffytau tir âr ar ymylon braenar o ganlyniad i reolaeth cadwraeth dros
blanhigion fasgwlaidd tir âr.
21. Ni chanfuwyd gwahaniaeth yng nghyfoeth rhywogaethau o ffwng glaswelltir nag ansawdd safle
rhwng dolydd o fewn Tir Gofal a dolydd a reolir mewn dull confensiynol. Hefyd, ni chanfuwyd
gwahaniaeth rhwng y gwahanol bresgripsiynau cynefin Tir Gofal ‘rhostir arfordirol ac iseldir’,
‘glaswelltir asid heb ei wella’ a ‘glaswelltir wedi ei led-wella’ a glaswelltir a reolir yn gonfensiynol.
Gloynnod byw
22. Nid oes tystiolaeth glir bod statws y fritheg berlog fach, britheg y gors na’r brithribin brown
wedi ei gwella gan y cynllun Tir Gofal.
23. Nid oedd gwahaniaeth arwyddocaol mewn amlder rhywogaethau rhwng ffermydd Tir Gofal a
ffermydd oddi allan i GAA o ran unrhyw un o’r rhywogaethau targed. O ran y fritheg berlog
fach a’r brithribin brown, roedd eu presenoldeb yn arwyddocaol uwch mewn caeau ar ffermydd
oddi allan i gynllun CAA nag ar ffermydd mewn cynllun. O ran britheg y gros, roedd ei
hamlder a’i phresenoldeb yn uwch ar dir Tir Gofal, er bod y nifer o gaeau lle’u gwelwyd yn isel
ar gyfer y ddwy fath o fferm ac nid oedd y canlyniadau’n arwyddocaol.
24. O ran y brithribin brown a britheg y gors, cafwyd rhywfaint o dystiolaeth bod ansawdd cynefin
ar ffermydd Tir Gofal yn well nag ar ffermydd oddi allan i gynllun, er nad oedd hyn yn gyson
ledled pob mesur o ansawdd cynefin. Ni chanfuwyd gwahaniaeth mewn amlder planhigion
bwyd rhwng mathau o fferm ar gyfer unrhyw un o’r rhywogaethau targed. Ni ddarparwyd
buddion eglur i’r rhywogaethau o loÿnnod byw a astudiwyd gan gynefin o well ansawdd ar
ffermydd Tir Gofal, gan awgrymu bod gwahaniaethau mewn ansawdd cynefin yn rhy fach i fod
o fudd i’r rhywogaethau targed, neu fod oediad amser ac nid yw rhywogaethau eto wedi ymateb
yn bositif i well cynefin.
25. Efallai mai oherwydd nad yw presgripsiynau cynlluniau yn ddigon penodol y ceir diffyg budd i
boblogaethau o loynnod byw. Er enghraifft, er bod cyfyngiadau ar bori defaid ar laswellt
corsiog, efallai bod gwahardd defaid yn fwy addas lle mae’r fritheg berlog fach a britheg y gors
yn bresennol os mai’r bwriad yw bod o fudd i’r rhywogaethau hyn. Hefyd, efallai nad yw
presgripsiynau wedi eu gosod ar drothwy digon uchel; mae Tir Gofal yn nodi’n benodol nad yw
25% o wrychoedd i gael eu torri bob blwyddyn, ond byddai angen trothwy uwch i sicrhau budd
i’r brithribin brown.
26. Effeithiodd diffiniad presgripsiynau cynlluniau ar amlder a phresenoldeb gloynnod byw. Er
enghraifft, gwelwyd mwy o loynnod byw y fritheg berlog fach ar rostir (TG5 a TG6) nag ar
fathau eraill o gynefin, ac roedd y brithribin brown yn fwy lluosog mewn caeau wedi eu lledwella (TG10) nag mewn caeau wedi eu gwella. Fodd bynnag, ni sicrhawyd budd i’r brithribin
brown gan y presgripsiwn adfer gwrychoedd (TG18) o’i gymharu â gwrychoedd heb y
presgripsiwn hwn.
Mamaliaid daearol
27. Roedd poblogaethau’r ysgyfarnog yn fwy ar ffermydd Tir Gofal na ffermydd oddi allan i GAA.
Roedd cysylltiad positif rhwng presenoldeb cynefin tir âr ac amlder yr ysgyfarnog ar raddfa’r
fferm a’r cae.
28. Nid oedd gwahaniaeth ym mhresenoldeb llygod pengrwn y dŵr ar ffermydd Tir Gofal a
ffermydd oddi allan i GAA. Ni chafodd presenoldeb presgripsiynau penodol, megis TG38
(coridorau glannau nentydd) unrhyw effaith ar bresenoldeb llygod pengrwn y dŵr, ond roedd
rhai nodweddion cynefin yn ddangosyddion pwysig (beth bynnag fo eu statws CAA). Efallai
bod ansawdd y cynefin wrth ymuno â Thir Gofal, a ffactorau eraill megis ysglyfaethu gan y
minc, yn bwysicach i lygod pengrwn y dŵr; fodd bynnag, mae’n anodd penderfynu sut fyddai
rheolaeth Tir Gofal wedi effeithio ar gynefinoedd y gosodwyd presgripsiynau arnyn nhw.

Cyffredinol
29. Cymharol ychydig o dacsa a amlygodd wahaniaethau mewn amlder, presenoldeb neu gyfoeth
rhywogaethau rhwng ffermydd neu gaeau Tir Gofal a ffermydd oddi allan i GAA.
30. O’r rhai lle cafwyd gwahaniaethau, roedd tir âr yn gynefin allweddol ar y rhan fwyaf ohonyn
nhw. Efallai bod y lefelau uwch o ymyrraeth ar dir âr, o’i gymharu â chynefinoedd pori, wedi
arwain at wahaniaethau mwy.
31. Efallai bod ansawdd y cynefin wrth ymuno â Thir Gofal yn bwysicach na phresenoldeb
cytundeb Tir Gofal, oherwydd mae’r profiad yn ystod y monitro’n awgrymu bod diffiniad eang
o beth oedd cynnwys rhai cynefinoedd a osodwyd mewn presgripsiynau. Heb ail-arolygu yn
dilyn baslin, nid yw’n bosibl gwybod sut fyddai rheolaeth Tir Gofal wedi effeithio ar y
cynefinoedd hyn.
32. Oherwydd y diffyg data dechreuol, ar gyfer y tacsa hynny a ddangosodd wahaniaethau mewn
newidynnau ymateb rhwng ffermydd/caeau Tir Gofal a ffermydd/caeau oddi allan i GAA, nid
yw’r rhaglen fonitro hon yn gallu adnabod ai rheolaeth Tir Gofal sy’n gyfrifol am hyn yntau eu
cyflwr gwreiddiol.
33. Er gwaethaf y diffyg gwahaniaethau rhwng ffermydd Tir Gofal a ffermydd oddi allan i GAA,
roedd ffermydd Tir Gofal yn aml yn cynnal poblogaethau da o dacsa oedd yn cael ei fonitro.
Maen nhw hefyd yn bwysig o ran cynnal cynefinoedd ar gyfer rhywogaethau, a’i gwneud yn fwy
tebygol y byddan nhw’n goroesi yn y tirlun.
34. Mae tystiolaeth, o’r rhaglen fonitro hon a mannau eraill, fod rheolaeth amaeth-amgylcheddol yn
gallu bod yn llwyddiannus wrth gynyddu poblogaethau rhywogaethau, pan fo wedi ei dargedu
a’i weithredu’n dda. Gellir defnyddio tystiolaeth o’r rhaglen fonitro hon i gyflenwi gwybodaeth
ar gyfer rheolaeth amaeth-amgylcheddol yng Nghymru yn y dyfodol.
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Summary
35. Monitoring of species on Welsh agri-environment schemes (AES) was carried out on a range of
taxa between 1 April 2009 and 31 March 2012.
36. Monitoring was undertaken as a project led by the RSPB in partnership with Bat Conservation
Trust, Butterfly Conservation, Plantlife, Wildlife Trusts of Wales, on behalf of the Welsh
Government (WG).
37. Species monitored were: arable plants and bryophytes, grassland fungi, bats (six species),
butterflies (three species), birds (five species), water vole and brown hare.
38. Species were selected because of their conservation importance, and because their expected
responses to AES management in Wales had been previously reviewed in a desk-study.
39. Dedicated monitoring for species was undertaken using appropriate methods at the field
and/or farm scale, with Tir Gofal being the primary AES of interest. Due to the lack of
baseline data, comparisons were made on a paired field/farm basis, to test differences between
farms in Tir Gofal and non-AES farms, and between fields under prescriptions and those
without prescriptions.
40. Existing historical data sets for two species (chough and black grouse) were also used to test for
the effect of Tir Gofal on these species.
41. Measures of abundance, occurrence and species richness were modelled against the AES status
of fields and farms, and against various habitat and management variables that needed to be
accounted for, or which could help to explain the observed results relating to AES. In some
cases, measures of habitat quality were also compared between AES and non-AES fields and
farms, in order to account for patterns of species response.
Bats
42. None of the target bat species (common and soprano pipistrelles, noctule, Daubenton’s bat,
greater and lesser horseshoe bats) demonstrated any differences in activity on farms that were
under Tir Gofal management compared with farms that were not in this AES. No trends were
detected in relation to the time that TG farms had been in the scheme (maximum study range 3
to 11 years), with the exception of a non-significant increase in greater horseshoe bat activity,
possibly a sign of recovery following initially disruptive habitat management works.
43. Farm-level occurrence of target species was generally high throughout the study area, suggesting
that the overall habitat type was of relatively good quality compared to more intensively farmed
landscapes. Habitat preferences were shown by most species in line with their known ecology,
though trends were not as strong as might have been expected, reflecting low variation in
habitat type and quality within farms.
44. Soprano pipistrelle foraging activity was higher on farms where there were greater proportions
of unimproved neutral grass (TG8B), hedgerow restoration (TG18) and broadleaf woodland
with stock excluded (TG1A) together. Direct testing for relationships between lesser and
greater horseshoe bat activity and hedgerow restoration (TG18), and Daubenton’s bat activity
and streamside corridor (TG38), found no evidence that these prescriptions increased the use
of these important features.
45. There were no significant differences in key habitats between farms in Tir Gofal and those
outside of this scheme, except for higher proportions of double fenced hedgerows and newly
planted hedges on Tir Gofal farms. Given time to mature, these may be of value as hedgerows
are important features offering connectivity and foraging resources to bats, however this would
require monitoring over a longer period of time to confirm. The low variation in habitat both
within farms and between farm pairs is the most likely reason for the lack of difference in bat
activity observed at Tir Gofal and non-AES farms.
46. There were strong indications that organic management delivers positive benefits to bats, with
increased foraging activity detected for Daubenton’s bat. Since this species forages directly from
the water surface and the airspace above it, we are most likely seeing the positive outcome of

water unpolluted by agrochemicals, together with higher insect prey densities resulting from an
absence of insecticide use. Daubenton’s bat was also more active along stretches of river with
SSSI designations, and this possibly reflects the value of protecting existing high quality habitats
as well as establishing new ones.
47.

48.

49.

50.

51.

52.

53.
54.

55.

Birds
One species, yellowhammer, appears to respond well to Tir Gofal management, with higher
populations on Tir Gofal farms, and greater use of some Tir Gofal prescriptions fields in
summer, and of Tir Gofal prescriptions in winter. In winter, prescription fields that were
additionally entered into the Organic Farming Scheme were used even more by yellowhammers
than Tir Gofal-only prescription fields.
Two species of wader, curlew and lapwing, were no more abundant on the farm and field-scales
respectively than on non-AES fields, although lapwings were more abundant on TG34A
(manage improved grassland for lapwing) prescription fields than on alternative fields on Tir
Gofal farms (without prescriptions or with other prescriptions). Evidence of lapwing hatching
was very low and did not differ between fields of any AES status.
Chough territory occupancy and productivity did not differ depending on the amount of Tir
Gofal agreements within 300 m of nests. In autumn and winter, choughs preferentially foraged
in fields that were under Tir Gofal prescriptions. It had been expected that more lenient grazing
regimes associated with Tir Gofal prescriptions may have been negative for this species.
Black grouse lek counts were not related to whether landowner units were under Tir Gofal
agreements, but were predicted by the amount of suitable habitat, and the amount of land that
had been managed under a dedicated recovery project outside of AES.
Arable plants and grassland fungi
The arable plant community (and plants providing nectar and pollen resources, problem weeds
and rare arable plants) was more diverse in fields entered into prescriptions TG24A (unsprayed
fields) and TG29 (fallow margins) compared with conventionally managed fields. This is due to
restrictions on herbicide and fertiliser use on these prescriptions.
The arable plant community and arable plants that provide a nectar/pollen resource were more
diverse on Organic Tir Gofal farms compared with farms entered into Tir Gofal only. This
result is explained by the use of different methods of weed control on organic farms (such as
tine harrowing) and may also be a reflection of historical management. Cover was greater on
TG29 fallow margins than on conventionally managed farms. However, the percentage cover
under TG24A unsprayed field management was not significantly greater than conventional
fields, and cover was very low (<1%), probably in response to fertiliser application.
Fallow margins had significantly greater diversity of arable plants that provide an overwinter
seed resource for invertebrates, small mammals and farmland birds than conventionally
managed fields.
No difference in the diversity of arable crystalworts, hornworts and liverworts was identified
between Tir Gofal fallow margins and conventionally managed fields. Vascular plant cover left
over winter on fallow margins is suggested as a cause for the non-significantly lower species
richness under this management regime. Thus, conservation benefits for arable bryophytes on
fallow margins may be reduced as a consequence of conservation management for vascular
arable plants.
No difference in grassland fungi species richness or site quality was found between meadows
entered into Tir Gofal and meadows that were conventionally managed. Furthermore, no
difference was found between the different Tir Gofal habitat prescriptions ‘coastland and
lowland heath’, ‘unimproved acid grassland’ and ‘semi-improved grassland’ and conventionally
managed grasslands.

Butterflies
56. There is no clear evidence that the status of small pearl-bordered fritillary, marsh fritillary or
brown hairstreak has been improved by the Tir Gofal scheme.
57. Species abundance did not differ significantly between Tir Gofal and non-scheme farms for any
of the target species. For small pearl-bordered fritillary and brown hairstreak, field occupancy
was significantly higher on non-scheme farms than on scheme farms. For marsh fritillary,
abundance and occupancy were higher on Tir Gofal land, although the number of occupied
fields was small for both farm types and the results were not significant.
58. For brown hairstreak and marsh fritillary, there was some evidence of better habitat quality on
Tir Gofal farms than non-scheme farms, though this was not consistent across all habitat
quality measures. Food-plant abundance did not differ between farm types for any of the target
species. The improved habitat quality on Tir Gofal farms did not provide any clear benefits for
the butterfly species studied, suggesting that differences in habitat quality are too slight to
benefit the target species, or that there is a time lag and species have yet to respond positively to
improved habitat.
59. The lack of benefit to butterfly populations may be due to scheme prescriptions not being
specific enough. For example while there are limits on sheep grazing in marshy grasslands,
exclusion may be more appropriate where small pearl-bordered fritillary and marsh fritillary are
present if the intention is to benefit these species. Also, scheme prescriptions may not be set at
a high enough threshold; Tir Gofal specifies that 25% of hedges remain uncut each year,
whereas a higher threshold would be required to benefit brown hairstreak.
60. The identity of scheme prescriptions affected butterfly abundance and occupancy. For example,
small pearl-bordered fritillary occupancy was higher for heathland (TG5 and TG6) than other
habitat types, and brown hairstreak was more abundant in semi-improved fields (TG10) than
improved fields. However, the hedge restoration prescription (TG18) had no benefit for brown
hairstreak compared with hedges without this prescription.
Terrestrial mammals
61. Populations of brown hares were greater on Tir Gofal than on non-AES farms. The presence
of arable habitat was positively associated with brown hare abundance on both the farm and
field scale.
62. There was no difference in the presence of water voles on Tir Gofal farms than on non-AES
farms. The presence of specific prescriptions, such as TG38 (streamside corridors) had no
effect on the presence of water voles, whereas certain habitat characteristics were important
predictors (regardless of AES status). The initial quality of habitat entered into Tir Gofal, and
other factors such as mink predation, may be of more importance to water voles; however, it is
difficult to determine how Tir Gofal management may have affected habitat entered into
prescriptions.
General
63. Relatively few taxa showed differences in abundance, occupancy or species richness between
Tir Gofal and non-AES farms or fields.
64. Those that did show differences were largely those for which arable land is a key habitat. The
higher levels of intervention on arable land, compared to pastoral habitats, may have led to
greater differences.
65. The quality of the habitat originally entered into Tir Gofal may be of greater importance than
the presence of a Tir Gofal agreement, as the experience during monitoring suggests that there
was a broad definition of what constituted some habitats that were entered into prescriptions.
Without re-surveying following a baseline, it is not possible to know what effect Tir Gofal
management may have had on these habitats
66. Due to the lack of baseline data, for those taxa that did show differences in response variables
between Tir Gofal and nonAES farms/fields, this monitoring programme is unable to
distinguish whether this is caused by Tir Gofal management or their initial condition.

67. Despite the lack of differences between Tir Gofal and non-AES farms, Tir Gofal farms
frequently held good populations of monitored taxa. They are also important in maintaining
habitat for species, making it more likely that they will persist in the landscape.
68. There is evidence, from this monitoring programme and elsewhere, that agri-environment
management can be successful in increasing populations of species, when it is well targeted and
implemented. The evidence from this monitoring programme can be used to inform future
agri-environment management in Wales.
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1. Introduction
Since the 1970s, there has been rising concern about the adverse effects of agriculture on the
environment. These concerns include increasing specialisation and intensification (e.g. increased inputs
and stocking rates) of farms in some areas, while elsewhere agricultural land has been abandoned.
Although these concerns are global, price guarantees for agricultural products previously offered under
the European Union’s (EU) Common Agricultural Policy (CAP) have exacerbated these trends
throughout much of Europe. Since 1987, the EU has co-financed Member States to make payments in
order to address the challenge of reducing these negative effects. The purpose of these Agrienvironment Scheme (AES) payments is to “further encourage farmers and other land managers to serve society as
a whole by introducing or continuing to apply agricultural production methods compatible with the protection and
improvement of the environment, the landscape and its features, natural resources, the soil and genetic diversity” (Anon
2005). Since 2000, AES payments have been part of the EU’s rural development policy, which is
implemented through rural development programmes prepared by the Member States. Currently, it is
mandatory for the Member States to include agri-environment payments in their programmes. Farmer
participation in AES is voluntary, with payments based on additional costs and income foregone as the
result of elevated agri-environmental commitments. European AES adopt two possible approaches for
implementing the measures, which are referred to as ‘broad and shallow’ entry-level schemes versus
‘deep and narrow’ higher-level schemes.
1.1. History of AES in Wales
The first UK AES introduced in 1987 was the Environmentally Sensitive Area (ESA) scheme, which
aimed to safeguard areas of countryside where the landscape, wildlife or historic interest was of national
importance. More than 40 ESAs were established in the UK, of which six were in Wales. Participation
within the schemes was voluntary but only land within the ESA boundary could be entered.
The development of a dedicated all-Wales AES began in July 1992, with the introduction of Tir Cymen
in three pilot areas: Meirionnydd; Dinefwr; and Swansea. The purpose of the whole-farm scheme was
to ensure that basic support for agriculture also took account of environmental factors. In addition to
halting the decline of wildlife habitats, the scheme also sought to demonstrate the use of landscape,
habitat and access objectives as a means of achieving management at larger geographical units than an
individual farm (ENTEC 1997).
Although there was no strong evidence of benefits to wildlife, Tir Cymen was considered successful
from a socio-economic viewpoint (ADAS 1995), and led to the introduction in April 1999 of an allWales AES called Tir Gofal (TG). This whole-farm scheme aimed to encourage agricultural practices
that would protect and enhance the landscapes of Wales, their cultural features and associated wildlife.
Participation in TG was selective, based on a scoring system on the initial ecological, historic or scenic
value of the land. To promote the contribution that organic farming can make to environmentally
sensitive food production, the Organic Farming Scheme (OFS) and Organic Farming Conversion
Schemes provide support to farmers for organic conversion and maintenance. In 2010, TG and OFS
(the focal schemes for this report) covered over 3,000 agreements (totalling more than 300,000 ha) and
over 1,000 agreements (totalling more than 121,000 ha), respectively. To promote basic environmental
management throughout Wales, Tir Mynydd, a scheme to support and maintain livestock production in
the less productive farming areas, was introduced in 2001; and an entry-level scheme, Tir Cynnal (TC),
in 2005. From 2012, all the above AES will be replaced by Glastir, a new five year whole-farm
sustainable land management scheme available to farmers and land managers across Wales.
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1.2. Need for monitoring
Twenty-five years after the first AES were implemented across Europe, there has been much debate
about the efficacy of AES for delivering farmland biodiversity targets (e.g. Kleijn et al. 2001; Kleijn et
al. 2006). However, there is evidence that targeted schemes, backed up by expert advice to farmers
implementing the options, can deliver on biodiversity targets (Wotton and Peach 2008; la Haye et al.
2010; Perkins et al. 2011).
Evaluation of the performance of many AES is hampered by the fact that they have been poorly, or
inadequately, monitored. Kleijn and Sutherland (2003) suggested that ecological evaluations must
become an integral part of any scheme, in order that judgement on effectiveness of delivering value for
money for the taxpayer can be made. The European Court of Auditors has investigated whether AES
are well designed and managed, including the question of whether agri-environment policy is designed
and monitored so as to deliver tangible environmental benefits (Anon 2011). Following the
implementation of Regulation 1698/2005, ongoing evaluation and monitoring of AES is now
mandatory in the EU, as part of the Common Monitoring and Evaluation Framework of the Rural
Development Programme.
In Wales, Morris et al. (2008; 2010) have previously undertaken a desk review of the potential of
prescriptions to deliver key resource requirements of priority species. However, as with all AES, field
monitoring coupled with the use of existing data, is needed to assess the performance of the Welsh
schemes in relation to delivering their objectives; including increases in priority species at the field and
farm-scales.
1.3. Aims of monitoring
The Welsh Government specified one hypothesis relating specifically to Species Monitoring in
CONTRACT No 183/2007/08: Agri-environment schemes contribute to maintaining and enhancing species
abundance. This is addressed throughout this report, by data collection to enable comparisons between
AES sites and appropriate control sites outside the schemes. This follows the methodologies used in
other AES evaluations e.g. Arable Stewardship Pilot (Stevens and Bradbury 2006), Higher Level
Stewardship (Field et al. 2011), Countryside Stewardship Scheme (Peach et al. 2001). For most of the
species or groups evaluated, surveys at the farm- (or part-farm-) scale enable contrasts to be made
between abundance on blocks of land with AES relative to land in close proximity but outwith AES
management. Due to the short (three year) duration of this study, it has not been possible to evaluate
farm-scale changes in populations between AES sites relative to those on control sites outside the
schemes. Alongside the farm-scale assessments, monitoring at the prescription- (field-) scale provides a
test of whether prescriptions expected to be beneficial for species (Morris et al. 2008) do deliver greater
use or diversity than on land managed without such interventions.
Kleijn et al. (2011) noted that only a few studies have linked local conservation effects (e.g. those of
AES)to national biodiversity trends. While this study does not explicitly address this relationship, the
information it contains on the effects of AES management on rare and localised but well-monitored
species, e.g. black grouse, allows some assessment of the contribution of AES to Welsh population
trends. In addressing this hypothesis, the main AES investigated was TG, but some work programmes
additionally monitored OFS.
1.4 Selection of target species
The monitoring programme surveyed a range of species, which were selected to represent a range of
differing families, ecological requirements, habitat niches and varying potential to respond to AES
management prescriptions (Morris et al. 2008). They were also species for which data existed on “key
areas”, where species occur at higher densities, allowing surveys to be targeted – see General Methods
section for details. Species are listed in Table 1.1 .
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To achieve this breadth of coverage, monitoring was carried out by a consortium partnership, led by
the RSPB (birds), with specialist sub-contractors being Plantlife (arable plants and grassland fungi);
Butterfly Conservation (butterflies); Bat Conservation Trust (bats); and Wildlife Trusts of Wales (water
vole and brown hare).
Table 1.1. Focal species for study.
Plants

Butterflies

Mammals

Birds

Arable vascular plant
community

Brown hairstreak

Brown hare

Black grouse

Arable bryophyte
community

Marsh fritillary

Water vole

Curlew

Grassland fungi

Small pearl-bordered Daubenton’s bat
fritillary

Lapwing

Lesser horseshoe bat

Chough

Greater horseshoe bat

Yellowhammer

Noctule
Common pipistrelle
Soprano pipistrelle

Bats
A selection of bat species were chosen to function as indicators of the likely impact of TG on the wider
assemblage of bats. Selected species needed to have distinct identifiable features (e.g. echolocation calls
and flight patterns) so that they could be identified with a high degree of confidence. Noctule (Nyctalus
spp.), common and soprano pipistrelles (Pipistrellus pipistrellus and P. pygmaeus), Daubenton’s bat (Myotis
daubentonii), greater and lesser horseshoe bats (Rhinolophus ferrumequinum and R. hipposideros) meet these
criteria, and together their habitat preferences reflect those of a wider assemblage of UK bat species.
Morris et al. (2008) found a high degree of convergence in the likely response of species studied
(common and soprano pipistrelles, noctule and lesser horseshoe bat) with the main positive effects
associated with the planting and restoration of hedgerows and woodland. Daubenton’s bat was not a
focal species in the desk review, but was included for monitoring because activity has been correlated
significantly with various biological and chemical water quality measures in the Environment Agency
River Habitat Survey dataset and the presence/condition of riparian vegetation (Langton et al. 2010).
Lesser and greater horseshoe bats are listed on Annex II of the Habitats and Species Directive and, like
soprano pipistrelle and noctule, are Biodiversity Action Plan (BAP) species.
Birds
The focal bird species chosen for monitoring were black grouse (Tetrao tetrix), lapwing (Vanellus
vanellus), curlew (Numenius arquata), chough (Pyrrhocorax pyrrhocorax) and yellowhammer (Emberiza
citrinella), representing a wide range of families, functional groups, habitat requirements and varying
potential to respond to optional categories, as defined in Morris et al. (2008). All are Bird Species of
Principal Biodiversity Importance in Wales and, with the exception of chough, are UK (BAP) and Red
Listed (Johnstone et al. 2008).
Yellowhammer is a passerine that inhabits a range of habitat types. Morris et al. (2008) suggested strong
potential for TG to deliver for this species, subject to key prescriptions being of sufficient quantity and
3

quality. Curlew is a widespread but declining bird in Wales, for which TG was considered unlikely to
provide sufficient resources (Morris et al. 2008). Lapwing is a wader with a localised distribution in
both lowland and marginal upland habitats. It is also the only species of any taxa with a TG
prescription (TG34A: management of improved grassland for lapwing) dedicated to it. For chough,
Morris et al. (2008) indicated that although TG has some potential benefits, certain TG grassland
management has the potential to be damaging. Black grouse was identified by the desk review as being
a species for which there was high rate of uptake of potentially beneficial prescriptions in appropriate
areas (Morris et al. 2008).
Arable Plants
The sharp decline in arable plants in the UK was recognised in 1995 with the creation of a BAP for
cereal margins targeting the restoration of 10000 ha of sympathetically managed cereal margins by 2010
and 11000 ha by 2015 (Anon 1994, 2008). Sixteen arable plant species were recognised as priorities for
conservation action, including broad-fruited cornsalad Valerianella rimosa, cornflower Centurea cyanus and
small-flowered catchfly Silene gallica, all of which occur in Wales. Morris et al. (2008) identified that only
2% of land entered into TG had the potential to provide some of the requirements of arable plants but
that suitable prescriptions did exist. TG29 fallow margins provides all of the requirements of arable
plants, although only 84 ha (258 parcels) were present on TG agreements. Prescription TG24A had a
higher uptake rate of 2,079 ha (810 parcels) but provides a smaller proportion of the requirements of
arable plants. Organic systems have been found to support richer arable plant communities as the use
of broad-spectrum herbicides is prohibited and generally nitrogen input is reduced (Greenall 2000).
Arable Bryophytes
Arable bryophytes are a much under-recorded component of farmland wildlife and knowledge of their
distribution, status and ecological lifecycle lags behind many other taxa (Porley, 2000). Despite the
launch of the British Bryological Society Survey of Bryophytes of Arable Land recording scheme in
2002 (Porley 2000; Preston et al. 2012), little work has been undertaken on the affects of agrienvironment schemes for arable bryophytes. There is the possibility that measures applied for vascular
plants may not be suitable or even detrimental for arable bryophytes and that other conservation
measures need to be developed.
Grassland Fungi
Grassland fungi are extremely sensitive to agricultural practices and are detrimentally affected by
ploughing, which destroys mycelia, and fertiliser and lime application which limit the suitability of
growing conditions as well as enhancing conditions for vascular plants thus increasing competition for
resources (Griffith et al. 2002; Griffith et al. 2004; Genny et al. 2009). Macrofungi are an important
component of the decomposer community, thus fulfilling a vital ecosystem function. The threats to
grasslands rich in fungi and their decline has long been recognised and although five species of
grassland fungi are BAP species (Anon 1996), just five sites have been protected as SSSIs in England
and Wales for their macrofungal communities (Genny et al. 2009). A group of particular fungi are used
as indicators of unimproved grassland; these consist of the Clavarioids (Fairy Clubs), Hygrocybes
(Waxcaps), Entolomas (Pinkgills), Geoglossaceae (Earthtongues) and Dermolomas and are therefore
known as CHEGD fungi.
Butterflies
Three UK BAP Priority butterfly species were selected: marsh fritillary (Euphydryas aurinia), small pearlbordered fritillary (Boloria selene), and brown hairstreak (Thecla betulae). Marsh fritillary is a suitable
indicator of extensively-managed marshy grassland (rhos pasture) as the required light grazing regime
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benefits many other species (Warren and Bourn 1997). Small pearl-bordered fritillary enables
assessment of the impact of TG on small-scale ffridd habitats such as flushes. Brown hairstreak
requires blackthorn hedges managed by rotational cutting or laying, and as such is an indicator of
beneficial hedgerow management for a range of species (Boatman et al. 2008).
Morris et al. (2008) identified two of these species, marsh fritillary and small pearl-bordered fritillary, as
potentially benefitting from the prescriptions of TG, primarily due to reduced grazing pressure.
Conversely, Morris et al. (2008) indicated the potential for a negative impact on brown hairstreak due
to insufficient limitations on annual hedge flailing.
Terrestrial mammals
The two terrestrial mammal species chosen for monitoring were brown hares (Lepus europaeus) and
water voles (Arvicola amphibius). Both species are listed as of Principal Importance for Conservation of
Biological Diversity under Section 42 of the Natural Environment and Rural Communities Act 2006,
which places a duty on the Welsh Government to have regard, in exercising it’s functions, to conserve
biological diversity in Wales in accordance with the United Nations Convention on Biological Diversity.
Brown hares have suffered a significant decline in the UK since the 1960s and many of these losses
have been attributed to changes in agriculture. Morris et al (2008) found that Tir Gofal could deliver
relatively significant benefits for brown hare as 80% of Tir Gofal agreements had the potential to
deliver all the ecological requirements for the species. The water vole is the fastest declining mammal
species in Great Britain (Strachan 1998), having disappeared from approximately 90% of previously
occupied sites (Strachan 1993; Strachan et al. 2000; Jefferies 2003). They are also often considered as an
indicator of habitat quality (Brown and Edwards 2006). Morris et al (2008) found that the majority
(82%) of Tir Gofal agreements included at least one prescription with the potential to provide all the
resource requirements for the species.
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2. General Methods
The methods appropriate to each of the work programmes are detailed in the relevant sections.
However, some consistent approaches were taken to site selection and data analysis, and these are
described here. Due to the lack of baseline data, a matched farm/field approach was generally taken
(exceptions are described in the relevant species’ sections). This allows comparisons to be made
between farms/fields that have been entered into agri-environment schemes and those that have
remained outside schemes, but that are otherwise as similar as possible. In this way, the counterfactual
(i.e. what would be present if AES had not been implemented) can be inferred.
2.1 Site Selection
Sites for survey were selected from within key areas for each of the target taxa. These key areas are
defined according to various criteria relating to population and abundance (Morris et al. 2008). In some
cases, for logistical reasons or to reduce geographical variation, potential survey areas were reduced
further; for example, to within a restricted number of Watsonian vice-counties. Queries were then run
on the data provided by the Welsh Government, to identify Tir Gofal farms within the key areas that
contained prescriptions considered to have the potential to be beneficial for the target taxa (Morris et
al. 2008). From this list, farms were randomly selected for survey, not based on known occurrence of
the target taxa, with the exception of grassland fungi, which were surveyed at known locations as
described in the relevant section. Land owners/managers were contacted to arrange access, and to
ensure that the agri-environment agreement was still operating. Where OFS farms formed part of the
survey design, these were recruited in a similar fashion to TG farms.
Once the Tir Gofal farm had been recruited, non-AES(control) farms were identified that were as
similar as possible in nature (eg size, altitude, soil type, farming system). These were randomly selected
from farms that were a minimum (for farm-scale surveys, to ensure surveying on different populations)
or maximum (for field-scale surveys, to ensure surveying of field use by the same population) distance
from the Tir Gofal farm. Distance criteria differ between taxa based on their ecology, and are described
in the individual species’ sections. Farmers of non-AES farms were not obliged to give access for this
monitoring programme, and if access was refused, other farms were selected and contacted. Farms in a
lower-level Welsh AES, Tir Cynnal, were avoided as control farms where possible. However, if other
suitable non-AES farms were not available, then in some cases Tir Cynnal farms that had not
undertaken additional habitat creation options were selected. In this report, a matched pair (or triplet,
where OFS farms were also surveyed) of farms is described as a site.

2.2 Data Analysis
Unless specified in the data analysis of the individual taxa below, analysis of data used a similar
modelling approach. Generalized Linear Mixed Models (GLMM) were used to model response
variables, specifying site as a random factor, and testing for significant differences between AES and
non-AES farms. By specifying site as a random factor, natural geographical variation is accounted for,
and it allows for the results of analyses to be inferred to the wider population of farms. Where
appropriate, field and/or farm have also been specified as random factors, to account for multiple
surveys on the same farms and the lack of independence associated with this. The distribution of the
data defines the error structure to be used in any analysis, and this is described in the individual sections
below. However, count data may be expected to use a Poisson error distribution, presence/absence
data to use a binomial error distribution, and measures of species richness or diversity to use a normal
error distribution. Other management and habitat variables collected during surveys have been used as
co-variates to further explain the observed variation in the response variables.
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3. Work Programme – Bats
Key findings
i.

Three survey types were utilised for the monitoring programme: field surveys (for common and
soprano pipistrelles and noctules), waterway surveys (for Daubenton’s bat) and static surveys
(greater and lesser horseshoe bats). Activity of bats on Tir Gofal and non-AES farms did not
differ for any of these three survey types. However, within Tir Gofal farms, activity of
Daubenton’s bats on farms that were also in OFS was higher.

ii.

There was a tendency for greater horseshoe bat activity to increase on Tir Gofal farms with
time in scheme, possibly due to recovery following initially disruptive management activity.

iii.

Bat activity was related to habitat variables that are known to be important for bat foraging:
hedgerows and other linear features for pipistrelles and horseshoe bats; bankside vegetation
type and continuity for Daubenton’s bat.

iv.

Habitat variables tended not to differ between Tir Gofal and non-AES farms, which largely
explains the lack of difference in bat activity. Hedgerow prescriptions in Tir Gofal, which might
be expected to increase bat activity, may be insufficiently mature to cause detectable benefits.

v.

Bats might be expected to respond more to landscape-scale management interventions,
intended to improve elements such as connectivity.

General Approach
The aim of the bat monitoring programme was to assess the effect of Tir Gofal on target bat species on
Welsh farmland by comparing the bat/foraging activity of target species on farms in Tir Gofal with that
on non-AES farms, determining the impact of selected farm habitat variables on bat/foraging activity,
and assessing differences in farmland habitat relevant to bats between TG and non-AES farms. Three
survey types were used in the project (Field Survey, Waterway Survey and Horseshoe Bat Survey) to
assess activity of six target species (common and soprano pipistrelles, noctule, Daubenton’s bat, greater
and lesser horseshoe bats) at farms throughout south Wales. South Wales is an area rich in bat
biodiversity and focusing the fieldwork here maximised the number of species that could be studied.
Table 3.1: Summary of surveys conducted as part of the Lot 2 Monitoring project.
Target species

Type of
survey

Scale

Non-AES
farm1

Common pipistrelle
Soprano pipistrelle
Noctule
Daubenton’s bat

Field
transect

Farm

2-20 km distant

Waterway
transect

Farm

2-20 km distant

Greater horseshoe
bat
Lesser horseshoe
bat

Static
point
survey

Field

Site within 5km
(GHB) or 2 km
(LHB) of
maternity roost

TG
Prescriptions
selected2
1, 18
At least one of:
3, 7, 8, 9, 10, 11
n/a
n/a

Years
2009,
2010,
2011
2009,
2010,
2011
2009,
2010,
2011

Number
of sites
surveyed3
60
40
45

1The

non-AES farm was the control to a TG farm. In some cases, due to limited farm availability, non-AES farms were
under Tir Cynnal and/or organic management.
2 TG prescriptions that were potentially used to select AES farms for survey. Not all were necessarily selected in the process.
3 The total number of sites surveyed over three years. A site consisted of a pair of farms, one in TG and one outside of AES.
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3.1. Field Survey: farm-scale survey for noctule, common pipistrelle and soprano pipistrelle

3.1.1 Introduction
The objective of farm-scale surveys for noctule, common pipistrelle and soprano pipistrelle was to
compare the level of bat activity (and foraging activity, where appropriate) on farms in the Tir Gofal
AES with bat activity on paired non-AES farms. In addition, to determine the effects of selected farmscale habitat variables on bat/foraging activity, and investigate whether there were differences between
TG and non-AES farms with regards to habitat features important to bats. The null hypotheses were
that there would be no such differences between TG and non-AES farms.

3.1.2 Methods
Site Selection and Sample Size
Sites were selected in Carmarthenshire, Pembrokeshire, Cardiganshire, Glamorganshire,
Monmouthshire, Brecknockshire and Radnorshire. Prescriptions that were selected for are listed in
Table 3.1, although not all prescriptions were present on each of the surveyed farms. Further criteria
for selection were that the farm was at least 40 ha in size and less than 300 m asl., although due to
limited site availability it was necessary to make a few exceptions on these points, e.g. 10 of 120 farms
were <40 ha. Paired non-AES farms were selected at least 2 km distant from the Tir Gofal farms to
avoid pseudo-replication, and not more than 20 km distant from the Tir Gofal farms to minimise
geographical variation. The non-AES land parcel was similar to its TG pair in area, altitude, farm type
(pastoral/arable), presence of important habitat (i.e. woodland), and proximity to villages/towns.
In total, 60 sites were surveyed during the three years, and ten of these were surveyed every year
(referred to as core farms). All sites were surveyed twice in each year, with some exceptions in Year 1.
See Table 3.2 for details and a breakdown by year, and Figure 3.1 for site locations.
Table 3.2: Summary of Field Survey sites.
Year 1

Year 2

Year 3

20

20

20

-

10

10

Total sites

20

30

30

Site surveys repeated within year

10

30

30

Total farm surveys

60

120

120

New sites
Repeated core sites

Total of 60 incl. 10 core sites
Total of 300 incl. repeat surveys

Farm-scale Surveys
Common and soprano pipistrelles and noctule were surveyed using methods based on the National Bat
Monitoring Programme (NBMP) Field Survey protocol (Walsh et al. 2001). Surveys were carried out at
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sites twice each year in June and July, with evening surveys repeated after a period of approximately one
month and no less than two weeks.
During the day, the surveyor set the transect route which was 2-3 km and a rough polygon shape to
incorporate as much of the farm as possible without any parts of the transect running closer than 100
m to another. The transect was divided into 12 “walks” which were 100-200 m in length, with a “spot”
at the end of each walk. A map was annotated with field and boundary labels along the transect route
so that field/boundary data could be recorded using a tailored habitat survey. The following features
were assessed during the habitat survey:


Field type/land-use



Livestock type and presence



Sward height



Boundary type (e.g. hedgerow, tree line, woodland edge, fence, etc)



Hedgerow height and width



Hedgerow continuity (i.e. proportion of gaps in hedge)



Hedgerow predominant species and species richness (i.e. number of species)



Hedgerow management (e.g. cut, unmanaged, newly planted, etc)



Proportion of trees along hedgerow and tree maturity

Figure 3.1: Field Survey site locations. Blue triangles indicate core sites that were surveyed
each year.
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Evening surveys commenced 20 minutes after sunset and were only carried out on dry, calm evenings
when start temperatures were ≥10°C. To further control for weather/nightly variation, surveys were
carried out at the Tir Gofal and non-AES farm pair on the same night. Weather conditions, time and
temperature readings were taken at the start and end of each transect. The transect was walked at a
steady pace (approx. 3 km/hr) with Batbox Duet bat detectors (Batbox Ltd, Sussex, UK) linked to
Zoom H2 digital recorders (Zoom, Tokyo, Japan), which were used to detect and record bat
echolocation calls. Recordings were made from the frequency division output of the bat detector for all
‘walks’ and ‘spots’, with continuous recordings made for the ‘walks’ and two minute recordings made at
‘spots’.
Sonogram Analysis
Bat echolocation calls recorded during surveys were analysed using BatSound v.4 (Pettersson
Elektronik AB, Uppsala, Sweden). Where two or more clear calls occurred within one second of each
other (a bat ‘pass’), they were identified from diagnostic features of the sonogram, such as call structure
(CF/FM), frequency of maximum energy (Fmaxe kHz), start and end frequency (kHz), pulse duration
(ms) and inter-pulse interval (ms). Using established species-specific call parameters (e.g. Vaughan et al.
1997), calls were identified to species level where possible: common pipistrelle (Fmaxe 42-49 kHz),
soprano pipistrelle (Fmaxe >52 kHz), noctule (alternating call types, type 2 call Fmaxe <21 kHz), Leisler’s
bat (alternating call types, type 2 call Fmaxe >24 kHz), serotine (single call type, Fmaxe >24 kHz), greater
horseshoe bat (Fmaxe 80 kHz) and lesser horseshoe bat (Fmaxe 110 kHz). Where call frequencies
overlapped on more than one species’ identification parameters, the calls were identified to species
groups: Pipistrellus species (Fmaxe 50-52 kHz), Myotis species, noctule/serotine/Leisler’s bat or classed as
‘unknown’. Feeding buzzes and social calls were also quantified. Identifications of ambiguous and rare
species calls were verified by at least two analysts. Each track was split into sections (WavSplitter,
DigitByte Studio) so that activity could be measured by the incidence (i.e. at least two identifiable
echolocation calls) of a particular species within each five-second section of recording. This method
was used in preference to counting individual bat passes within each track, because the process of
identifying the start and end of bat passes is more subjective. The approach described here achieves
greater consistency between researchers and over time. For each transect recording, the number of fivesecond sections containing the relevant species was counted and summed, then divided by the total
number of five-second sections recorded during the transect. This gives an index for measuring bat
activity to be used as a continuous response variable, i.e. the proportion of five-second sections of
recording containing echolocation calls made by the relevant species. The same approach was used with
feeding buzzes to give an index for foraging activity.
Data Analysis
Analyses were conducted using the statistical package GenStat 14th Edition (VSN International, Hemel
Hempstead, UK). Analyses were carried out using farm-scale variables and full details of these are given
in Appendix 3.1, with the exception of those which univariate plots identified as not having sufficient
impact on bat activity to be included in analyses.
Because of the large number of potential explanatory variables, some of which were highly correlated,
Principal Components Analysis (PCA) was used to derive a smaller number of uncorrelated variables
which retained the majority of the information in the original variables. The number of dimensions to
retain was determined based on scree plots and examination of the component loadings. Initially all the
retained components were fitted simultaneously but, for reasons of parsimony, non-significant
components were dropped from the final models.
PCAs were run for habitat variables (Table 3.3), TG prescriptions (Table 3.4), field characteristics
(Table 3.5), boundary characteristics (Table 3.6) and hedgerow characteristics (Table 3.7). The retained
principal components were entered into the GLMMs and descriptions of these up to PC6 (being the
most relevant) are provided in the relevant tables below.
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PCAs were also run on meteorological data (i.e. weather conditions) and spatial data (i.e. region) for
them to be included in the models as covariates, where appropriate. As these variables had been
recorded on different scales, a correlation matrix was used and they were standardised prior to analysis.
PCA loading information is in Appendix 3.2.

Table 3.3: Principal components based on Field Survey habitat variables (Model 3.3 bat/foraging activity and farmland habitat variables). Reported variables are those with the
largest negative and positive loadings (full details are in Appendix 3.2).
Principal
component
PC1

PC2

PC3

PC4

PC5

PC6

%
Variables with
variance negative loadings
11.74
Boundary_hedgerow
Hedge_uncut
Field type_arable
Hedge_cut
9.15
Hedge_cut
Livestock_present
Boundary_dble fence
Boundary_stream
8.13
Hedge_% gaps
Field type_scrub
Boundary_fence
Field type_marsh
6.67
Field type_arable
Boundary_fence
Hedge_mature trees
Boundary_treeline
5.99
Field type_marsh
Boundary_trees
Hedge_mature trees
Boundary_dble fence
5.60
Hedge_uncut
Livestock_present
Hedge_newly planted
Field type_imp. grass.

Loading Variables with
Loading
positive loadings
-0.435 Hedge_mature trees
0.345
-0.257 Boundary_treeline
0.329
-0.244 Boundary woodland
0.296
-0.237 Hedge_% tree
0.235
-0.182 Hedge_height
0.476
-0.155 Hedge_width
0.473
-0.151 Hedge_unmanaged
0.371
-0.146 Boundary_scrub
0.259
-0.365 Hedge_no. of species
0.328
-0.350 Hedge_mature trees
0.214
-0.298 Boundary_tree belt
0.212
-0.265 Boundary_dble fence
0.201
-0.259 Field type_imp. grass.
0.365
-0.187 Boundary_trees
0.320
-0.179 Hedge_young trees
0.309
-0.164 Boundary _dble fence
0.300
-0.319 Field type_orchard
0.338
-0.274 Hedge_young trees
0.319
-0.266 Boundary _woodland
0.227
-0.264 Boundary _scrub
0.218
-0.389 Hedge_cut
0.370
-0.297 Field type_hay/silage
0.328
-0.274 Hedge_no. of species
0.280
-0.216 Field type_scrub
0.216
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Table 3.4: Principal components based on Field Survey key TG prescriptions (Model 3.4 bat/foraging activity and TG prescriptions). Reported variables are those with the largest
negative and positive loadings (full details are in Appendix 3.2).
Principal
component
PC1

%
Variables with
variance negative loadings
15.64
TG3CP
TG37C
TG3BP

Loading Variables with
positive loadings
-0.577 TG1B
-0.577 TG1A
-0.570 TG10

PC2

12.04

TG8
TG1C
TG3AP
TG3AO
TG10

-0.468
-0.430
-0.416
-0.347
-0.312

PC3

10.20

TG1C
TG18
TG3AP

-0.304
-0.256
-0.172

PC4

8.63

TG10A
TG3AO
TG1B
TG3BO

-0.215
-0.190
-0.170
-0.107

PC5

8.10

TG3BO
TG7B
TG10A
TG1B

-0.307
-0.255
-0.250
-0.209

PC6

5.60

TG7B
TG3AO
TG37C
TG1C
TG10

-0.297
-0.216
-0.215
-0.154
-0.126

TG10B
TG8B
TG10A
TG11
TG7B
TG7A
TG3AO
TG8
TG11
TG10B
TG1B
TG7A
TG3AP
TG7B
TG1C
TG10B
TG8B
TG18
TG1A
TG3AO
TG8
TG3BP
TG7A
TG3AP

Loading
0.040
0.032
0.031
0.304
0.182
0.132
0.128
0.120
0.111
0.506
0.427
0.303
0.292
0.274
0.468
0.390
0.389
0.356
0.351
0.549
0.509
0.241
0.194
0.163
0.328
0.216
0.214

12

Table 3.5: Principal components based on Field Survey field characteristics (Model 3.5 - field
characteristics on TG and non-AES farms). Reported variables are those with the largest
negative and positive loadings (full details are in Appendix 3.2).
Principal
component
PC1

PC2

%
Variables with
variance negative loadings
33.18
Field type_arable
Field type_hay/silage
Field type_uncrop.
margin
20.88
Field type_hay/silage

Loading Variables with
positive loadings
-0.488 Field type_imp. grass.
-0.208 Field type_marsh/bog
-0.188
-0.795

PC3

17.05

Field type_imp. grass.

-0.312

PC4

7.04

Field type_marsh

-0.191

PC5

5.76

Field type_stream

-0.405

Field type_sown

-0.103

Field type_arable
Field type_uncrop.
margin
Field type_marsh/bog
Field type_marsh/bog
Field type_stream
Field type_hay/silage
Field type_scrub
Field type_imp. grass.
Field type_stream
Field type_uncrop.
margin
Field type_wood
Field type_uncrop.
margin
Field type_hay/silage
Field type_imp. grass.

Loading
0.773
0.252
0.470
0.288
0.203
0.883
0.174
0.163
0.157
0.145
0.857
0.250
0.219
0.717
0.347
0.299

Table 3.6: Principal components based on Field Survey boundary characteristics (Model 3.6 boundary characteristics on TG and non-AES farms). Reported variables are those with the
largest negative and positive loadings (full details are in Appendix 3.2).
Principal
component
PC1
PC2

%
Variables with
variance negative loadings
34.94
Boundary_hedgerow
Boundary_dble fence
Boundary_trees
19.11
Boundary_hedgerow
Boundary_fence

PC3

11.75

Boundary_dble fence
Boundary_fence

PC4

9.10

Boundary_hedgerow
Boundary_woodland

PC5

6.62

Boundary_treeline
Boundary_hedgerow
Boundary_stream

Loading Variables with
positive loadings
-0.631 Boundary_fence
-0.436 Boundary_treeline
-0.153 Boundary_woodland
-0.608 Boundary_dble fence
-0.473 Boundary_treeline
Boundary_woodland
Boundary_stream
-0.720 Boundary_woodland
-0.643 Boundary_scrub
Boundary_trees
Boundary_treeline
-0.113 Boundary_trees
-0.066 Boundary_fence
Boundary_road
-0.680 Boundary_woodland
-0.161 Boundary_scrub
-0.131 Boundary_wall
Boundary_road

Loading
0.561
0.228
0.101
0.511
0.301
0.142
0.132
0.120
0.115
0.107
0.102
0.968
0.153
0.101
0.637
0.176
0.143
0.141
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Table 3.7: Principal components based on Field Survey hedgerow variables (Model 3.7 hedgerow characteristics on TG and non-AES farms). Reported variables are those with the
largest negative and positive loadings (full details are in Appendix 3.2).
Principal
component
PC1

%
variance
18.77

Variables with
negative loadings
Hedge sp_hawthorn
Hedge sp_hazel
Hedge sp_elder
Hedge_cut
Hedge_mature trees
Hedge_young trees
Hedge_newly planted

Loading
-0.427
-0.362
-0.338
-0.306
-0.194
-0.099
-0.092

PC2

14.67

PC3

10.99

Hedge_% gaps
Hedge sp_gorse
Hedge_unmanaged
Hedge_newly planted

-0.432
-0.219
-0.206
-0.205

PC4

9.08

PC5

6.74

PC6

5.66

Hedge_cut
Hedge sp_gorse
Hedge sp_blackthorn
Hedge_no. of species
Hedge_% gaps
Hedge_mature trees
Hedge_% gaps
Hedge sp_gorse
Hedge_cut
Hedge sp_hawthorn
Hedge_laid
Hedge_young trees
Hedge_height
Hedge sp_elder

-0.527
-0.389
-0.343
-0.119
-0.112
-0.353
-0.210
-0.128
-0.121
-0.109
-0.598
-0.247
-0.164
-0.129

Variables with
positive loadings
Hedge_width
Hedge_% gaps
Hedge_height
Hedge_% tree
Hedge sp_blackthorn
Hedge_unmanaged
Hedge_height
Hedge_width
Hedge_uncut
Hedge_no. of species
Hedge_% trees
Hedge_width
Hedge_height
Hedge_mature trees
Hedge_mature trees
Hedge_uncut
Hedge sp_bramble
Hedge sp_elder

Loading

Hedge_young trees
Hedge newly planted
Hedge_no. of species
Hedge sp_blackthorn
Hedge sp_bramble
Hedge_newly planted
Hedge_% tree
Hedge sp_bramble
Hedge sp_hawthorn

0.675
0.478
0.234
0.105
0.100
0.517
0.259
0.217
0.207

0.254
0.234
0.226
0.218
0.420
0.393
0.387
0.383
0.383
0.539
0.319
0.244
0.228
0.218
0.312
0.293
0.257
0.252

For Models 3.1, 3.2, 3.3 and 3.4 the response variables were bat activity and foraging activity (the
proportion of five-second sections of recordings containing echolocation calls/feeding buzzes of the
relevant target species), and these were modelled for each species using a binomial Generalised Linear
Mixed Model (GLMM) with a logit link function. The GLMM had random terms for years nested
within farms nested within site. This ensured that the analysis reflects the paired nature of the design
and also combines information from those farms surveyed in a single year with that from the core
farms surveyed every year. As is common with bats, the data were heavily over-dispersed and so the
scaling parameter was estimated from the data. Significance testing was based on approximate F-tests
using the method of Kenward and Roger (1997).
For Models 3.5, 3.6 and 3.7, the retained principal components for the field, boundary and hedgerow
variables were used as response variables in REML mixed models with a similar random model to the
binomial GLMMs (i.e. years nested within farms within sites), and fixed terms for year and TG status.
Individual response variables were tested directly in REML models when their distribution was found
to be approximately normal.
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Model 3.1. Bat/foraging activity and TG status
Fixed effects were used to compare Tir Gofal farms with non-AES farms and to estimate the overall
year effects, thus controlling for large-scale differences in bat abundance between years. Time in years
under TG management was also included in these models.
Model 3.2. Bat/foraging activity and AES/organic status
Fixed effects were AES status (Tir Gofal, Tir Cynnal [TC] or none) and whether it was organically
farmed. Year, altitude, region, survey date and principal components derived from spatial and weather
variables were included as covariates.
Model 3.3. Bat/foraging activity and farmland habitat variables
Principal component scores derived from the following field and boundary habitat variables were fitted
as fixed effects:


Field habitat: field type/land-use, livestock presence and sward height.



Boundary habitat: boundary type, hedgerow height and width, hedgerow continuity, proportion of
trees along hedgerow, tree maturity, hedgerow species richness, hedgerow management.

PCA loadings for the key variables can be found in Appendix 3.2. The retained principal components
were entered into the GLMM and descriptions of these up to PC6 (being the most relevant) are
provided in Table 3.3. Initially, relationships with bat activity data were examined whilst allowing for
covariates (altitude, region, survey date and weather factors), however some relationships were
obscured by correlations between the components and spatial data (e.g. there was a positive correlation
between altitude and PC2), so the model was run without covariates except for year.
Model 3.4. Bat/foraging activity and TG prescriptions on TG farms only
Presence of the following key TG prescriptions on farms were expressed by either the area of the TG
prescription in question divided by the land parcel area or, in the case of a boundary, the total length of
the TG prescription divided by land parcel perimeter.


TG1A Broadleaved woodland (stock excluded)



TG1B Broadleaved woodland (light grazing)



TG1C Broadleaved woodland (existing grazing)



TG3AO Orchards (semi improved)



TG3AP Parkland (semi improved)



TG3BO Orchards (improved)



TG3BP Parkland (improved)



TG3CP Parkland (arable)



TG7A Unimproved acid grassland (enclosed)



TG7B Unimproved acid grassland (unenclosed <200 ha)



TG8A Unimproved neutral grassland (hay meadow)



TG8B Unimproved neutral grassland (grazed)



TG10A Semi-improved grassland (hay meadow)



TG10B Semi-improved grassland (grazed)
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TG11 Marshy grassland



TG37C Plant new woodland



TG18 Hedgerow restoration

The retained principal components derived from these TG prescriptions (the first six of which are
described in Table 3.4 and PC loadings for all are in Appendix 3.2) were entered into the GLMM,
together with the response variable bat/foraging activity for TG farms only. Year, altitude, organic
status, region, survey date and principal components derived from regional and weather factors
(Appendix 3.2) were included as covariates.
Model 3.5: Field characteristics on TG and non-AES farms
Field type/land-use and presence of livestock principal components were analysed to determine
whether there were differences between TG and non-AES farms. Full details of PCA loadings are
provided in Appendix 3.2, and Table 3.5 describes the first five components which were used as
response variables in the REML mixed model. Sward height was tested directly and fitted to the model
individually.
Model 3.6: Boundary characteristics on TG and non-AES farms
Boundary type principal components were analysed to determine whether there were differences
between TG and non-AES farms. Full details of PCA loadings are provided in Appendix 3.2, and Table
3.6 describes the first five components which were used as response variables in the REML mixed
model.
Model 3.7: Hedgerow characteristics on TG and non-AES farms
Principal components derived from the following hedgerow characteristics were analysed to determine
whether there were differences between TG and non-AES farms:


Hedgerow width and height



Continuity (i.e. proportion of gaps along hedge)



Proportion of trees along hedge and their maturity



Predominant species and species richness



Management (e.g. cut, unmanaged, newly planted, etc)

Full details of PCA loadings are provided in Appendix 3.2, and Table 3.7 describes the first six
components which were used as response variables in the REML mixed model. Hedgerow height and
width were also tested directly and fitted to a separate model.

3.1.3. Results
There were no significant differences between TG and non-AES farms with regards to land parcel size
(mean = 92.87 ha ± S.E. 4.76 ha; t = -0.471; p = 0.639), altitude (mean = 142.65 m asl. ± S.E. 6.70 m
asl.; t = 1.509; p = 0.137) or transect length (mean = 2.77 km ± S.E. 0.02 km; t = -0.406; p = 0.686).
Farm-level encounter rates of the target species were high, with common and soprano pipistrelles each
being detected on 100% of both TG and non-AES farms, and noctule detected on 57% of TG farms
and 58% of non-AES farms. Over the three years of the project, 343.7 hours of Field Survey
recordings were made and bat call sequences were detected in 40,097 five-second sections of survey
16
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Figure 3.2. Common pipistrelle (a) bat activity and (b) foraging activity (back-transformed
means ± S.E.) on TG and non-AES farms (Model 3.1)
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Figure 3.3. Soprano pipistrelle (a) bat activity and (b) foraging activity (back-transformed
means ± S.E.) on TG and non-AES farms (Model 3.1)
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recordings. Of these, 79% were made by Pipistrellus sp. (27 % common pipistrelle, 40% soprano
pipistrelle and 12% unknown pipistrelle species), 4.5% by Myotis sp., 4.2% by Nyctalus sp. or Eptesicus
serotinus, 0.1% by Rhinolophus sp. and 12% by ‘other/unknown species’. There were 3,320 five second
sections containing feeding buzzes, of which 97% were made by Pipistrellus sp. (23% common
pipistrelle, 64% soprano pipistrelle and 10% unknown pipistrelle species), 2% by Myotis sp. and 1% by
Nyctalus sp. or Eptesicus serotines. For some analyses (e.g. where sample size at species level was low) it
was appropriate to group together bat calls that could have been made by noctule, serotine or Leisler’s
bat. Due to the low incidence of noctule feeding buzzes, only common and soprano pipistrelle foraging
activity levels were analysed.
Model 3.1: Bat/foraging activity and TG status
No significant differences in bat activity were found between TG and non-AES farms (p > 0.2), nor
were there significant interactions between TG status and year (p > 0.05). There were significant
differences between years, with higher activity occurring in 2009 than in subsequent years for common
pipistrelle (F2, 83 = 8.75; p <0.001), soprano pipistrelle (F2, 235 = 9.47; p <0.001) and noctule (F2, 110 =
3.32; p = 0.040). Model terms are given in Appendix 3.2 and annual bat/foraging activity means are
shown in Figures 3.2, 3.3 and 3.4.
The selected TG farms had been under TG management for between three and 11 years (mean = 7.1 ±
1.9 years). The length of time a farm had spent under TG management had no effect on the activity of
common pipistrelle (F1, 90 = 0.71; p = 0.402 for bat activity and F1, 135 = 0.03; p = 0.862 for foraging
activity), soprano pipistrelle (F1, 128 = 0.10; p = 0.751 for activity and F1, 147 = 0.98; p = 0.325 for
foraging activity) and noctule (F1, 135 = 2.61; p = 0.109).
Model 3.2: Bat/foraging activity and AES/organic status
There were no significant differences found in activity levels of any species between farms that were
under any type of AES management, or organically farmed (Appendix 3.2). There was a borderline
interaction effect in soprano pipistrelle foraging activity between organic and AES farms, whereby the
difference in foraging activity between TG farms and TG/organic farms was greater than that between
non-AES farms and non-AES/organic farms (F2, 258 =3.08; p = 0.048; Figure 3.5). However, these
results should be treated with caution due to small sample sizes of non-AES/organic farms.
Model 3.3. Bat/foraging activity and farmland habitat variables
All ten retained PCs were fitted to the GLMM and following this a reduced model was run with the
PCs that reported significant differences (Appendix 3.2). There was a strong relationship between
common pipistrelles and PC6 (F1, 100 = 11.15; p = 0.001; Figure 3.6). High values are associated with cut
hedgerows of high species richness, in fields of hay/silage; low values indicate that livestock are present
on semi-improved grassland and the hedges are either newly planted or uncut.
Soprano pipistrelles were significantly associated with PC2 both for echolocation calls (F1, 96 = 4.57; p =
0.035) and feeding buzzes (F1, 105 = 13.81; P < 0.0001; Figure 3.7). High scores indicate large (i.e. wide
and tall) unmanaged or uncut hedgerows comprising many species and a high proportion of trees, or
boundaries of scrub or woodland edge. Low scores indicate cut hedgerows with double fencing,
streams and the presence of livestock.
The relationship between the noctule/serotine/Leisler’s bat group and PC5 was also significant (F1, 75 =
9.17; p = 0.003; Figure 3.8). High values suggest orchard, and boundaries of hedgerow with young trees
or woodland. Low scores are marsh/bog with boundaries of individual mature trees and/or double
fenced.
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Figure 3.4: Noctule bat activity (back-transformed means ± S.E.) on TG and non-AES farms
(Model 3.1)

Figure 3.5. Soprano pipistrelle foraging activity (back-transformed means ± S.E.) on organic
(OFS) and non-organic farms, with AES status (Model 3.2).
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Figure 3.6. Relationship between bat activity of common pipistrelle and farmland habitat PC6
(Model 3.3)

Model 3.4: Bat/foraging activity and TG prescriptions on TG farms only
Initially, principal components were fitted as fixed terms simultaneously to each species, and model
terms for this are provided in Appendix 3.2. The only significant relationships were between bat and
foraging activity of soprano pipistrelles and PC5 (F1, 48 = 4.46; p = 0.040 for echolocation calls and F1, 44
= 7.15; p = 0.011 for feeding buzzes). A reduced model was run with just PC5 fitted to soprano
pipistrelle foraging activity (F1, 48 = 4.77; p = 0.034), and the relationship is shown in Figure 3.9. PC5
has high scores for TG8B unimproved neutral grass, TG18 hedgerow restoration and TG1A broadleaf
woodland with stock excluded. Low scores represent TG3BO improved orchards, TG7B unimproved
acid grass and TG10A semi-improved grassland.

Model 3.5: Field characteristics on TG and non-AES farms
There were no significant differences in field type/land-use between TG and non-AES farms
(Appendix 3.2). There was also no difference in sward height between TG and non-AES farms (F1, 62 =
1.99; p = 0.163).
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Figure 3.7: Relationships between (a) bat activity and (b) foraging activity of soprano
pipistrelle and farmland habitat PC2 (Model 3.3).
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Figure 3.8. Relationship between bat activity of noctule/serotine/Leisler’s bat and farmland
habitat PC5 (Model 3.3).
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Figure 3.9: Relationship between foraging activity of soprano pipistrelle and TG prescription
PC5 (Model 3.4).
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Model 3.6: Boundary characteristics on TG and non-AES farms
There were significant differences between TG and non-AES farms for PC1 (F1, 58 = 5.58; p = 0.022)
and PC3 (F1, 59 = 9.02; p = 0.004), but the most significant relationship was for PC2 (F 1, 60 = 13.84; p <
0.0001). High loadings for PC2 are boundaries with double fencing, woodland, tree lines and streams,
whilst low loadings represent hedgerow with single fencing. This suggests that TG farms are more
likely to have double fences and tree lines or woodland edge and/or streams bordering the fields, whilst
non-AES farms are more likely to have hedgerows with single fencing.
Mean values for boundary types are displayed in Figure 3.10 which shows that overall there is little
difference between TG and non-AES farms in the proportion of each boundary type, with the most
common boundary for both being hedgerows and single fencing. However, TG farms have a much
higher proportion of double fencing along hedgerows than non-AES farms.
Model 3.7: Hedgerow characteristics on TG and non-AES farms
In terms of hedgerow characteristics, there were highly significant differences between TG and nonAES farms for PC5 which represents hedgerows with young trees and newly planted hedges (F 1, 107 =
13.78; p < 0.0001). This strongly suggests that the TG farms had more newly planted hedgerows and
young trees than non-AES farms. Model terms for the other principal components are given in
Appendix 3.2. Differences are marginally significant for PC2, with non-AES farm hedgerows being
more likely to be uncut or unmanaged (F1, 53 = 3.07; P = 0.085). However, testing directly for
differences in hedgerow height or width reveals no sign of any consistent differences between TG and
non-AES farms (hedge height: F1, 108 = 0.05; p = 0.823 and hedge width: F1, 55 = 0.17; p = 0.686).
One of the hedgerow characteristics examined was time since the hedge was last cut and whether it had
been laid or newly planted. Mean values of hedgerow management features are shown in Figure 3.11,
which illustrates the only difference between TG and non-AES hedgerows was a higher proportion of
newly planted hedgerows on TG farms.
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Figure 3.10. Proportions (mean ± S.E.) of boundary type on TG and non-AES farms.
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Figure 3.11. Proportions (means ± S.E.) of hedgerows under different management on TG and
non-AES farms.

3.1.4 Discussion
The results of this monitoring project show that there were no differences in bat or foraging activity
between farms in Tir Gofal and non-AES farms, for either common or soprano pipistrelle, or noctule.
This is despite the observed fluctuations in overall bat activity between years, and regardless of the time
that a farm has been under Tir Gofal management (study range between three and 11 years). Studies
assessing the effects of AES status on the same species in England and Scotland also found no
differences in bat activity between AES and non-AES farms (Fuentes-Montemayor et al. 2011;
MacDonald et al. 2012a). In this Welsh study, no other AES nor organic status appeared to have an
impact on the bat/foraging activity of any of these target species. However, the marginally significant
interaction effect between organic and AES status for soprano pipistrelle foraging activity does suggest
that a combination of Tir Gofal and organic management might be of benefit to this species. Organic
farms were found to support a higher abundance of bats in a study by Fuller et al (2005), and
Wickramasinghe et al (2003; 2004) found that activity of pipistrelle species (amongst others) was higher
on organic farms than conventional farms, most likely as a consequence of taller hedges, better water
quality and a more abundant food supply on organic farms.
Some bat habitat preferences were evident in this project. Higher activity of common pipistrelles was
associated with cut hedgerows with high species richness in fields growing hay/silage. Soprano
pipistrelle activity and foraging levels had a positive relationship with farms that had tall and wide
unmanaged or uncut hedgerows comprising many species and a high proportion of trees, and
boundaries of scrub and woodland edge. Tall and wide unmanaged hedgerows were particularly
important for feeding. Soprano pipistrelle activity and foraging activity also displayed strong
associations with certain combinations of Tir Gofal prescriptions: TG8B (unimproved neutral grass),
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TG18 (hedgerow restoration) and TG1A (broadleaf woodland with stock excluded). For large species
of bat (noctule/leisler/serotine), higher activity was associated with farms with orchard, hedgerows
with young trees and woodland edge. These habitat associations fit with what might be expected, i.e.
that bats are attracted to habitats that support higher insect prey density and offer shelter from
predators and weather. Bat habitat preference studies tend to show that activity increases in habitats
associated with broadleaved woodland, linear vegetation features, vegetation corridors and riverine
habitats, particularly where they form remnant semi-natural habitats within an agricultural landscape
(Walsh and Harris 1996b, a). Within a lowland farmland context, associations were found between
common pipistrelle and treelines with stream corridors, soprano pipistrelles and riparian corridors and
woodland habitats, and noctule and the amount of grassland present within mixed or arable farmland
(Linton 2009). In their study of species’ sensitivity to agricultural intensification, Pocock and Jennings
(2008) found that bats were highly sensitive to boundary hedge loss, indicating how important this
feature is to bats. On a finer scale, Boughey et al (2011) found that soprano pipistrelle selected linear
features containing trees and close to woodland.
The widespread occurrence of common and soprano pipistrelle (100% farms) and noctule (58% farms)
at farms in this project, together with their habitat use being in line with our current knowledge of bat
habitat preferences, it is evident that habitat suitable for these species was available on farmland
throughout the study area. To determine whether there were differences in the type and condition of
key bat habitats on Tir Gofal and non-AES farms, selected field, boundary and hedgerow
characteristics were compared.
There were no differences in the proportions of field types between Tir Gofal and non-AES. Without
significant differences in prime habitat such as woodland, tree lines/belts, water bodies, etc, it is
unlikely that differences in bat activity would be observed. Boundary types were also very similar,
though Tir Gofal farms were more likely to have double fencing along hedgerows. Since these protect
hedgerows from stock damage and encourage growth and species richness which could support higher
prey densities, it is possible that over time these hedgerows may attract more foraging bats, however
there is no evidence for that from this monitoring programme. Although Tir Gofal farm boundaries
may be more likely to comprise a combination of woodland, tree lines and streams, the most common
boundary type on both Tir Gofal and non-AES farms was hedgerow and single fencing, which can still
provide bats with commuting lines, shelter and food supply. This similarity may again underlie the lack
of a significant difference in bat activity between Tir Gofal and non-AES farms.
With regards to hedgerow characteristics, the only observed difference between Tir Gofal and nonAES farms was that there were more newly planted hedges and young trees along hedges on Tir Gofal
farms. In the long term, this is encouraging as it suggests greater habitat connectivity and an increase in
a preferred habitat feature for commuting and foraging. However, hedgerows in their early growth
phase provide little in terms of food supply and shelter and are unlikely to be selected in preference to
mature hedgerows, therefore at this stage would not result in attracting higher bat activity. Non-AES
farm hedges may be more likely to be uncut/unmanaged but this is not significant, and as the direct test
revealed, hedges are not significantly taller or wider than on Tir Gofal farms.
The lack of significant differences in bat activity on Tir Gofal and non-AES farms appears to be
explained by the high degree of habitat similarity (from the point of view of the ecological needs of
bats) between each type of farm, which suggests that AES management has not yet created sufficiently
different habitat for bats. Whilst the pipistrelle species and the noctule/serotine/leisler group exhibited
some degree of preference for different habitats present in the study area and sites, the farm types
themselves did not differ sufficiently with respect to these habitats for there to be a detectable
difference in bat activity on Tir Gofal and non-AES farms. Where a bat species requires a feature to
mature or become fully-established in the landscape, positive impacts or benefits to bats may take
longer to become apparent and require longer term monitoring to evaluate. Where foraging
opportunities are not limiting, addressing other potential limiting factors, such as availability of suitable
roost sites, may be more important.
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A more targeted approach to improving habitat and enhancing features for roosting and foraging may
also be required. Fuentes-Montemayor et al (2011) compared bat activity and nocturnal insect
abundance on AES and conventional farms in Scotland and assessed spatial configuration and
composition of habitat at a landscape-scale. Activity of pipistrelle species was generally lower on AES
farms, as were patterns of prey abundance, whilst there were strong positive relationships between bat
activity and landscape-scale woodland configuration parameters (such as woodland edge density and
proximity of woodland patches). As with Tir Gofal, the Scottish Rural Stewardship Scheme
prescriptions had not been designed for bats. Fuentes-Montemayor et al (2011) concluded that if bats
are to benefit from AES then features for bats need to be incorporated; for example, landscape-scale
characteristics related to the creation and management of well-connected woodland and woodland
edge. The results from this monitoring project also suggest that a more targeted approach to creating
and enhancing roost, foraging and commuting resources may be needed to generate discernible
differences in the presence and quality of habitat, and bring about positive responses (in bat activity) to
habitat management.
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3.2 Waterway Survey: farm/field-scale survey for Daubenton’s bat

3.2.1 Introduction
The objective of farm/field-scale surveys for Daubenton’s bat was to compare the level of bat activity
(and foraging activity, where appropriate) on rivers on farms in the Tir Gofal AES with bat activity on
paired non-AES farms. In addition, to determine the effects of selected farm/field-scale riparian habitat
variables on bat/foraging activity, and investigate whether there were differences between Tir Gofal
and non-AES farms with regards to riparian habitat features important to bats. The null hypotheses
were that there would be no such differences between Tir Gofal and non-AES farms.

3.2.2 Methods
Site Selection and Sample Size
Sites were selected in Carmarthenshire, Pembrokeshire, Cardiganshire, Glamorganshire,
Monmouthshire, Brecknockshire and Radnorshire. Each farm had a 1 km stretch of river running
through it or along its boundary, of at least 5 m width and suitable for Daubenton’s bats for foraging in
terms of having flight access and stretches of smooth water surface (Warren et al. 2000). River sections
with sewage treatment works within 5 km upstream were excluded, to avoid the documented potential
influence of sewage effluent on Myotis foraging intensity (Vaughan et al. 1996). Farms were at least 40
ha in size and less than 300 m asl., although due to limited site availability it was necessary to make a
few exceptions on these points, e.g. 9 of 80 farms were <40 ha. Paired non-AES farms were selected
where the rivers on the non-AES and TG farms were at least 2 km distant to minimise pseudoreplication, and not more than 20 km distant to minimise geographical variation. The non-AES land
parcel was similar to its TG pair in river width, area, altitude, farm type (pastoral/arable), presence of
important habitat (i.e. woodland), and proximity to villages/towns.
In total, 40 sites were surveyed over three years, and ten of these were surveyed every year (referred to
as core farms). All sites were surveyed twice in each year, with some exceptions in Year 1. See Table 3.8
for details and a breakdown by year, and Figure 3.12 for site locations.

Table 3.8: Summary of Waterway Survey sites.
Year 1

Year 2

Year 3

18

10

12

-

10

10

Total sites

18

20

22

Site surveys repeated within year

10

20

22

Total farm surveys

56

80

84

New sites
Repeated core sites

Total of 40 incl. 10 core sites
Total of 220 incl. repeat surveys
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Farm and Field-scale Surveys
Daubenton’s bat was surveyed using methods based on the NBMP Waterway Survey protocol (Walsh
et al. 2001). Two surveys were carried out in August and early September, with evening surveys
repeated after a period of approximately one month and no less than two weeks.

Figure 3.12: Waterway Survey site locations. Blue triangles indicate core sites that were
surveyed each year.
During the day, the surveyor set the transect route along the riverside which was 1-2 km with 10 ‘spots’
at the water’s edge that were no less than 100m apart. Surveys of the following relevant habitat features
were carried out at each ‘spot’:


River width, surface condition and flow



Field type/land-use



Livestock type and presence



Fencing present along river bank



Proportion of vegetation along riverbank



Presence of overhanging vegetation



Vegetation type, continuity, density and depth

Evening surveys commenced 40 minutes after sunset and were only carried out on dry, calm evenings
when start temperatures were ≥10°C. To further control for weather/nightly variation, surveys were
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carried out at the Tir Gofal and non-AES farm pair on the same night. Weather conditions, time and
temperature readings were taken at the start and end of each transect. At each ‘spot’, river flow and
water surface condition were noted and four minute frequency division recordings were made of bat
passes using Duet bat detectors (Batbox Ltd, Sussex, UK) linked to Zoom H2 recorders (Zoom,
Tokyo, Japan). When a Myotis sp. call was heard through the heterodyne channel of the bat detector in
the field, a torch was switched on and passed over the water surface to visually confirm the presence of
Daubenton’s bat which was identified by its flight pattern (e.g. trawling) and pale ventral fur.
Sonogram Analysis
Bat echolocation calls recorded during surveys were analysed using BatSound v.4 (Pettersson
Elektronik AB, Uppsala, Sweden). Where two or more clear calls occurred within one second of each
other (a bat ‘pass’), they were identified from diagnostic features of the sonogram, such as call structure
(CF/FM), frequency of maximum energy (Fmaxe kHz), start and end frequency (kHz), pulse duration
(ms) and inter-pulse interval (ms). Using established species-specific call parameters (e.g. Vaughan et al.
1997), calls were identified to species level where possible: common pipistrelle (Fmaxe 42-49 kHz),
soprano pipistrelle (Fmaxe >52 kHz), noctule (alternating call types, type 2 call Fmaxe <21 kHz), Leisler’s
bat (alternating call types, type 2 call Fmaxe >24 kHz), serotine (single call type, Fmaxe >24 kHz), greater
horseshoe bat (Fmaxe 80 kHz) and lesser horseshoe bat (Fmaxe 110 kHz). Where call frequencies
overlapped on more than one species’ identification parameters, the calls were identified to species
group: pipistrellus species (Fmaxe 50-52 kHz), Myotis species, noctule/serotine/Leisler’s bat or classed as
‘unknown’. Since it is not possible to identify Myotis calls to species level using this method alone, they
were cross-referenced against field observations to be identified as Daubenton’s bat. Feeding buzzes
and social calls were also quantified. The identification of ambiguous and rare species calls were verified
by at least two analysts. Each track was split into sections (WavSplitter, DigitByte Studio) so that
activity could be measured by the incidence (i.e. at least two identifiable echolocation calls) of a
particular species within each five-second section of recording. This method was used in preference to
counting individual bat passes within each track, because the process of identifying the start and end of
bat passes is more subjective. The approach described here achieves greater consistency between
researchers and over time. For each spot and transect recording, the number of five-second sections
containing the relevant species was counted and summed, then divided by the total number of fivesecond sections recorded during the spot/transect. This gives an index for measuring bat activity to be
used as a continuous response variable, i.e. the proportion of five-second sections of recording
containing echolocation calls made by the relevant species. The same approach was used with feeding
buzzes to give an index for foraging activity.
Data Analysis
Analyses were conducted using the statistical package GenStat 14th Edition (VSN International, Hemel
Hemptstead, UK). Analysis was carried out using farm-scale and field-scale variables and full details of
these are given in Appendix 3.3, with the exception of those which univariate plots identified as not
having sufficient impact on bat activity to be included in analyses.
Because of the large number of potential explanatory variables, some of which were highly correlated,
Principal Components Analysis (PCA) was used to derive a smaller number of uncorrelated variables
which retained the majority of the information in the original variables. The number of dimensions to
retain was determined based on scree plots and examination of the component loadings. Initially all the
retained components were fitted simultaneously but, for reasons of parsimony, non-significant
components were dropped from the final models.
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Table 3.9: Principal components based on Waterway Survey riparian habitat variables (Model
3.10 - bat/foraging activity and riparian habitat variables and Model 3.12 - riparian vegetation
characteristics on TG and non-AES farms). Reported variables are those with the largest
negative and positive loadings (full details are in Appendix 3.3).
Principal
component
PC1

%
Variables with
variance negative loadings
15.88
Field type_impr.grass.
Livestock
Fencing
Field type_marsh

PC2

8.95

PC3

8.30

PC4

7.34

PC5

6.50

PC6

5.92

Veg type_large trees
Field type_woodland
Veg type_ground layer
Field type_arable
Field type_hay
Field type_uncrop.mrgin
Field type_scrub
Veg type_bushes
Field type_arable
Veg type_scrub
Vegetation_density
Field type_hay
Vegetation_% gaps
Field type_uncrop.mrgin
Veg type_scrub
Field type_woodland
Vegetation_width
Veg type_trees
Field type_scrub
Field type_park
Field type_unimp.grass.
Field type_marsh
Veg type_bushes
Vegetation_density
Vegetation_% gaps
Veg type_ground layer
Vegetation_width
Field type_unimp.grass.
Field type_impr.grass.
Veg type_trees
Field type_arable
Field type_unimp.grass.
Field type_park
Field type_uncrop.mrgin
Veg type_trees
Overhang

Loading
-0.380
-0.190
-0.180
-0.113

-0.163
-0.158
-0.134
-0.126
-0.123
-0.123
-0.106
-0.439
-0.372
-0.231
-0.192
-0.166
-0.135
-0.129
-0.396
-0.242
-0.212
-0.195
-0.163
-0.155
-0.136
-0.127
-0.302
-0.224
-0.212
-0.209
-0.180
-0.157
-0.137
-0.126
-0.425
-0.396
-0.301
-0.264
-0.259
-0.127

Variables with positive
loadings
Vegetation_width
Vegetation_density
Vegetation_% gaps
Field type_woodland
Veg type_large trees
Vegetation_%
Overhang
Veg type_trees
Vegetation_%
Overhang
Livestock
Vegetation_% gaps
Field type_impr.grass.
Vegetation_density
Veg type_ground layer
Field type_woodland
Field type_marsh
Vegetation_width
Veg type_large trees
Overhang

Loading

Veg type_ground layer
Field type_uncrop.mrgin
Vegetation_%
Field type_hay
Veg type_large trees
Fencing
Overhang
Livestock
Veg type_scrub
Veg type_large trees
Overhang
Fencing
Field type_park
Vegetation_%
Field type_scrub

0.436
0.345
0.303
0.240
0.223
0.184
0.165
0.155
0.486
0.325
0.291
0.272
0.241
0.199
0.189

Field type_scrub
Field type_hay
Veg type_scrub
Field type_impr.grass.
Vegetation_% gaps
Vegetation_density

0.480
0.190
0.176
0.175
0.171
0.157

0.396
0.390
0.385
0.286
0.270
0.243
0.225
0.453
0.358
0.349
0.334
0.285
0.283
0.252
0.396
0.393
0.267
0.181
0.175
0.152

31

PCAs were run for riparian habitat variables (Table 3.9). The retained principal components were
entered into the GLMMs and descriptions of these up to PC6 (being the most relevant) are provided in
the relevant table below.
For Models 3.8, 3.9, 3.10 and 3.11 the response variables were bat activity and foraging activity (the
proportion of five-second sections of recordings containing echolocation calls/feeding buzzes of the
relevant target species), and these were modelled for Daubenton’s bat (and soprano pipistrelle) using a
binomial Generalised Linear Mixed Model (GLMM) with a logit link function. The GLMM had
random terms for years within spots within farms within sites, and for years within farms within sites. It
thus allowed for year-to-year differences in activity at both the farm and individual ‘spot’ level, and
ensured that the analysis reflects the paired nature of the design and also combined information from
those farms surveyed in a single year with that from the core farms surveyed every year. ‘Spot’ number
was included as a fixed effect in all models since previous work on similar data has indicated that bat
activity tends to be low at the first couple of spots. As is common with bats, the data were heavily overdispersed and so the scaling parameter was estimated from the data. Significance testing was based on
approximate F-tests using the method of Kenward and Roger (1997).
For Model 3.12, the retained principal components for the riparian vegetation variables were used as
response variables in a REML mixed model with a similar random model to the binomial GLMMs (i.e.
years nested within farms within sites), and fixed terms for year and TG status. Individual response
variables were tested directly in REML models when their distribution was found to be approximately
normal.
All mixed models for the Waterway Survey analysis were conducted at the ‘spot’ level, in order to allow
fitting of covariates measured at individual ‘spots’. Covariates were selected using a backward stepwise
method starting from a model containing terms that were significant when fitted individually.
Model 3.8: Bat/foraging activity and TG status
Fixed effects were used to compare Tir Gofal farms with their non-AES pair and to estimate effects of
time in years under TG management and overall year (thus controlling for large-scale differences in bat
abundance between years). Year, altitude, region, survey date, weather variables and river width, flow
and surface condition were included as covariates.
Model 3.9: Bat/foraging activity and AES/organic/SSSI status
Fixed effects were AES status (Tir Gofal, Tir Cynnal or none), whether it was organically farmed and
whether the surveyed stretch of river fell within a SSSI. Year, altitude, region, survey date, weather
variables and river width, flow and surface condition were included as covariates.
Model 3.10: Bat/foraging activity and riparian habitat variables
Principal component scores derived from the following habitat variables were fitted as fixed effects:


Field habitat: field type/land-use, livestock presence, fencing present along river bank



Riparian habitat: proportion of vegetation along riverbank, presence of overhanging vegetation,
vegetation type, continuity (proportion of gaps), density and width

PCA loadings for the key variables can be found in Appendix 3.3. The retained principal components
were entered into the GLMM and descriptions of these up to PC6 (being the most relevant) are
provided in Table 3.9. Year, altitude, region, survey date, weather variables and river width, flow and
surface condition were included as covariates.
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Model 3.11: Bat/foraging activity and TG38 streamside corridor (field-scale)
Presence/absence of the TG prescription for streamside corridor (TG38) at spots on TG and non-AES
farms was the fixed effect in this model. Year, altitude, region, survey date, weather variables and river
width, flow and surface condition were included as covariates.
Model 3.12: Riparian habitat characteristics on TG and non-AES farms
Principal components derived from the following riparian habitat variables were analysed to determine
whether there were differences between TG and non-AES farms:


Field type/land-use



Livestock presence



Fencing present along riverbank



Proportion of vegetation along riverbank



Presence of overhanging vegetation



Vegetation type



Continuity (i.e. proportion of gaps along riverbank)



Density and width of vegetation

Full details of PCA loadings are provided in Appendix 3.3, and Table 3.9 describes the first six
components which were used as response variables in the REML mixed model.
Riparian vegetation variables (proportion of vegetation, vegetation type, overhang, continuity, density
and width) which were approximately normally distributed were also fitted to a separate model and
tested directly.

3.2.3 Results
There were no significant differences between TG and non-AES farms in land parcel size (mean =
111.35 ha ± S.E. 11.88 ha; t = -0.646; p = 0.522) or altitude (mean = 81.03 m asl. ± S.E. 6.92 m asl.; t
= 0.387; p= 0.701). Daubenton’s bat was detected on all TG and non-AES farms. Over the three years,
149.0 hours of Waterway Survey recordings were made and bat call sequences were detected in 84,774
five second sections of survey recordings. Of these, 67% were made by Pipistrellus sp. (7 % common
pipistrelle, 54% soprano pipistrelle and 6% unknown pipistrelle species), 26% by Myotis daubentonii, 1%
by Nyctalus sp. or Eptesicus serotinus, 0.1% by Rhinolophus sp. and 6% by ‘other/unknown species’. There
were 13,603 five second sections containing feeding buzzes, of which 83% were made by Pipistrellus sp.
(3% common pipistrelle, 73% soprano pipistrelle and 7% unknown pipistrelle species), 16% by Myotis
daubentonii and 0.1% by Nyctalus sp. or Eptesicus serotines. Due to the high incidence of soprano
pipistrelles and their strong association with riparian habitats (Davidson-Watts et al. 2006), soprano
pipistrelle has been included in the statistical analyses, supplementing the analyses presented for this
species on the Field Survey.
Model 3.8: Bat/foraging activity and TG status
No significant differences in Daubenton’s bat activity or foraging activity were found between TG and
non-AES farms (p > 0.8), nor were there significant interactions between TG status and year (p > 0.7).
There were significant differences between years, with highest activity in 2010 (F = 6.51; p = 0.001) and
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lowest foraging activity in 2009 (F = 9.21; p < 0.001). For soprano pipistrelle, there was also
significantly lower foraging activity in 2009 (F = 14.85; p < 0.001), no effect of TG status on activity (p
> 0.9) and no interaction effect between TG status and year (p > 0.7). Model terms for both species are
given in Appendix 3.3 and annual bat/foraging activity means for Daubenton’s bat are shown in Figure
3.13. The selected TG farms had been under TG management for between four and 10 years (mean =
6.4 ± 1.6 years). The length of time a farm had spent under TG management had no effect on the
activity of Daubenton’s bat (p > 0.7 for bat activity and p > 0.5 for foraging activity) or soprano
pipistrelle (p > 0.4 for activity and p > 0.2 for foraging activity).
Model 3.9: Bat/foraging activity and AES/organic/SSSI status
Daubenton’s bat foraging activity was significantly higher on farms that were organically managed (F =
5.68; p = 0.017) and on rivers which were under SSSI designation (F = 5.32; p = 0.021) (see Figure
3.14; note that non-AES farms were not included in the organic status comparison due to small sample
size of non-AES/organic farms). No other significant differences were found in activity levels of this
species (p > 0.18) or for soprano pipistrelle bat/foraging activity (p > 0.08) with regards to AES,
organic and SSSI status, and no interaction effects were detected (for model terms, see Appendix 3.3)
Model 3.10: Bat/foraging activity and riparian habitat variables
No significant relationship was found between Daubenton’s bat activity and any PC of riparian habitat
variables (p > 0.18). There was, however, a significant positive relationship between this species’
foraging activity and PC3 (F = 6.72; p = 0.010). High values represent a combination of woodland and
marsh with a wide border of riparian vegetation made up of ground layer and large trees which
overhang the riverbank. Low values indicate arable and hay fields (with uncropped margin) with low
continuity (i.e. high proportion of gaps amongst vegetation) of dense bushes and scrub along the
riverbank.
Soprano pipistrelle activity and feeding levels were both positively associated with PC4 (F = 3.85; p =
0.050 for activity, and F = 6.04; p = 0.014 for foraging activity). High values for PC4 describe hay fields
(with uncropped margin) and vegetation occupying a high proportion of the riverbank, and vegetation
overhanging the river. This is made up of ground layer and large trees and is fenced. Low values
represent various field types (woodland, scrub, parkland, unimproved grassland and marsh), with a wide
border of riparian vegetation made up of scrub and trees. For model terms, see Appendix 3.3.
Model 3.11: Bat/foraging activity and TG38 streamside corridor (field-scale)
Daubenton’s bat did not show significantly different levels of activity (F = 0.01; p = 0.991) or foraging
(F = 0.04; p = 0.678) at spots with/without a streamside corridor (TG38). Soprano pipistrelle was
similarly unaffected by the presence of a streamside corridor (F = 1.56; p = 0.211 for activity, and F =
0.92; p = 0.397 for foraging). For full model terms, see Appendix 3.3.
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Figure 3.13. Daubenton’s bat (a) bat activity and (b) foraging activity (back-transformed means
± S.E.) on TG and non-AES farms (Model 3.8).
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Figure 3.14. Daubenton’s bat foraging activity (back-transformed means ± S.E.) on (a) TG
organic and non-organic farms and (b) SSSI and non-SSSI designated rivers with AES status
(Model 3.9).
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Model 3.12: Riparian habitat characteristics on TG and non-AES farms
A significant difference between TG and non-AES farms was found for the riparian habitat PC5 (F1, 39
= 4.58; p = 0.039). This relationship indicates TG farms (high values) are likely to have a high
proportion of vegetation along the riverbank, made up of scrub and large trees with fencing, and with
vegetation overhanging the river, and parkland and/or scrub in the adjacent field. Non-AES farms (low
values) could be characterised by wide borders of dense ground layer and bushes along the riverbank
with a high proportion of gaps and possibly some trees, with grassland nearby. However, when tested
directly, there were no significant differences between TG and non-AES farms in the individual
proportions of different vegetation types (p > 0.08), the proportion of vegetation along the riverbank
(F1,39 = 0.62; p = 0.435) or overhanging vegetation (F1,40 = 1.67; p = 0.203). Nor were there differences
in vegetation continuity (F1,43 = 0.00; p = 0.969), density (F1,44; p = 0.247) or width (F1,41 = 0.13; p =
0.719; Figure 3.15). Full model terms are in Appendix 3.3.

3.2.4 Discussion
Daubenton’s bat and soprano pipistrelle showed variation in activity between years of the study,
however neither displayed differences in activity or foraging levels at TG or non-AES farms, regardless
of how long a farm had been in a scheme (study range four to 10 years). However, over half of the
stretches of rivers surveyed were part of designated SSSIs, and these were found to support higher
foraging activity of Daubenton’s bat, as did rivers on TG farms which were organically managed.
Reduced use of insecticides and absence of agrochemical run-off into water bodies may have resulted in
higher insect prey densities along the river, thus attracting more feeding Daubenton’s bats. Analysis of
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UK national surveillance data has found Daubenton’s bat activity to be positively associated with
biological water quality, measured by the number of benthic macroinvertebrate taxa (Langton et al.
2010). Wickramasinghe et al (2003) also found higher activity (including foraging) on organic farms
than conventional farms, and this applied both to Daubenton’s bat and to bat activity over water
habitats. They suggest that localized changes in water quality may account for these differences,
specifically with respect to the use of agrochemicals due to the adverse effect they can have on insect
prey densities.
In this project, Daubenton’s bat showed a preference for feeding along stretches of river on farms that
offered woodland and marsh, a wide border of overhanging bankside vegetation including large trees,
and tended to avoid stretches where adjacent vegetation was dense and low-level (i.e. bushes and scrub)
and had a high proportion of gaps. This fits with what we know about Daubenton’s bat foraging
habitat preferences, whereby river sections with tree-lined banks with overhanging vegetation are
preferred due to the higher insect densities and shelter available (Warren et al. 2000; Langton et al.
2010). A smooth water surface is also selected (rough water surfaces can interfere with echolocation
and make trawling for prey more difficult) and this was accounted for in the models. Soprano pipistrelle
activity and feeding levels were also higher where riverbanks had a high proportion of fenced off
vegetation comprising ground layer and large trees, and which overhung the bank, a response likely to
be associated with more abundant invertebrate prey supplies.
Some of these preferred riverbank vegetation characteristics were prevalent on TG farms (high
proportion of vegetation with large trees, overhang and fencing). Non-AES farms were more likely to
have low level vegetation (dense ground layer and bushes) with a high proportion of gaps, which are
generally less attractive to bats. Whilst these trends suggest that TG farms may offer more favourable
habitat than non-AES farms, the differences observed were perhaps neither strong enough nor
sufficiently distinct to result in differences in activity levels between the two types of farms. In fact,
when tested directly, variables such as the continuity and density of vegetation were not found to differ
between TG and non-AES farms at all.
Due to both Daubenton’s bat and soprano pipistrelle’s strong association with riparian habitat, and
their known preference for foraging close to water and along bankside vegetation, it is surprising that
the presence of streamside corridors (TG38) had no impact on bat activity levels. The habitat
comparisons undertaken within this project suggest that the installation of streamside corridors under
TG has not been sufficient to bring about a detectable difference in bat activity. This may be because
the features important to bats are too scarce, too small or have not had long enough to develop.
Daubenton’s bat was identified on all farms (and soprano pipistrelle on 98% of farms), which strongly
suggests that all watercourses surveyed were of sufficiently good quality for some degree of species
presence. At least half of the surveyed river sections were SSSI designated, and the value of protecting
existing good quality habitat can be appreciated, particularly for bats which despite being highly mobile,
show high levels of fidelity to both roost and foraging sites. The link between organic farm
management and Daubenton’s activity is likely to be important and most likely related to water quality.
However, there is little to distinguish the riverine habitat on non-AES farms, on TG farms and along
TG streamside corridors, and this is the most likely explanation for the absence of differences in bat
activity levels. It is possible that insufficient time had passed for the streamside corridors to have
developed sufficiently for benefits of this habitat to take effect and attract more foraging bats, and it is
likely that the continuity and configuration of these vegetation corridors is also important.
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3.3 Horseshoe Bat Survey: field-scale survey for greater and lesser horseshoe bats

3.3.1 Introduction
The objective of field-scale surveys for greater and lesser horseshoe bats was to compare the level of
bat activity on farms in the Tir Gofal AES with bat activity on paired non-AES farms. In addition, to
determine the effects of selected field-scale habitat variables on bat activity, and investigate whether
there were differences between TG and non-AES farms with regards to habitat features important to
bats. The null hypotheses were that there would be no such differences between TG and non-AES
farms.

3.3.2 Methods
Site Selection and Sample Size
Sites were selected in Carmarthenshire, Pembrokeshire, Cardiganshire, Glamorganshire,
Monmouthshire, Brecknockshire and Radnorshire. Sites were within 5 km of a greater horseshoe bat
maternity roost, or within 2 km of a lesser horseshoe bat maternity roost. The paired land parcels were
similar in terms of altitude, distance and connectivity to the roost(s), farm type (pastoral/arable),
presence of important habitat (i.e. woodland), and proximity to villages/towns.
In total, 45 sites were surveyed over three years. In Year 1 sites were surveyed once and in Years 2 and
3 sites were surveyed twice within each year. See Table 3.10 for details and a breakdown by year, and
Figure 3.16 for site locations.
Table 3.10: Summary of Horseshoe Bat Survey sites.
Year 1

Year 2

Year 3

New sites

10

19

16

Site surveys repeated within year

0

19

16

Total farm surveys

20

76

64

Total of 45 sites
Total of 160 incl. repeat surveys

Field-scale Surveys
Lesser and greater horseshoe bats were surveyed with static recording survey techniques using Anabat
SD1 bat detectors (Titley Scientific, Australia). Surveys were carried out from July to September and
repeated after a period of approximately two months. Prior to the first visit, each farm pair was
examined on digital maps and aerial photos to identify potential locations for placing the Anabats,
based on proximity and connectivity to the nearest lesser/greater horseshoe bat roost(s). On the farm
visit, hedgerows were selected that were within these areas and were most representative of hedgerows
on the farm. Three Anabats per farm were secured in position on these hedgerows, pointing
unobstructed along the line of the hedgerow. The Anabat recording mechanism is triggered by
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ultrasonic noise and produces multiple files each containing a sequence of bat calls. The Anabats were
set to operate for 10 hours per night for a minimum of two consecutive nights. On the repeat surveys,
the Anabats were set up at different locations, giving a total of six locations per farm. At each location,
the following relevant habitat data were recorded and hedgerow condition was assessed:


Field type/land-use



Livestock presence and type



Sward height



Boundary type (e.g. hedgerow, tree line, woodland edge, fence, etc)



Tree type, maturity, continuity (i.e. proportion of gaps in hedge)and density



Hedgerow height and width, continuity and species richness



Hedgerow management (cut, unmanaged, newly planted, etc)



Hedgerow under-story density and species richness



Hedgerow wild flower density and species richness

Surveys were only carried out on dry, calm evenings when start temperatures were ≥10°C. To further
control for weather variation, surveys were carried out at the Tir Gofal and non-AES farm pair on the
same nights.

Figure 3.16: Horseshoe Bat Survey site locations.
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Sonogram Analysis
The recordings from the Anabats were analysed using AnalookW v.3.8 (www.hoarybat.com). A bat
pass was defined by a sequence of calls (at least two separated by less than a second), and they were
identified from diagnostic features such as call structure (CF/FM) and frequency of maximum energy
(Fmaxe kHz). Using established species-specific call parameters (e.g. Vaughan et al. 1997), calls were
identified to species level where possible: common pipistrelle (Fmaxe 42-49 kHz), soprano pipistrelle
(Fmaxe >52 kHz), noctule (alternating call types, type 2 call Fmaxe <21 kHz), Leisler’s bat (alternating call
types, type 2 call Fmaxe >24 kHz), serotine (single call type, Fmaxe >24 kHz), greater horseshoe bat (Fmaxe
80 kHz) and lesser horseshoe bat (Fmaxe 110 kHz). Where call frequencies overlapped with more than
one species’ identification parameters, the calls were grouped: pipistrellus species (Fmaxe 50-52 kHz),
Myotis species, noctule/serotine/Leisler’s bat or classed as ‘unknown’. Feeding buzzes and social calls
were also quantified. Since survey time was constant across all farms (i.e. 20 hours), and due to the
relatively low number of horseshoe bat passes detected, the number of passes from both nights of the
survey were summed. This gave counts of passes for each detector location, providing a measure of bat
activity which was used in the analysis as a continuous response variable.
Data Analysis
Analyses were conducted using the statistical package GenStat 14th Edition (VSN International, Hemel
Hempstead, UK). Analysis was carried out using field-scale variables and full details of these are given
in Appendix 3.1, with the exception of those which univariate plots identified as not having sufficient
impact on bat activity to be included in analyses.
Because of the large number of potential explanatory variables, some of which were highly correlated,
Principal Components Analysis (PCA) was used to derive a smaller number of uncorrelated variables
which retained the majority of the information in the original variables. The number of dimensions to
retain was determined based on scree plots and examination of the component loadings. Initially all the
retained components were fitted simultaneously but, for reasons of parsimony, non-significant
components were dropped from the final models.
PCAs were run for habitat variables (Table 3.11) and TG prescriptions (Table 3.12). The retained
principal components were entered into the GLMMs and descriptions of these up to PC6 (being the
most relevant) are provided in the relevant tables below.
The response variable for Models 3.13, 3.14, 3.15, 3.16 and 3.17 was bat activity (the number of bat
passes per survey). Models 3.13, 3.14 and 3.17 were REML mixed models fitted to the log transformed
count data of greater or lesser horseshoe bat passes. In Models 3.15 and 3.16, a binomial GLMM was
fitted which had random terms for years nested within farms nested within site to ensure that the
analysis reflects the paired nature of the design. Significance testing was based on approximate F-tests
using the method of Kenward and Roger (1997). For Model 3.18, the first nine components were used
as response variables in REML mixed models with a similar random model to the binomial GLMMs
(i.e. years nested within farms within sites), and fixed terms for year and TG status.
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Table 3.11: Principal components based on Horseshoe Bat Survey habitat variables (Models
3.15 and 3.18). Reported variables are those with the largest negative and positive loadings (full
details are in Appendix 3.4).
Principal
%
Variables with
component variance negative loadings
PC1
20.05
Boundary_hedgerow
Trees_na
Hedge_height
Hedge_width
Hedge_no. of species
PC2
7.18
Sward height_>10cm
Field type_hay/silage
PC3

6.34

PC4

5.28

PC5

4.58

PC6

4.22

Trees_young
Boundary_treeline
Trees_medium density
Hedge_cut

Trees_medium density
W.flower_no. of spp.
Understry_no.of spp.
Boundary_fence
Hedge_cut

Loading Variables with
positive loadings
-0.365 Trees_mature
-0.352 Trees_medium density
-0.343 Boundary_treeline
-0.333
-0.328
-0.354 Field type_impr. grass.
-0.314 Livestock_present
Boundary_trees
-0.353 Tree density_high
-0.325 Boundary_woodland
-0.257
-0.310 Tree density_low
Understry_no.of spp.
Hedge_uncut
W.flower_no. of spp.
Boundary_trees
-0.305 Boundary_trees
-0.260 Trees_low density
-0.215
-0.448 Boundary_dble fence
-0.194 Hedge_new

Loading
0.282
0.209
0.202
0.482
0.422
0.213
0.402
0.377
0.382
0.378
0.357
0.336
0.303
0.458
0.396
0.506
0.467

Table 3.12: Principal components based on Horseshoe Bat Survey key TG prescriptions
(Model 3.16). Reported variables are those with the largest negative and positive loadings (full
details are in Appendix 3.4).
Principal
component
PC1

%
varianc
15.39
e

PC2

11.86

PC3

10.88

Variables with
negative loadings
TG_8B
TG_10B
TG_3AO
TG_10A
TG_1A
TG_3AP
TG_8
TG_1C
TG_1A
TG_3CP
TG_3BP
TG_9
TG_18

Loading Variables with
positive loadings
-0.399
TG_10
-0.302
TG_11
-0.275
TG_1B
-0.264
TG_1C
-0.247
-0.521
TG_1B
-0.494
TG_3BO
-0.369
TG_11
-0.293
TG_10
TG_10B
-0.277
TG_8B
-0.253
TG_11
-0.133
TG_10B
-0.108
TG_1B
TG_10A

Loading
0.419
0.410
0.272
0.231
0.267
0.186
0.133
0.129
0.128
0.443
0.336
0.304
0.303
0.301
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Table 3.12 (cont.)
Principal
component
PC4

%
varianc
9.13
e

PC5

7.98

PC6

7.10

Variables with
negative loadings
TG_10B
TG_7A
TG_10A
TG_8
TG_3AP
TG_18
TG_3BO
TG_10A
TG_9
TG_8
TG_9
TG_37C
TG_7A
TG_3AO

Loading Variables with
positive loadings
-0.381
TG_1A
-0.326
TG_3AO
-0.256
TG_10
-0.242
TG_11
-0.232
TG_18
-0.556
TG_1B
-0.384
TG_7A
-0.272
TG_3CP
-0.159
TG_3BP
-0.103
TG_37C
TG_10B
-0.271
TG_3BP
-0.198
TG_3CP
-0.198
TG_10A
-0.172
TG_3BO

Loading
0.468
0.454
0.215
0.212
0.165
0.352
0.292
0.278
0.204
0.198
0.189
0.547
0.527
0.320
0.214

Model 3.13: Bat activity and TG status
Fixed effects were used to compare Tir Gofal and non-AES farms and to estimate the overall year
effects, thus controlling for large-scale differences in bat abundance between years. Time in years under
TG management was also included in these models.
Model 3.14: Bat activity and AES/organic status
Fixed effects were AES status (Tir Gofal, Tir Cynnal or none) and whether the farm was organically
farmed. Year, altitude and region were included as covariates.
Model 3.15: Bat activity and farmland habitat variables
Principal component scores derived from the following selected habitat variables were fitted as fixed
effects:


Field habitat: type/land-use, livestock presence, sward height



Boundary habitat: boundary type, tree type, tree maturity, tree density, hedgerow height and width,
hedgerow continuity, hedgerow species richness, hedgerow management, under-storey species
richness and wild flower species richness

PCA loadings for the key variables can be found in Appendix 3.4. The retained principal components
were entered into the GLMM and descriptions of the first six (being the most relevant) are provided in
Table 3.11. Year, altitude, organic status and region were included as covariates.
Model 3.16: Bat activity and TG prescriptions (farm-scale)
Presence of the following key TG prescriptions on farms was expressed by either the area of the TG
prescription in question divided by the land parcel area or, in the case of a boundary, the total length of
the TG prescription divided by land parcel perimeter.
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TG1A Broadleaved woodland (stock excluded)



TG1B Broadleaved woodland (light grazing)



TG1C Broadleaved woodland (existing grazing)



TG3AO Orchards (semi improved)



TG3AP Parkland (semi improved)



TG3BO Orchards (improved)



TG3BP Parkland (improved)



TG3CP Parkland (arable)



TG7A Unimproved acid grassland (enclosed)



TG7B Unimproved acid grassland (unenclosed <200 ha)



TG8A Unimproved neutral grassland (hay meadow)



TG8B Unimproved neutral grassland (grazed)



TG10A Semi-improved grassland (hay meadow)



TG10B Semi-improved grassland (grazed)



TG11 Marshy grassland



TG37C Plant new woodland



TG18 Hedgerow restoration

The retained principal components derived from these TG prescriptions (the first six of which are
described in Table 3.12 and PC loadings for all are in Appendix 3.4) were entered into the GLMM,
together with the response variable bat/foraging activity for TG farms only. Year, altitude, organic
status and region were included as covariates.
Model 3.17: Bat activity and TG18 hedgerow restoration (field-scale)
The presence of prescription TG18 (hedgerow restoration) at the location of each Anabat was recorded
and entered into a REML model as a fixed factor, together with time (in years) that the farm had spent
under TG management. Year, altitude, organic status and region were included as covariates.
Model 3.18: Habitat characteristics on TG and non-AES farms
Principal components derived from the following habitat characteristics were analysed to determine
whether there were differences between TG and non-AES farms:


Field type/land-use, presence of livestock and sward height



Boundary type



Tree type, maturity and density



Hedgerow height and width, continuity and species richness



Hedgerow management (cut, unmanaged, newly planted, etc)



Hedgerow under-story species richness



Hedgerow wild flower species richness

Full details of PCA loadings are provided in Appendix 3.4, and Table 3.11 describes the first six
components which were used as response variables in the REML mixed model.
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3.3.3 Results
Non-AES farms tended to be larger than TG farms (mean = 105.98 ha ± S.E. 7.71 ha; t = 2.201; p =
0.033) and there was no significant difference in altitude between TG and non-AES farms (mean =
116.9 m asl. ± S.E. 6.77 m asl.; t = -0.017; p = 0.986). Farm-level encounter rates of the target species
were high at TG and non-AES farms: greater horseshoe bat was detected on 53% of TG farms and
51% of non-AES farms, and lesser horseshoe bat was detected on 78% of both TG and non-AES
farms. In 1,800 hours of survey recordings over the three years of the project, 183,811 bat passes were
recorded. Of these, 0.4% (673 bat passes) were identified as greater horseshoe bats and 0.6% (1135 bat
passes) were lesser horseshoe bats. The remainder were identified as Pipistrellus sp. (85%), Myotis sp.
(7%), Nyctalus sp. or Eptesicus serotines (3%), and 4% were other/unknown species.
Model 3.13: Bat activity and TG status
Overall there were no significant differences in bat activity levels between TG and non-AES farms for
lesser horseshoe bat (F11, 422 = 0.01; p = 0.915) or for greater horseshoe bat (F1, 418 = 0.57; p = 0.452).
There were significant differences in activity levels between years, with lower activity occurring in 2010
for greater horseshoe bat (F2, 42 = 5.09; p = 0.010) and higher activity for the same year for lesser
horseshoe bat (F2, 50 = 4.48; p = 0.016). Model terms are given in Appendix 3.4 and annual bat activity
means are shown in Figure 3.17.
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Figure 3.17. Bat activity (back-transformed means ±SE) on TG and non-AES farms for (a)
greater and lesser horseshoe bats 2009-2012, and annual bat activity for (b) greater horseshoe
bat and (c) lesser horseshoe bat (Model 3.13)
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The selected TG farms had been under TG management for between three and 10 years (mean = 6.8 ±
1.9 years). The length of time a farm had spent under TG management had no effect on the activity of
lesser horseshoe bat (F1, 349 = 0.00; p = 0.997). For greater horseshoe bat, there is some indication of an
increasing trend with more bat activity at farms that had been in the scheme for longer, however this is
only close to significance at the 5% level (F1, 459 = 3.05; p = 0.081). The model also suggests that farms
that have only been in the scheme a few years have lower bat activity than non-AES farms (Figure
3.18).
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Figure 3.18. Greater horseshoe bat activity and time (in years) that farms had spent under TG
management (Model 3.13).

Model 3.14: Bat activity and AES/organic status
There were no significant differences or interaction effects found in bat activity levels between farms
that were under any type of AES management or organically farmed for greater horseshoe bats (p >
0.8) or lesser horseshoe bats (p > 0.2) (for model terms, see Appendix 3.4).
Model 3.15: Bat activity and farmland habitat variables
There was a significant negative relationship between greater horseshoe bat activity and PC3 (F1, 371 =
5.96; p = 0.015). Here, low prevalence of bat passes was associated with high PC scores which describe
farms with boundaries of woodland edge and high tree density. Higher bat activity was associated with
low PC scores which indicate low to medium density treeline boundaries and young trees.
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Lesser horseshoe bat activity levels had a significant negative relationship with PC1 (F 1, 384 = 4.56; p =
0.033). Lower bat activity was associated with high scores which indicate farms with treeline boundaries
of medium density and with mature trees. Higher bat activity was associated with low PC scores which
describe farms with large (i.e. tall and wide) hedgerows with high species richness. All model terms are
provided in Appendix 3.4.
Model 3.16: Bat activity and TG prescriptions (farm-scale)
There were no significant relationships between either greater or lesser horseshoe bat activity and
proportional areas of TG prescriptions within the farm boundary (p > 0.05) (see Appendix 3.4 for
model terms).
Model 3.17: Bat activity and TG18 hedgerow restoration (field-scale)
Neither greater nor lesser horseshoe bats demonstrated a significant difference in activity between
hedgerows under the hedgerow restoration prescription (TG18) and non-AES hedgerows (p > 0.2).
This result was unaffected by the duration a farm had spent in TG (p > 0.6) Model terms are shown in
Appendix 3.4.
Model 3.18: TG and non-AES farms and habitat characteristics
Significant differences were found between TG and non-AES farms for PC4 (F1, 67 = 8.17; p = 0.006),
PC5 (F1, 34 = 4.94; p = 0.033) and PC6 (F1, 33 = 8.60; p = 0.006). The difference for PC4 suggests TG
farms have a higher prevalence of boundaries of trees or uncut hedgerows with low tree density, with
high understorey and wild flower species richness, whilst non-AES farm boundaries are more likely to
be cut hedgerows. For PC5 the relationship had a negative coefficient, so high scores for TG farms
indicate hedgerows with medium density trees and high understorey and wild flower species richness,
whilst non-AES farms were more likely to have boundaries of low density individual trees. The
difference for PC6 strongly suggests that TG farms have a higher prevalence of double fenced and
newly planted hedgerows, whilst non-AES farms have a higher prevalence of single fenced cut
hedgerows. Full details of model terms are in Appendix 3.4.
Whilst these differences were significant, Figure 3.19 shows how overall the mean proportions/values
of each field/boundary type and hedgerow characteristic/management on TG and non-AES farms
were very similar. The exceptions to this are that there were more double-fenced and newly planted
hedgerows on TG farms, and hedgerows on non-AES farms appear more likely to be recently cut than
on TG farms.

3.3.4 Discussion
The results of this monitoring project show that there were no differences in lesser horseshoe bat
activity between farms in TG and those not in TG, despite differences in overall activity between years
or the length of time that a farm had been managed under a TG agreement (study range three to 10
years). No other schemes (Tir Cynnal and organic management) appeared to influence activity of this
species. Overall, greater horseshoe bat activity was not affected by TG status either. However, a nonsignificant trend suggested that in the early years bat activity may be lower on TG farms than those not
in an AES, but after spending time in the scheme activity increased to being higher on TG farms than
on non-AES farms. This may be explained by bat activity dropping initially when habitat management
work is undertaken due to disruption caused to flight-lines, commuting paths or foraging areas, then
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Figure 3.19. TG and non-AES farm (a) proportions (means ± S.E.) of field and boundary types
(only categories with >0.1% are presented), (b) values (means ± S.E.) of hedgerow
characteristics, and (c) proportions (means ± S.E.) of hedgerows under different management.

the longer term effects of that work being of benefit to this species. Alternatively, this could be an
encouraging sign that TG management may increase levels of greater horseshoe bat activity on farms
that have initially low activity. Longer term monitoring with baseline data (i.e. collected prior to
practical management work) would be required to establish the mechanism behind this trend with
certainty. Other AES had no impact on greater horseshoe bat activity levels.
Despite these possible trends, no difference in activity was detected when comparing proportions of
selected TG prescriptions within the farm boundary, indicating that neither species exhibited a distinct
preference for a particular managed farmland habitat. The prescription for hedgerow restoration
(TG18) was selected for direct testing as horseshoe bats are associated with linear vegetative features,
particularly hedgerows, for commuting and foraging (Schofield 1996; Duvergé and Jones 2003; Knight
and Jones 2009). Again, whether or not a hedgerow was being managed under this prescription had no
effect on the activity levels of either greater or lesser horseshoe bats, regardless of the time that the
farm had been under a TG agreement. However, the average time that a farm had been in TG was 6.8
years, and it may of course take longer than this for putative benefits of hedge infilling, restoration and
new planting to be detected. In addition, this habitat management may be imposed too sparsely to
achieve the level of connectivity and foraging resources required to see a significant increase in bat
activity.
Higher activity levels were associated with low to medium density treeline boundaries and young trees
(for greater horseshoe bats) and tall, wide hedgerows with high species richness (for lesser horseshoe
bats). This concurs with studies of habitat preferences for these species, although it is surprising that
more specific preferences were not evident and that a stronger association with woodland edge was not
detected (Duvergé and Jones 1994; Schofield 1996; Bontadina et al. 2002; Schofield et al. 2002;
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Duvergé and Jones 2003). Horseshoe bats produce uni-directional calls at high frequencies which
attenuate quickly, and can therefore be difficult to detect from distances and angles which are relatively
low compared with the wider detection range of other species’ calls. Therefore, the perceived lower
activity at woodland edge could be a reflection of the greater difficulty in detecting horseshoe bats
where trees take their flight higher and away from the detector’s microphone and the more cluttered
(and thus obstructed) surroundings.
Whilst TG farms were found to have a higher prevalence of some of the habitat characteristics
preferred by lesser or greater horseshoe bats (e.g. boundaries of trees, (uncut) hedgerows, low-medium
tree density, high understorey and wild flower species richness), this did not result in these species
displaying a preference for TG farms. The observed habitat differences between farm types may simply
be insufficient for them to have any discernible effect on horseshoe bat activity. It is also possible that
strong responses were not detected because preferred foraging habitat, such as broadleaved woodland,
appears to be available at a relatively high density throughout the study area but not necessarily within
farm boundaries: woodland edge accounted for 9% (TG farms) and 8% (non-AES farms) of boundary
type at the locations sampled in this study. A more influential factor for activity on farms might be the
configuration and composition of woodland patches at both farm and landscape scale, and their
connectivity to roosts. As shown by the Field Survey results, TG farms again had a higher proportion
of double-fenced and newly planted hedges which may procure benefits to bats in the longer term. At
the current time however, there does not appear to be sufficient differentiation in habitat quality
between TG and non-AES farms for there to be a consequential difference in the activity levels of
lesser or greater horseshoe bats.

3.4 General summary
The results of this monitoring project show no differences in bat activity or foraging levels between
farms that were in the TG scheme and non-AES farms. This applies to all the target species monitored
over the three years of the project. Differences in activity between years were observed for most
species, yet there was consistently no effect of Tir Gofal status on bat activity despite these
fluctuations. A non-significant trend in greater horseshoe bat activity suggests there may have been an
interaction effect between time spent in TG and bat activity (where initially activity was lower than on
non-AES farms and in later years it was higher than on non-AES farms), but this is subtle and most
likely relates to bats being disrupted by the management works and eventually recovering. Preliminary
investigation of other AES showed that soprano pipistrelles may benefit from a combination of TG
and organic farming (although sample sizes for non-TG/organic farms were too small for this to be
examined with confidence). Also, that Daubenton’s bat responded positively to organic management
(most likely due to better water quality associated with reduced use of agrochemicals), and SSSI
designated rivers (highlighting the value of protecting existing important habitat for long-lived species
which exhibit high levels of site fidelity).
Some bat habitat preferences were evident in this project and on the whole reflected known
associations with farmland, field boundary and riparian habitat characteristics that offer higher insect
prey density and shelter from predators (DEFRA 2003). Only soprano pipistrelle displayed preference
for habitat under certain combinations of TG prescriptions (TG8B: unimproved neutral grass, TG18:
hedgerow restoration and TG1A: broadleaf woodland with stock excluded). Lesser and greater
horseshoe bats did not show a preference for hedgerows under TG18 (hedgerow restoration), despite
their association with linear vegetative features (Duvergé and Jones 1994; Schofield 1996; Duvergé and
Jones 2003; Knight and Jones 2009). The time between restoration work and the monitoring may have
been insufficient and the prescription’s occurrence too infrequent within farms for the potential
benefits of increased foraging resource and connectivity to have developed and had any effect.
Similarly, streamside corridors (TG38) did not promote Daubenton’s bat (or soprano pipistrelle)
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activity as was expected due to their known preference for foraging along river with tree-lined banks
and use of riparian vegetation (Warren et al. 2000). Possible reasons are that plantings are still relatively
young and under-developed, the corridor dimensions are simply insufficient and/or connectivity
between these potential foraging patches is inadequate for them to attract and support more bat
activity. Therefore, long term monitoring of sites where streamside corridors or hedgerow restoration
have been created would help to determine whether these prescriptions can improve foraging
conditions for bats.
There were very few differences between TG farms and non-AES farms in terms of the key habitat
types included in this project. TG farms were more likely to have double-fenced hedgerows and newly
planted hedgerows, which confirms that management was being carried out on the TG farms and that
the techniques used in this monitoring project were capable of detecting differences. Other than this,
the habitat profiles of TG and non-AES farms in south Wales were very similar. We consider that the
low variation in habitat both within farms and between pairs essentially underlies the distinct lack of
difference in bat activity between farm types, i.e. the paired farms did not differ sufficiently with respect
to preferred habitats for there to be differences in bat activity. Surveys of AES for bats in Scotland
using similar methods have found similar results, both in terms of bat activity and habitat differences
(Fuentes-Montemayor et al. 2011).
This AES monitoring project is one of few such studies for bats in the UK, and it has been conducted
at a much larger scale than similar paired comparisons of bat activity between farming practices
(Haysom et al. 2003). The results of this project indicate that the existing TG prescriptions, which
included habitats important to bats but had not been specifically designed for bats, have not improved
farmland habitat on a scale and with the intensity necessary to stimulate detectable increases in bat
activity to date. This could be addressed through a co-ordinated approach to creating and enhancing
field and landscape scale features that promote stable roost, foraging and commuting resources. A suite
of prescriptions designed for bats (and likely to benefit other species) at a farm and landscape scale,
together with monitoring of effects carried out at a suitable timescale, would enable benefits to be more
clearly linked to management on the ground. Co-ordination at a landscape scale would allow those
geographic areas with the greatest potential gain for bat species to be targeted, thereby increasing value
for money.
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4. Work programme - Birds
Key findings
i.

Four species (yellowhammer, curlew, lapwing and chough) were surveyed as part of the
monitoring programme. Historical data sets for two species (chough and black grouse) were
used to relate to the introduction of Tir Gofal agreements.

ii.

Yellowhammer counts were higher on Tir Gofal farms than on non-AES farms. In addition,
field-scale surveys found that fields under prescriptions expected to be beneficial held more
yellowhammers than alternative fields in both winter and summer, although in the latter case
this was also affected by broad habitat type.

iii.

Presence of curlews did not differ between Tir Gofal and non-AES farms. Counts of lapwings
and an indicator of hatching success were not higher on a lapwing-specific prescription
(TG34A) than on alternative fields on non-AES farms.

iv.

Lek counts of black grouse were not predicted by the prevalence of Tir Gofal agreements in the
landscape. They were most strongly predicted by the presence of suitable habitat and by
management carried out under a recovery programme outside AES. Similar management was
potentially available under Tir Gofal, but uptake was very low.

v.

Chough nest site occupancy and productivity did not vary according to the prevalence of Tir
Gofal agreements within 300 m of the nest, despite an expectation that the reduced grazing
associated with many Tir Gofal prescriptions could be detrimental to this species by decreasing
the amount and suitability of foraging habitat. Non-breeding choughs preferentially foraged in
fields under Tir Gofal prescriptions, though not on fields under the prescriptions that had been
expected to be most favourable (TG16).

4.1 Whole-farm surveys for yellowhammer and curlew

4.1.1. Introduction
The objective of whole-farm surveys was to test whether farm-scale breeding populations of
yellowhammer and curlews on farms in Tir Gofal were significantly different from those on paired
non-AES farms. The null hypothesis was that there would be no difference in the abundance or
presence of the target species between farms of different AES status. An additional objective was to
test whether AES management variables had any effect on curlew and yellowhammer abundance or
presence. The null hypothesis was that there was no difference in the response variables depending on
AES management.

4.1.2 Methods
Site selection
Site selection was restricted to six Watsonian vice-counties: Anglesey, Caernarvonshire, Denbighshire,
Brecknockshire, Radnorshire and Glamorgan. Farms were selected on the basis of the presence of
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prescriptions expected to provide nesting and/or summer food resources for the target species (Morris
et al. 2008). Paired non-AES farms were selected that were at least 2 km distant from the Tir Gofal
farms, to prevent effects on bird populations of adjacent land management, but not more than 10 km
distant from the Tir Gofal farms, to minimise geographical variation. As this monitoring programme
was intended to test for the benefits of Tir Gofal, non-AES farms could be in the Organic Farming
Scheme, although this was the case for only one farm.
Field surveys
Once farms had been recruited, an area of the Tir Gofal farm was identified with a range of relevant Tir
Gofal prescriptions or, in the case of non-AES farms, with representative cropping and equivalent nonAES features. A 2 x 2 km tetrad was drawn, centred on a six-figure OS grid reference at the centre of
the area containing the best range of prescriptions/habitats. Within this tetrad, fields in the land
holding were surveyed.
Surveys were based on the two-visit ‘complete area search’ method used to monitor cirl buntings
(Wotton et al. 2004) which has been refined for use on blocks of farmland with complete access
permissions. Complete area searches were done by slowly walking the perimeters of fields, with
transects across large fields. All birds seen or heard were recorded on a map, using Common Bird
Census species and activity codes, and indicating which field and boundary (where appropriate) each
individual bird registration was associated with. Bird surveys normally commenced at 07:00 and
concluded by 13:00, and were not done in periods of heavy rain, strong wind or poor visibility. Farms
were surveyed twice over the breeding season. In 2009, the first visit ranged from 15 April to 19 June,
and the second visit from 9 June to 7 August. Despite this small overlap in the survey periods, there
was a minimum of two weeks between surveys at any site, and this does not affect the response
variables derived. As far as possible, the order of visiting paired Tir Gofal and non-AES sites was
randomised for the first visit and then reversed for the second visit, and routes were reversed between
visits to minimise any effects of time of day on the presence and detectability of birds. The response
variables derived were the maximum count of yellowhammers over the two visits, and the presence of
curlews on either of the two visits.
Habitat data were recorded on the second visit, with the positions of all habitats and prescriptions
within the survey area and in fields/land parcels immediately adjacent to the survey area mapped. Each
field or parcel of land was allocated a unique number and the type of crop or (semi-)natural vegetation
recorded. Boundary features (buildings, trees, watercourses, banks, ditches, hedges, fences or other
boundaries with no physical structure) were also allocated a unique number for each segment, and the
type and nature of the boundary was recorded. The proportion of a farm’s boundaries that was
hedgerows was calculated.
Fields were classified as one of seven broad habitat types:


Ffridd (gorse, bracken etc)



Arable



Grass



Moorland



Wood and scrub



Parkland (open woodland)



Wetland

The amount of each habitat category was calculated for each farm, and these values were used as the
input variables in Principal Components Analysis (performed separately for yellowhammer and curlew
farms), to simplify the range and diversity of habitats present on farms. Principal components with
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eigenvalues greater than 1 were included as potential co-variates in expanded models that explored
habitat as well as AES status. The results of the PCA are presented in Tables 4.1 and 4.2.
Table 4.1: Principal components based on field habitat variables for yellowhammer farms.
Principal
component
PC1

%
Variables with
variance negative loadings
21.6
Grass
Wood and scrub

PC2

19.1

Arable
Wetland

PC3

14.6

Arable
Parkland
Ffridd
Wood and scrub

Loading Variables with
positive loadings
-0.697
Moorland
-0.353
Arable
Ffridd
Parkland
Wetland
-0.650
Ffridd
-0.059
Moorland
Wood and scrub
Parkland
Grass
-0.242
Wetland
-0.182
Moorland
-0.159
Grass
-0.063

Loading
0.386
0.308
0.262
0.254
0.111
0.540
0.386
0.262
0.245
0.077
0.931
0.114
0.011

Table 4.2: Principal components based on field habitat variables for curlew farms.
Principal
component
PC1

PC2

%
Variables with
variance negative loadings
19.4
Grass
Wood and scrub
Wetland
Arable
17.8
Arable
Wood and scrub

PC3

16.9

Grass
Arable
Ffridd

PC2

14.8

Moorland
Grass

Loading Variables with
positive loadings
-0.515
Parkland
-0.242
Ffridd
-0.184
Moorland
-0.010
-0.785
Grass
-0.013
Ffridd
Parkland
Wetland
Moorland
-0.332
Wood and scrub
-0.215
Moorland
-0.171
Wetland
Parkland
-0.658
Wetland
-0.116
Parkland
Ffridd
Arable
Wood and scrub

Loading
0.572
0.511
0.233
0.493
0.347
0.114
0.066
0.055
0.598
0.506
0.446
0.041
0.675
0.292
0.104
0.026
0.009

Data Analysis
Models were implemented using PROC GLIMMIX of the SAS (v. 9.2) statistical package (Littell et al.
1996). Models were run using only data from sites where both farms received both visits.
Yellowhammer abundance was modelled using a GLMM with a Poisson error structure, the “random
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_residual_” option to account for overdispersion (also known as a quasi-Poisson error structure), and
log link function was fitted, specifying Site as a random term and the natural log of surveyed area as an
offset. Curlew presence-absence was modelled against AES status using a GLMM with a binomial error
structure and cumulative log-log link function, again specifying Site as a random effect and natural log
of surveyed area as an offset. A significance level of p = 0.1 was used for retention of terms within
models, although terms for which 0.05 < p < 0.1 are described as marginally significant.
Model 4.1. Yellowhammer abundance and farm AES status
Yellowhammer abundance was modelled against the farm’s AES status (TG or non-AES).
Model 4.2. Yellowhammer abundance and habitat variables
AES status was retained within these models, but the three principal components were added to the
model, as was the proportion of field boundary that was hedgerow, and farm altitude (which was
classified as < 100 masl, 100-300 masl, and >300 masl.
Model 4.3. Curlew presence and farm AES status
Curlew presence was modelled against the farm’s AES status (TG or non-AES).
Model 4.4. Curlew presence and habitat variables
AES status was retained within these models, but the four principal components were added to the
model, as was the proportion of field boundary that was hedgerow, and farm altitude.

4.1.3 Results
Eighty-eight sites were surveyed in 2009, 48 of which were potentially suitable for curlews and 60 for
yellowhammers (20 for both species) (Figure 4.1). Thirteen farms only received one visit, due to
receiving the IACS data set at a late stage, meaning that farm recruitment and surveys were delayed.
Model 4.1. Yellowhammer abundance and AES status
Yellowhammer abundance was significantly higher on Tir Gofal farms (n = 54; F 1,53 = 4.21, p = 0.0451)
(Figure 4.2; Appendix 4).
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Figure 4.1. Location of sites surveyed for yellowhammer only (green circles), curlew only (red
stars), and both species (blue triangles).
Model 4.2. Yellowhammer abundance and habitat variables
In the expanded model, AES status was not a significant predictor of yellowhammer abundance,
although TG farms still held more yellowhammers (F1,49 = 2.66, p = 0.1096). Rather, the proportion of
boundaries that were hedgerows was a positive predictor (F1,49 = 10.77, p = 0.0019), while altitude was a
marginally significant predictor (F2,49 = 2.67, p = 0.0797), with farms at higher altitudes having more
yellowhammers (Appendix 4). Only the first principal component was retained in the model, but it was
the most significant (positive) predictor (F1,49 = 13.58, p = 0.0006).
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Figure 4.2. Maximum count (back-transformed means + SE) of yellowhammers from two visits
on TG and non-AES farms (Model 4.1).
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Figure 4.3. Likelihood of recording curlews (back-transformed means + SE) on either of two
visits on (TG) and non-AES farms (Model 4.3)
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Model 4.3. Curlew presence and AES status
The likelihood of curlew being recorded on either visit was not higher (n = 39; F 1,39 = 0.01, p = 0.9118)
according to farm AES status (Figure 4.3; Appendix 4).
Model 4.4 Curlew presence and habitat variables
No variables were significant predictors of the likelihood of curlew presence, although the first
principal component was a marginally significant (negative) predictor (F 1,37 = 3.42; p = 0.0725;
Appendix).

4.1.4 Discussion
This analysis shows that on the farm-scale, Tir Gofal farms hold significantly greater abundances of
yellowhammer. The overall yellowhammer densities are low relative to those on farms in England, and
whether the magnitude of the difference in abundance is biologically meaningful is open to question.
These figures represent approximately one extra yellowhammer for every 3 km2. An alternative view is
that there are more than one and a half times as many yellowhammers on Tir Gofal farms than on nonAES farms, so the difference may indeed be of a magnitude to stabilise populations. Inclusion of
habitat variables found that yellowhammers were more abundant at higher altitudes, which confirms
that upland marginal habitat is important to this species in Wales (Fuller et al. 2006). When the
proportion of boundary classified as hedgerow and the first principal component were included in the
model of yellowhammer abundance, the effects of Tir Gofal status were somewhat masked, suggesting
that it may be aliased with these factors. The principal component was strongly negatively correlated
with the amount of grass habitat on farms, and moderately positively correlated with arable, moorland
and ffridd habitats. This suggests that yellowhammers are less abundant on farms with a high
proportion of grass habitats, which is also consistent with other studies (Bradbury et al. 2000; Robinson
et al. 2001). However, Tir Gofal farms did not have significantly higher proportions of habitats that
would be considered beneficial for yellowhammers, such as arable land (F1,106 = 2.10, p = 0.1498), or
ffridd (F1,106 = 0.79, p = 0.3750). Nor did they have higher proportions of field boundaries that were
hedges (F1,106 = 0.07, p = 0.7848). (Absolute areas/lengths of these habitats also did not vary
significantly.) Therefore, although yellowhammers appear to be responding to habitat on farms in
Wales, it is not a simple matter of any one of them being more abundant on Tir Gofal farms than on
non-AES farms. Rather, it seems likely that Tir Gofal farms are more likely to hold a greater diversity
of habitats, notably of those other than grass fields, and it is this that is beneficial for yellowhammers
(Woodhouse et al. 2005). The origin of that habitat diversity is difficult to ascertain: farms with more
diverse habitats may have been more likely to enter Tir Gofal, or there may have been greater
maintenance (or even an increase) in habitat diversity once farms had entered Tir Gofal. Similarly,
without return visits, it is not possible to know whether Tir Gofal farms have experienced different
population trends from non-AES farms, and that Tir Gofal farms were more likely to be suitable for
yellowhammers prior to entering the scheme.
In contrast, there was no significant difference in the likelihood of curlews being recorded on Tir Gofal
and non-AES farms. There was a marginally significant effect of one habitat principal component
(which was most strongly correlated with the amount of grass habitat on a farm, so that curlews were
more likely to be recorded on farms with more grass habitat), but the fact that even this relationship
was not strong suggests that the driving forces behind the occurrence of curlews on farms in Wales
may be beyond agri-environment management and habitat characteristics. Curlew population declines
elsewhere in Europe have been related to low productivity and high predation rates (Berg 1992; Grant
et al. 1999; Valkama and Currie 1999), and the rapid decline in Wales is also thought to be caused by
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low productivity, and losses have occurred regardless of habitat characteristics (Johnstone et al. 2006).
The results of this monitoring programme suggests that Tir Gofal has not addressed the causes of
curlew decline, although the widespread decline of curlews in Europe suggests that this is not peculiar
to Wales.
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4.2 Field-scale surveys for breeding yellowhammer

4.2.1. Introduction
The objective of field-scale surveys was to test whether yellowhammer preferentially use fields under
Tir Gofal prescriptions that are expected to be beneficial. The null hypothesis was that there would be
no difference in the abundance of yellowhammers between farms of different AES status. An
additional objective was to test whether habitat and management variables (alone, or as interactions
with AES status) had any effect yellowhammer abundance.

4.2.2 Methods
Site selection
Sites were selected from the northern half of Wales in both 2010 and 2011. Sites were also selected in
Glamorganshire in 2010, and in Monmouthshire, Breconshire and Radnorshire in 2011. Farms were
selected based on the presence of summer (nest and food) prescriptions. Paired non-AES farms were
selected within 2 km of the Tir Gofal farms. Where possible, farms in OFS and in both TG and OFS
(OTG) were selected in addition to TG farms, so that a site could consist of three farms, and at some
sites there was an OTG farm but no TG only farm.
Field surveys
Once farms had been recruited, an area of the Tir Gofal (and OTG) farm was identified with a range of
relevant Tir Gofal prescriptions or, in the case of non-AES and OFS only farms, with representative
cropping. A 1 km2 quadrat was drawn, centred on a six-figure OS grid reference at the centre of the
area containing the best range of prescriptions/habitats. Within this quadrat, fields in the land holding
were surveyed.
Complete area searches were done by slowly walking the perimeters of fields, with transects across large
fields. Yellowhammers were recorded on a map, using Common Bird Census species and activity
codes, and indicating which field and boundary (where appropriate) each individual bird registration
was associated with. Bird surveys normally commenced at 07:00 and concluded by 13:00, and were not
done in periods of heavy rain, strong wind or poor visibility. Farms were surveyed twice over the
breeding season. Visit 1 was from 7 April to 6 June in 2010, and from 2 April to 7 June in 2011. Visit 2
was from 1 June to 3 August in 2010, and 2 June to 27 July in 2011. There was a minimum of two
weeks between surveys at any site. As far as possible, the order of visiting paired TG and non-AES sites
was randomised for the first visit and then reversed for the second visit, and routes were reversed
between visits to minimise any effects of time of day on the presence and detectability of birds.
Habitat data were recorded on the second visit, with the positions of all habitats and TG prescriptions
within the survey area mapped. Each field or parcel of land was allocated a unique number and the type
of crop or (semi-)natural vegetation recorded. Boundary features (buildings, trees, watercourses, banks,
ditches, hedges, fences or other boundaries with no physical structure) were also allocated a unique
number for each segment of the boundary, and for these the boundary type, height and width were
recorded. Field areas and boundary lengths were calculated in Mapinfo.
Using the field data collected, the following potential predictor variables were constructed:
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AES status (three levels):
o TG (on TG farm with prescription expected to be beneficial, not including
boundary/margin prescriptions)
o IMP (on TG farm not under beneficial prescription)
o non-AES (not on TG farm)



Broad field type (four levels):
o Arable
o Grass
o Woodland and Scrub
o Ffridd and Moor

The latter two categories were combined to allow for construction of meaningful models, after first
determining that abundance on the two component habitats did not differ significantly. Field habitat
type was further divided in models based on habitat categories, as described in the relevant models.
Other variables that were included in models described below were:
 Farm altitude (lowland or upland)
 Farm type (predominantly pastoral or mixed/arable)
 The proportion of the boundary classified as hedge or trees
 The presence of hedges under TG18 management in the boundary
 Presence of grass margins (arable fields only)
Interactions with AES status were included where they were felt to be of interest and where the data
would support their inclusion in models, as described below.
Data Analysis
Models were implemented using PROC GLIMMIX of the SAS (v. 9.2) statistical package (Littell et al.
1996). The response variables was the maximum count of yellowhammers over the two visits, which
was modelled against the explanatory variables using a GLMM with a Poisson error structure, the
“random _residual_” option to account for overdispersion (also known as a quasi-Poisson error
structure), and a log link function. Site was specified as a random term, as was farm (nested within site)
and the natural log of surveyed area was included as an offset. Models further investigating the effect of
management and habitat were run separately on each habitat type. In these models, a backwards
deletion method was used to sequentially remove non-significant effects, then re-fitting the model, until
only significant variables remained (AES status was retained in all models). A significance level of p =
0.1 was used for retention of terms within models, although terms for which 0.05 < p < 0.1 are
described as marginally significant.
Model 4.5. Yellowhammer abundance, AES status, habitat and year
Maximum yellowhammer count was modelled against AES field status. As habitat was expected to have
a strong effect on yellowhammer abundance independent of AES, broad habitat type was also included,
as a main effect and as an interaction effect with AES status. Year was also included as a co-variate.
OFS only fields were grouped with non-AES (as providing no specific habitat prescriptions), and OTG
fields were grouped with TG fields.
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Model 4.6. Yellowhammer abundance, AES status and habitat on grass fields
On grass fields, there were no yellowhammers recorded on OTG fields under beneficial TG
prescriptions, and OTG and TG farms were combined as having the same TG status. Grass fields were
classified by habitat into three categories: hay and silage; unimproved pasture; improved pasture.
Yellowhammer abundance was then modelled against field habitat, farm type, farm altitude, proportion
of hedges/trees, and presence of TG18 hedges.
Model 4.7. Yellowhammer abundance, AES status and habitat on arable fields
On arable fields, once again there were no yellowhammers recorded on OTG fields under beneficial
TG prescriptions, and OTG and TG farms were combined as having the same TG status. Arable fields
were classified by habitat into five categories: spring cereals; winter cereals; maize; leafy crops (legumes,
brassicas, etc); and bare/wild bird cover. Yellowhammer abundance was then modelled against field
habitat, farm type, farm altitude, proportion of hedges/trees, presence of TG18 hedges, and presence
of Tir Gofal grass margins (TG28). Because grass margins could be present on other fields, and
because some margins with prescription TG28 were not classified in the field as having grass margins,
an alternative model was fitted in which the presence of grass margins was included instead. However,
this made no difference to the results, and so this model is not presented.
Model 4.8. Yellowhammer abundance, AES status and habitat on ffridd and moorland fields
On ffridd and moor fields, there were no yellowhammers recorded on fields on mixed farms or on
fields with TG18 prescriptions (and in fact there were very few such fields in this analysis), so farm type
and presence/absence of TG18 were not included in models. Yellowhammer abundance was modelled
against other field habitat variables, field AES status, proportion of hedges/trees and Year.

4.2.3 Results

Fifty-six sites were surveyed in 2010, and 36 sites in 2011, with a total of 4,088 fields included in
analyses (Figure. 4.4). Twelve sites in 2010 had OTG farms (four sites had only OTG farms, and one
site had no non-TG farm). Seven sites in 2011 had OFS only farms along with the TG farms, and five
had OTG farms.
Model 4.5. Yellowhammer abundance by AES status, habitat and year
There was a main effect of year on yellowhammer abundance, with more recorded in 2011 (F1,3974 =
6.28; p = 0.0123). There was also a main effect of broad habitat category (F 3,3974 = 17.83; p < 0.0001),
with more recorded on ffridd and moor fields than on all other types (arable: t3974 = -4.24; p < 0.0001;
grass: t3974 = 7.29; p < 0.0001; wood and scrub: t3974 = 2.08; p =0.0379) and wood and scrub holding
more than grass fields (t3974 = -2.48; p =0.0132). There was no main effect of field AES status (F2,3974 =
0.33; p = 0.7171), but there was a significant interaction between AES status and broad habitat type
(F6,3974 = 7.73; p < 0.0001). Within habitat differences were seen on arable fields (abundances on TG
and IMP fields were not significantly different, but IMP fields held more than non-TG fields; t3974 =
3.5, p = 0.0005) and on grass fields (TG fields held more than IMP fields; t3974 = -5.01, p < 0.0001, and
than non-TG fields t3974 = 2.51, p = 0.0122), but not in other habitat types (Appendix 4; Figure 4.5)
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Figure 4.4 Location of breeding yellowhammer field-scale surveys in 2010 (green circles) and
2011 (blue triangles).
64

0.025

a

ab

abc
0.02

Max count/ha

abcd
0.015

abcd

abcd

bc
c
0.01

cde
de
e

0.005

e

0
IMP
TG
non-TG
IMP
TG
non-TG
IMP
TG
non-TG
IMP
TG
non-TG
(n=152) (n=35) (n=128) (n=58) (n=238) (n=202) (n=1006) (n=526) (n=1375) (n=162) (n=145) (n=161)
Arable

Ffridd and Moor

Grass

Wood and scrub
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Model 4.6. Yellowhammer abundance, AES status and habitat on grass fields
Altitude was removed from the model, but all other terms were at least marginally significant
(Appendix 4). The main effect of year remained (F1,2676 = 9.01; p = 0.0027). There was an effect of field
AES status (F3,2676 = 13.78; p < 0.0001), with more recorded on TG fields under beneficial prescriptions
than on non-AES fields (t2676 = -2.08; p =0.038) or TG fields without beneficial prescriptions (t2676 = 6.38; p < 0.0001), but not than on OFS fields (t2675 = -0.59; p =0.5548), and there were no significant
differences between fields of any other AES status (Figure 4.6; Appendix 4). Field habitat category was
a significant predictor of yellowhammer abundance (F2,2676 = 11.67; p < 0.0001), with fewer birds
recorded on improved pasture than on hay and silage fields or unimproved pasture (the difference was
marginally significant in the latter case: Appendix 4). There was a positive effect of the proportion of
the field boundary that was hedges or trees (F1,2676 = 22.62; p < 0.0001), and a negative effect of the
presence of hedges with prescription TG18 (F1,2676 = 7.49; p = 0.0062).
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Model 4.7. Yellowhammer abundance, AES status and habitat on arable fields
There was no effect on arable fields of year, altitude, presence of grass margins, presence of boundaries
under prescription TG18, or farm type (Appendix 4). The was no main effect of AES status (F3,236 =
1.78; p = 0.1519), although pairwise comparisons found a significant difference between TG fields
without beneficial prescriptions and those that had beneficial prescriptions; as with Model 4.1, the latter
held fewer yellowhammers (t236 = 2.03; p = 0.0433). There was an effect of field type (F4,236 = 3.42; p
0.0097), with more recorded on spring cereals, leafy crops and bare fields than on winter cereals and
maize (Figure 4.7; Appendix 4). There was a marginally positive effect of the proportion of the field
boundary that was hedges or trees (F1,236 = 3.58; p = 0.0596).
Model 4.8. Yellowhammer abundance, AES status and habitat on ffridd and moorland fields
There was no effect on ffridd and moor fields of habitat, or of field AES status (Appendix 4). There
was a marginal effect of Year, with more birds recorded in 2011 (F1,402 = 3.33; p = 0.0689), and a
significantly negative effect of the proportion of the field boundary that was hedges or trees (F1,402 =
11.44; p = 0.0008).
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4.2.4 Discussion
The results of this monitoring programme indicate that Tir Gofal does not provide better habitat for
yellowhammers during summer, except for grassland habitats. Through much of North and Mid Wales,
the breeding distribution of yellowhammer has become increasingly restricted to ffridd (Fuller et al.
2006). As there is no dedicated habitat-based prescription for ffridd, fields under TG and classified as
ffridd during surveys were under a range of prescriptions, including those for heath (TG5 and 6),
unimproved acid grassland (TG7A and 7B), and scrub (TG2). These prescriptions may not be
improving the condition of ffridd for breeding yellowhammers; indeed, reduced stocking rates on
ffridd may reduce the heterogeneity of this habitat, which could reduce foraging and nesting resources,
although there is no evidence from this monitoring that it is having a negative effect . However, the
separation of comparisons into broad habitat types may underestimate the benefits of prescriptions
applied to ffridd. This is because in the absence of TG agreements, these fields may have been partly or
fully converted to grass through a combination of burning, fertilising and grazing, and therefore despite
potential deterioration in condition as a result of TG prescriptions, it would be legitimate to compare
AES ffridd fields with non-AES grass fields, which shows ffridd as favoured over the alternative of
improved pasture. Alternatively, CAP reform may have acted to reduce the need to graze less improved
land, so that the pressure to improve ffridd may have been removed. Unfortunately, there are no data
on the rate of loss of ffridd to pasture on non-TG farms to inform this. The negative effect of
hedges/trees in the boundary may be because such fields are more likely to have been improved, with
nesting cover restricted to boundaries (so boundaries scores highly), rather than the mosaic of gorse,
small trees and scrub typical of ffridd.
On grass fields, there were higher numbers of yellowhammers on beneficial TG prescriptions, all of
which require extensification of the management of these fields. This apparent contradiction with the
farm-scale results is explained by the fact that prescriptions fields on grass showed benefits, whereas
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the presence of prescriptions on arable fields (whether under prescriptions or not) on farms was
positive at the farm-scale. The hedgerow prescription (TG18) was negative on these fields, which whilst
initially surprising; this probably reflects the immature condition of recently establishes hedges (or even
their failure to establish) in terms of foraging and nest sites. Their benefits are likely to increase over
time, as there is certainly a benefit of the presence of hedge and/or tree boundaries for this species.
Arable prescriptions (root crops, wild bird cover, and unsprayed cereals) performed poorly compared
to other arable fields. However, the benefits of these prescriptions are designed to be available in winter
(as is demonstrated elsewhere in this monitoring programme). Yellowhammer numbers on arable fields
were most strongly determined by the crop in the field at the time, rather than AES prescription under
which they were managed. Fields that were under crops other than winter cereals were preferred, which
is in keeping with observed habitat preferences elsewhere (Morris et al. 2001). There was no effect of
the prescription that was expected to provide both nest and food resources for breeding
yellowhammers: grass margins (TG28). This appears to be a lack of response to grass margins per se,
rather than the TG prescription, as the presence of grass margins in fields (which occurred on 90 out of
315 fields, and therefore was a reasonable sample size) had no effect. This is surprising, as grass
margins are considered to be a key habitat for this species (Bradbury et al. 2000; Morris et al. 2001;
Perkins et al. 2002), although margin structure can have a large effect on use by yellowhammers
(Douglas et al. 2009). There are several possible explanations for why grass margins in Wales tend to be
unsuitable for breeding yellowhammers. First, use as improved pasture may result in less food and/or
nesting opportunities in some years. Second, yellowhammers in Wales are less reliant on the resources
created by grass margins than elsewhere (e.g. nest sites may not be limiting, because of the widespread
presence of patches of ffridd and scrub). Third, margins may not be used because adjacent hedges are
not suitable for nest sites, and available ffridd and scrub nest sites are too far from available margins for
them to be profitably used.
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4.3 Field-scale winter surveys of yellowhammers

4.3.1 Introduction

The objective of the winter field-scale surveys was to determine whether abundance of yellowhammers
on Tir Gofal prescriptions expected to provide winter food was greater than on fields under alternative
management. The null hypothesis was that there would be no difference.

4.3.2 Methods
Site Selection
In the first winter (2009-10) fields under beneficial prescriptions (TG25A and B – winter stubbles;
TG27 – root crops; TG30 – wild bird cover) were randomly selected from a list of farms in northern
Wales that had one or more of these prescriptions. Tir Gofal farms could also be in the Organic
Farming Scheme (OTG). Fields on paired non-AES farms with potential winter habitat present were
selected at least 2 km distant from treatment farms. There were three possible categories of field status,
only two of which could be surveyed at any one site:


Tir Gofal under beneficial prescriptions (TG): 9 farms



Tir Gofal and Organic Farming Scheme under beneficial prescriptions (OTG): 8 farms



Neither Tir Gofal nor Organic Farming scheme (non-AES): 17 farms

The number of fields of each prescription that were surveyed is presented in Table 4.3.

Table 4.3. Number of fields/units surveyed in each category in 2009-10
Prescription

Fields

Sites

TG25 (stubble)

19

9

TG27 (root crop)

14

9

TG30 (wild bird cover)

9

6

In the second winter (2010-11), fields under beneficial prescriptions were again selected from key areas
in all vice counties except Pembrokeshire, Carmarthenshire and Cardiganshire. Paired non-AES farms
with potential winter habitat present were selected within 2 km of Tir Gofal farm. Additionally, if farms
in the OFS were also present within 5 km, these farms were also selected. These farms could also be in
Tir Gofal. Therefore, there could be up to four farms constituting a site (TG, OTG, OFS only, nonAES). To test whether it was the presence of AES prescriptions rather than the overall AES status of
the farm that was having an effect, additional fields on the TG and OTG farms were also surveyed.
This meant that there were six possible categories of field AES status, which could all potentially be
surveyed at any site (those in italics were surveyed at all sites):
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Tir Gofal under beneficial prescriptions (TG): 45 farms



Tir Gofal not under beneficial prescriptions (IMP): 45 farms



Tir Gofal and Organic Farming Scheme under beneficial prescriptions (OTG): 17 farms



Tir Gofal and Organic Farming scheme not under beneficial prescriptions (OTG_IMP): 17
farms



Organic Farming Scheme only (OFS): 6 farms



Neither Tir Gofal nor Organic Farming scheme (non-AES): 45 farms

The number of fields of each prescription that were surveyed is presented in Table 4.4.

Table 4.4. Number of fields/units surveyed in each category in 2010-11
Prescription

Fields

Sites

TG25 (stubble)

60

25

TG27 (root crop)

54

26

TG30 (wild bird cover)

45

20

In both years, some analyses required categories to be amalgamated, to allow for model convergence, as
described below. These were:


All TG fields (including OTG) under beneficial prescriptions (AES+)



All TG and OFS fields (including OTG) not under beneficial prescriptions (AES-)



Neither TG, OTG nor OFS fields (non-AES)

Non-AES fields were selected that were under management of a sort that was plausible in the absence
of AES agreements. This could be alternative arable management, including short-term grass leys or
pasture, where the absence of AES agreements would have led to the loss of arable cropping from the
farm. The latter was determined by discussions with the farmers.
Field surveys
Up to nine fields or field units (e.g. a corner of a field under wild bird cover) were surveyed on any one
farm, depending on the AES prescriptions and crops present on the farm. Fields were surveyed twice:
firstly in November-December (Visit 1) and secondly in January-February (Visit 2). Bad weather in the
second winter meant that some sites received only the later visit. Complete area searches were done by
slowly walking the perimeters of fields, with an appropriate number of transect routes transects across
large fields. This method effectively achieves complete counts of birds (Bradbury et al. 2004). For all
survey fields and units, the location and numbers of birds present were recorded on field maps. All
farms comprising a site were surveyed during a single day, between 08:00 and 15:00. Bird surveys were
not conducted in periods of heavy rain, strong wind or poor visibility and routes were reversed between
visits to minimise any effects of time of day on the presence and detectability of birds. The order of
visiting paired AES and non-scheme sites was randomised and then varied for subsequent surveys.
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Data analysis
Due to the different nature of the data sets, the data from the two years were modelled separately, but
the models followed the same structure. Yellowhammer counts were modelled using a GLMM with a
Poisson error structure, the “random _residual_” option to account for overdispersion (also known as a
quasi-Poisson error structure), and log link function. Random factors within the model were Site, Farm
(nested within site) and Field/Unit (nested within Farm and within Site). The natural log of surveyed
area was included as an offset. Where more than two categories existed in predictor variables (or their
combinations), pairwise comparisons conducted within the mixed modelling process tested whether
individual levels of categories differed significantly.
Model 4.9. Yellowhammer abundance and AES status and visit in 2009-10
The 2009-2010 data was modelled against two explanatory variables, AES status of the field and visit
and their interaction were included as predictor variables. Zero counts on specific prescriptions in at
least one visit meant that it was not possible to test for the performance of individual prescriptions
Model 4.10. Yellowhammer abundance and AES status and visit in 2010-11
The 2010-11 data was modelled against the same two explanatory variables, AES status of the field and
visit, and their interaction.
Model 4.11. Yellowhammer abundance and AES prescription in 2010-11
In 2010-11, there were no yellowhammers recorded on OFS or AES- fields on the second visit, so that
models incorporating visit and these field categories would not converge. Therefore, yellowhammer
counts were modelled against AES status (with TG prescriptions as separate categories) and Visit, but
with no interaction between field status and visit.

4. 3. 3. Results
In 2009-10, 17 sites were surveyed (Figure 4.8); in eight cases, the AES farm was in OFS as well as Tir
Gofal. In 2010-11, 45 sites were surveyed.
Model 4.9. Yellowhammer abundance and AES status and visit in 2009-10
Analysis of the data indicate that there was no main effect of AES status (F1, 78 = 1.42; p = 0.2364), but
there was a significant effect of Visit (F1, 78 = 12.82; p = 0.0006), with more yellowhammers recorded
on the first visit. There was also a significant interaction between AES status and Visit (F1, 78 = 10.44; p
= 0.0018), with numbers on non-AES fields very low in Visit 2 (Appendix 4; Figure 4.9).
Model 4.10. Yellowhammer abundance and AES status and visit in 2010-11
There was a significant main effect of AES status (F2, 507 = 17.28; p < 0.0001), with more
yellowhammers recorded on AES fields under beneficial prescriptions than on either type with no
beneficial interventions. There was a main effect of visit (F2, 507 = 82.13; p < 0.0001), and an interaction
between AES status and visit (F2, 507 = 29.70; p < 0.0001; Figure 4.10; Appendix 4). Yellowhammers
were more abundant on AES fields under beneficial prescriptions in both visits.
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Figure 4.8. Location of sites surveyed for yellowhammers in winter 2009-10 (green circles) and
2010-11 (blue triangles)
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Figure 4.12. Yellowhammer abundance (back-transformed mean + SE) on AES prescription,
non-prescription, and non-AES fields (excluding OTG30) in 2010-11 (Model 4.11)
IMP = TG and OTG fields without beneficial prescriptions. Values marked by the same letter do not differ significantly

Model 4.11. Yellowhammer abundance and AES prescription in 2010-11
The main effect of visit (F1, 509 = 86.99; p < 0.0001) remained significant, with more yellowhammers
recorded in the first visit. There was a significant main effect of field AES prescription (F9, 509 = 6.94; p
< 0.0001). The abundance of yellowhammers on OTG wild bird cover was much greater than on all
other field types (Figure 4.11; Appendix 4). Presentation of estimated means masks other trends
between field types, and so the data are also presented excluding the OTG30 fields (Figure 4.12).
Pairwise comparisons between fields indicate that fields under TG25 and TG30 (both OTG and TG)
had more yellowhammers than non-AES or TG fields without beneficial prescriptions, although several
other pairwise differences were also marginally significant (0.05 < p < 0.1; Appendix 4).

4.3.4 Discussion
The results of this monitoring programme indicate that Tir Gofal fields under prescriptions designed to
provide seed food do hold greater numbers of yellowhammers over winter. This is consistent with
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several studies of granivorous birds in winter, which have found that wild bird cover, stubbles and
fodder brassicas provide important food resources (Robinson and Sutherland 1999; Moorcroft et al.
2002; Stoate et al. 2003; Gillings et al. 2005). Numbers remained high on the AES prescription fields in
the late winter visit, which may indicate that these fields are holding food through the winter, an
important consideration, as the “hungry gap” in late winter is thought to play a key role in winter
survival of species such as yellowhammers (Siriwardena et al. 2008). While this result is heartening,
caution is required, as many of the second visits were made in January, so that food resources might
still have become depleted later in the winter.
Although data from the two winters were analysed separately, the abundances on AES+ fields were
broadly similar, whereas those on non-AES fields were much lower in 2010-11, even though these
fields included a wider range of potentially suitable habitats (stubbles, root crops, etc) than those in
2009-10. The second winter was much colder than the first, with substantial snowfall, so that it is
possible that in difficult conditions, the AES prescription fields maintain resources, while they become
more quickly depleted (or less available) on alternative fields.
The larger sample size in 2010-11 allowed for comparisons between the particular prescriptions, and
indicated that wild bird cover fields on OTG farms held many more yellowhammers than those on TG
only farms. The reason for this is unclear, as the benefits of organic status management appear more
likely to apply to stubbles and root crops, where conventional management is likely to lead to the loss
of seed-bearing weeds (through grazing on root crops and spraying of stubble fields). There was a
strong indication that Tir Gofal stubbles performed better than stubbles on non-AES farms, although
it was not possible to test this formally, precisely because almost no yellowhammers were recorded on
non-AES stubbles. Some Tir Gofal stubbles followed an unsprayed crop (this was not distinguished in
this monitoring programme), and all OTG stubbles did. In lowland Britain, unsprayed stubbles have
been found to lead to higher weed seed densities late in winter, and preferential selection of such fields
by yellowhammers (Moorcroft et al. 2002). The benefits of root crops appear to be less than those of
the other Tir Gofal prescriptions surveyed, holding no more yellowhammers than the alternative land
uses unless the root crop was under organic management. However, on the whole the winter food
prescriptions in Tir Gofal are selected by yellowhammers, and provide suitable habitat later in winter,
which may mean that yellowhammer survival on Tir Gofal farms may be greater than on non-AES
farms, although this is not conclusive proof.
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4.4 Field-scale surveys of breeding lapwings

4.4.1 Introduction
The objective of the lapwing field-scale surveys was to determine whether abundance of breeding
lapwings on fields under the Tir Gofal prescriptions expected to be beneficial to lapwing was greater
than on fields under alternative management. An additional objective was to determine whether
breeding success on the Tir Gofal fields was greater than on those under alternative management. Data
were also available for some sites where fields received additional management. The null hypotheses for
all tests was there would be no difference between fields under Tir Gofal management and those under
alternative management.

4.4.2 Methods
Site Selection
Sites were surveyed in 2010 and 2011. Data were also available from the RSPB’s Hiraethog Lapwing
Trial Management Project (HLTMP) for 2010. In 2010, all sites selected for survey by the Lot 2
Monitoring Project had at least one field that was under prescription TG34A (“manage improved
grassland for lapwing”). Sites were initially selected that were within lapwing key areas; however, due to
the limited number of such fields, selection was expanded to include fields that fell within a 1 km grid
square that had recent records of lapwings from the RSPB’s database. Other grass fields adjacent to the
TG34A field(s) were also surveyed. These fields could be: under other Tir Gofal prescriptions
considered likely to provide nest and/or food resources for lapwing (Morris et al. 2008); on Tir Gofal
farms but not under beneficial prescriptions; or on non-AES farms.
Fields in the HLTMP had not been selected on the basis of Tir Gofal status, as this was not the
purpose of this project. However, the Tir Gofal status of each field was determined within this project,
and was assigned to each field. In addition, each site was categorised as: being under current extra
management (as part of the HLTMP); having been under extra management in at least one previous
year of the project; never having been under extra management.
In 2011 some sites where lapwings had been recorded in 2010 were re-surveyed, to increase the likely
sample size for determining hatching success. Other sites selected were within key areas where Tir
Gofal prescriptions considered likely to be beneficial to lapwings (Morris et al. 2008) were present.
These could also include arable prescriptions, whereas in 2010 sites were not selected for arable
prescriptions, though a small number of arable fields were surveyed. Beneficial prescriptions for
lapwings are listed in Appendix 4, and the number of sites surveyed is listed in Table 4.5
Table 4.5. Number of sites surveyed for lapwings
Year

TG34A present

Total

2010

30

30

2010 (HLTMP)

8

18

2011*

12

34

*

Includes eight sites re-surveyed from 2010
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Fields could therefore be categorised as one of eight types:
Grass fields


TG34A



Under other TG prescriptions expected to provide nest and food resources (TG++)



Under other TG prescriptions expected to provide nest or food resources (TG+)



TG field not under prescriptions expected to provide resources (IMP)



Non-AES field
Arable fields



Under TG prescriptions expected to provide nesting resources (TG)



TG field under prescriptions not expected to provide resources (IMP)



Non-AES field

Field surveys
At each selected site, the fields selected (which ranged from seven to 44) were surveyed for lapwings
using the five-visit method that has been designed to quickly assess lapwing populations and
productivity (Bolton et al. 2011). In this method, visits are made to sites at three-weekly intervals from
late March until early July. Fields are surveyed from vantage points, and then walked through to
observe lapwings. Fieldworkers recorded the total number of lapwings on the site, the number of adults
behaving as though they had young (brooding or alarm calling) and the number and growth-stage of all
young seen. If no lapwings are seen on the first three visits, then the later visits, which are designed to
determine productivity, are not required. Visits two and three coincide with a standard survey method
for breeding lapwing surveys in the UK (O'Brien and Smith 1992). The number of pairs of lapwings
per field was defined as half of the maximum count of adult lapwings observed in visits two and three,
rounded up. Fields that received these two visits were included in analyses of breeding abundance. As
evidence of breeding success was very low, it was not possible to model the count of hatched and
fledged chicks. Instead, the likelihood of an occupied field (i.e. one in which the count of adults pairs
was > 0) having evidence of hatching was used as a response variable of hatching success. Land use
was recorded in the field, and fields were categorised into the following categories:


autumn crop



spring crop



bare



maize



root crop



hay/silage



rush pasture



rough grazing



semi-improved grassland



improved grassland.
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Data analysis
Models were implemented using PROC GLIMMIX of the SAS (v. 9.2) statistical package (Littell et al.
1996). The number of pairs was modelled using a GLMM with a Poisson error structure, the “random
_residual_” option to account for overdispersion (also known as a quasi-Poisson error structure), and
log link function. Random factors within the model were Site and Farm (nested within site). The
natural log of surveyed area was included as an offset. Year was initially included as a co-variate, but
proved not to be a significant predictor, and therefore was not included in the models presented.
Hatching success was modelled using GLMMs with a binomial error structure and logit link function,
with the same random factors. The number of pairs of lapwings was included as a co-variate, as fields
with more lapwings might be expected to have a higher likelihood of at least one of these hatching.
Where combinations of categories led to zero counts in any category, models will not converge. Where
this occurred, categories were either combined or excluded, as described in the text. Where more than
two categories existed in predictor variables (or their combinations), pairwise comparisons conducted
within the mixed modelling process tested whether individual levels of categories differed significantly.
Model 4.12. Breeding abundance and AES status
The number of pairs was modelled against the AES status of the field. The eight sites that were resurveyed in 2011 were not included in these analyses, as the non-random selection of these sites could
bias the estimates of lapwing densities (they were included in analyses of productivity).
Model 4.13. Breeding abundance, field type and AES status
Observations in the field and initial examination of the data indicated that there was an effect of field
type on lapwing numbers, and this was further investigated on grass fields. In order to construct
models that would converge, the following alterations to field categories were made: rough grazing
were categorised as semi-improved grass fields; hay and silage fields were excluded; and Tir Gofal fields
without beneficial prescriptions were excluded.
Model 4.14. Breeding abundance in the HLTMP and AES status
The sites surveyed as part of the HLTMP were analysed separately, as these sites were chosen because
they hold relatively high densities of lapwings. Only seven arable fields were surveyed, and these were
excluded from analyses. Breeding abundance was modelled against field AES status and whether fields
were located in sites which received additional management as part of the HLTMP (a) leading up to
2010; (b) in previous years; (c) never.
Model 4.15. Hatching success and AES status
The likelihood of evidence of hatching success on occupied fields was modelled against AES status,
with an additional random effect (Field nested within Farm nested within Site) to reflect that some
fields were surveyed in both years.
Model 4.16. Hatching success and AES status in the HLTMP
The same model was fitted for fields in the HLTMP, with the categories of extra management included
as an extra predictor.
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4.4. 3. Results
The analysis of lapwing breeding density included 797 fields that were surveyed at 56 sites in 2009 and
2010 (Figure 4.13). Seventy-three fields under TG34A management were surveyed, being all the fields
under this prescription that fitted our selection criteria and were not under some other form of
designation (e.g. nature reserve or SSSI) or part of the HLTMP. Sixty-three fields (of all types) held at
least one pair of lapwings, and 155 pairs were counted in total.

Figure 4.13. Location of sites surveyed for breeding lapwing in 2010 (green circles), 2011 (blue
triangles), and both years (red stars). The area covered by the HLTMP is indicated by a
rectangle.
Model 4.12. Breeding abundance and AES status
There was an effect of field AES status on the number of breeding pairs of lapwings per hectare (F7, 619
= 10.7; p < 0.0001; Figure 4.14; Appendix 4). Pairwise comparisons from the model indicated that
TG34A fields held more lapwings than other grass fields with nest and food prescriptions (t616 = 4.38; p
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< 0.0001), with nest or food prescriptions (t616 = 2.74; p < 0.0064), and Tir Gofal fields with no
beneficial prescriptions (t616 = 8.31; p < 0.0001), but not more than non-AES fields (t616 = 1.07; p
=0.2829). Non-AES grass fields held more lapwings than all Tir Gofal grass fields except for those
under TG34A; there was no significant difference between the arable fields; and arable fields held
similar abundances of lapwings to TG34A and non-AES fields (Fig. 4.14). Based on the lack of
significant difference between them in this first analysis, and to improve the likelihood of model
convergence, TG fields under prescriptions expected to provide nest and/or food resources were
combined as a single category for Models 4.2-4.5.
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Figure 4.14. Lapwing breeding abundance (back-transformed mean + SE) on fields of various
AES status (Model 4.12)
IMP = TG field without beneficial prescriptions; TG = Tir Gofal with arable nesting prescriptions; TG+ = grass fields with
nest or food prescriptions; TG++ = grass fields with nest and food prescriptions. Values marked by the same letter do not
differ significantly.

Model 4.13. Breeding abundance, field type and AES status
There was a significant interaction between field type and AES status (F4, 274 = 3.55; p = 0.0076). Fields
under prescription TG34A held significantly fewer breeding lapwings if they were improved grassland
than if they were rush pasture (t274 = -5.08; p < 0.0001) or semi-improved grassland (t271 = -3.79; p =
0.0002). Fields with other AES status did not show any patterns between field type, and lapwing
breeding density did not differ between prescription TG34A and non-AES fields for any field type
(Figure 4.15; Appendix 4).
Model 4.14. Breeding abundance in the HLTMP and AES status
On the 442 grass fields surveyed as part of the HLTMP, 71 pairs of lapwings were recorded on 46
fields. There was a marginal effect of AES status (F3, 358 =2.44; p = 0.0643), with fields under
prescription TG34A holding more breeding pairs than TG fields without prescriptions (t358 = 2.66; p
80

=0.0082) and TG fields with nest and/or food prescriptions (t358 = -2.07; p =0.0391) and marginally
significantly more than non-AES fields (t358 = 1.77; p =0.0781), while there was no difference between
any of these categories (Figure 4.16; Appendix 4). There was an effect of management advice (F2, 358 =
3.15; p = 0.0441), with fields on sites which were under extra management holding more breeding
lapwings than fields at sites that had previously had extra management (t358 = 2.13; p =0.0342), and
marginally more than those at sites that had never had extra management (t358 = -1.88; p =0.0613),
There was no difference between fields at sites that had never had extra management and those that
had only previously had extra management (Figure 4.17; Appendix 4).
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Figure 4.15. Lapwing breeding abundance (back-transformed mean + SE) on grass fields of
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Other TG = fields with nest and/or food prescriptions. Values marked by the same letter do not differ significantly.
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Model 4.15. Hatching success and AES status
No occupied fields under beneficial arable prescriptions had evidence of hatching, and only one each of
non-AES or other TG fields, so arable fields were removed from analyses of hatching success. On
grass fields outside the HLTMP, there was evidence of hatching success on ten of 58 occupied fields
(including 11 fields re-surveyed in 2011). Modelling the probability of evidence of hatching found no
significant effect of AES status (F3,5 = 0.84; p = 0.5274), or the number of breeding pairs (F1,5 = 0.09; p
= 0.7767) (Figure 4.18; Appendix 4)
Model 4.16. Hatching success and AES status in the HLTMP
There was evidence of hatching success on 20 of 46 occupied fields within the HLTMP, including four
of five fields under prescription TG34A. However, there was no significant effect of AES status (F3,20 =
1.04; p = 0.3967) or extra management (F2,20 = 0.11; p = 0.9007), although there was a marginally
positive effects of the number of breeding pairs (F1,20 = 4.04; p = 0.0582) (Figure 4.18; Appendix 4).
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Figure 4.18. Likelihood of evidence of hatching (back-transformed means + SE) on grass fields
of different AES status from the TG monitoring project and the HLTMP (Models 4.15 and
4.16)
TG_other = fields with nest and/or food prescriptions. IMP = fields on TG farms without beneficial prescriptions. Values
derived from separate models (Models 4.16 and 4.17)

4.4.4. Discussion

The results of the monitoring project show that there is no difference in numbers of breeding lapwings
due to AES status in arable fields. This sample size was relatively small, and no more detailed analysis
was possible. However, examination of raw data indicates that lapwings were mostly found on arable
fields that provided bare ground or short vegetation in spring, such as maize crops and spring cereals.
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On grass fields, data from surveys by the monitoring project show that fields under the lapwing-specific
prescriptions, TG34A, support more breeding lapwings than other grass fields on Tir Gofal farms,
including those with other prescriptions expected to provide nesting resources. However, they did not
support more breeding lapwings than non-AES grass fields, which in turn held more than the other
categories of TG fields. The latter result may seem counter-intuitive, but if fields under other TG
prescriptions do not provide preferred nesting habitat for lapwings (as these results show), then there is
a reasonable explanation. Whereas TG prescription fields are defined by habitat, and TG nonprescription fields should only be improved grassland, non-AES fields may be of a range of types,
including some that are clearly suitable for breeding lapwings.
The results from the HLTMP suggest that in 2010 there were more breeding lapwings on TG34A fields
(although the difference between TG34A and non-AES fields was marginal), and that fields under
contemporary extra management held more lapwings (although this may reflect targeting of extra
management at the best fields). However, a longer-term study in the HLTMP area found no effect of
AES status on densities or productivity of lapwings (RSPB unpublished data). There was also no
evidence for temporal trends in densities or productivity differing between land under TG34A, even
with additional RSPB management, and other land. Comparing habitat quality for lapwing during the
nest and chick rearing periods, breeding densities and productivity between TG34A, RSPB advised land
management in Wales, and other AES prescriptions in England and N. Ireland (eight categories in
ESA, CSS, ELS and HLS) found that both TG34A and RSPB advised land management in Wales
performed poorly (ranked eighth and ninth respectively out of ten options).
The interaction between field type and AES status from the monitoring project is interesting. While
TG34A is defined as being on improved grassland, field classifications made during surveys indicate
that this prescription supports significantly more lapwings if it is classified as rush pasture or as semiimproved grassland. It is not possible, based on contemporary data, to determine whether this suggests
that some rush pasture/semi-improved grass fields suitable for lapwings were entered into this
prescription, or whether these were improved grass fields that were entered into TG34A, and which
changed their nature as a result of management, which proved beneficial to lapwings.
While there were differences in abundances of breeding lapwings on fields, there was no difference in
the likelihood of finding evidence of hatching on fields of any AES status, either from the Tir Gofal
monitoring project or the HLTMP. It is not possible to calculate total productivity per female from
these data based on AES status, due to the small number of fields on which alarming adults or chicks
were observed. It is worth noting that excluding sites re-surveyed in 2011 and the HLTMP, only 14 of
73 TG34A fields were occupied by lapwings and (including re-surveyed fields) there was evidence of
hatching on only four of 17 occupied TG34A fields. Productivity is thought to be the cause of lapwing
declines in the UK (Peach et al. 1994; Sharpe et al. 2008), and the evidence of this monitoring
programme suggests that Tir Gofal has not adequately addressed this, although the failure of additional
management in the HLTMP to lead to a population increase suggests that the problem may not be easy
to solve. Finally, abundance of adults was low, and these results may represent an over-estimate of
lapwing abundance on TG34A fields nationwide, as the monitoring project was restricted to sites
within key areas or close to recent records. There are TG34A fields elsewhere in Wales; these may have
been in areas with lapwing populations when they were established, and the criteria for defining key
areas for this monitoring project are not those used in selecting fields for Tir Gofal prescriptions.
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4.5 Lek counts of black grouse

4.5.1 Introduction
The objective of the black grouse analysis was to determine whether lek counts on Tir Gofal land
would be greater than on non-Tir Gofal land over the period 2002-2010 after taking into account any
effects of an independently funded landscape-scale recovery project. The null hypothesis was that there
would be no difference.

4.5.2 Methods
Site Selection
The unit of analysis was the landowner unit, which was all the land under a single customer reference
number within black grouse key areas (a 1.5 km buffer around any 1 km square with a black grouse lek
record from 1997 to 2010; Lindley et al. 2003; Fig. 4.19). All land within black grouse key areas was
originally considered for inclusion. Within these areas, land was excluded if it was common land.
Landowner units were excluded if they contained less than 0.1 ha of heath/mire habitat (all Phase 1
habitat categories prefixed with D or E). Some landowner units were excluded if there was ambiguity
about their status; for example, tenancies which may have meant that only part of what had been
classified as a landowner unit was entered into Tir Gofal. As a result of the selection process, 300
landowner units (ranging in size from 1.6 to 1,013 ha) were included in analyses, of which 130 were
entered into Tir Gofal in at least one year of interest.
Lek counts
There were no dedicated surveys associated with this monitoring work programme. Rather, lek count
data collected using a standardised method that has been in place since 1997 as part of the Black
Grouse Recovery Project (Lindley et al. 2003) were used. These lek records were assigned to a
landowner unit, and this method gives a minimum count of lekking males in any given year. Sixty-three
landowner units had lekking males in at least one year of interest.
Habitat and management variables
The primary explanatory variable of interest was the Tir Gofal status of the landowner unit, and this
was determined for the year of interest. Units were considered to be in TG in a given year if their
agreement had started by April of that year. The area of suitable habitat within the landowner unit was
included as an explanatory variable. This comprised land categorised under Phase 1 as holding heath
and mire habitat, plus acid grassland (prefixed B.1), marshy grassland (prefixed B.5), and
conifers(categories A.1.2.2, A.3.2 and A.4.2). Area of individual TG prescriptions was not included as
an explanatory variable, as it was confounded with area of suitable habitat.
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Figure 4.19. Black grouse key areas in Wales
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Black grouse have been subject to a recovery project, in which areas of heather have been managed
(subject to planned program of cutting or controlled burning), to promote new growth and provide
seed food and access to invertebrate food (Lindley et al. 2003). This led to an initial increase in the
black grouse population, which has since fluctuated between 173 and 238 between 2002 and 2010
(RSPB unpublished data). Although equivalent management could potentially have been paid for under
Tir Gofal agreements, in practice the great majority of it was paid for by a range of funding bodies,
including EU Objective 5b and Objective 1 funds, Welsh Government and the Countryside Council for
Wales (CCW). In order to determine the independent effect of Tir Gofal on black grouse numbers, it
was important to determine the amount of positive management that had occurred. This was done
using aerial photographs from 2001, 2006 and 2009, and mapping the amount of managed land.
Management was classified as “fresh” (within two years of the aerial photo) and “medium” (three to
five years prior to aerial photo), and also classified as being a cut or a burn. Management visible in 2001
was all mapped by manual digitisation. Management visible in 2006 and 2009 was largely mapped using
automated classifications in Trimble eCognition software as an external contract by Environment
Systems. Areas that were not covered by this process were manually digitised as for the 2001 aerial
photo. Areas covered by the eCognition software were checked for burns, as this method did not pick
up burns satisfactorily, and additional cuts that were not classified were also added. For 2006, there
were data available using both methods for some areas, and so the comparability of the eCognition
method was verified using regression equations. Comparing values derived using eCognition and
manual methods over 2807 individual hectare squares, there was a very strong relationship (fresh cuts:
t-value = 59.70, p < 0.0001; medium cuts: t-value = 32.54, p < 0.0001), though not a 1:1, as the
regression co-efficient was 0.664 for fresh cuts and 0.630 for medium cuts, indicating the eCognition
method tended to classify more areas as cut. The eCognition-derived values were therefore reduced by
multiplying by co-efficients, and added to any manually-digitised cuts in the same landowner unit.
Finally, predator control is considered likely to influence black grouse populations (Summers et al.
2004). Following discussion with CCW, the RSPB has mapped the distribution of predator control in
the study area over the time of interest, which included that for grouse conservation and for pheasant
shooting businesses. This was overlaid with the landowner units, and each landowner unit was assigned
to one of two categories: background and additional. Predator control effort could change over the
years of interest; however, this affected only two of the landowner units in this monitoring programme,
both of which had predator control for half of the period of interest. These were both classified as
having additional predator control. Knowledge of predator control was imperfect, and four landowner
units were initially classified as of uncertain activity. However, for the purposes of this study, they were
classified as having additional predator control, but models were run to check whether classifying them
as having background only predator control would affect significance of results, which it did not.
Data analysis
Data from the three aerial photographs were separated for analysis, but models followed the same
structure. Some time lag in the effects of management might be expected, either because black grouse
populations may take time to respond, or because habitat post-management might not be optimum
until some time has passed. Therefore, up to three response variables were modelled for each aerial
photograph year: lek count in that year (not available for 2001 due to the foot and mouth outbreak that
year); and lek count in the each of the two following years (data for year 2 following 2009 not available
at the time of this analysis). Lek counts were modelled using a GLMM with a Poisson error structure,
the “random _residual_” option to account for overdispersion (also known as a quasi-Poisson error
structure), and log link function (Littell et al. 1996).
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Models 4.17-4.23. Lek counts against TG status, habitat and management variables in 2002-3, 2006-10
In each year, lek counts were modelled against TG status (whether or not the landowner unit was in
TG in the year in question). Area of suitable habitat was retained in all models. Predator control status
was initially included in models, but removed if it proved to be non-significant. Because one might
legitimately expect different measures of habitat management to affect black grouse numbers in
different years, one of three possible predictors was included: amount of land (ha) classified as fresh
cuts/burns; amount of land classified as medium cuts/burns; and amount of land classified as fresh and
medium cuts/burns. Choice was based on AIC values of models with each predictor.
Model 4.24. Changes in lek counts against TG status, habitat and management
To test whether changes in lek counts had been different in landowner units that had gone into Tir
Gofal, the difference between the lek counts in 2010 and 2002 were modelled against whether the unit
had gone into TG in the interim (units that were in TG in 2002 were excluded), the amount of suitable
habitat, predator control status, and the sum of freshly managed land over the three aerial photos. Land
classified as medium (less recently) managed was excluded to reduce the possibility of double counting
land management in more than one aerial photo. The change in lek count was modelled using a normal
error distribution and identity link function.

4.5.3. Results
Only two of 130 landowner units that entered into Tir Gofal received heather cutting and burning
management through Tir Gofal (as special projects). The remaining units received standard
prescriptions that specified grazing levels, although a further 49 of these received heather management
through the independent recovery project (along with 41 of the non Tir Gofal units).
Models 4.17 and 4.18: Lek counts against TG status, habitat and management in 2002 and 2003
The total amount of managed land gave the lowest AIC value in 2002 and 2003. Predator control was
not a significant predictor and was removed from the models. As with all models, the amount of
suitable habitat was a positive predictor of lek counts in both years (Appendix 4). There was no effect
of TG status (2002: F1,296 = 1.95, p = 0.1636; 2003: F1,296 = 1.3, p = 0.2556; Figure 4.20). The amount of
managed land was a significant positive predictor in 2003 only (Appendix 4).
Models 4.19-4.21: Lek counts against TG status, habitat and management in 2006, 2007 and 2008
The amount of land classified as “medium” (less recently managed) gave the lowest AIC values in these
three models. Predator control was not a significant predictor and was removed from the models.
Suitable habitat remained a significant positive predictor of lek counts, and amount of land classified as
medium was also a positive predictor (Appendix 4). In all three years, substitution of total managed
area would have given similar results, but area classified as freshly managed would not have been a
significant predictor. There was no effect of TG status (2006: F1,296 = 0.45, p = 0.5015; 2007: F1,296 =
0.12, p = 0.7345; 2008: F1,296 = 0.41, p = 0.522; Fig. 4.20).
Models 4.22 and 4.23: Lek counts against TG status, habitat and management in 2009 and 2010
The amount of land classified as freshly managed gave the lowest AIC values in these models, although
significance levels would have remained the same whichever management variable was used. Predator
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control was retained as a significant (positive) predictor in 2009 only, and was removed from the model
in 2010. Suitable habitat remained a significant positive predictor of lek counts, while area of freshly
managed land was not (Appendix 4). There was no effect of TG status (2009: F1,296 = 0.05, p = 0.8299;
2010: F1,296 = 0.07, p = 0.7932; Figure 4.20).
Model 4.24. Change in lek counts.
Predator control was not significant, and was removed from the model. Amount of suitable habitat was
a significantly negative predictor, and the sum of freshly managed land was a significantly positive
predictor of changes in lek counts (Appendix). There was no effect of Tir Gofal status on the change in
lek counts (F1, 282 = 0.1, p = 0.7483; Figure 4.21).
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Figure 4.20. Predicted mean lek counts (back-transformed means + SE) for selected years by
Tir Gofal status, after having controlled for the effects of extent of suitable habitat in each
holding and extent of heather cutting and burning by the independently funded recovery
project (Models 4.17, 4.19 and 4.23).
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Figure 4.21. Modelled change in lek counts 2002-2010 (means + SE) by Tir Gofal status, after
having controlled for the effects of extent of suitable habitat in each holding and extent of
heather cutting and burning by the independently funded recovery project (Model 4.24).

4.5.4 Discussion
There was no effect of Tir Gofal status on lek counts in any year that was analysed, or in the analysis of
changes in lek counts after having controlled for other effects. In the earlier years there was a nonsignificant trend towards higher lek counts on Tir Gofal landowner units, but even this disappeared
over the course of this monitoring programme. This probably reflects the early entry of units into Tir
Gofal that were in better condition for black grouse. As the number of units entering into Tir Gofal
increased over time, it becomes clearer that management under this agri-environment scheme did not
provide benefits for black grouse.
Instead, the amount of suitable habitat, and the amount of land managed under the black grouse
recovery project were better predictors of black grouse lek counts, supporting other evidence for the
success of that project (Lindley et al. 2003). The latter was not a significant predictor in all years. The
lack of an effect in the first year of the study may reflect a time lag in the effects of management on lek
counts (also indicated by medium aged management frequently being a better predictor). The same lack
of effect in the later years may reflect that management had occurred for several years by this time, and
benefits to black grouse may have arisen from older management that was not classified as fresh or
medium (while many units had received management over the whole of the period of this monitoring,
there were also several that received it in early years but not in later). The relevance of this effect of
habitat management to Tir Gofal is that this management was potentially available under the scheme.
However, only two landowner units that received cutting and burning management did so under Tir
Gofal (as special projects); therefore it is not possible to determine whether such management under
Tir Gofal had any greater or lesser benefits to black grouse. The results indicate that black grouse
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require more active management than available under the standard Tir Gofal prescriptions for black
grouse habitat, such as the specified grazing levels of TG5 (upland heath) and TG12A and B (bog).
The results of this monitoring programme represent a disjunct between the expected results of Tir
Gofal management as predicted by the desk review (Morris et al. 2008). The review had stated that
there was good take up of prescriptions likely to be beneficial to black grouse, but these results indicate
that the benefits of those prescriptions may have been over-estimated, although they were based on
knowledge of the ecology of black grouse (Baines 1996; Calladine et al. 2002). However, the advantage
of the desk review process is that it has allowed hypotheses about the performance of Welsh AES to be
tested against data collected in the field.
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4.6 Field-scale surveys of non-breeding choughs

4.6.1 Introduction
The objective of the autumn and winter field-scale surveys was to determine whether post-breeding and
wintering choughs were more likely to forage on fields under Tir Gofal prescriptions predicted to be
beneficial than on fields under alternative management. The null hypotheses for all tests was there
would be no difference between fields under Tir Gofal management and those under alternative
management.

4.6.2 Methods
Site Selection
Six sites where choughs are known to congregate following breeding and over the winter months were
surveyed. Each site consisted of a large number of fields or land parcels (range = 67-239, total = 675)
under a variety of ownership, agri-environment status, and other land management agreements (e.g.
SSSIs). Four sites were inland (Snowdonia), and were only surveyed in autumn (August to October),
while two sites were coastal (Llŷn Peninsula), and were surveyed over both autumn and winter
(November to February; Figure 4.22).
Field surveys
The same sites were surveyed in autumn and winter of 2009-10 (Year 1) and 2010-11 (Year 2). Sites
received from five to 11 surveys in each year. During each survey, a transect was walked across the site,
ensuring that each field was observed (any fields that could not be observed were excluded from
analysis). Choughs were recorded when they were seen on the ground in a field. Only the first records
of individual birds in any survey were considered in analyses. The response variable was the presence of
chough in the field, as this was considered to give a better indication of whether the field provided
suitable foraging conditions than a count response.
Habitat was expected to be important in determining the use of fields by choughs, and field habitats
were classified during surveys, and then placed in five habitat categories:


Bracken



Heath



Improved and semi-improved grassland



Rough grazing



Rocky outcrops and stony ground
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Figure 4.22. Location of autumn and winter survey sites for choughs
Sward height for the field was classified as short (<5 cm), medium (5-10 cm) and long (>10 cm).
Grazing intensity was classified based on the typical distance between grazing animals: none, low (>20
m), medium (5-20 m), and high (>20 m), although as only four fields were categorised as having high
stock density, this category was combined with medium. Stock type was recorded, and categorised as:
 Sheep only
 Cattle only or mixed sheep and cattle
 Horses only or mixed sheep and horses
The dominant TG prescription of fields in AES was determined. There were six prescriptions present
(Table 4.6), of which only one (TG16) was expected to be positive for choughs.
Table 4.6. Prescriptions present on chough surveys and expected response by choughs
TG prescription

Description

Expected response

TG5

Upland heath

Negative

TG6

Lowland coastal heath

Negative

TG7

Unimproved acid grassland

Negative

TG10

Semi-improved grassland

Negative

TG11

Marshy grassland

Negative

TG16

Maritime cliff and slope

Positive
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The AES status of each field or land parcel was determined, and fields were classified in four
categories:


Fields under prescription TG16



Fields with habitats under TG prescriptions expected to be detrimental for chough (TG-)



Fields on TG land but under no prescription (IMP)



Non-AES fields of a range of habitats

Other management agreements that were recorded were the presence of SSSI agreements, and whether
or not land was managed by the National Trust.
Data analysis
Models were implemented using PROC GLIMMIX of the SAS (v. 9.2) statistical package (Littell et al.
1996). Presence of choughs in a field was modelled against predictor variables using a binomial error
structure and logit link function, with Field specified as a random effect to account for multiple surveys
of the same field, and the “random _residual_” option to account for overdispersion of the data.
Model 4.25. Chough presence according to AES status, habitat and management
The likelihood of recording choughs was modelled against the AES status of the surveyed fields.
Because habitat and management were expected to play a large role in determining whether choughs
were likely to use fields, habitat category, sward height, stock type and stock density were also included.
Field area was included as a predictor variable in the model, and retained regardless of significance.
Other variables included were survey year, survey season (autumn or winter), site type (coastal or
interior), and whether or not the field was managed by the National Trust (2-level factor) or under a
SSSI agreement (2-level factor). These latter terms were removed from the final model if they proved to
be non-significant (p < 0.1 was used as a threshold for retaining terms).
Because there were few (n=15) TG16 fields, it was not possible to model interactions in this model.
However, removing TG16 fields and running a model with the same predictor variables as above, plus
interactions between AES status and sward height and AES status and habitat found that neither of
these were significant predictors, and this model is not presented.

4.6.3. Results
Model 4.25. Chough presence according to AES status
Although there was a very low probability of recording choughs in any one fields, there was a
significant effect of AES status on the likelihood of a field being used by choughs (F3, 9786 = 3.51; p =
0.0146; Appendix). Pairwise comparisons from the model indicated that TG- fields were more likely to
have choughs recorded than TG16 fields (t9786 = -2.5092; p =0.0155) and non-AES fields (t9786 = 2.35; p
=0.019), and marginally more than IMP fields (t9786 = -1.86; p = 0.0632), and TG16 fields were
marginally less likely to have choughs than non-AES fields (t9786 = -1.9; p = 0.0577; Figure 4.23). There
were very significant effects of sward height (F2, 9786 = 11.41, p < 0.0001), with choughs preferring short
swards. There was no effect of whether or not a field was managed by the National Trust, and this term
was removed from the model. There was no significant effect of field area, but this term was retained.
There was a marginally significant effect of habitat category (F4, 9786 = 2.26, p < 0.0001), with stony
ground less likely to be selected than all other habitat types. Fields that were under SSSI agreements
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were more likely to be used by choughs (F1, 10132 = 21.62; p < 0.0001), and choughs were more likely to
be recorded in autumn than winter (F1, 9786 = 169.66; p < 0.0001) and in the first survey year (F1, 9786 =
6.31; p = 0.012).

0.02

Likelihood of chough being present
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0.016
0.014
0.012
0.01
0.008
0.006
0.004
0.002
0
IMP
(n=48)

TG16
(n=15)

TG(n=163)

non-AES
(n=451)

Figure 4.23 Modelled likelihood of recording chough (back-transformed mean + SE) on fields
of various AES status, whilst controlling for the effects of other variables (Model 4.25)
IMP = TG field without prescriptions; TG- = TG field with prescriptions expected to be negative.

4.6.4. Discussion
The results of this monitoring programme indicate that of the TG status groups considered, fields
under Tir Gofal prescriptions are most likely to have choughs present. However, the Tir Gofal fields
that were preferred by choughs were those that were expected to be negative for choughs due to more
lenient grazing regimes. The prescription expected to be favourable (TG16) was in fact least preferred,
This result may be explained by the fact that none of the 15 fields under this prescription were
classified as having short swards (TG16 has an option for higher grazing levels for chough which may
not have been taken up), in combination with the small sample size. Although individual prescriptions
were effectively aliased with habitat, the effect of Tir Gofal status was independent of habitat, and
testing for interaction between these two found no evidence of habitat-specific responses to TG.
Improved pasture on TG (IMP) and non-AES farms might have been expected to provide similarly
favourable conditionsfor choughs, by receiving the heavy grazing that choughs require. However, these
categories received around half the level of use of the TG- category. Interestingly, non-AES fields
received the second highest level of use, possibly reflecting the inclusion of some preferred
unimproved but non-TG habitats in addition to improved grass.
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The strongly significant preference for short swards concurs with the established knowledge of the
chough’s ecology (McCanch 2000; Johnstone et al. 2002; Whitehead et al. 2005). The results of this
monitoring programme suggest that within the bounds of acceptable habitat (types of heath and grass),
the precise habitat type is of less importance than the condition of the sward. However, fields under Tir
Gofal prescriptions were also rarely (4.3%) classified as having compartment-wide short swards despite
being preferred by choughs. Tir Gofal fields without prescriptions and non-AES were more likely to be
classified as having short swards (15.2% and 13.5%, respectively). This indicates that while nonprescription fields are more likely to provide short swards, the TG prescription fields currently have
other characteristics that make them more suitable for choughs. It is likely that the classification of
sward heights at the field scale, while the only practical way of modelling habitat in this monitoring
project, masks intra-field variations in sward height. Choughs are known to be selective about which
areas within fields they choose to forage in (Whitehead et al. 2005), and these results suggest that
negative TG prescriptions result in heterogeneous swards that currently include areas suitable for
choughs. Furthermore, field sizes for some prescriptions are large (e.g. heath and unimproved acid
grassland). Therefore, whilst these whole fields might be classed as of medium sward height, large areas
may in fact have had short swards through the selective grazing of remaining livestock.
It is not possible, without baseline data, to disentangle whether the preferences for negative Tir Gofal
fields observed in this monitoring programme arise from associated management actions, or from the
pre-existing condition of sites that entered into Tir Gofal agreements. These sites may coincide with
places already favourable to choughs for other reasons, such as proximity to nest or roost sites, or with
features maintained outside of agriculture (e.g. coastal exposure, rabbit grazing or unplanned burning).
Finally, while choughs currently show a preference for Tir Gofal fields under negative prescriptions, it
is not possible to know whether these preferences translate into the presence of conditions sufficient to
at least maintain adult and pre-breeder survival rates. Indeed, it is possible that required grazing
reductions on these habitats will lead to reduced usage in the future as vegetation succession further
restricts remaining favourable patches.
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4.7 Chough nest site occupancy and productivity

4.7.1. Introduction
The objective of the analysis of chough productivity was to determine whether the likelihood of a
chough nest being occupied was affected by the amount of land under Tir Gofal agreements close to
the nest. Additionally, the intention was to test whether the likelihood of occupied nests fledging
chicks was affected by the amount of land under Tir Gofal agreements close to the nest. The null
hypothesis was that there would be no difference.

4.7.2. Methods
Site Selection
Data was acquired for this monitoring project from the Cross & Stratford Welsh Chough Project (CSWCP),
which has monitored a large number of chough territories from the 1990s until the present day. The
unit of analysis was the chough territory, which was an independent territory within which a single pair
nested, although the nest site location could vary from year to year. Intensive surveys and colour
ringing of a large proportion of birds allowed the CSCCR to determine which were alternative nest sites
within the same territories. Territories were located at coastal sites and inland areas in north and central
Wales, and any site that was occupied in at least one year from 2000 to 2009 (inclusive) was included.
Nest site occupancy and productivity
There were no Welsh Government funded surveys associated with this monitoring work programme.
Nest site occupancy was established by the CSWCP in each year by re-visiting known sites to establish
whether they were occupied, and by visiting possible additional territory locations. Field visits to
determine territory occupancy were made in early April to late June. Sites were considered occupied if
observations of nests or bird behaviour met probable or confirmed evidence of breeding (Johnstone et
al. 2007). If there were two nest attempts by same pair in same year, the furthest progressed was used.
As part of monitoring, the best estimate of fledged young from the nest was recorded, based on
number and condition of young ringed in the nest, or numbers of newly fledged young where
confidently attributable to specific nests. If the outcome of the nest could not be determined in any one
year, it was excluded from the data to be analysed.
Habitat and management variables
The explanatory variable of primary interest was the proportion of land within 300 m of the nest site
under Tir Gofal management, as most foraging occurs within 300 m of nest sites (Kerbiriou et al.
2006). This was calculated by overlaying GIS layers of Tir Gofal agreements with 300 m buffers around
the nest site and using information on Tir Gofal start dates to determine the proportion of land that
was under a Tir Gofal agreement in each year.
Other variables that were considered as possible predictors of chough occupancy and productivity
were:
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 Proportion of land under SSSI agreement
 Proportion of land under National Trust management
 Presence of nest site within an ESA agreement
 Site type (coastal or inland – this was rarely ambiguous; however, a small number of quarries
near the coast were classified as coastal)
 The proportion of the area that was in suitable habitat categories (land in Phase 1 habitat
categories: B1.1, B1.2, B2.1, B3.1, B3.2, B4, B5, H.6.5, H.8.4, J.1.2)
All values were derived at the level of the territory, but were calculated for the actual nest site in that
year.
Data analysis
Territory occupancy was modelled using a GLMM with binomial error structure and logit link
functions, and productivity of occupied nests was modelled using a Poisson error structure, the
“random _residual_” option to account for overdispersion (also known as a quasi-Poisson error
structure), and log link function. (Littell et al. 1996). Territory was included as a random term in all
models, to account for multiple surveys of the same territories.
Model 4.26 Territory occupancy and proportion of TG land, habitat and management variables
The likelihood of a territory being occupied in each year was modelled against the proportion of land
within 300 m of the nest that was under Tir Gofal agreements, and the habitat and management
variables listed above. Interaction terms between proportion of Tir Gofal land and both year and site
type were also included. Variables (apart from the proportion of Tir Gofal land) were removed from
the model if they were non-significant (at the level of p < 0.1).
Model 4.27 Nest productivity and proportion of TG land, habitat and management variables
The number of chicks fledged from occupied nests was modelled against the proportion of land within
300 m of the nest that was under Tir Gofal agreements, and the habitat and management variables
listed above. Interaction terms between proportion of Tir Gofal land and both year and site type were
also included. Variables (apart from the proportion of Tir Gofal land) were removed from the model if
they were non-significant (at the level of p < 0.1).

4.7.3. Results
Two hundred and forty-six territories were checked at least once in the ten year period (2000-2009),
giving 2072 territory-years for analysis. The number of territories per year varied from 179 to 224, and
the number of occupied territories each varied from 158 to 191.
Model 4.26 Territory occupancy and proportion of TG land, habitat and management variables
There was no effect of the proportion of land under Tir Gofal agreements on the likelihood of
territories being occupied (F1,1824 = 0.21, p = 0.6462; Appendix 4), and none of the interactions were
significant, so these were removed from the model. There was a significant effect of year, with
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territories less likely to be occupied in later years (F1,1824 = 4.06, p = 0.0441), and a significant effect of
site type, with inland sites less likely to be occupied (F1,1824 = 8.28, p = 0.0041).
Model 4.27 Nest productivity and proportion of TG land, habitat and management variables
There was no effect of the proportion of land under Tir Gofal agreements on the productivity of
occupied nest sites (F1,1002 = 0.57, p = 0.4516; Appendix 4). Nor were any other variables significant
predictors of the number of chicks fledged.

4.7.4 Discussion
There was no effect of Tir Gofal status on the likelihood of chough territories being occupied, or on
the productivity of occupied territories. There is anecdotal evidence of territory abandonment, and it
was thought that this might be related to the introduction of Tir Gofal agreements, which generally
involve reduced grazing regimes, removing the closely grazed habitat that choughs require for foraging
(Johnstone et al. 2002). There was a decreased likelihood of territories being occupied over the period
of interest, and this was most marked at inland sites. However, there is no evidence from this
monitoring programme that this is related to Tir Gofal. It may be that there are changes to habitat in
the wider countryside, particularly at inland sites, that are making territories less suitable for choughs.
The obvious candidate would be the shift away from headage-based payments; however, as these were
still in place until 2005, an effect of Tir Gofal might have been expected in the earlier years of this
monitoring programme. There may have been other drivers already acting at this point that mirrored
those taking place on Tir Gofal agreements.
Productivity of occupied nests was not affected by Tir Gofal, nor by any of the other variables included
in these models. The lack of influence of suitable habitat on either occupancy or productivity may be
surprising, as the proportion of suitable habitat types close to nests has an influence on fledging
(Kerbiriou et al. 2006). However, this monitoring programme did not distinguish habitat condition,
which is likely to be most important for foraging choughs (Whitehead et al. 2005). The impact of Tir
Gofal on habitat condition as it relates to suitability for choughs may be too variable for the effects to
be detected. The use of a wider radius around the nest might reveal an effect of Tir Gofal agreements,
as chough may range further than this is local habitat has deteriorated. Fledging success is known to be
affected by weather conditions (Reid et al. 2003; Reid et al. 2008), and inclusion of weather variables in
models of productivity for a subset of territory-years did find some to be significant (the random effect
of territory was removed, as these models would not converge). Inclusion of weather variables, by
removing between-year variation, also revealed a marginal (F1,860 = 3.52; p = 0.061) effect of site type,
with coastal nests fledging more young; however as these models did not help to explain the influence
of agri-environment management, they are not presented. Trends in site occupancy may be driven by
factors other than fledging success, such as pre-breeding survival, which is known to be important for
chough populations (Reid et al. 2008). This demographic parameter was outside the scope of this
monitoring project, and so the impact of Tir Gofal management on it is unknown.
The results of this monitoring indicate that there is no evidence that Tir Gofal has provided benefits to
breeding choughs in the form of preferentially-selected nest sites, or resources (such as suitable
foraging areas or increased food) that lead to increased fledging (Kerbiriou and Juillard 2007). This is
despite there being a prescription (TG16A and B – coastal cliff slope, grazed and ungrazed) with
management options relating specifically to chough. Low uptake of this prescription is likely to be the
reason that benefits were not observed. Considering that choughs were judged to be poorly provided
for by Tir Gofal (Morris et al. 2008), and that there was an expectation that the presence of Tir Gofal
agreements may reduce occupancy and/or productivity, the results of this monitoring programme may
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be considered relatively positive. Nevertheless, if future agri-environment schemes are intended to
increase chough populations, they should include the provision of high quality habitat.

4.8 General summary
The results of this monitoring programme indicate mixed benefits for birds from Tir Gofal, which is
not surprising, considering the ecological differences between the species monitored. A species that
appears to have benefited from Tir Gofal is the yellowhammer, which had higher population densities
on Tir Gofal than on non-AES farms, was much more likely to be recorded in winter on prescriptions
designed to provide winter food for granivorous birds, and was more abundant on some Tir Gofal
grassland prescriptions than the alternatives. This is a species about which there is good understanding
of the ecology and demography, and for which management interventions have been shown to be
effective elsewhere. In contrast, although fields under Tir Gofal prescriptions were more likely to be
used by choughs in autumn and winter than alternative management, the prescriptions were for more
lenient grazing regimes, despite an expected preference for short swards being highly significant. This
result is interpreted as evidence for habitat preference rather than response to Tir Gofal, and a
detrimental effect of these prescriptions cannot be excluded without further data. Ground-nesting
waders fared less well under Tir Gofal management; curlews were no more likely to be recorded on Tir
Gofal than non-AES farms, while lapwings were no more abundant (or likely to show evidence of
hatching) on Tir Gofal prescription fields than non-AES fields. Both of these species are undergoing
widespread and rapid population declines, with reduced productivity the likely cause, and the results of
this monitoring programme suggest that the prescriptions available under Tir Gofal have not managed
to address the causes of lower productivity. The results of black grouse monitoring indicate that Tir
Gofal prescriptions that were expected to be beneficial have not been responsible for increases in
populations due to lack of uptake; with evidence that these same interventions under a recovery project
have been successful. Finally, it is important to stress that, even for species such as yellowhammer,
where Tir Gofal appears to be beneficial, without baseline data or repeat visits over time it is not
possible to determine whether Tir Gofal is affecting population trends. There may have been
differences in the condition of farms that entered Tir Gofal that have been maintained over time.
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5. Work Programme – Plants and Fungi
Key findings
i.

The arable plant community was surveyed on fields under two prescriptions: TG24A
(unsprayed fields) and TG29 (fallow margins). Fields under prescription TG29 were also
surveyed for bryophytes in autumn. Grassland fungi were surveyed on grasslands under Tir
Gofal agreement and outside of AES.

ii.

Plant species richness was significantly higher in prescription fields than in those under
conventional arable management. Unsprayed fields that were in OFS in addition to Tir Gofal
had even higher species richness than those that were in Tir Gofal alone. Species richness of
various groups (those providing nectar/pollen resources, those providing weed seed resources,
rare species, weed species) followed similar trends, although cover of the groups tended not to
differ significantly.

iii.

The restrictions on herbicide and fertiliser use associated with Tir Gofal prescriptions are
considered to be the main reasons for the greater species richness observed on prescription
fields. Combinations of management associated with these inputs explained much of the
variation in species richness.

iv.

Bryophyte species richness and cover were not higher on fallow margins than on
conventionally-managed fields, possibly due to the higher cover of vascular plants on these
margins, and suggesting that management for arable plants may not be suitable for bryophytes.

v.

No difference in grassland fungi species richness or site quality was found between meadows
entered into Tir Gofal and meadows that were conventionally managed. Furthermore, no
difference was found between the different Tir Gofal habitat prescriptions that were surveyed.

General Approach
A comparative assessment of species diversity and plant cover was undertaken for arable plants (all
arable plants, arable plants that provide a pollen/nectar resource, problem weeds, rare arable plants and
arable plants that provide an overwinter food resource for farmland wildlife), arable bryophytes and
grassland fungi. The survey methods are specific for each taxon depending on individual ecology and
are described in more detail below.

5.1 Arable Plants

5.1.1 Introduction
The objective for this monitoring programme was to establish whether arable plant species richness
was greater on Organic Tir Gofal and Tir Gofal farms entered into prescriptions TG24A and TG29
fallow margins compared with conventionally managed fields. Similar tests were undertaken for specific
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groups of arable plants, nectar/pollen plants, problem weeds and rare arable plants. The null hypothesis
for these tests is that there was no significant difference between Organic Tir Gofal, Tir Gofal and
conventional field management. Expanded models were subsequently constructed including
management and geographical factors to explain the variation in arable plant diversity.

5.1.2 Method
Site selection
The initial desk study (Morris et al. 2008) identified two Tir Gofal prescriptions that primarily deliver
the requirements of arable plants, TG24A and TG29 fallow margins. Both were surveyed at the
management unit level to identify whether there was a difference in species richness. Herbicide
applications are restricted on unsprayed fields (except where derogations have been agreed with the
Welsh Government to manage particular problem weeds or as part of a pre-emergence spray) but
fertiliser can be applied. Both herbicide and fertiliser applications are restricted on fallow margins.
Site selection for the arable plant surveys was based on querying the GIS rotational prescription layer
for farms entered into unsprayed fields and fallow margin prescriptions within arable key areas. All
farms surveyed were in south and mid-Wales. Matched Organic Scheme Tir Gofal farms and non-AES
farms were selected within a 5 km radius and with a similar soil substrate (Landis 2009). Fields surveyed
were cropped with cereals (barley, wheat, triticale or oat), whole crop (cereal crop, peas and grass) or a
spring sown grass ley drilled in the spring of the survey period. Each farm was visited once during
June-July to survey arable plants.
Twenty-four sites were surveyed for unsprayed fields in 2010 and 25 sites in 2011. For 15 sites, organic
farms were included to form triplets of Organic Tir Gofal, Tir Gofal and non-AES farms. Twentythree sites were surveyed for fallow margins in 2010 and 21 in 2011 (table 5.1; the location of sites for
TG24A unsprayed field prescription is shown in Figure 5.1 and for TG29 fallow margin prescription in
Figure 5.2). The majority of the 2011 sites were resurveys from 2010, but three new farms were
recruited. Approximately two thirds of farms rotated their arable fields around their holding, and as a
consequence, each survey year is considered independent as species composition differs due to within
farm variation (Marshall et al. 2003). Geographic data was collated using ArcGIS to locate sites, assess
altitude and aspect and each farmer was interviewed to establish management variables such as fertiliser
and herbicide applications.
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Figure 5.1: Location of sites for the arable plant unsprayed field survey.

Figure 5.2: Location of sites for the arable plant fallow margin survey.
103

Table 5.1: Number of farms included in the arable plant surveys.
Year

Survey

TG farms

Organic TG Farms

Non-AES farms

2010 TG24A Unsprayed field monitoring

24

15

24

2010 TG29 Fallow margin monitoring

23

2011 TG24A Unsprayed field monitoring

25

2011 TG29 Fallow margin monitoring

21

23
15

25
21

Field Survey
Fields were surveyed using a strip transect of 20 0.25 m2 quadrats (Fig. 5.3). The transect was 100 m
long by 4 m wide located at least 10 m from the field corners and directly adjacent to the boundary (this
may be the hedge, fence, grass margin or field margin). The transect position within each field was
along the southern boundary.

10 m from corner of field
100 m strip transect containing
two rows of 10 0.5 x 0.5 m
quadrats spaced between 5 m
and 95 m and at a distance of 2
m and 4 m from the field
boundary
1 m distance from field boundary
4 m distance from field boundary

Figure 5.3: Diagram showing a hypothetical strip transect carried out in a fallow margin.
A similar strip transect was surveyed in a field under unsprayed field management on both Tir
Gofal and Organic Tir Gofal farms and a field on a non-AES farm.
Recording took place in two lines of ten 0.5 x 0.5 m quadrats at 10 m intervals along the transect
(starting at 5 m to 95 m) and at 1 m and 4 m distance from the field boundary, following methodology
used in similar studies (Walker et al. 2007; Pocock and Jennings 2008). During 2010 94 transects were
undertaken on 86 farms, and during 2011 93 transects were undertaken on 83 farms.
As well as analysing all arable plant species present (ALL), the surveys were also divided into subsets of
species to investigate the effect of AES management on arable plants that:


provide a nectar/pollen resource for invertebrates (Pywell et al. 2005; Pywell et al. 2006; Dennis
2010; pers. comm. with P. Rayner at the Bumblebee Conservation Trust and R. Hobson at
Butterfly Conservation) (NECT)
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problem weeds (Injurious Weed Act 1959), mostly pernicious perennial species (WEED), and;



rare and threatened arable plants (Byfield and Wilson 2005; Walker et al. 2007; Dines 2008)
(RARE).

The species datasets generated the following response variables:
a) Arable plant species richness; the pooled total number of species present from the entire
sampled area within each field (a measure across an area of 5 m2, the combined area of the 20
quadrats) (SPECIES RICHNESS)
b) The mean percentage cover of nectar/pollen providing arable plants and problem weeds per
quadrat (only undertaken during 2011) (COVERAGE)
Each response variable was initially modelled against agri-environment status, which could be one of
three categories: Tir Gofal (TG), Organic Tir Gofal (OTG) and conventional farm (non-AES).
Other fixed effect management and survey-related variables include:


Fertiliser input – A three-level variable stating whether no fertiliser, organic fertiliser or
inorganic fertiliser was applied to the management unit (FERT)



Herbicide applications – A three-level variable stating whether no herbicide, 1 application or 2
or more applications of herbicide had been applied to the management unit (HERB)



Herbicide-fertiliser applications – This variable assesses the interaction between herbicide and
fertiliser applications across six-levels: no fertiliser or herbicide, fertiliser application only, 1
herbicide treatment, 1 herbicide treatment and fertiliser application, 2+ herbicide treatments,
and 2+ herbicide treatments and fertiliser application. The first of these (no applications) is
equivalent to TG24A and TG29 management and the second (fertiliser only) is equivalent to
TG24A management, and the others describe successively increasing levels of agrochemical use
common in conventional farm management (HF)



Date of survey – This is a date category with the first week of June categorised week 1 and the
start of the arable plant field season to the first week of August categorised as week 10 at the
end of the survey season and the beginning of harvest. This fixed covariate is only used in
association with the COVERAGE response variable to account for the increase in growth of
plant species during the field season (DATE)



Crop – This variable indicates the crop sown on each management unit including fallow margin
(no crop sown), barley, wheat, whole crop or a 1 year grass ley (CROP)



Plough depth – A continuous variable between 0-10 inches for the depth that each
management unit was ploughed (PD).



Plough month – The month that each management unit was ploughed (PM).



Sow month – The month that each management unit was drilled with a crop. Fallow margins
with no crop had a category of ‘none’ for this variable (SM)



Season – Whether the cultivation was undertaken in the autumn or spring (SEASON)



Undersown – Whether the management unit was undersown (US).



Herbicide Month 1 – The month that the first herbicide treatment was applied (HM1).



Herbicide Month 2 – The month that the second herbicide application was applied (HM2).



Fertiliser inputs - Binary variables indicating whether specific fertilisers have been applied to the
management unit: farm yard manure, slurry, poultry manure, NPK compound, nitrogen topdress, rock phosphate, potash and green waste (FYM, SLURRY, POULTRY, NPK, N, P,
POTASH, GW)
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Lime – Binary variable indicating whether lime had been applied to the management unit
(LIME).



Altitude – Transect height above sea-level (ALTITUDE)



Aspect – Transect aspect (ASPECT)



Location – Transect location in Cardiganshire, Vale of Glamorgan, Gower, Monmouthshire or
Pembrokeshire (LOCATION)



Soil – Substrate composition (Landis, 2009) (SOIL).

Analysis
All analyses were undertaken in the programme R 2.13.1 (R Development Core Team 2011) using the
packages MASS (Venables and Ripley 2002), glmmADMB (Skaug et al. 2011), nlme (Pinheiro et al.
2011) and lme4 (Bates et al. 2011). Analysis of the results has been undertaken using GLMMs
specifying site as a random factor. The response variables SPECIES RICHNESS was undertaken using
a negative binomial error distribution with a log-link (a poisson error distribution with log-link was used
for the WEED dataset) and the response variable COVERAGE was arcsine transformed and analysed
using a GLMM with a normal error distribution and identity link. Mean and standard errors were
calculated by back-transforming the test estimates.
Models were generated using forwards addition of single terms. Initially, GLMMs were created
assessing the significance of the single term AES. An expanded model was subsequently created until
all the significant variation in the response variables was explained. The application of fertiliser and
herbicide, are confounded with AES status (as they form part of the management prescriptions), and
AES status was not included in the expanded models. Due to the temporal and spatial variation of
arable plant diversity within and between farms (Marshall et al. 2003) models were created for each
survey year (Table 5.2).

Table 5.2: List of the models created to analyse arable plant diversity and coverage
Model

Description

Analysis of TG24A Unsprayed Field Sites
5.1

2010 ALL SPECIES RICHNESS and AES status

5.2

2011 ALL SPECIES RICHNESS and AES status

5.3

2010 ALL SPECIES RICHNESS and all covariates

5.4

2011 ALL SPECIES RICHNESS and all covariates

5.5

2010 NECT SPECIES RICHNESS and AES status

5.6

2011 NECT SPECIES RICHNESS and AES status

5.7

2010 NECT SPECIES RICHNESS and all covariates

5.8

2011 NECT SPECIES RICHNESS and all covariates

5.9

2011 NECT COVERAGE and all AES status

5.10

2011 NECT COVERAGE and all covariates

5.11

2010 WEED SPECIES RICHNESS and AES status

5.12

2011 WEED SPECIES RICHNESS and AES status
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Table 5.2 (cont.)
Model

Description

5.13

2010 WEED SPECIES RICHNESS and all covariates

5.14

2011 WEED SPECIES RICHNESS and all covariates

5.15

2011 WEED COVERAGE and all AES status

5.16

2011 WEED COVERAGE and all covariates

5.17

2010 RARE SPECIES RICHNESS and AES status

5.18

2011 RARE SPECIES RICHNESS and AES status

5.19

2010 RARE SPECIES RICHNESS and all covariates

5.20

2011 RARE SPECIES RICHNESS and all covariates

Analysis of TG29 Fallow Margin Sites
5.21

2010 ALL SPECIES RICHNESS and AES status

5.22

2011 ALL SPECIES RICHNESS and AES status

5.23

2010 ALL SPECIES RICHNESS and all covariates

5.24

2011 ALL SPECIES RICHNESS and all covariates

5.25

2010 NECT SPECIES RICHNESS and AES status

5.26

2011 NECT SPECIES RICHNESS and AES status

5.27

2010 NECT SPECIES RICHNESS and all covariates

5.28

2011 NECT SPECIES RICHNESS and all covariates

5.29

2011 NECT COVERAGE and all AES status

5.30

2011 NECT COVERAGE and all covariates

5.31

2010 WEED SPECIES RICHNESS and AES status

5.32

2011 WEED SPECIES RICHNESS and AES status

5.33

2010 WEED SPECIES RICHNESS and all covariates

5.34

2011 WEED SPECIES RICHNESS and all covariates

5.35

2011 WEED COVERAGE and all AES status

5.36

2011 WEED COVERAGE and all covariates

5.37

2010 RARE SPECIES RICHNESS and AES status

5.38

2011 RARE SPECIES RICHNESS and AES status

5.39

2010 RARE SPECIES RICHNESS and all covariates

5.40

2011 RARE SPECIES RICHNESS and all covariates
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5.1.3 Results
Models 5.1-5.2: SPECIES RICHNESS and AES status in 2010 and 2011: prescription TG24A
Management units entered into TG24A had significantly more species compared with conventionally
managed fields (2010 -2logQ2,60 = 22.20, p < 0.0001; 2011 -2logQ2,62 = 25.62, p < 0.0001) (Figure 5.4;
Appendix 5). Pairwise analysis supported this result and also identified that Organic Tir Gofal farms
had greater diversity than Tir Gofal farms for both years (2010 z2,60 = -2.25, p = 0.0240; 2011 z2,62 = 3.07, p = 0.0022).
Models 5.3-5.4: SPECIES RICHNESS and habitat and management variables in 2010 and 2011:
prescription TG24A
A significant effect of herbicide and fertiliser application HF was found in the expanded models (Figure
5.5; Appendix 5). A significant decline in diversity was found between the levels ‘none’ and ‘fertiliser’ in
2010 (z31,31 = -2.36, p = 0.0185) but this pairwise comparison was insignificant in 2011 (z 10,54 = -1.42, p
= 0.1554). Pairwise comparisons for both survey years found a significant decrease in ALL SPECIES
RICHNESS between the levels ‘none’ and ‘1 herbicide treatment and fertiliser’ (2010 z31,31 = -5.94, p <
0.0001; 2011 z10,54 = -4.35, p < 0.0001), and ‘none’ and ‘2+ herbicide treatments and fertiliser’ (2010
z31,31 = -5.74, p < 0.0001; 2011 z10,54 = -2.23, p < 0.0001). There were significant differences between
ALL SPECIES RICHNESS between the levels ‘fertiliser’ and ‘1 herbicide treatment and fertiliser’
(2010 z31,31 = -5.94, p < 0.0001; 2011 z10,54 = -4.56, p < 0.0001), and ‘fertiliser’ and ‘2+ herbicide
treatments and fertiliser’ (2010 z31,31 = -5.16, p < 0.0001; 2011 z10,54 = -1.85, p = 0.0646). The
application of LIME was associated with ALL SPECIES RICHNESS and marginally increased
diversity during 2010 but significantly reduced diversity during 2011 (2010 z31,31 = -1.71, p = 0.0877;
2011 z10,54 = 3.62, p = 0.0003). SPECIES RICHNESS was significantly associated with LOCATION
with greater arable plant diversity found on the Gower peninsula (2010 Gower-Cardiganshire z31,31 = 4.04, p < 0.0001, Gower-Glamorgan z31,31 = -5.86, p < 0.0001, Gower-Monmouthshire z31,31 = -4.77, p
< 0.0001, Gower-Pembrokeshire z31,31 = -7.48, p < 0.0001; 2011 Gower-Glamorgan z10,54 = -2.76 p =
0.0059, Gower-Monmouthshire z10,54 = -2.97, p = 0.0030).
Models 5.5-5.6: NECT SPECIES RICHNESS and AES status in 2010 and 2011: prescription TG24A
NECT SPECIES RICHNESS was significantly greater on Organic Tir Gofal and Tir Gofal unsprayed
fields compared with conventional farms (2010 -2logQ2,60 = 22.17, p < 0.0001; 2011 -2logQ2,62 = 18.36,
p = 0.0001; Figure 5.6; Appendix 5). Pairwise comparison of the results identified that Organic Tir
Gofal unsprayed fields were more diverse than Tir Gofal unsprayed fields in 2011 (2010 z 2,60 = -1.34, p
= 0.1800; 2011 z2,62 = -2.41, p = 0.0160).
Models 5.7-5.8: NECT SPECIES RICHNESS and habitat and environmental variables in 2010 and
2011: prescription TG24A
A significant effect of herbicide and fertiliser HF was found in the expanded models (Figure 5.7;
Appendix 5). NECT SPECIES RICHNESS was not significantly different between the levels ‘none’
and ‘fertiliser’ during either survey year (2010 z4,58 = -1.71, p = 0.0868; 2011 z8,56 = -1.41, p = 0.1575).
Pairwise comparisons for both survey years found a significant decrease in NECT SPECIES
RICHNESS between the levels ‘none’ and ‘1 herbicide treatment and fertiliser’ (2010 z4,58 = -3.80, p =
0.0001; 2011 z8,56 = -3.80, p = 0.0001), and ‘none’ and ‘2+ herbicide treatments and fertiliser (2010 z4,58
= -3.24, p = 0.0012; 2011 z8,56 = -2.12, p = 0.0343). The difference between OTG and TG compared
with non-AES is further supported by the significant decrease in NECT SPECIES RICHNESS and the
pairwise comparisons between the levels ‘fertiliser’ and ‘1 herbicide treatment and fertiliser’ (2010 z 4,58 =
-3.08, p = 0.0021; 2011 z8,56 = -3.23, p = 0.0012), and ‘fertiliser’ and ‘2+ herbicide treatments and
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fertiliser’ (2010 z4,58 = -2.89, p = 0.0038 ; 2011 z8,56 = -1.91, p = 0.0561). The application of LIME
significantly decreased NECT diversity during both survey years (2010 z4,58 = 2.11, p = 0.0350 ; 2011
z8,56 = 2.92, p = 0.0035).
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Figure 5.4. Mean ±SE SPECIES RICHNESS for farms entered into TG24A (TG) Organic Tir
Gofal (OTG) and non-AES for ALL arable plants (Models 5.1-5.2)
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Figure 5.5. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for ALL arable plants (Models 5.3-5.4)
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Figure 5.6. Mean ±SE SPECIES RICHNESS for farms entered into TG24A (TG) Organic Tir
Gofal (OTG) and non-AES for NECT arable plants (Models 5.6-5.7).
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Figure 5.7. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for NECT arable plants
Model 5.9: NECT COVERAGE and AES status in 2011: prescription TG24A
A significant difference in NECT COVERAGE was found between AES status (F 2,38 = 9.20, p =
0.0007) (Figure 5.8; Appendix 5). Organic Tir Gofal unsprayed fields had a significantly higher
COVERAGE of NECT plants than Tir Gofal unsprayed fields (t2,38 = -2.44, p = 0.0206) and
conventionally managed fields (t2,38 = 3.57, p = 0.0012). No significant difference was found in
COVERAGE between Tir Gofal and conventionally managed fields (t2,38 = 1.53, p = 0.1372). No
relationship was found between the survey DATE and NECT COVERAGE (F6,34 = 1.33, p = 0.2746).
Model 5.10: NECT COVERAGE and habitat and environmental variables in 2011: prescription
TG24A
A significant effect of herbicide and fertiliser HF was identified in the expanded model (Figure 5.9;
Appendix 5). A significant decline in NECT COVERAGE was found between the levels ‘none’ and
‘fertiliser’ (z12,52 = -3.46, p = 0.0017), ‘none’ and ‘1 herbicide treatment and fertiliser’ (z12,52 = -4.17, p =
0.0003 ), and ‘none’ and ‘2+ herbicide treatments and fertiliser’ (z12,52 = -3.34, p = 0.0023). However,
the pairwise comparisons between the levels ‘fertiliser’ and ‘1 herbicide treatment and fertiliser’ only
found a marginal decline in coverage (z12,52 = -1.75, p = 0.0905) and no significant decrease was found
between ‘fertiliser’ and ‘2+ herbicide treatments and fertiliser’ (z8,56 = -1.50, p = 0.1455).
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Figure 5.8. Mean ±SE COVERAGE for farms entered into TG24A (TG), Organic Tir Gofal
(OTG) and non-AES for NECT arable plants (Model 5.9).
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Figure 5.9. Mean ±SE COVERAGE for the covariate HF with the categories none, fertiliser, 1
herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments and 2+
herbicide treatments and fertiliser and for NECT arable plants (Model 5.10).
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Models 5.11-5.12: WEED SPECIES RICHNESS and AES status in 2010 and 2011: prescription
TG24A
TG24A had significantly greater WEED SPECIES RICHNESS compared with conventionally
managed fields (2010 -2logQ2,60 = 15.75, p = 0.0004; 2011 -2logQ2,62 = 12.69, p = 0.0018) (Figure 5.10;
Appendix 5). No significant difference was found between Organic Tir Gofal and Tir Gofal farms for
either survey year (2010 z2,60 = -1.74, p = 0.0816; 2011 z2,60 = -1.60, p = 0.1099).
Models 5.13-5.14: WEED SPECIES RICHNESS and habitat and management in 2010 and 2011:
prescription TG24A
A significant effect of herbicide and fertiliser HF was identified in the expanded models (Figure 5.11;
Appendix 5). WEED SPECIES RICHNESS was not significantly different between the levels ‘none’
and ‘fertiliser’ during 2010, but diversity was significantly reduced during 2011 (2010 z7,55 = -1.005, p =
0.3150; 2011 z4,60 = -2.11, p = 0.0347). Pairwise comparisons for both survey years found a significant
decrease in WEED diversity between the levels ‘none’ and ‘1 herbicide treatment and fertiliser’ during
both survey years (2010 z7,55 = -3.32, p = 0.0009; 2011 z4,60 = -3.95, p < 0.0001), and ‘none’ and ‘2+
herbicide treatments and fertiliser’ during 2010 but no significant difference in 2011 (2010 z7,55 = -3.58,
p = 0.0003; 2011 z4,60 = -1.08, p = 0.2819). The difference between OTG and TG compared with nonAES is further supported by a significant decrease in WEED diversity between the levels ‘fertiliser’ and
‘1 herbicide treatment and fertiliser’ during both survey years (2010 z7,55 = -2.98, p = 0.0029; 2011 z4,60 =
-2.64, p = 0.0083) and ‘fertiliser’ and ‘2+ herbicide treatments and fertiliser’ in 2010 but not during
2011 (2010 z7,55 = -3.14, p = 0.0017; 2011 z4,60 = 0.08, p = 0.9353). LOCATION was a significant factor
in 2010, as fields surveyed in Gower had greater WEED diversity than fields elsewhere in Wales,
particularly Monmouthshire and Pembrokeshire (Monmouthshire z7,55 = -2.38, p = 0.0175 ;
Pembrokeshire z7,55 = -3.21, p = 0.0013). During 2011, the application of LIME reduced SPECIES
RICHNESS (z7,55 = 2.08, p = 0.0380).
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Figure 5.10. Mean ±SE SPECIES RICHNESS for farms entered into TG24A (TG), Organic Tir
Gofal (OTG)and non-AES for WEED arable plants (Model 5.11-5.12).
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Figure 5.11. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for WEED arable plants (Model 5.13-5.14).
Model 5.15: WEED COVERAGE and AES status in 2011: prescription TG24A
WEED percentage COVERAGE was found to be marginally significant between AES status (F 2,38 =
2.85, p = 0.0728; Figure 5.12; Appendix 5). Pairwise tests found that weed coverage in Organic Tir
Gofal fields was not significantly different than Tir Gofal fields (t2,38 = --1.31, p = 0.1983) but did have
greater cover than conventional fields (t2,38 = 2.23, p = 0.0333). WEED COVERAGE on Tir Gofal
farms and conventional farms was not significantly different (t2,38 = 1.21, p = 0.2347). No difference
was found between survey DATE and WEED COVERAGE (F6,34 = 0.52, p = 0.7905).
Model 5.16: WEED COVERAGE and habitat and management in 2011: prescription TG24A
The month that the field was cultivated, PM, and undersown crops, US, explained the significant
variation in WEED COVERAGE (Appendix 5). WEED COVERAGE was significantly lower on
farms ploughed during autumn 2010 compared with April 2011 (Sept 2010 t13,51 = -3.88, p = 0.0006;
Oct 2010 t13,51 = -2.45, p = 0.0209), and in undersown fields (t13,51 = -2.06, p = 0.0494).
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Figure 5.12. Mean ±SE COVERAGE for farms entered into TG24A (TG) in Tir Gofal, Organic
Tir Gofal (OTG) and non-AES for WEED arable plants (Model 5.15).
Models 5.17-5.18: RARE SPECIES RICHNESS and AES status in 2010 and 2011: prescription
TG24A
RARE SPECIES RICHNESS was significantly greater on TG24A compared with conventionally
managed fields (2010 -2logQ2,60 = 17.90, p = 0.0001; 2011 -2logQ2,62 = 20.96, p < 0.0001; Figure 5.13;
Appendix 5). No significant difference was found between Organic Tir Gofal and Tir Gofal farms for
either survey year (2010 z2,60 = -1.78, p = 0.0760; 2011 z2,62 = -1.69, p = 0.0920).
Models 5.19-5.20: RARE SPECIES RICHNESS and habitat and management in 2010 and 2011:
prescription TG24A
A significant effect of herbicide and fertiliser was identified in the expanded models (Figure 5.14;
Appendix 5). A significant decline in RARE SPECIES RICHNESS was found between the levels
‘none’ and ‘fertiliser’ in both survey years (2010 z4,58 = -2.71, p = 0.0067; 2011 FERT z3,61 = 3.52, p =
0.0004). Pairwise comparisons for 2010 found a significant decrease in RARE diversity between the
levels ‘none’ and ‘1 herbicide treatment and fertiliser’ (2010 z4,58 = -4.15, p < 0.0001) and with the
application of herbicide in 2011 (z3,61 = 3.19, p = 0.0014 ). There was also a significant decline between
the categories ‘none’ and ‘2+ herbicide treatments and fertiliser’ in 2010 (z4,58 = 0.00, p < 0.0001). The
difference between OTG and TG compared with non-AES is further supported by the significant
decrease in RARE diversity between the levels ‘fertiliser’ and ‘1 herbicide treatment and fertiliser’ (z 4,58
= -2.33, p = 0.0199), and ‘fertiliser’ and ‘2+ herbicide treatments and fertiliser’ (z4,58 = 0.00, p < 0.0001)
in 2010. SEASON significantly affected RARE SPECIES RICHNESS as fields cultivated and sown
during the autumn had fewer species than fields cultivated and sown during the spring (2010 z 4,58 =
0.00, p < 0.0001; 2011 z3,61 = -1.58, p = 0.1150).
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Figure 5.13. Mean ±SE SPECIES RICHNESS for farms entered into TG24A (TG), Organic Tir
Gofal (OTG) and non-AES for ALL, NECT, WEED and RARE arable plants (Models 5.175.18).
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Figure 5.14. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for RARE arable plants (Models 5.19-5.20).
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Models 5.21-5.22: ALL SPECIES RICHNESS and AES status: prescription TG29
TG29 fallow margins had significantly greater ALL SPECIES RICHNESS compared with
conventionally managed fields (2010 -2logQ2,60 = 54.91, p < 0.0001; 2011 -2logQ2,62 = 57.01, p <
0.0001; Figure 5.15; Appendix 5).
Models 5.23-5.24: ALL SPECIES RICHNESS and habitat and management in 2010 and 2011:
prescription TG29
ALL SPECIES RICHNESS was found to be significantly associated with herbicide and fertiliser
applications, HF (Figure 5.16; Appendix 5 includes expanded model tables for models 5.23-5.24).
Pairwise comparisons for both survey years found a marginally significant decrease in ALL SPECIES
RICHNESS between the levels ‘none’ and ‘1 herbicide treatment and fertiliser’ during 2010 and a
significant decrease in diversity during 2011 (2010 z10,35 = -1.91, p = 0.0557; 2011 z17,24 = -8.14, p <
0.0001), and ‘none’ and ‘2+ herbicide treatments and fertiliser’ during both survey years (2010 z 10,35 = 4.01, p < 0.0001; 2011 z17,24 = -5.67, p < 0.0001).
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Figure 5.15. Mean ±SE SPECIES RICHNESS for farms entered into TG29 (TG) and non-AES
for ALL arable plants (Model 5.21-5.22).
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Figure 5.16. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for ALL arable plants (Models 5.23-5.24).
Models 5.25-5.26: NECT SPECIES RICHNESS and AES status in 2010 and 2011: prescription TG29
Significantly greater NECT SPECIES RICHNESS was found on TG29 fallow margins compared with
conventionally managed farms (2010 -2logQ2,60 = 50.06, p < 0.0001; 2011 -2logQ2,62 = 29.89, p <
0.0001; Figure 5.17; Appendix 5).
Models 5.27-5.28: NECT SPECIES RICHNESS and habitat and management in 2010 and 2011:
prescription TG29
Expanded model analysis found herbicide and fertiliser applications, HF, associated with the variation
in NECT diversity (Figure 5.18; Appendix 5). Pairwise comparisons found no significant decrease in
NECT SPECIES RICHNESS between the levels ‘none’ and ‘1 herbicide treatment and fertiliser’
during 2010 (z4,41 = -1.62, p = 0.1053) and but did identify a significant decline in 2011 (z19,22 = -5.39, p
< 0.0001) and a decline in diversity was also found between ‘none’ and ‘2+ herbicide treatments and
fertiliser’ during both survey years (2010 z4.41 = -2.81, p < 0.0049; 2011 z19,22 = -4.33, p < 0.0001).
Model 5.29: NECT COVERAGE and AES status in 2011: prescription TG29
TG29 fallow margins had significantly greater NECT COVERAGE than conventionally managed
fields (F1,20 = 68.56, p < 0.0001) (Figure 5.19; Appendix 5). NECT COVERAGE significantly increased
with survey DATE throughout the field season (F4,17 = 3.35, p = 0.0357).
Model 5.30: NECT COVERAGE and habitat and management in 2011: prescription TG29
Fertiliser application, FERT, was found to significantly explain the variation in NECT COVERAGE
(Figure 5.20; Appendix 5). NECT coverage was significantly reduced on land where organic and
118

inorganic fertiliser had been applied (None-Organic t9,32 = -5.57, p < 0.0001; None-Inorganic t9,32 = 6.56, p < 0.0001).
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Figure 5.17. Mean ±SE SPECIES RICHNESS for farms entered into TG29 fallow margins
(TG) and non-AES for NECT arable plants (Model 5.27-5.28).
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Figure 5.18. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for NECT arable plants (Model 5.27-5.28).
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Figure 5.19. Mean ±SE COVERAGE for farms entered into TG29 fallow margins (TG) and
non-AES for NECT arable plants (Model 5.29).
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Figure 5.20. Mean ±SE COVERAGE for the covariate FERT with the categories none, organic
and inorganic fertiliser for NECT arable plants (Model 5.30).
120

Models 5.31-5.32: WEED SPECIES RICHNESS and AES status in 2010 and 2011: prescription TG29
TG29 fallow margins had significantly greater WEED SPECIES RICHNESS compared with
conventionally managed fields (2010 -2logQ2,60 = 39.78, p < 0.0001; 2011 -2logQ2,62 = 37.54, p <
0.0001; Figure 5.21; Appendix 5).
Models 5.33-5.34: WEED SPECIES RICHNESS and habitat and management in 2010 and 2011:
prescription TG29
Expanded model analysis found WEED diversity significantly reduced on land with fertiliser
application in 2010 (t2,43 = 6.53, p < 0.0001) and herbicide application in 2011 (t1,40 = 6.07, p < 0.0001;
Figure 5.22; Appendix 5).
Model 5.35: WEED COVERAGE and AES status in 2011: prescription TG29
TG29 fallow margins had significantly greater WEED COVERAGE than conventionally managed
fields (F1,20 = 35.14, p < 0.0001; Figure 5.23; Appendix 5). No relationship was found between the
survey DATE and WEED COVERAGE (F4,17 = 0.90, p = 0.4848).
Models 5.36: WEED COVERAGE and habitat and management in 2011: prescription TG29
The month of sowing, SM, was the only significant covariate associated with WEED COVERAGE
(Appendix 5). All fields that were sown had reduced WEED COVERAGE compared with fallow
margins (noted as ‘none’ as no crop was sown) (None-Oct 2010 t10,31 = -6.31, p < 0.0001; None-Mar
2011 t10,31 = -8.10, p < 0.0001; None-Apr 2011 t10,31 = 6.69, p < 0.0001). No significant difference in
WEED COVERAGE was found between fields sown in the autumn and spring (Oct 2010-March 2011
t10,31 = -1.92, p = 0.0765; Oct 2010-Apr 2011 t10,31 = -0.24, p = 0.8167)
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Figure 5.21. Mean ±SE SPECIES RICHNESS for farms entered into TG29 fallow margins
(TG) and non-AES for WEED arable plants (Model 5.31-5.32).
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Figure 5.22. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for WEED arable plants (Model 5.33-5.34).
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Figure 5.23. Mean ±SE COVERAGE for farms entered into TG29 fallow margins (TG)and
non-AES for WEED arable plants (Model 5.35).
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Models 5.37-5.38: RARE SPECIES RICHNESS and AES status in 2010 and 2011: prescription TG29
TG29 fallow margins had significantly greater RARE SPECIES RICHNESS compared with
conventionally managed fields (2010 -2logQ2,60 = 24.69, p < 0.0001; 2011 -2logQ2,62 = 23.38, p <
0.0001; Figure 5.24; Appendix 5).
Models 5.39-5.40: RARE SPECIES RICHNESS habitat and management in 2010 and 2011:
prescription TG29
Expanded model analysis found the covariates herbicide and fertiliser HF and HERB associated with
the variation in RARE diversity during 2010 and 2011 respectively (Figure 5.25; Appendix 5). Pairwise
comparisons for 2010 found a significant decrease in RARE SPECIES RICHNESS between the levels
‘none’ and ‘1 herbicide treatment and fertiliser’ during 2010 (z10,35 = -4.76, p < 0.0001) and significant
decline in richness associated with ‘1 herbicide treatment’ during 2011 (z17,24 = 4.30, p < 0.0001). A
further decline in species richness was associated between ‘none’ and ‘2+ herbicide treatments and
fertiliser’ in 2010 (z10,35 = -2.96, p < 0.0031) and between ‘1 herbicide treatments’ and ‘2+ herbicide
applications’ in 2011 (z17,24 = 0.00, p < 0.0001).
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Figure 5.24. Mean ±SE SPECIES RICHNESS for farms entered into TG29 fallow margins
(TG) and non-AES for RARE arable plants (Model 5.37-5.38).
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Figure 5.25. Mean ±SE SPECIES RICHNESS for the covariate HF with the categories none,
fertiliser, 1 herbicide treatment, 1 herbicide treatment and fertiliser, 2+ herbicide treatments
and 2+ herbicide treatments and fertiliser and for RARE arable plants (Model 5.39-5.40).

5.1.4 Discussion
Arable plant community
Both prescriptions TG24A unsprayed field and TG29 fallow margins had greater plant diversity than
conventionally managed fields for all arable plants, arable plants that are a nectar/pollen resource,
problem weeds and rare arable plants. Organic Tir Gofal 24A unsprayed fields had greater diversity of
all arable plants and plants that are a nectar/pollen resource compared with Tir Gofal 24A unsprayed
fields. Reduced herbicide application on unsprayed crops and herbicide and fertiliser application on
fallow margins are likely explanations for the observed differences.
Previous studies have found a strong association between field management (cropping, fertiliser and
herbicide applications) and arable plant diversity. Arable land is a highly controlled environment and
this monitoring programme takes into account both the behaviour change associated with entry into
AES and actual management on the ground which varies between agreement depending on the
willingness and understanding of the land holder to undertake the prescription and derogations
provided to tackle agronomic weeds. These differing levels of herbicide and fertiliser application are
summarised in the covariate HF which can be considered as a proxy for AES management and masks
the significance of AES when included in the expanded models (Tables 5.3 and 5.4).
The majority of farms entered into Organic Tir Gofal and Tir Gofal fall within the ‘none’ and ‘fertiliser
only’ categories, whilst the majority of non-AES farms fall within the ‘1 herbicide and fertiliser’ and ‘2+
herbicide and fertiliser’ categories. Most non-AES farms sprayed one herbicide application in 2010,
although this decreased in 2011 due to rising herbicide costs (pers. comm. with farmers). However,
depending on the market for the crop being grown further herbicide applications were sprayed on the
fields, in some cases up to four applications for milling grains. Fertiliser applications differed between
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Table 5.3: Number of farms using herbicide and fertiliser within each AES status for TG24A
unsprayed field sites
Year
2010

2011

AES

None

Fert

1 herb

1 herb

2+ herb

2+ herb

no fert

and fert

no fert

and fert

Organic TG

2

13

0

0

0

0

TG

7

16

0

1

0

0

Non-AES

0

0

0

19

0

5

Organic TG

7

8

0

0

0

0

TG

3

22

0

0

0

0

Non-AES

0

3

0

19

1

2

Table 5.4: Number of farms using herbicide and fertiliser within each AES status for TG29
fallow margin sites
Year
2010
2011

AES

None

Fert

1 herb

1 herb

2+ herb

2+ herb

no fert

and fert

no fert

and fert

TG

22

0

1

0

0

0

Non-AES

0

0

1

15

0

7

TG

20

1

0

0

0

0

Non-AES

0

1

0

16

1

3

farms depending on the type of fertiliser (relating to organic status) and compound used (in the case of
NPK). The rate of fertiliser application also varied considerably between farms and it was not possible
to collect this data in a meaningful manner to assess the nitrogen and phosphate addition per hectare.
Lime has been kept as a separate compound as soil pH influences the availability of nutrients for plant
growth (particularly crops) and application of nitrogen-rich fertilisers can acidify soil (DEFRA 2000).
Previous studies have indicated that fertiliser and herbicide applications and competition with cereal
crops reduce the diversity and abundance of many arable plants, although some nitrophilous species
(such as wild oat Avena fatua and chickweed Stellaria media) remain abundant despite high rates of
nitrogen and/or herbicide application indicating the adaptability of some arable species and the
development as agronomic weeds (Wilson 2000; Critchley et al. 2007; Walker et al. 2007). In particular,
broad-spectrum herbicides have targeted an increasing number of arable plant species leading to the
near extermination of some from the arable habitat in Britain (such as corncockle Agrostemma githago)
and much reduced abundances for other species (21% of arable species in Wales are threatened with
extinction; Dines 2008). The results of this monitoring programme concur with these studies as
applications of fertiliser only and fertiliser and herbicide reduced plant diversity. Fertiliser application
was not restricted under TG24A unsprayed field management and there was a significant decline in all
arable plant diversity, problem weeds and rare arable plants between fields without and with fertiliser
inputs. The addition of one or more herbicide applications and fertiliser was associated with a decrease
in arable plant diversity between farms entered into TG24A and TG29 fallow margins and non-AES
farms as the former prescriptions prohibit herbicide application. The additive affect of herbicide and
fertiliser was particularly catastrophic for nectar/pollen plants and rare arable plants with almost no
species present.
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The higher diversity found on Organic Tir Gofal unsprayed fields compared with Tir Gofal unsprayed
fields for all arable plants and arable plants that provide a nectar and pollen resource is not unexpected
as previous studies have reported similar outcomes which seem to result from less intensive
management over time producing a more species rich soil seed bank (Critchley and Fowbert 2000;
Greenall 2000). Non-crop species are controlled to an acceptable level of growth using a variety of
techniques (spring and autumn sown crops and tine harrows; Greenall 2000) and the use of nitrogenfixing plants in rotational legume leys rather than additional fertiliser has a tendency to reduce
nitrophilous plants such as barren brome Bromus sterilis and black-grass Alopecurus myosuroides (Marshall
et al. 2003). No difference in agronomic weeds was found between Organic Tir Gofal and Tir Gofal
unsprayed fields suggesting that the different methods of weed control did not affect the diversity of
species whereas non-AES farms that applied herbicide did reduce the types of pernicious weeds.
A direct comparison between TG29 fallow margins and TG24A cannot be undertaken as only 12 farms
entered into the scheme were undertaking both prescriptions, and as a consequence there was no
within farm comparison. Farms entered into these two prescriptions were too widely dispersed
throughout the landscape to occur within 5 km of one another and with a similar substrate reducing the
number of farm matches. However, arable plant diversity appears to be greater on fallow margins
compared with unsprayed fields, which concurs with the 2008 Tir Gofal prescription assessment that
fallow margins provide all the requirements for arable plants whilst unsprayed fields only provide for
some of the requirements (Morris et al. 2008). The lower diversity in unsprayed fields is likely to be a
result of fertiliser application and competition with the crop (particularly densely drilled crops and fields
that had been limed) as these factors have been found to restrict arable plant communities (Wilson
2000; Critchley et al. 2007).
Location accounted for some of the variation in arable plant diversity. Farms on Gower were richer in
arable plants than elsewhere in Wales. This is possibly a result of a continuous history of small-scale
mixed farming on Gower with the first fodder crops being sown in the early 18 th Century (Mullard
2006). Tir Gofal has been targeted towards farms with particularly diverse arable plant communities or
priority species such as broad-fruited cornsalad Valerianella rimosa and small-flowered catchfly Silene
gallica on the peninsula. However, this targeting does not explain the greater plant diversity on
conventionally managed farms or that priority species are still being found on Gower, such as the
cornflower Centurea cyanus population discovered during monitoring for this programme in 2011.
Many of the arable plant responses investigated by this monitoring programme show positive
association with TG24A and TG29 fallow margins. Due to the short duration of this monitoring
programme and temporal variability in individual species populations, it was not possible to ascertain
whether trends in arable plants differ between sites with AES and conventionally managed farms as
agreement prescriptions mature. Thus, it is uncertain whether the observed difference in species
diversity relates to sites with existing arable plant communities that are targeted by AES agreements
(particularly those with priority species), whether arable plants in AES agreements are continuing to
perform better relative to conventionally managed farms, or a combination of both.
Nectar / pollen arable plants
Although the diversity of nectar/pollen arable plants was greater on Tir Gofal farms undertaking
TG24A and TG29 fallow margins compared with conventionally managed fields, the percentage
coverage of nectar/pollen plants indicates a separate trend. The percentage coverage of nectar/pollen
plants in TG24A was very low at an average of 4.4% cover per quadrat in Organic Tir Gofal fields, and
less than 1% cover per quadrat in Tir Gofal and non-AES fields and there was no significant difference
in the latter two AES categories. Analysis of the underlying management suggests that the application
of fertiliser is the driver behind the reduction in plant cover; there was a significant difference between
farms that had applied fertiliser (most Organic Tir Gofal, Tir Gofal farms and all conventional farms)
and those that had not applied fertiliser (10 or fewer Organic Tir Gofal and Tir Gofal Farms). The
percentage cover of nectar/pollen plants was much greater on TG29 fallow margin sites with an
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average of 42% cover per quadrat in fallow margins without any fertiliser application and 19% cover
per quadrat in matched non-AES fields with fertiliser application. Some research has been undertaken
on the resource opportunities the arable plant community provides (Carreck and Williams 2002; Carvell
et al. 2004; Gibson et al. 2006; Carvell et al. 2007; Goulson 2010), the invertebrates that rely on this
plant community (Carvell et al. 2004; Carvell et al. 2007; Rundlöf et al. 2008) and the wildlife networks
that are supported by nectar/pollen arable plants (Gibson et al. 2006; Pocock et al. 2012). Thus, the
effect of the extremely low plant coverage in unsprayed fields and conventionally managed farms is
difficult to assess but it is unlikely to be high enough to sufficiently support pollinator communities.
Conversely, the nectar/pollen plant coverage in fallow margins is much higher and provides better
subsistence for invertebrates, reinforcing the benefit of this prescription for farmland wildlife.
Problem weeds
The diversity of problem weeds (pernicious perennial species) was greater in unsprayed fields and
fallow margins compared with conventionally managed fields. In addition, the percentage cover of
these species was significantly greater in organic unsprayed fields compared with conventional fields
but was not significantly greater in Tir Gofal unsprayed fields (OTG 9%, TG 5% and non-AES 3% per
quadrat). Weed cover was significantly greater in TG29 fallow margins than conventionally managed
fields (50% and 20% per quadrat respectively). Management issues surrounding controlling weeds are
often cited as one of the reasons why cultivated land is not entered into unsprayed field or fallow
margin prescriptions (pers. comm. with farmers). This monitoring programme indicates that although
problem weed richness is greater on land entered into prescriptions, the cover of weeds on unsprayed
fields is not significantly greater than on non-AES farms using herbicide. Organic farms employ other
methods to control problem weeds including rotations and tine harrowing (Greenall 2000). These
control measures can be nearly as effective as herbicide treatment for weed control (Wilson 2000) and
only non-AES farms in this monitoring programme did not rotate their arable land around their
holding, potentially leading to the build-up of weed seeds in the soil seed bank. Although autumn
cropping was not significant in the modelling, the practice was mostly taken up on non-AES farms and
previous studies have found autumn cultivation encourages grass weeds (Marshall et al. 2003) which are
of particular concern in Monmouthshire and the Vale of Glamorgan where black grass Alopecurus
myosuroides was found.
Rare arable plants
Rare arable plant diversity was significantly greater on farms entered into unsprayed field and fallow
margin prescriptions compared with conventionally managed fields. The additive affect of successive
herbicide and fertiliser applications resulted in a significant decline in rare arable plants which was
catastrophic under the application of two or more herbicide sprays. Although this result supports the
benefits of Tir Gofal management, the diversity of rare arable plants was still low, with an average of
less than three species found on land under Tir Gofal prescriptions. Although some targeting of Tir
Gofal prescriptions has been undertaken for priority species, for example on the Gower Peninsula, this
has not been comprehensive across Wales. In line with other studies (Wilson 2000), the season of
cultivation was also found to be an important factor associated with rare arable plant diversity. Fields
cultivated during the autumn had fewer rare arable plants than those cultivated in the spring. The
response of rare arable plant germination (such as corn buttercup Ranunculus arvensis in autumn and
cornflower Centurea cyanus and small-flowered catchfly Silene gallica in spring) to cultivation date was not
considered when Tir Gofal agreements were being drafted. The decline of arable plant species may
impact other farmland taxa. For example bumblebees consume pollen from cornflower Centurea cyanus
and corn marigold Chrysanthemum segetum (Carvell et al. 2007) both of which are threatened in Wales
(Dines 2008).
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5.2 Winter Arable Plant Seed Resource and Arable Bryophyte Survey

5.2.1 Introduction
The objective for this monitoring programme was to establish whether species richness of arable
plants that provide an overwinter seed resource for farmland wildlife and arable bryophytes were
greater on Tir Gofal farms entered into prescription TG29 fallow margins compared with
conventionally managed fields. The null hypothesis for these tests is that there was no significant
difference between Tir Gofal and conventional field management. Expanded models were
subsequently constructed including management and geographical factors to explain the variation in
arable plant and bryophyte diversity.

5.2.2 Methods
Site selection
Sites were selected on the same basis as the summer arable plants survey (table 5.5). Farms were
targeted based on querying the GIS rotational prescription layer for farms entered into prescription
TG29 fallow margin within vascular plant arable key areas. Matched non-AES conventional farms
were selected within a 5 km radius and with a similar soil substrate (Landis 2009).
Table 5.5: Number of farms included in the autumn arable surveys.
Year

Survey

TG farms

Organic TG Farms

Non-AES farms

2010

TG29 Seed resource survey

23

23

2010

TG29 Arable bryophyte survey

23

23

Field Survey
The field survey method used for the summer arable plants survey has been applied for the autumn
survey (see Section 5.2.2 for full details). The field surveys of vascular plants and arable bryophytes
were undertaken in November 2010 and samples of reconstituted crystalworts, hornworts and
liverworts were identified to species during December 2010. Geographic data was collated using
ArcGIS to locate sites, assess altitude and aspect and each farmer was interviewed to establish
management variables such as fertiliser and herbicide applications.
This monitoring programme focuses on two distinct groups of plants:


vascular arable plants that provide a winter seed food resource for invertebrates, small
mammals and granivorous birds (Evans et al. 2004; Holland et al. 2007) (SEED), and;
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crystalworts (Riccia sp), hornworts (Anthoceros sp) and liverworts (Marchantia polymorpha and
Lunularia cruciata) (BRYO) (Porley 2008). These species of arable bryophytes were surveyed
for ease of identification by novice surveyors as many mosses require specialist knowledge
for identification to species level.



All bryophytes including mosses (BRYO+)

These subsets of plants generated two response variables:
a) Species richness of vascular plants and bryophytes within 5 m2 (the combined area of the 20
quadrats) (SPECIES RICHNESS)
b) The percentage coverage of arable bryophytes, including mosses, per quadrat (0.25 m2)
(COVERAGE)
Each response variable was initially modelled against agri-environment status, which could be one of
two categories: Tir Gofal (TG) and conventional farm (non-AES).
Other fixed effect management and survey-related variables include:


Management – This is a five-level variable describing autumn management of each unit
including no autumn management, grazing, spraying, topping and autumn cultivation
(MANAGEMENT)



Overwinter crop – Overwinter crop of each unit including fallow margin, stubble, autumn
cultivated crop and autumn cultivated grass ley (OVERWINTER)



Crop – This variable indicates the crop sown on each management unit during the most
recent cultivation including fallow margin (no crop sown), barley, wheat and whole crop
(CROP)



Plough depth – A continuous variable indicating the depth that each management unit was
ploughed (PD).



Plough month – The month that each management unit was ploughed (PM).



Sow month – The month that each management unit was drilled with a crop. Fallow margins
with no crop had a category of ‘none’ for this variable (SM)



Season – Whether the cultivation was undertaken in the autumn or spring (SEASON)



Altitude – Transect height above sea-level (ALTITUDE).



Aspect – Transect aspect. Flat fields are noted as level (ASPECT).



Location – Transect location in Cardiganshire, Vale of Glamorgan, Gower, Monmouthshire
and Pembrokeshire (LOCATION).



Soil – Substrate composition (SOIL).

Analysis
All analyses were undertaken in the programme R 2.13.1 (R Development Core Team 2011) using
the packages MASS (Venables and Ripley 2002), glmmADMB (Skaug et al. 2011), nlme (Pinheiro et
al. 2011) and lme4 (Bates et al. 2011). A full analysis of the results has been undertaken using general
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linear mixed models (GLMM) specifying site as a random factor. Analysis of the response variable
SPECIES RICHNESS was undertaken using a negative binomial error distribution with a log-link.
The response variable COVERAGE was arcsine transformed and analysed using a GLMM with a
normal error distribution. Models were generated using forward addition of terms. Initially the term
AES was included as sole covariate and a model assessing the significance of all covariates was
subsequently created. Mean and standard errors were calculated by back-transforming the logged
test estimates (Table 5.6).
Table 5.6: List of the models created to analyse arable plant diversity and coverage
Model

Description

Analysis of TG29 Fallow Margin Sites for the dataset SEED
5.41

SEED SPECIES RICHNESS and AES status

5.42

SEED SPECIES RICHNESS and all covariates

Analysis of TG29 Fallow Margin Sites for the DATASET BRYO
5.43

BRYO SPECIES RICHNESS and AES status

5.44

BRYO SPECIES RICHNESS and all covariates

5.45

BRYO+ COVERAGE and AES status

5.46

BRYO+ COVERAGE and all covariates

5.2.3 Results
Model 5.41: SPECIES RICHNESS and AES status: prescription TG29
TG29 fallow margins had greater SEED SPECIES RICHNESS compared with conventionally
managed fields (2logQ1,44 = 12.71, p = 0.0004; Figure 5.26; Appendix 5).
Model 5.42: SEED SPECIES RICHNESS and habitat and management: prescription TG29
The covariate overwinter MANAGEMENT was found to be significantly associated with SEED
SPECIES RICHNESS (Figure 5.27; Appendix 5). No significant difference was found between the
fields and fallow margins left unmanaged overwinter and fields and fallow margins that were grazed
(z4,41 = 0.36, p = 0.7160), fields topped to control problem weeds (z4,41 = -1.67, p = 0.0940) or fields
that were sprayed with herbicide to control problem weeds (z4,41 = -1.85, p = 0.0640). Fields that had
been autumn ploughed had no SEED plants present as the plants had been buried during
cultivation.

130

Arable Plant Seed Resource Species
Richness

6
5

4
3
2
1

0

TG

Non-AES

Figure 5.26. Mean ±SE SPECIES RICHNESS for TG29 fallow margins (TG) and non-AES
farms (Model 5.41)
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Figure 5.27. Mean ±SE SPECIES RICHNESS for the covariate overwinter
MANAGEMENT with the categories no overwinter management, grazed, sprayed, topped
and cultivated in autumn 2010 for SEED arable plants (Model 5.42).
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Arable bryophytes
The most common species identified were glaucous crystalwort Riccia glauca and common
crystalwort Riccia sorocarpa. One hornwort was found in a non-AES field in Cardiganshire (possibly
field hornwort Anthoceros agrestis) and one specimen of common liverwort Marchantia polymorpha was
found in a non-AES field on Gower.
Model 5.43: BRYO SPECIES RICHNESS and AES status: prescription TG29
No significant difference in BRYO SPECIES RICHNESS was found between TG29 fallow margins
and non-AES fields (-2logQ1,44 = 0.38, p = 0.5390; Figure 5.28; Appendix 5).
Model 5.44: BRYO SPECIES RICHNESS and habitat and management: prescription TG29
Expanded model analysis indicates that the explanatory variable OVERWINTER is the covariate
responsible for the majority of variation in BRYO SPECIES RICHNESS (Figure 5.29; Appendix 5).
Fields under fallow margin management had insignificantly fewer species than stubble fields (z14,31 =
0.67, p = 0.504) and fields under an autumn cultivation had no species present (z 14,31 = 0.00, p <
0.0001). Sites in Cardiganshire had greater diversity of crystalworts, liverworts and hornworts than
sites elsewhere, and significantly more so than sites in Glamorganshire (z14,31 = 0.00, p < 0.0001).
Field ASPECT was also found to be influential, and fields with a north-west and south-west aspect
had significantly lower diversity (z14,31 = 0.00, p < 0.0001).
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Figure 5.28. Mean ±SE bryophyte SPECIES RICHNESS for farms entered into TG29 fallow
margins (TG) and non-AES farms (Model 5.43).
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Figure 5.29. Mean ±SE bryophyte SPECIES RICHNESS for the covariate OVERWINTER
management with the categories fallow margin, stubble, autumn cultivated crop, Autumn
cultivated grass ley (Model 5.44).
Model 5.45: BRYO+ COVERAGE and AES status: prescription TG29
No significant difference was found between BYRO+ COVERAGE in fallow margins compared
with conventionally managed fields (F1,44 = 0.014, p = 0.9063; Figure 5.30; Appendix 5).
Model 5.46: BRYO+ COVERAGE and habitat and management: prescription TG29
Expanded model analysis identified sow month, SM, as the only influential covariate explaining the
variation in arable bryophyte cover (Figure 5.31; Appendix 5). No significant difference in bryophyte
cover was found between fallow margins (no sown crop) and fields sown with a spring crop in 2010
(Mar 2010 t6,39 = -0.88, p = 0.3888; Apr t6,39 = 1.46, p = 0.1635; May t6,39 = 0.71, p = 0.4882) or
autumn crop in September 2010 (t6,39 = -1.60, p = 0.1272). A significantly lower bryophyte cover was
found in fields sown with an autumn crop in October 2010 (t6,39 = -2.90, p = 0.0101) and a
significantly higher coverage was found in one fallow margin that was perennially ploughed and was
in the second year of fallow (last cultivation in spring 2009) (t6,39 = -12.80, p < 0.0001).
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Figure 5.30. Mean ±SE bryophyte COVERAGE for farms entered into TG29 fallow margins
(TG) and non-AES farms (Model 5.45).
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Figure 5.31. Mean ±SE bryophyte COVERAGE for the covariate sow month SM with the
categories no sown crop (fallow margin), and cultivation in October 2009, March, April,
May, September and October 2010 (Model 5.46).
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5.2.4 Discussion
Overwinter seed resource for invertebrates, small mammals and farmland birds
Fallow margins had a significantly higher diversity of arable plants bearing seeds that are an overwinter seed resource for invertebrates, small mammals and farmland birds than conventionally
managed fields. Deep cultivation on 12 farms (11 non-AES and one TG margin under an autumn
cultivation regime) in autumn 2011 completely buried any plants that had established during the
spring and summer and resulted in no seed-bearing plants on these farms during late winter, the key
“hungry gap” for farmland birds. Four Tir Gofal farms had sown a spring crop in their margins and
left the stubble overwinter following an August harvest and 18 of the Tir Gofal farms had complied
with the fallow margin prescription during the summer and left the margins in-situ overwinter. This
monitoring programme supports the conclusion that Tir Gofal fallow margins have significant
benefits in providing an early winter seed resource for farmland birds by restricted autumn
cultivation. It is unknown whether this seed resource persists into late winter, but other studies of
AES prescriptions designed to deliver winter food suggest that depletion is acute by mid January
(Hinsley et al. 2010) and they do not fully address the hungry gap. Bird monitoring of AES
prescriptions (though not TG29) in this monitoring programme found that they were more likely to
use AES fields.

Arable bryophytes
It was expected that non-AES fields would have lower diversity and coverage than Tir Gofal fallow
margins as 11 of the non-AES fields and one fallow margin had been cultivated in autumn 2010
destroying all bryophytes present. The results of this survey found that this was not the case, and
that conventionally managed fields had a non-significantly higher crystalwort, hornwort and
liverwort diversity and bryophyte cover than fallow margins. This result suggests that fallow margins
may not be a suitable management regime for arable bryophytes. A plausible explanation could be
attributable to the higher vascular plant cover on fallow margins compared to stubble fields, as
bryophytes will benefit from the removal of most of the crop cover and reduced competition for
resources over the winter period. The vascular plant cover on fallow margins could restrict light and
essential nutrients required by arable bryophytes during late summer and autumn, a time essential for
the germination and growth of these species as the climate becomes more suitable.
It is unlikely that the reduced crystalwort, hornwort and liverwort diversity is a true reflection of
species richness across southern Wales. It is more likely that the method of quadrat searches
alongside the vascular plant survey restricted the search area and did not cover suitable
microhabitats, particularly damper areas of a field. An alternative method that provides a
representative habitat sample under different management regimes and environmental conditions
focussing on suitable in-field microhabitats may need to be developed for future surveys.
One notable factor is the extremely low percentage cover of arable bryophytes in all the fields
surveyed regardless of management regime, less than 2% cover per quadrat, with the exception of
the fallow margin that was cultivated in spring 2009 and had an average 50% cover per quadrat. This
outcome is extremely tenuous as only one perennially cultivated margin was surveyed. However, the
result implies that bryophyte cover may increase during the second year of fallow. In conclusion, it is
135

reasonable to suggest that the management of fallow margins for both vascular plants and lower
plants may not be possible due to different ecological requirements. Other measures, such as
unsprayed fields and perennially cultivated margins, may need to be undertaken for their potential to
conserve the arable bryophyte and lower plant community.
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5.3. Grassland Fungi

5.3.1 Introduction
The objective of this monitoring programme was to test whether the grassland fungal community
was more diverse on Tir Gofal farms compared with non-AES farms. The null hypothesis is that
there was no difference between grasslands entered into the Tir Gofal scheme and non-AES
grasslands and no difference between grasslands under different Tir Gofal prescriptions and
grasslands not entered into the AES.

5.3.2 Method
Site selection
Records of species indicative of “good” waxcap communities, Clavaria zollingeri, Hygrocybe citrinovirens,
H. ingrata, H. ovina, H. lacmus, H. punicea, H. splendidissima and Hygrocybe calyptriformis were collated
from previous surveys (Evans and Aron, 2007; Griffith et al., 2006), academic personnel and
specialist ecological consultants. This information was overlaid with the boundaries of farms entered
into Tir Gofal and non-AES holdings. A total of 50 sites were surveyed over the three year period,
38 sites in 2009 and 50 sites in 2010 and 2011 (Table 5.7 and Figure 5.32). Although six of the sites
were designated SSSIs, none were designated for their macrofungi and no management was
specifically undertaken for these taxa, enabling a comparison to be made with non-SSSI sites.
Table 5.7: Number of farms surveyed for grassland fungi.
Year

Survey

TG farms

Non-AES farms

2009-11 Grassland fungi area survey

25

25

2010-11 Grassland fungi quadrat surveys

25

25

As grassland fungi require very specific environmental conditions to grow, it is unlikely that any sites
with grassland fungi would have been located through random sampling of unimproved grassland
that could be identified from either the TG prescriptions GIS layer or the Phase 1 Habitat Survey of
Wales (for similar surveys see Griffith et al. 2006; Evans and Aron 2008). The ecology of grassland
fungi is still not well understood and this makes the basis for pairing sites tenuous; for the purposes
of this monitoring programme pairing of sites has not been undertaken.
The size of each site was determined by the area of suitable habitat within parcels of land on site
maps and translated into ArcGIS format. In some cases, delineation was made obvious by fences or
walls, while in more extensive sites rock outcrop or a discontinuation of suitable habitat (e.g.
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grassland bounded by bracken or bog) was used to demark the site. The poor germination ability of
fungi enabled neighbouring sites with different ecology and/or management to be considered as
independent from each other.
Although previous studies have measured the number of fruiting bodies present, this is a very
variable factor influenced by a wide range of environmental and management factors. Consequently,
there is a poor relationship between the number of fruiting bodies and mycelia present in the soil
(Griffith et al. 2002; Griffith et al. 2004). Thus, for the purposes of this monitoring programme the
number of fruiting bodies in both the area and quadrat surveys was not taken to be a reliable
estimate of fungal activity and species richness was the only response variable measured.
The appearance of fruiting bodies by different species also differs considerably from year to year,
largely as a result of weather conditions (Evans and Aron 2008) and it is not possible to gain a true
picture of the fungal diversity of a site from a single visit. To allow for such variability, the response
variable species richness is derived from combining all visits to each site (two or three visits
depending on whether the site was included in the 2009 survey).

Figure 5.32. Location of the 50 farms (TG = green circles, non-AES = blue triangles)
surveyed for grassland fungi.
Field Survey
All CHEGD species present were surveyed. Some CHEGD fungi, such as Hygrocybe virginea and
H. psittacina, are more tolerant of agricultural improvement, even surviving in partially eutrophic
conditions, while species such as H. punicea and H. spendidissima only occur in unimproved grasslands.
Similarly, among the pinkgills, Entoloma conferendum is tolerant of a wide range of conditions while E.
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bloxamii only occurs in the least improved habitats (Evans and Aron 2008). Thus, in order to assess
the quality of individual sites for their grassland fungi a standard index has been derived using
CHEGD (summarised in Griffith et al. 2002; Griffith et al. 2004) and this monitoring programme
uses an index modified from Evans and Aron (2008). In this index, the best indicators of grassland
quality (and least tolerant of agricultural improvement) are classed A, class B species are slightly
more tolerant of agricultural improvement, while class C species may be found in grasslands where
there is eutrophication (Table 5.8).
Table 5.8: Indicator classes of grassland fungi (modified from Evans and Aron 2008).
Class A

Class B

Class C

4 points per species

2 points per species

1 point per species

Camarophyllopsis foetens

Clavaria fumosa

Clavaria acuta

Camarophyllopsis micacea

Clavaria straminea

Clavaria fragilis

Camarophyllopsis schulzeri

Clavulinopsis fusiformis

Clavulinopsis corniculata

Clavaria amoenoides

Clavulinopsis umbrinella

Clavulinopsis helvola

Dermoloma sp.

Entoloma chalybaeum

Clavulinopsis laeticolor

Clavaria zollingeri

Entoloma cf clandestinum

Clavulinopsis luteoalba

Entoloma anatinum

Entoloma exile

Dermoloma cuneifolium

Entoloma asprellum

Entoloma jubatum

Entoloma cf ortonii

Entoloma atrocoeruleum

Entoloma porphyrophaeum

Entoloma conferendum

Entoloma bloxamii

Entoloma serrulatum

Entoloma infula

Entoloma caesiocinctum

Entoloma sp.

Entoloma papillatum

Entoloma cf corvinum

Geoglossum cookeianum

Entoloma sericellum

Entoloma cf griseocyaneum

Geoglossum glutinosum

Entoloma sericeum

Entoloma cf lividocyanulum

Geoglossum umbratile

Entoloma (Nolanea sp.)

Entoloma cf longistriatum

Hygrocybe aurantiosplendens

Geoglossum fallax

Entoloma cf mutabilipes

Hygrocybe calyptriformis

Hygrocybe ceracea

Entoloma cf poliopus

Hygrocybe cantharellus

Hygrocybe chlorophana

Entoloma cf politoflavipes

Hygrocybe conica var. conicoides

Hygrocybe coccinea

Entoloma cf xanthochroum

Hygrocybe flavipes

Hygrocybe conica var. conica

Entoloma corvinum

Hygrocybe fornicata

Hygrocybe insipida

Entoloma cruentatum

Hygrocybe glutinipes

Hygrocybe irrigata

Entoloma formosum

Hygrocybe helobia

Hygrocybe pratensis

Entoloma griseocyaneum

Hygrocybe intermedia

Hygrocybe psittacina

Entoloma longistriatum var sarcitulum

Hygrocybe laeta

Hygrocybe quieta
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Table 5.8 (cont.)
Class A

Class B

Class C

4 points per species

2 points per species

1 point per species

Entoloma mougeotii

Hygrocybe marchii

Hygrocybe virginea

Entoloma prunuloides

Hygrocybe miniata

Trichoglossum hirsutum

Entoloma turci

Hygrocybe mucronella

Entoloma sp. (decurrent lamellae)

Hygrocybe persistens

Geoglossum atropurpureum

Hygrocybe pratensis var pallida

Hygrocybe citrinovirens

Hygrocybe psittacina var perplexa

Hygrocybe colemanniana

Hygrocybe reidii

Hygrocybe ingrata

Hygrocybe russocoriacea

Hygrocybe lacmus

Hygrocybe virginea var ochraceopallida

Hygrocybe nitrata

Hygrocybe vitellina

9Hygrocybe ovina

Ramariopsis kunzei

Hygrocybe punicea
Hygrocybe spadicea
Hygrocybe splendidissima
Microglossum olivaceum
Porpoloma metapodium
Ramariopsis crocea
Trichoglossum walteri
Two types of search for grassland fungi were undertaken on each site;
(1) an area search based on suitable habitat. The area search varied for each TG and non-AES
holding ranging between 0.2 – 15 ha. Within each surveyed area, the habitat was ideally
homogeneous although this is rarely the case and grassland fungi tend to be localised. The
area search was undertaken on all three years of survey 2009-2011.
(2) A 30 x 30 m (or equivalent) quadrat was searched for grassland fungi focused on a location
including a record of at least one class A species. The habitat within the quadrat was more
homogeneous than the habitat within the larger area search. Depending on the location of
fruiting bodies in the first year of survey, especially if the year was a poorer fruiting year for
grassland fungi, there was a possibility that the quadrat was not placed in the most species
diverse location. However, many sites with grassland fungi have been previously surveyed
and this information was also used to assist with quadrat placement. The quadrat search was
only undertaken on two years of survey 2010-2011.
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The area search consisted of linear transects 3 m apart, while the quadrat was surveyed in transects 1
m apart. Specimens that could not be identified in the field were taken for microscopic examination.
Uncommon species are preserved by drying and interesting or uncommon species were
photographed.
Other variables that were recorded through discussions with the land holder, GIS based information
and field survey include: date of survey, area (for the area search), aspect, altitude, soil type/pH
(categorised alkaline, neutral and acid), sward height (using a drop disc and taking a mean from 30
locations within the quadrat), stocking rates (grazing units per hectare) and weather conditions.
All grassland fungi present were recorded and the data was divided into three species lists for
analysis:


All grassland fungi species present (CHEGD)



Class A and B grassland fungi species (AB)



Class A grassland fungi species only (A)

The species datasets generated the following response variables:
i)

Species richness of macrofungi within the area or quadrat survey (SPECIES RICHNESS)

ii)

Grassland quality score based on CHEGD community (QUALITY)

Each response variable was initially modelled against AES status, which could be one of two
categories: Tir Gofal (TG) and conventional farm (non-AES); and OPTION which could be one of
four categories: no prescription (non-AES sites and one TG IMP site), TG6 lowland and coastal
heath, TG7 unimproved acid grassland and TG10 semi-improved grasslands.
To account for differences in survey effort, three variables were included in all relevant models
regardless of significance:


Area - the area surveyed was reproduced in GIS to establish the area of each site. Griffith et
al. (unpublished) noted a significant positive correlation between species richness and
log10(area). This covariate is only applicable to the area search (AREA)



Number of visits – the number of surveys undertaken on each site over the three year
survey, two or three surveys depending on whether the site was included in the 2009 survey.
This covariate is only applicable to the area search (VISIT)



An observational / independent level random effect (scaling parameter) was included to
account for over dispersion and re-surveys of farms at the same location (FARM).

Fixed effect management, environmental and geographical variables


Date - all larger fungi are unpredictable in fruiting and survey date has been categorised into
half-month intervals to account for differences in fungal fruiting. Sites surveyed early one
year were surveyed later during another year and vice versa to gather as comprehensive site
species list as possible (DATE)



Location – the county where the site was located including Anglesey, Caernarvonshire and
Merionethshire (LOCATION)



SSSI – although none of the protected area designations are prescribed for grassland fungi
there is a possibility that additional management undertaken as part of a S15 agreement or by
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the landowner to maintain the quality of the SSSI may affect the grassland fungi community
or that SSSIs are intrinsically more diverse than non-SSSIs (SSSI)


Altitude - height above sea level (ALTITUDE)



Soil – the pH of the soil categorised as acid, neutral-acid, neutral, neutral-alkaline and
alkaline (SOIL)



Soil moisture – a descriptive term describing whether the soil was dry or moist
(MOISTURE)



Soil wetness – a descriptive term describing whether the soil was well-drained (WETNESS)



Aspect – the aspect that the site is facing (ASPECT)



Sward height - height of the grass sward (HEIGHT)



Grazing units – the number of grazing units on each site (GU)



Grazing – livestock grazing is linked with sward height as different types of livestock
consume different vegetation and mechanically tear or rip grasses in different manners.
Three types of livestock were assessed to be present or absent on the site including sheep,
cattle and horse grazing (CATTLE, HORSE, SHEEP).

Analysis
The fixed term management variables were modelled against the response variables using generalised
linear models (GLMM) with a poisson error distribution and log link. Initially AES and OPTION
covariates were included as sole explanatory variables (including FARM, AREA and VISIT as
appropriate) to assess the influence of management and subsequent expanded models were
undertaken using forwards addition of covariates until all significant variation in the data was
explained. Mean and standard errors were calculated by back-transforming the test estimates (Table
5.9). All analyses were undertaken in the software R 2.13.1 (R Development Core Team 2011) using
the packages MASS (Venables and Ripley 2002), nlme (Pinheiro et al. 2011) and lme4 (Bates et al.
2011).

5.3.3 Results
Grassland Fungi Area Survey
Model 5.47: CHEGD SPECIES RICHNESS and AES status
No significant difference in CHEGD SPECIES RICHNESS was found between farms entered into
Tir Gofal and conventionally managed fields (ChiSq3,46 = 24.69, p = 0.5262; Figure 5.33; Appendix
5).
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Table 5.9: List of the models created to analyse arable plant diversity and coverage
Model

Description

Analysis of Grassland Fungi Area Survey
5.47

CHEGD SPECIES RICHNESS and AES

5.48

CHEGD SPECIES RICHNESS and OPTION

5.49

CHEGD SPECIES RICHNESS and AES and all other covariates

5.50

CHEGD SPECIES RICHNESS and OPTION and all other covariates

5.51

AB SPECIES RICHNESS and AES

5.52

AB SPECIES RICHNESS and OPTION

5.53

AB SPECIES RICHNESS and AES and all other covariates

5.54

AB SPECIES RICHNESS and OPTION and all other covariates

5.55

A SPECIES RICHNESS and AES

5.56

A SPECIES RICHNESS and OPTION

5.57

A SPECIES RICHNESS and AES and all other covariates

5.58

A SPECIES RICHNESS and OPTION and all other covariates

5.59

CHEGD QUALITY and AES

5.60

CHEGD QUALITY and OPTION

5.61

CHEGD QUALITY and AES and all other covariates

5.62

CHEGD QUALITY and OPTION and all other covariates

Analysis of Grassland Fungi Quadrat Survey
5.63

CHEGD SPECIES RICHNESS and AES

5.64

CHEGD SPECIES RICHNESS and OPTION

5.65

CHEGD SPECIES RICHNESS and AES and all other covariates

5.66

CHEGD SPECIES RICHNESS and OPTION and all other covariates

5.67

AB SPECIES RICHNESS and AES

5.68

AB SPECIES RICHNESS and OPTION

5.69

AB SPECIES RICHNESS and AES and all other covariates

5.70

AB SPECIES RICHNESS and OPTION and all other covariates

5.71

A SPECIES RICHNESS and AES

5.72

A SPECIES RICHNESS and OPTION

5.73

A SPECIES RICHNESS and AES and all other covariates

5.74

CHEGD QUALITY and AES

5.75

CHEGD QUALITY and OPTION
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Model 5.48: CHEGD SPECIES RICHNESS and OPTION
No significant difference was found between differing management prescriptions OPTION
(ChiSq6,43 = 5.37, p = 0.1468; Figure 5.34; Appendix 5). Pairwise comparison of OPTION supported
this analysis except for the comparison between TG10 semi-improved grassland which was
significantly more diverse than sites entered into TG7 unimproved acid grassland (z 6,43 = 2.32, p =
0.0203). CHEGD SPECIES RICHNESS significantly increased with the size of AREA surveyed
when AES and OPTION were included as covariates (AES z3,46 = 2.46, p = 0.0139; OPTION z3,46 =
2.33, p = 0.0196) and a significantly greater diversity was associated with three VISITs compared
with two visits when OPTION was included as a covariate (z3,46 = 2.33, p = 0.0198).
Models 5.49-5.50: CHEGD SPECIES RICHNESS and AES status, OPTION and habitat and
management
Neither AES nor OPTION were found to be significant terms in the expanded models (Appendix
5). Sites in Caernarvonshire tended to be more diverse than sites in Merionethshire (AES z 20,29 = 3.31, p = 0.0009; OPTION z20,29 = -3.26, p = 0.0011) and CHEGD diversity decreased as SWARD
height increased (AES z20,29 = -2.66, p = 0.0078; OPTION z20,29 = -3.62, p = 0.0003).
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Figure 5.33. Mean ±SE CHEGD SPECIES RICHNESS for farms entered into Tir Gofal and
non-AES farms (Model 5.47)
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Figure 5.34. Mean ±SE CHEGD SPECIES RICHNESS for
differing OPTION: none (non-AES and TG IMP), TG6 lowland and coastal heath, TG7
unimproved acid grassland and TG10 semi-improved grassland (Model 5.48).
Model 5.51: AB SPECIES RICHNESS and AES status
No significant difference in AB SPECIES RICHNESS was found between farms entered into Tir
Gofal and conventionally managed fields (ChiSq3,46 = 0.16, p = 0.6899; Figure 5.35; Appendix 5).
Model 5.52: AB SPECIES RICHNESS and OPTION
No significance difference was detected between differing management prescriptions OPTION
(ChiSq6,43 = 4.22, p = 0.2387; Figure 5.36; Appendix 5). Pairwise comparison of OPTION supported
this assessment except for the comparison between TG10 semi-improved grassland which was
significantly more diverse than sites entered into TG7 unimproved acid grassland (z 6,43 = 2.07, p =
0.0386). AB SPECIES RICHNESS significantly increased with the size of AREA surveyed when
AES and OPTION were included as covariates (AES z3,46 = 2.07, p = 0.0382; OPTION z3,46 = 1.91,
p = 0.0557) and no significant difference was detected between number of VISITs undertaken on
each site.
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Figure 5.35. Mean ±SE AB SPECIES RICHNESS for farms entered into Tir Gofal (TG) and
non-AES farms (Model 5.51).
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Figure 5.36. Mean ±SE AB SPECIES RICHNESS for differing OPTIONs including none
(non-AES and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid grassland
and TG10 semi-improved grassland (Model 5.52).
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Models 5.53-5.54: AB SPECIES RICHNESS and AES status, OPTION and habitat and
management
AB SPECIES RICHNESS was significant greater on conventional farms compared with Tir Gofal
farms when all significant explanatory terms were included in the model (z23,26 = -2.35, p = 0.0187)
(Appendix 5). Furthermore, a significant difference was found for OPTION with greater diversity
on sites categorised as none (non-AES and TG IMP) than TG6 lowland and coastal heath (z26,23 = 2.67, p = 0.0077) and TG7 unimproved acid grassland (z26,23 = -3.16, p = 0.0016) (Appendix 5
includes an expanded model table for model 5.54). Other covariates that explained the significant
variation in the data included COUNTY with greater diversity on sites in Caernarvonshire compared
with sites in Anglesey or Merionethshire (AES Caer-Ang z23,26 = -2.04, p = 0.0409, Caer-Mer z23,26 = 2.74, p = 0.0062; OPTION Caer-Mer z26,23 = -2.87, p = 0.0042), greater diversity on SSSIs (AES
z23,26 = 2.67, p = 0.0076; OPTION z26,23 = 2.80, p = 0.0050) and greater diversity on sites with an
acid SOIL (OPTION Acid-Neutral-acid z26,23 = -2.27, p = 0.0232; Acid-Neutral z26,23 = -2.69, p =
0.0071).
Model 5.55: A SPECIES RICHNESS and AES status
No significant difference in A SPECIES RICHNESS was found between farms entered into Tir
Gofal and conventionally managed fields (ChiSq3,46 = 0.29, p = 0.5885; Figure 5.37; Appendix 5).
Model 5.56: A SPECIES RICHNESS and OPTION
Neither was any significant difference found between the differing management prescriptions
OPTION (ChiSq6,43 = 2.28, p = 0.5161; Figure 5.38; Appendix 5). A SPECIES RICHNESS was not
significantly associated with the size of AREA surveyed or number of VISITs undertaken to each
site.
Models 5.57-5.58: A SPECIES RICHNESS and AES status, OPTION and habitat and management
No significant difference in A SPECIES RICHNESS was found between AES status nor OPTION
when all significant covariates were included in the models (Appendix 5 includes expanded model
tables for models 5.57-5.58). Significant covariates include SSSI and HORSE with greater diversity
associated with SSSIs (AES z16,33 = 2.73, p = 0.0064; OPTION z18,31 = 2.96, p = 0.0031) and
HORSE grazing (AES z16,33 = -4.10, p < 0.0001; OPTION z18,31 = -4.01, p < 0.0001).
Model 5.59: CHEGD QUALITY and AES status
Site QUALITY was not significantly associated with AES or OPTION (AES ChiSq1,48 = 0.16, p =
0.6918; OPTION ChiSq3,46 = 1.87, p = 0.1488; Figure 5.39; Appendix 5).
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Figure 5.37. Mean ±SE A SPECIES RICHNESS for farms entered into Tir Gofal and nonAES farms (Model 5.55)
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Figure 5.38. Mean ±SE A SPECIES RICHNESS for differing OPTIONs including none
(non-AES and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid grassland
and TG10 semi-improved grassland (Model 5.56).
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Model 5.60: CHEGD QUALITY and OPTION
Further pairwise comparison of OPTION supported this analysis except for the comparison
between TG10 semi-improved grassland which was significantly more diverse than sites entered into
TG7 unimproved acid grassland (z6,43 = 2.10, p = 0.0412). QUALITY significantly increased with the
size of log(AREA) surveyed when included as a covariate with both AES and OPTION (AES
ChiSq1,48 = 16.41, p = 0.0002; OPTION ChiSq3,46 = 17.63, p = 0.0001; Figure 5.40) and the number
of VISITs to each site was insignificant.
Models 5.61-5.62: CHEGD QUALITY and AES status, OPTION and habitat and management
AES was non-significant when all covariates were included in the model (z4,45 = -1.50, p = 0.1417),
but modelling OPTION found that TG7 unimproved acid grassland was less diverse than no option
(non-AES and TG IMP) (z8,41 = -2.83, p = 0.0071) and TG10 semi-improved grassland (z8,41 = 2.69,
p = 0.0106). Significantly more species were present on sites that were HORSE grazed (AES z4,45 = 2.80, p = 0.0074; OPTION z8,41 = -2.90, p = 0.0060) (Appendix 5).
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Figure 5.39. Mean ±SE site QUALITY for farms entered into Tir Gofal and non-AES farms
(Model 5.59)
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Figure 5.40. Mean ±SE site QUALITY for differing OPTIONs including none (non-AES
and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid grassland and TG10
semi-improved grassland (Model 5.60).

Grassland Fungi Quadrat Survey
Models 5.63-5.64: CHEGD SPECIES RICHNESS and AES status and OPTION
No significant association was found between CHEGD SPECIES RICHNESS and AES (ChiSq 3,46
= 0.01, p = 0.9106; Figure 5.41) or OPTION (ChiSq3,46 = 5.47, p = 0.1400; Figure 5.42; Appendix
5).
Models 5.65-5.66: CHEGD SPECIES RICHNESS and AES status, OPTION and habitat and
management
The covariate AES was not significantly associated with CHEGD SPECIES RICHNESS when
included with all significant covariates, but the covariate OPTION was significant. Greater diversity
was associated with prescription TG6 lowland and coastal heath compared with prescription TG7
unimproved acid grassland (z22,27 = -2.88, p = 0.0039) and none (non-AES and TG IMP) (z22,27 =
2.40, p = 0.0163; Figure 5.42; Appendix 5). COUNTY and HORSE were associated with CHEGD
diversity in the expanded models. Sites in Caernarfonshire were significantly richer than sites in
Merionethshire (AES z21,28 = -2.58, p = 0.0098; OPTION z22,27 = -3.60, p = 0.0003) and greater
diversity was associated with horse grazing (AES z21,28 = -2.50, p = 0.0125; OPTION z22,27 = -2.54, p
= 0.0110).

150

20
18
16
CHEGD Species Richness

14
12
10
8
6

4
2
0

TG

Non-AES

Figure 5.41. Mean ±SE CHEGD SPECIES RICHNESS for farms entered into Tir Gofal
(TG) and non-AES farms (Model 5.63).
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Figure 5.42. Mean ±SE CHEGD SPECIES RICHNESS for differing OPTIONs including
none (non-AES and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid
grassland and TG10 semi-improved grassland (Model 5.64).
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Models 5.67-5.68: AB SPECIES RICHNESS and AES status and OPTION
No significant association was found between AB SPECIES RICHNESS and AES (ChiSq3,46 = 0.01,
p = 0.9209; Figure 5.43) or OPTION (AB ChiSq3,46 = 5.51, p = 0.1383; Figure 5.44; Appendix 5).
Models 5.69-5.70: AB SPECIES RICHNESS and AES status, OPTION and habitat and
management
AES was not significantly associated with AB SPECIES RICHNESS when all significant covariates
were included in the models but OPTION was significant. Greater diversity was associated with
TG10 semi-improved grassland compared with TG7 unimproved acid grassland (z6,43 = 2.46, p =
0.0141) (Appendix 5 includes expanded model tables for models 5.69-5.70). Other terms that were
significant included COUNTY and HORSE. Sites in Caernarfonshire were significantly richer than
sites in Merionethshire (AES z4,45 = -2.72, p = 0.0065; OPTION z6,43 = -2.68, p = 0.0075) and horse
grazed sites were significantly richer (AES z4,45 = -2.67, p = 0.0079; OPTION z6,43 = -2.81, p =
0.0049).
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Figure 5.43. Mean ±SE AB SPECIES RICHNESS for farms entered into Tir Gofal (TG)and
non-AES farms (Model 5.67)
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Figure 5.44. Mean ±SE AB SPECIES RICHNESS for differing OPTIONs including none
(non-AES and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid grassland
and TG10 semi-improved grassland (Model 5.68).
Models 5.71-5.72: A SPECIES RICHNESS and AES status and OPTION
No significant association was found between A SPECIES RICHNESS and AES (ChiSq 3,46 = 0.06,
p = 0.8138; Figure 5.45) or OPTION (ChiSq3,46 = 2.23, p = 0.5259; Figure 5.46; Appendix 5).
Model 5.73: A SPECIES RICHNESS and AES and habitat and management
Neither AES nor OPTION were associated with A SPECIES RICHNESS when all significant
covariates were included in the model. The covariate HORSE grazing was significantly associated
with greater diversity when AES was included in the model (z1,48 = -2.55, p = 0.0107), and no
covariates were associated with OPTION included (Appendix 5).
Models 5.74-5.75: CHEGD QUALITY and AES status and OPTION
There was no significant association between site QUALITY score and AES (ChiSq 3,46 = 0.12, p =
0.7255; Figure 5.47) or OPTION (ChiSq3,46 = 1.72, p = 0.1751; Figure 5.48; Appendix 5). No
covariates were significantly associated with the variation in site QUALITY.
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Figure 5.45. Mean ±SE A SPECIES RICHNESS for farms entered into Tir Gofal (TG) and
non-AES farms (Model 5.71)
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Figure 5.46. Mean ±SE A SPECIES RICHNESS for differing OPTIONs including none
(non-AES and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid grassland
and TG10 semi-improved grassland (Model 5.72).
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Figure 5.47. Mean ±SE site QUALITY for farms entered into Tir Gofal (TG) and non-AES
farms (Model 5.74)
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Figure 5.48. Mean ±SE site QUALITY for differing OPTIONs including none (non-AES
and TG IMP), TG6 lowland and coastal heath, TG7 unimproved acid grassland and TG10
semi-improved grassland (Model 5.75).
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5.3.4 Discussion
No relationship was found between the macrofungi community and AES status for either the area
or quadrat surveys, suggesting that there was no difference in species richness or site quality between
Tir Gofal and conventionally managed farms. Furthermore, there was no difference in species
richness or site quality between the Tir Gofal prescriptions, except for between TG7 unimproved
acid grassland which was less diverse than TG10 semi-improved grassland. While it is true that sites
were selected on the known presence of priority species, the comparison is being drawn between
sites on comparable unimproved land as the vast majority of conventional lowland farms with
enclosed fields are likely to be too intensively managed for grassland fungi (Evans and Aron 2008).
As no difference in macrofungal community is apparent and no baseline survey of macrofungal
community was undertaken at the inception of the scheme at each site, it is not possible to
determine whether the scheme is delivering management which has maintained or enhanced the
grassland fungi community compared with conventional management. However, as there is no
difference in grassland fungi between Tir Gofal and non-AES meadows, it can also be surmised that
the management has not been detrimental for macrofungi. Indeed the implementation of
management under Tir Gofal may have resulted in the maintenance of the community if the scheme
was not in place due to agronomic pressures to intensify farm practices, such as fertiliser addition to
grasslands, that has taken place on conventionally managed grasslands.
The area search was undertaken across different sized patches of suitable habitat and some sites
were surveyed all three years whilst a few were only surveyed for two years of the monitoring
programme. A significant positive relationship was found between the size of area surveyed and
species diversity suggesting that species richness was greater on larger sites compared with smaller
sites. The number of visits undertaken on each site was rarely a significant factor suggesting that
undertaking three surveys did not result in a higher incidence of fungi during this monitoring
programme.
The location of the surveys was found to be an important factor. Thirty-eight sites were located in
Caernarvonshire, whilst only six were in Merionethshire and five in Anglesey. Smaller sample sizes in
Merionethshire and Anglesey may explain why sites in Caernarfonshire have greater diversity, and
increasing the sample size in Anglesey and Merionethshire might reduce the variability in fungal
diversity and either confirm the lower diversity or support the alternative that there is no difference
in richness between the counties.
Horse grazing was positively associated with species richness and quality for some models,
particularly with class A fungi. It is unknown why sites that were grazed by equines had greater
fungal richness and were a better quality based on the macrofungi community. A likely explanation
is that the site targeting was biased towards marginal agricultural land as unimproved grasslands are
more likely to have a richer macrofungal community (Evans and Aron 2008) and that equines were
grazed on these grasslands rather than sheep and cattle. Another explanation is that the survey only
included 10 sites that were horse grazed (eight in 2009 and 10 in 2010 and 2011) and the small
sample size weakens the association.
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Work programme 6 - Butterflies

Key findings
i.

Different survey approaches were taken for the three butterfly species that formed part of
the monitoring programme. These were counts of flying adults (small pearl-bordered
fritillary), counts of larval webs (marsh fritillary), and counts of eggs in winter (brown
hairstreak).

ii.

Habitat patch occupancy of small pearl-bordered fritillary was significantly higher on nonAES farms than Tir Gofal farms. However, abundance on occupied patches was nonsignificantly higher on Tir Gofal farms, so that farm populations did not differ between Tir
Gofal and non-AES farms.

iii.

Marsh fritillary larval web presence and abundance did not differ between Tir Gofal and
AES farms, but there was evidence that habitat quality was higher on Tir Gofal farms.

iv.

Presence of brown hairstreak eggs was higher on non-AES hedges than Tir Gofal hedges,
possibly because of more frequent sheep grazing on the latter fields, although egg abundance
did not differ significantly.

v.

Trends towards higher habitat quality on Tir Gofal fields for marsh fritillary and brown
hairstreak may be important for these species, which undergo natural interannual variation,
to persist in the landscape.

General Approach
Surveys of three target species were undertaken to determine comparative abundance and occupancy
on Tir Gofal and non-AES farms. Standard butterfly monitoring methods were used; these
comprised adult timed counts for small pearl-bordered fritillary (Warren et al. 1984), larval web
counts for marsh fritillary (Lewis and Hurford 1997; Hobson et al. 2001) and egg counts for brown
hairstreak (Thomas 1974; Smith and Clark 2005). Methods are described in more detail for each
species below. The survey methods were specific to each study species due to the different life
history stages being sampled and differences in species ecology. Habitat assessments were also
carried out using standard techniques to enable assessment of habitat condition and the factors
controlling abundance (Brereton et al. 2005b). Site selection criteria are given in Table 6.1.
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Table 6.1. Tir Gofal site selection criteria for butterfly target species.
Species

Small pearl-bordered
fritillary

Vice Counties

TG Prescriptions

Merionethshire

TG7 (Unimproved acid
grassland)

Denbighshire
Caernarvonshire

Marsh fritillary

Glamorganshire

Max. distance from
record
1 km

TG11 (Marshy grassland)
TG11 (Marshy grassland)1

1 km

n/a2

1 km

Carmarthenshire
Breconshire

Brown hairstreak

Carmarthenshire
Pembrokeshire

TG11 was the main prescription of interest. However, farms were selected using Phase 1 habitat data to
ensure standardisation with non-AES farms.
1

Prescriptions were not used in the selection of farms as hedgerows are included in the whole farm section.
Farms with fewer than four fields below 160 m in altitude were excluded as unsuitable for brown hairstreak.
2

6.1 Small Pearl-bordered Fritillary

6.1.1 Introduction
The primary objective was to determine whether patch- and farm-scale populations of small pearlbordered fritillary in Tir Gofal agri-environment scheme farms differed from those in paired nonAES farms. The null hypothesis was that there would be no difference in the abundance or
occupancy of the target species between farms of different AES status. A second objective was to
determine whether habitat quality for small pearl-bordered fritillary differed significantly between Tir
Gofal and paired non-AES farms. The null hypothesis was that there would be no difference in
habitat quality between farms of different AES status. A third objective was to determine whether
Tir Gofal prescriptions affected small pearl-bordered fritillary abundance or occupancy. The null
hypothesis was that there was no difference in the response variables depending on Tir Gofal
prescription.
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6.1.2 Methods
Site selection
Sites were selected from three Watsonian vice-counties, Merionethshire, Caernarvonshire and
Denbighshire (Table 6.1; Figure 6.1), that are strongholds for small pearl-bordered fritillary in Wales.
Tir Gofal farms were selected based on the presence of TG7 (acid grassland) and TG11 (marshy
grassland), though other prescriptions were also included in the surveys (see below). Paired nonAES farms were selected that were within 7.5 km of Tir Gofal farms, to minimise geographical
variation. Data from the Phase 1 habitat survey of Wales carried out by the Countryside Council for
Wales (CCW) between 1979 and 1997 were used to identify farms with sufficient quantities of
suitable habitat for survey.

Figure 6.1. Locations of sites surveyed for small pearl-bordered fritillary.

Field surveys
Recruited Tir Gofal farms were surveyed in each of the three project years (2009-2011). Paired nonAES farms were surveyed in two project years (2010-2011). It was not possible to survey non-AES
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farms in 2009 as the IACS database, which was used for identifying non-AES farms, was not
operational at the time of the surveys. Data collected at Tir Gofal farms in 2009 were therefore not
used in analyses, but these surveys were useful in identifying butterfly habitat patches and flight areas
for surveying in subsequent years (see below).
During the surveys, sites were systematically searched to identify potentially suitable habitat patches
and butterfly flight areas. All areas below 350 m altitude were included in surveys; many habitat
patches above this altitude are too exposed for small pearl-bordered fritillary and were therefore
excluded.
Habitat patches comprised marshy grassland, flushes, wet heath and damp acid grassland. Examples
of the latter two habitats which lacked marsh violet (Viola palustris) and common dog violet (Viola
riviniana), the larval foodplants, were excluded. Habitat patches were mapped and the occupancy of
small pearl-bordered fritillary determined for each patch. An occupied patch was defined as a
discrete area where aggregations of adults were found flying freely together (subsequently termed
“flight area”). Single sightings of stray butterflies were not used to define flight areas.
For each farm, two “core flight areas” were selected at random from all flight areas within the farm.
Timed counts of core flight areas were undertaken during each of the survey years, to enable
temporal trends to be evaluated. Additional flight areas were sampled in one of the survey years,
with a minimum of 50% of the flight areas within a farm being surveyed in total.
Adult timed counts
Timed counts were undertaken within flight areas using standard methodology (Warren et al. 1984).
A single visit was made to each farm as close as possible to the peak flight period of small pearlbordered fritillary. In the target areas, this varied by several weeks between early sites near the coast
(late May - early June) and late sites on higher ground further inland (late June - early July). For each
farm pair, timed counts were undertaken on the same day where possible, to minimise potential
differences in butterfly activity due to weather factors. The surveys were undertaken on consecutive
days when poor weather prevented a pair of farms from being surveyed on the same day. Within a
farm pair, the selection of the farm to be surveyed first was randomised.
Counts were carried out in warm, dry weather, with no more than moderate winds. The minimum
criteria were either 13-19ºC with at least 60% sunshine, or 20ºC or above in overcast conditions
(modified from Warren et al. 1984 based on observations made during the current project). Wind
speed (Beaufort scale) was no more than 5 unless the survey area was sheltered from the wind.
Timed counts were made between 10:00 and 17:30 hours; during this period butterfly activity was
always high in suitable weather conditions.
Adult butterflies were counted by walking the flight area in a zigzag path, covering the area as
thoroughly and evenly as possible. Recording was made at a slow, steady pace. The number of
butterflies seen and the survey time period (in minutes) were recorded. Sunshine was estimated to
the nearest 10% of the time it was sunny; if a distinct shadow was cast (bright cloud) then conditions
were classed as sunny. Shade temperature and average wind speed code were recorded. A handheld
GPS device was used during the timed count to record the route taken, to enable digital mapping of
flight areas and standardisation with subsequent surveys.
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Habitat assessments
Four habitat assessments were carried out at each farm (generally two each in 2010 and 2011), either
on the same site visit as the timed counts or at a later date during the butterfly flight period. Habitat
assessments were undertaken in potentially suitable habitat patches selected at random, using
patches in different grazing units where possible. Small areas of unsuitable habitat within patches
(e.g. dense scrub and bracken, dry grassland with outcrops) were not sampled.
Habitat assessments comprised fixed-point sampling and were carried out on a structured walk
across the site, using a zigzag route that crossed thoroughly and evenly through the area of
potentially suitable habitat. Evenly spaced stops were made and repeat recordings of selected habitat
and vegetation attributes undertaken (see Data analysis, below). A circle of 1 m radius was used as a
search area at each stop. Additionally, sward height at each stopping point was recorded by the drop
disk method (Stewart et al. 2001). At least 30 stops were made for small flight areas (< 1 ha), around
40 stops for medium-sized flight areas (1-5 ha) and 50 to 60 stops for large flight areas (> 5 ha).
Data analysis
Timed counts were converted to Relative Population Estimates (RPE) using a standard formula
(adults/hour)*ha. Estimates were then adjusted to a peak flight measure, to enable an unbiased
comparison of abundance across sites (Appendix 6.1). Peak flight period was determined using
butterfly transect data (weekly counts) from sites in Wales and other climatically similar areas of the
UK (primarily north-west England and western Scotland). Survey sites were classed as early or late in
2010, depending on expected peak flight season. In 2011 flight season was more complex due to
erratic weather, and an additional mid year period (early-mid June) was identified and used in peak
flight adjustments (Appendix 6.1). Farm Population Estimate (FPE) was also calculated, adjusted for
peak flight period, using the formula (counted adults/total hours)*total area. Total area is the sum of
all flight areas on the farm, including unsurveyed flight areas.
Models were implemented using the packages lme4, nlme and glmmADMB of R statistical software (R
Development Core Team 2011). RPE and FPE were modelled using GLMMs with a negative
binomial error structure and log link function. The natural log of farm habitat area (i.e. total area of
all occupied and unoccupied habitat patches) was included as an offset in the model of FPE. Habitat
patch occupancy was modelled using a GLMM with a binomial error structure and cumulative loglog link function, with natural log of surveyed area as an offset. Fixed point habitat data were
modelled using GLMMs with a binomial error structure and logit link function, and an observationlevel random effect was included to account for overdispersion. Sward height was modelled using a
GLMM with a normal (Gaussian) error function and identity link function. All models specified Site
and Farm (nested within Site) as random effects, and patch abundance models additionally included
Field (nested within Farm) as a random effect, to account for multiple surveys of the same patches.
A backwards deletion method was used to sequentially remove non-significant effects, then re-fitting
the model, until only significant variables remained. A significance level of p = 0.1 was used for
retention of terms within models, although terms for which 0.05 < p < 0.1 are described as
marginally significant.
The primary explanatory variable for Models 6.1-6.8 was farm status (TG or non-AES). The primary
explanatory variable for Models 6.9 and 6.10 was TG prescription (see below). These terms were
retained in the models at all times.
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Model 6.1: Abundance in occupied patches
RPE (adjusted for peak flight period) was modelled against farm TG status.
Environmental and nuisance variables also included in the core patch-scale model were:
 year – year of survey (Y2 = 2010; Y3 = 2011)
 year*treat – interaction term for year and TG status
 temp – average temperature (ºC) during survey
 sun – estimated proportion of time sun shining during survey
 wind – average wind speed (Beaufort scale) during survey
 altitude – mean height above sea level (metres)
 aspect – predominant patch aspect; a five-level variable: 1 = S; 2 = SE or SW; 3 = E,
W or flat (neutral aspect); 4 = NE or NW; 5 = N.
Expanded models were fitted which additionally included a range of potentially important
management variables (Appendix 6.2). However, all management variables had a significance level of
p > 0.1 and were consequently removed from the model.
Model 6.2: Habitat patch occupancy
Small pearl-bordered fritillary patch occupancy (species presence in any of survey years) was
modelled, across all habitat patches, against farm TG status, altitude and aspect, as defined for Model
6.1.
Model 6.3: Farm population size
FPE was modelled against farm TG status.
Environmental and nuisance variables also included in the farm-scale model were:
 year – year of survey (Y2 = 2010; Y3 = 2011)
 year*treat – interaction term for year and TG status
 altitude – mean height above sea level (metres) of all habitat patches.
Models 6.4-6.8: Habitat factors
Response variables were the presence-absence of habitat features recorded at each fixed point,
namely:


violets (Model 6.4): marsh violet and/or common dog violet;



scrub (Model 6.5): includes bog myrtle (Myrica gale) but excludes ericoid dwarf shrubs



nectar plants (Model 6.6): known nectar species in flower at time of survey.

An additional response variable was derived as follows for each fixed point:
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suitable breeding habitat (Model 6.7) - violets present and sward height 5-15 cm; this
sward height range is preferred for egg-laying (Ellis 2011).

Environmental and nuisance variables also included in the models were year, altitude and aspect, as
defined for Model 6.1, and patch_area (area of patch, ha).
Model 6.9: Tir Gofal Prescription: patch occupancy
Small pearl-bordered fritillary patch occupancy was modelled against TG prescription. The primary
explanatory variable was the dominant TG prescription code (by area); this variable comprised the
following seven categories:


TG5&6 – lowland & upland heath (combined to increase number of replicates)



TG7 – acid grassland



TG10 – semi-improved grassland



TG11 – marshy grassland



TG12 – bog



TG13 – flush/swamp



none – no prescription (non-AES farms).

Prescriptions TG1 (broadleaved woodland), TG8 (neutral grassland) and IMP (improved grassland)
were excluded as the sample size was too small for analysis (1-6 replicates each).
Model 6.10: Tir Gofal Prescription: abundance in occupied patches
RPE was modelled against TG prescription, year and altitude, as defined for Model 6.1 The primary
explanatory variable was the dominant TG prescription code (by area); this variable comprised the
following six categories:


TG5&6 – lowland & upland heath (combined to increase number of replicates)



TG7 – acid grassland



TG11 – marshy grassland



TG12 – bog



TG13 – flush/swamp



none – no prescription (non-AES farms).

Prescriptions TG1 (broadleaved woodland) and TG10 (semi-improved grassland) were excluded
from the analysis as the sample size was too small for analysis (1-2 replicates each).
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6.1.3 Results
Survey summary
Nineteen Tir Gofal farms were surveyed in 2009 (Year 1). Twenty sites were surveyed in 2010 (Year
2), including repeat surveys of the 19 Tir Gofal farms surveyed in 2009. Repeat surveys were carried
out at the same 20 sites in 2011 (Year 3). Overall, small pearl-bordered fritillary was recorded on 19
Tir Gofal farms and 18 non-AES farms (Appendix 6.3), although one of the Tir Gofal farms had
only occasional wandering individuals and no distinct flight areas. Outputs for all models are given
in Appendix 6.4.
Abundance within occupied patches (Model 6.1)
AES status did not significantly affect the abundance (Relative Population Estimate) of small pearlbordered fritillary within occupied patches (Z = 0.28, p = 0.78; Figure 6.2). There was no difference
in small pearl-bordered fritillary abundance between the 2010 and 2011 survey years (Z = -1.37, p =
0.17), nor was there any interaction between year and AES status (Z = -0.39, p = 0.70). There was a
highly significant negative relationship between patch altitude and small pearl-bordered fritillary
abundance (Z = -3.42, p < 0.001). Additional management factors (e.g. grazing, burning) were
included in expanded models but all factors were non-significant (p > 0.05) and results are not
reported here.
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Figure 6.2. Small pearl-bordered fritillary index of abundance (back-transformed mean +
SE) on Tir Gofal and non-AES occupied habitat patches in 2010 and 2011 (Model 6.1).
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Patch occupancy (Model 6.2)
Patch occupancy was significantly higher on non-AES farms than on Tir Gofal farms (Z = -2.68, p
= 0.007; Figure 6.3). Altitude (Z = 1.73, p = 0.084) and aspect (Z = -1.91, p = 0.056) were retained
in the model as marginally significant terms.
Farm-scale population size (Model 6.3)
Estimated farm-scale population size (Farm Population Estimate) was not significantly affected by
AES status (Z = -0.80, p = 0.42; Figure 6.4) or by survey year (Z = -0.15, p = 0.88). There was,
however, a significant negative relationship between farm altitude and farm population size (Z = 2.01, p = 0.044).
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Figure 6.3. Small pearl-bordered fritillary occupancy (back-transformed mean + SE) in Tir
Gofal and non-AES habitat patches across the study period (Model 6.2).
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Figure 6.4. Small pearl-bordered fritillary population estimates (back-transformed mean +
SE) on Tir Gofal and non-AES farms in 2010 and 2011 (Model 6.3).
Habitat factors (Models 6.4-6.8)
The frequency of violets (the larval foodplants of small pearl-bordered fritillary) did not differ
significantly between Tir Gofal and non-AES habitat patches (Z = -1.23, p = 0.22; Figure 6.5;
Model 6.4). There was, however, a significant effect of AES status on scrub frequency, with more
scrub on Tir Gofal than non-AES patches (Z = 2.53, p = 0.011; Figure 6.5; Model 6.5). There was
also more scrub on habitat patches surveyed in 2010 than in 2011 (Z = -3.28, p = 0.001). The
frequency of butterfly nectar sources was not significantly influenced by farm AES status (Z = -0.76,
p = 0.45; Figure 6.5; Model 6.6). Likewise, farm status did not affect the frequency of suitable
breeding habitat within habitat patches, defined as areas with a sward height of 5-15 cm and larval
foodplants present (Z = 0.13, p = 0.89; Figure 6.5; Model 6.7).
Farm AES status did not affect sward height (t = -0.37, p = 0.71; Model 6.8), although there was a
marginally significant impact of survey year (t = -1.97, p = 0.051), with a shorter sward on average in
2011.
Tir Gofal prescriptions (Models 6.9 and 6.10)
The Tir Gofal prescriptions in place in habitat patches are summarised in Table 6.2. Marshy
grassland (TG11) and flushes (TG13) were the most frequent prescriptions in place; acid grassland
(TG7) and semi-improved grassland (TG10) also occurred frequently.
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Figure 6.5. Frequency of small pearl-bordered fritillary habitat factors (back-transformed
means + SE) on Tir Gofal and non-AES farms (Models 6.4-6.7).

Table 6.2. Dominant Tir Gofal prescriptions for small pearl-bordered fritillary habitat
patches.
Prescription

Description

Number of patches

IMP

Improved grassland

6

TG1

Broadleaved woodland

4

TG5 & TG6

Heath (lowland & upland)

12

TG7

Acid grassland

18

TG8

Neutral grassland

1

TG10

Semi-improved grassland

15

TG11

Marshy grassland

51

TG12

Bog

11

TG13

Acid flush

49

All

(All TG patches)

167

None

(All non-AES patches)

129
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Tir Gofal in-field prescriptions were modelled against small pearl-bordered fritillary patch occupancy
(Model 6.9) and abundance (Model 6.10). Prescription type had a significant impact on patch
occupancy, with TG5 and TG6 (heathland) having the highest levels of occupancy (Z = 2.07, p =
0.039) and TG10 (semi-improved grassland) and TG11 (marshy grassland) the lowest levels of
occupancy (Z = -4.44, p <0.001; Figure 6.6; Model 6.9). Intermediate occupancy rates occurred on
TG7 (acid grassland), TG12 (bog) and TG13 (flush).
The pattern of small pearl-bordered fritillary abundance across prescription types differed from the
pattern of occupancy, with the butterfly being most abundant on TG12 patches and least abundant
on TG7 patches (Z = 2.16, p = 0.031; Model 6.10); all other prescription types had intermediate
levels of abundance.
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Figure 6.6. Small pearl-bordered fritillary habitat patch occupancy for different Tir Gofal
prescriptions (back-transformed mean + SE) (Model 6.9).
Values marked by the same letter do not differ significantly.

Management summary
Management and grazing is summarised in Table 6.3, for habitat patches occupied by small pearlbordered fritillary. Sheep predominated on both farm types, with over 80% of patches being grazed
by sheep on both Tir Gofal and non-AES farms. Cattle were much more frequent on Tir Gofal
farms (51% of patches) than non-AES farms (24%). Burning had taken place on 8.5% of non-AES
patches, but had not occurred on any of the Tir Gofal patches. Few patches were unmanaged.
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Table 6.3. Land management on Tir Gofal and non-AES farms (mean percentage of
occupied habitat patches per farm ± SE).
Tir Gofal

Non-AES

Cattle

50.8 (± 9.14)

23.8 (± 9.20)

Sheep

85.3 (± 6.36)

82.8 (± 7.97)

Burned

0.0 (± 0.00)

8.5 (± 5.75)

Unmanaged

7.1 (± 3.91)

7.7 (± 5.56)

Grazing *

Other management **

* Only one farm had horse grazed habitat patches.
** Only two farms had cut patches.

6.1.4 Discussion
There is no clear evidence that the Tir Gofal scheme has provided additional benefits for small
pearl-bordered fritillary in the study landscape. Habitat patch occupancy rate was significantly higher
on non-AES farms than Tir Gofal farms (63% on non-AES farms; 43% on Tir Gofal farms).
However, the abundance of small pearl-bordered fritillary within occupied patches did not differ
between farm types. Greater patch occupancy on non-AES farms did not result in larger farm-scale
populations compared with Tir Gofal farms. This is likely to be due to a weak, non-significant trend
towards higher abundance in occupied patches on Tir Gofal farms, which when scaled up to the
farm level resulted in no overall difference in population size.
The habitat data support the abundance results, but do not explain why patch occupancy was greater
on non-AES farms. There was no overall difference in the frequency of violets, nectar sources or
suitable breeding habitat on Tir Gofal patches compared with non-AES patches. However, there
was significantly more scrub present on Tir Gofal patches. On the majority of these sites scrub
comprises bog myrtle (Myrica gale) rather than invasive species such as bramble (Rubus fruticosus agg.).
Open stands of bog myrtle may have a beneficial effect on small pearl-bordered fritillary by
providing shelter, but dense stands are likely to have negative impacts through shading of the larval
foodplants.
Small pearl-bordered fritillary patch occupancy rate differed significantly between Tir Gofal
management prescriptions. TG5 and TG6 (heathland prescriptions) had the highest rates of patch
occupancy and TG10 (semi-improved grassland) and TG11 (marshy grassland) the lowest rates of
patch occupancy. It is likely that TG5 and TG6 patches, which comprise wet heath habitats mostly
in ffridd areas, represent better quality habitat, and often have more suitable management for small
pearl-bordered fritillary, than TG10 and TG11. The latter prescriptions generally comprise rush
pastures, often in the in-bye and in the same grazing units as improved grassland areas.
Though the Tir Gofal scheme did not provide any added benefits for small pearl-bordered fritillary
compared with non-AES farms, the butterfly was present on all but one Tir Gofal farm and large
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populations occurred on several of the farms. Tir Gofal farms therefore contribute to species
persistence, by maintaining the available habitat resource at the landscape scale.
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6.2 Marsh Fritillary

6.2.1 Introduction
The objective was to determine if field-scale populations of marsh fritillary in Tir Gofal agrienvironment scheme farms differed from those in paired non-AES farms. The null hypothesis was
that there would be no difference in abundance or occupancy of the species between farms of
different AES status. A second objective was to determine whether habitat quality for marsh
fritillary differed significantly between Tir Gofal and paired non-AES farms. The null hypothesis
was that there would be no difference in habitat quality between farms of different AES status.

6.2.2 Methods
Site selection
Sites were selected from three Watsonian vice-counties, Glamorganshire, Breconshire and
Carmarthenshire (Table 6.1; Figure 6.7), which are strongholds of the species in Wales. Paired nonAES farms were selected that were within 7.5 km of Tir Gofal farms. Surveyed Tir Gofal farms were
identified using the presence of marshy grassland identified in the CCW Phase 1 habitats survey of
Wales rather than using Tir Gofal prescription mapping. This was to ensure standardisation with
non-AES farms, which were also identified using Phase 1 data.
Field surveys
Recruited farms were surveyed on one occasion over the three project years (2009-2011). This was
to ensure a sufficient sample size of occupied sites, as relatively few of the survey farms were
occupied.
Larval web counts
Marsh fritillary populations were assessed using larval web surveys. These were conducted when the
webs are most conspicuous, from late August until early October. Wherever possible larval web
surveys were not undertaken during or shortly after heavy rain, as this can damage webs and make
them less conspicuous.
At each site, all fields of marshy grassland were surveyed for larval webs. A field is defined as a
management compartment separated from other compartments by a stock barrier (i.e. a fence or
stockproof hedge). Marshy grassland comprised areas identified in CCW Phase 1 surveys (19791997) which continued to support this habitat at the time of survey. Additional areas of marshy
grassland were identified from aerial photographs and were also surveyed; these areas may have
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developed since the Phase 1 surveys were undertaken, for example by reversion of semi-improved
habitats, or may have been missed by the surveys.
For small areas of suitable habitat (< 0.5 ha), a complete search for larval webs was undertaken.
Suitable habitat was defined as having devil’s-bit scabious (Succisa pratensis), the larval foodplant,
present. The area was surveyed by walking parallel lines 2 m apart, searching for larval webs in an
area 1 m either side of the surveyor, until the entire area had been searched.
Larger areas of suitable habitat (> 0.5 ha) were sampled using a transect method (adapted from
Lewis and Hurford 1997). A transect comprised a zigzag route which passed evenly through the
habitat area, along which the number of larval webs within a 2 m strip (1 m either side of the
observer) was recorded. A handheld GPS was used to record the route; this enabled calculation of
the search area as a proportion of the overall habitat area, and allowed a population estimate to be
calculated for the entire habitat area. Transect search areas covered between 4% and 23% of habitat
areas, and it was assumed that a constant proportion of webs present was detected in each sampled
habitat area.
The response variable derived for each survey field was the total number of webs; this variable was a
total count for areas < 0.5 ha, and an estimate (based on a transect) for areas > 0.5 ha (see methods,
above). For fields which lacked any suitable habitat (i.e. no devil’s-bit scabious was present) the
number of webs was recorded as zero. Occupancy was also derived as a binary response variable.

Figure 6.7. Locations of sites surveyed for marsh fritillary.
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Habitat assessments
Habitat assessment was carried out on the same site visit as the larval web survey. There were two
elements: a) rapid assessment using standard habitat condition criteria; and b) detailed
assessment using fixed point sampling. Rapid assessment was carried out on all survey fields,
whereas detailed assessment was undertaken on a sample of two survey fields per farm. Detailed
assessment areas were selected at random from all fields on the farm in which devil's-bit scabious
was present. If no devil's-bit scabious was present then two randomly-selected marshy grassland
fields were sampled.
Rapid assessment was conducted after the larval web search, and involved recording the
approximate percentage cover of each of the six habitat condition categories in the survey field
(Fowles and Smith 2006). These are standard categories used for recording marsh fritillary habitat in
Wales, as described below (Table 6.4). Habitat condition (rapid assessment) data were normalised
using an isometric log ratio transformation (ilr) in the compositions package in R. The six habitat
categories were linked using the “acomp” class.
Detailed assessment involved fixed point sampling on a structured walk across the site, as described
for small pearl-bordered fritillary (Section 6.2.2) but using habitat and vegetation attributes relevant
to marsh fritillary (see Data analysis, below). Sward height was recorded using the drop disk method
(Stewart et al. 2001).
Table 6.4. Habitat condition categories for marsh fritillary habitat in Wales (after Fowles
and Smith 2006)
Habitat Condition
Category

Definition

Good Condition (GC)

In at least 80% of area, sward height is between 12-25 cm and
devil's-bit scabious is present. Scrub < 5% area.

Suitable Undergrazed (UG)

Devil's-bit scabious occasional / frequent / abundant and
vegetation height > 25 cm OR sward height is between 12-25
cm but scrub > 5% area.

Suitable Overgrazed (OG)

Frequent devil's-bit scabious but currently overgrazed so sward
below 12 cm on average (includes mown swards).

Suitable Sparse (SS)

Sparse (rare - occasional) devil's-bit scabious and vegetation
height < 25 cm on average.

Potential Rank (PR)

Currently undergrazed or neglected, sward > 25 cm on average;
devil's-bit scabious rare, occurs as scattered plants in rank
tussocky sward.

Unsuitable (U)

All other habitat types. Includes habitat that that could
potentially be restored to support marsh fritillary but would
require considerable effort.
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Data analysis
Models were implemented using the packages lme4, nlme and glmmADMB of R statistical software.
Marsh fritillary abundance was modelled at the field scale using a GLMM with a negative binomial
error structure and log link function, while occupancy was modelled using a GLMM with a binomial
error structure and cumulative log-log link function. Fixed point habitat and vegetation data were
modelled using GLMMs with a binomial error structure and logit link function, and an observationlevel random effect to account for overdispersion. Sward height and normalised habitat condition
were modelled using a similar GLMM structure but with a normal (Gaussian) error function and
identity link function. All models specified Site and Farm (nested within Site) as random terms, and
abundance and occupancy models also included the natural log of surveyed area as an offset. Data
from all three survey years were included in the same models. A backwards deletion method was
used to sequentially remove non-significant effects, then re-fitting the model, until only significant
variables remained. A significance level of p = 0.1 was used for retention of terms within models,
although terms for which 0.05 < p < 0.1 are described as marginally significant.
The primary explanatory variable for all models was farm status (TG or non-AES), which was
retained in the models at all times. Tir Gofal in-field prescriptions could not be robustly modelled
against marsh fritillary occupancy or abundance due to the very low number of fields occupied for
all prescriptions other than TG11.
Models 6.11 & 6.12: Field-scale abundance
The total number of webs was modelled against farm TG status. Environmental and nuisance
variables also included in the core model (Model 6.11) were:
 year – year of survey (Y1 = 2009; Y2 = 2010; Y3 = 2011)
 year*treat – interaction term for year and TG status
 altitude – mean height above sea level (metres)
 aspect – predominant field aspect; a five-level variable: 1 = S; 2 = SE or SW; 3 = E, W
or flat (neutral aspect); 4 = NE or NW; 5 = N
 day – survey day (number of days after 15 August)
 method – web count method; two-category variable: ALL = full survey (small fields);
TRAN = transect survey (large fields).
An expanded model (Model 6.12) was fitted which additionally including the following management
variables:
 cattle – average cattle grazing intensity over previous 12 month period, assigned based
on landowner information, vegetation structure and stock evidence; a four-level
variable: 0 = no cattle grazing; 1 = light grazing; 2 = moderate grazing; 3 = heavy
grazing
 horse – average horse/pony grazing intensity assigned as for cattle, above
 sheep – average sheep grazing intensity assigned as for cattle, above
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 burn – whether 50% or more of field burnt during previous 12 month period; binary
response
 cut – whether 50% or more of field mown or topped during previous 12 month
period; binary response
 unman – field unmanaged, i.e. not grazed, cut or burnt during previous 12 month
period; binary response.
Models 6.13 & 6.14: Field occupancy
Field occupancy was modelled against TG status and the same environmental and nuisance variables
that were included in Model 6.11. An expanded model (Model 6.14) was fitted that additionally
included the management variables listed for Model 6.12.
Models 6.15-6.19: Habitat factors
Response variables were the presence-absence of habitat features recorded at each fixed point,
namely:


devil's-bit scabious (Model 6.15)



scrub (Model 6.16): includes all woody species except ericoid dwarf shrubs.

Additional response variables were derived as follows for each fixed point:


Good condition sward (Model 6.17): sward height 12-25 cm



Good condition habitat (Model 6.18): sward height 12-25 cm and scabious present.

These binary response variables and sward height were modelled against TG status, year, altitude and
aspect, as defined for Model 6.11, and field_area (area of field, ha).
Model 6.20: Habitat condition
Normalised habitat condition was modelled against TG status, year, altitude and aspect, as defined for
Model 6.11.

6.2.3 Results

Survey summary
Fifty five sites were surveyed; 15 sites in 2009 (Year 1) and 20 sites in each of 2010 (Year 2) and
2011 (Year 3). Overall, marsh fritillary larval webs were recorded on 11 Tir Gofal farms and six nonAES farms (Appendix 6.3). Outputs for all models are given in Appendix 6.4.
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Field-scale abundance (Models 6.11 and 6.12)
AES status did not significantly affect larval web abundance (Z = 0.67, p = 0.50; Figure 6.8; Model
6.11), neither was there any effect on web abundance of survey year (Z = -0.44, p = 0.66) or
interaction between year and AES status (Z = -0.28, p = 0.78). Survey method was highly
significant, with a higher abundance of webs on transects compared with full searches (Z = 4.63, p
< 0.001), and was therefore retained as a fixed effect in the model. Altitude (Z = -0.25, p = 0.81)
and aspect (Z = 0.08, p = 0.94) did not significantly affect web abundance and were subsequently
removed from the model.
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Figure 6.8. Marsh fritillary larval web abundance (back-transformed mean + SE) on Tir
Gofal and non-AES fields across the study period (2009-2011) (Model 6.11).
Cattle grazing intensity (Z = -2.68, p = 0.007) and cutting (Z = -2.60, p = 0.009) had significant
impacts on larval web abundance (Model 6.12). There were fewer webs in fields with moderate or
high levels of cattle grazing compared with light cattle grazing or no cattle, and fewer webs in cut
fields. There were marginally significant effects of recent burning (Z = -1.65, p = 0.0998) and sheep
grazing intensity (Z = -1.68, p = 0.063), with fewer webs in burnt fields and across all levels of sheep
grazing, as compared with no sheep grazing; these terms were retained in the model.
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Field occupancy (Models 6.13 and 6.14)
AES status did not significantly impact on field occupancy (Z = 0.56, p = 0.58; Figure mf2; Model
6.13). Survey method was again significant, with higher occupancy on transect surveys compared
with full searches (Z = 2.63, p = 0.009). In the expanded model (Model 6.14), cattle grazing intensity
had a significant impact on field occupancy (Z = -2.25, p = 0.024) and there was a marginally
significant impact of sheep grazing intensity (Z = -1.74, p = 0.082).
Habitat factors (Models 6.15-6.19)
The frequency of devil's-bit scabious (the larval foodplant) did not differ significantly between Tir
Gofal and non-AES farms (Z = 0.93, p = 0.36; Figure 6.10; Model 6.15). Likewise, farm AES status
did not affect the frequency of invading scrub (Z = -0.84, p = 0.40; Model 6.16) or overall sward
height (t = -0.60, p = 0.55; Model 6.19). There was, however, a significant impact of farm AES
status on the proportion of the sward in the good condition category for marsh fritillary (i.e. 12-25
cm), with a significantly higher proportion of the sward in good condition on Tir Gofal than nonAES farms (Z = 2.35, p = 0.019; Figure 6.10; Model 6.17). There was also a trend towards a higher
proportion of good condition sward with devil's-bit scabious present on Tir Gofal farms than nonAES farms, although this was marginally significant (Z = 1.85, p = 0.064; Figure 6.10; Model 6.18).
0.1

Proportion of fields occupied

0.08

0.06

0.04

0.02

0
TG

non-AES

Figure 6.9. Marsh fritillary larval web occupancy (back-transformed mean + SE) in Tir Gofal
and non-AES fields across the study period (2009-2011) (Model 6.13).
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Figure 6.10. Frequency of marsh fritillary habitat factors on Tir Gofal and non-AES farms
(back-transformed means + SE) (Models 6.15, 6.17 and 6.18).

Habitat condition (Model 6.20)
There was no significant impact of AES status on the relative proportion of the six habitat condition
categories present in each field (t=-0.65, p = 0.52). Habitat condition was significantly influenced by
aspect (t=-2.35, p = 0.019), with more undergrazed habitat present with increasingly northerly
aspect, and there was a marginally significant effect of year (t=1.81, p = 0.076).
Tir Gofal prescriptions
The Tir Gofal prescriptions in place in survey fields, and their occupancy by marsh fritillary, are
summarised in Table 6.5. The surveyed fields included prescriptions other than marshy grassland
(TG11) if these fields were identified as comprising marshy grassland during the current surveys.
The majority (79%) of survey fields on Tir Gofal farms were classed as marshy grassland (TG11).
Semi-improved grassland (TG10) was also frequent (33 fields). Thirteen fields were mapped as
improved grassland (IMP), although five of these fields had rotational prescriptions in place.
Fifteen of the seventeen fields occupied on Tir Gofal farms comprised TG11; the remaining two
occupied fields comprised TG1 and TG10.
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Table 6.5. Dominant Tir Gofal prescriptions and marsh fritillary occupancy in survey fields.
Note that all survey fields were classed as marshy grassland during this contract.
Total number
of fields

Number
occupied

Number
unoccupied

Prescription

Description

IMP

Improved grassland

13

0

13

TG1

Broadleaved woodland

8

1

7

TG2

Scrub

2

0

2

TG7

Acid grassland

1

0

1

TG10

Semi-improved
grassland

33

1

32

TG11

Marshy grassland

227

15

212

TG12

Bog

1

0

1

TG13

Acid flush

2

0

2

All

(All TG fields)

287

17

270

None

(All non-AES fields)

193

8
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Management summary
Management and grazing of survey fields is summarised in Table 6.6. All three stock types were
more frequent on Tir Gofal than non-AES farms. Cattle grazing showing the biggest difference
between farm types: 47% of Tir Gofal fields were cattle grazed compared with 37% of non-AES
fields. There was almost double the proportion of unmanaged fields on non-AES farms (30%)
compared with Tir Gofal farms (16.5%). Frequency of mowing was similar between farm types.
There was little burning on Tir Gofal farms and none on non-AES farms.
Table 6.6 Land management on Tir Gofal and non-AES farms (mean percentage of survey
fields per farm ± SE).
Tir Gofal

Non-AES

Cattle

47.0 (± 4.84)

37.0 (± 5.37)

Horse / pony

20.1 (± 4.03)

15.6 (± 4.19)

Sheep

31.8 (± 4.60)

25.4 (± 4.90)

Cut (mown/topped)

9.8 (± 2.50)

9.5 (± 3.02)

Burned

3.2 (± 1.97)

0.0 (± 0.00)

Grazing

Field management
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Unmanaged

16.5 (± 2.92)

30.3 (± 4.96)

6.2.4 Discussion
There was no clear direct benefit to marsh fritillary from the Tir Gofal scheme; measures of species
abundance and occupancy were no different at scheme farms and non-AES farms. There was,
however, some evidence of better habitat quality on Tir Gofal farms.
Larval web abundance and field occupancy did not differ significantly between Tir Gofal and nonAES farms. Both measures were higher on Tir Gofal farms overall, although species presence on
both farm types was low: occupancy was 6% for Tor Gofal fields and 4% for non-AES fields. More
webs were recorded and occupancy was higher for fields where transects were undertaken compared
with full searches. This was expected, because transects were carried out on fields with large areas of
suitable habitat, where marsh fritillary webs would be predicted to be more frequent.
In expanded models, cattle grazing intensity had a significant impact on larval web abundance and
field occupancy, with higher web densities at light grazing levels compared with moderate and high
grazing levels. Sheep grazing had a negative impact on marsh fritillary abundance and occupancy
across all grazing levels, though this effect was of only marginal significance. These grazing impacts
are consistent with published studies, with light cattle grazing known to be beneficial for marsh
fritillary (Warren and Bourn 1997), and sheep grazing detrimental due to selective grazing on devil'sbit scabious, the larval foodplant (Warren 1994).
There was some evidence of better habitat quality being delivered under Tir Gofal. A significantly
higher proportion of the sward was in good condition for marsh fritillary (i.e. 12-25 cm tall) on Tir
Gofal fields than non-AES fields. There was also a marginally significant trend towards there being
more good condition sward with devil's-bit scabious present (i.e. breeding habitat) on Tir Gofal than
non-AES farms, although the overall frequency of devil's-bit scabious did not differ between farm
types. However, rapid habitat assessment did not reveal any difference in the proportion of good
condition habitat between Tir Gofal and non-AES fields, suggesting that habitat quality differences
are relatively slight.
Better habitat quality on Tir Gofal scheme farms, albeit not consistent across all habitat variables,
might be due to unmanaged fields being much less common on Tir Gofal farms than on non-AES
farms (16.5% and 30% of fields, respectively). Fields that have been unmanaged for several years are
unlikely to support substantial areas of good condition habitat due to sub-optimal sward height for
marsh fritillary coupled with low frequency of devil's-bit scabious (Hobson et al. 2001).
The majority (79%) of surveyed fields on Tir Gofal farms comprised the TG11 prescription (marshy
grassland); these supported the majority of larval webs. However, 11% of fields comprised TG10
(semi-improved grassland) and 5% were IMP (improved grassland), despite these being classed as
marshy grassland during the current survey. It is possible that the habitat quality in these fields has
improved while in the scheme and that they now represent better habitat than they did previously;
five of the 13 improved fields had Tir Gofal prescriptions in place, mostly for reversion from
improved to semi-improved grassland. Alternatively, these fields may have been assigned to the
wrong prescription during initial Tir Gofal mapping.
The lack of impact of the Tir Gofal scheme on web abundance and field occupancy is perhaps
surprising, given the better habitat quality on scheme farms. One possible explanation is that the
difference in habitat quality between scheme and non-scheme farms was not of sufficient magnitude
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to provide a tangible benefit for marsh fritillary; there was only a marginal impact of the scheme on
the proportion of grassland in good condition for breeding. Alternatively, there may be a lag time
from the establishment of good condition habitat to colonisation by the butterfly (Andersson et al.
2010). In any event, better habitat quality (albeit slight) on Tir Gofal farms may provide marsh
fritillary with more opportunities to move within the landscape, providing opportunities to reduce
the risk of extinction of small isolated populations due to stochastic events or climate change.
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6.3 Brown Hairstreak

6.3.1 Introduction
The objective was to determine if hedge- and field-scale populations of brown hairstreak in Tir
Gofal agri-environment scheme farms differed from those in paired non-AES farms. The null
hypothesis was that there would be no difference in abundance or occupancy of the species between
farms of different AES status. A second objective was to determine whether habitat quality for
brown hairstreak differed significantly between Tir Gofal and paired non-AES farms. The null
hypothesis was that there would be no difference in habitat quality between farms of different AES
status.
A third objective was to determine whether Tir Gofal in-field prescriptions and boundary
prescriptions affected brown hairstreak abundance or occupancy. The null hypothesis was that there
was no difference in the response variables depending on Tir Gofal prescription or option.

6.3.2 Methods
Site selection
Sites were selected from two Watsonian vice-counties, Carmarthenshire and Pembrokeshire (Table
6.1; Figure 6.11), which form the core distribution of brown hairstreak in Wales. Prescriptions were
not used to select sites as field boundaries are included in the whole-farm section of Tir Gofal.
Paired non-AES farms were selected that were within 7.5 km of Tir Gofal farms.
Field surveys
Brown hairstreak surveys focused on hedgerows and other woody field boundaries (woodland edges,
scrub edges and tree lines, hereafter collectively called “hedges”). In-field scrub was not included in
surveys as this was only present on a small proportion of farms, and is likely to be subject to
different management to field boundaries.
Recruited farms were surveyed over winter during two survey “years” (2009-10 and 2010-11). The
same hedges were surveyed in each year, to allow for possible variation in egg numbers and habitat
condition due to rotational hedgerow management. Four additional sites, not surveyed in 2009-10,
were also surveyed in 2010-11.
Egg counts
Brown hairstreak eggs are laid low down (< 1.5 m above ground level) on young blackthorn (Prunus
spinosa) growth and can be detected when the plant is leafless, generally from mid November to
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March. Surveys were not carried out in poor light, heavy rain, snow or severe frost, as these factors
reduce search efficiency.
Surveys were undertaken on the four lowest-lying fields on each farm; this maximised the chance of
detecting eggs, which are mostly laid in sheltered, low-lying areas (Smith and Clark 2005). The lowest
lying fields were selected based on altitude at the lowest point in the field. For each survey field, egg
searches were carried out on a maximum of two hedges (depending on the presence of blackthorn;
see below).
Searches were carried out only on suitable hedges, i.e. those assessed as containing > 5% blackthorn
by bulk (Smith and Clark 2005). Within each field, two suitable hedges with the sunniest aspects
were searched, as brown hairstreak avoids ovipositing on blackthorn growing in shaded locations.
Any hedges with an aspect between north-west and north-east (i.e. 315-360°, 0-45°) were classed as
unfavourable and excluded from the survey. In cases where none of the hedges within a field were
classed as suitable, or where the only suitable hedge(s) had an unfavourable aspect, then the field
was excluded from the survey and replaced with the next highest in altitude.
Egg searching involved walking the length of each survey hedge, searching for eggs between ground
level and 1.5 m. All suitable blackthorn shoots were visually scanned from tip to base and turned
(where possible) to examine the underside. Eggs were checked with a hand lens to ensure correct
identification. Suckering blackthorn up to 5 m from the base of the hedge was included in the
survey; any blackthorn greater than 5 m from the hedge was considered to be in-field scrub and was
excluded from the survey.

Figure 6.11. Locations of sites surveyed for brown hairstreak.
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The response variable for each hedge was the total number of eggs. Counts were not adjusted across
the survey year as there was no significant decline in egg numbers over time (determined during
GLMM analysis, see below). Field occupancy (egg presence on any hedge in any year) was
additionally derived as a binary response variable.
Habitat assessments
Habitat assessment was carried out on the same site visit as the egg survey. There were two
elements: a) rapid assessment using standard habitat condition criteria; and b) detailed assessment
using fixed point sampling. The rapid assessment was carried out on all hedges in each of the survey
fields. The detailed assessment was carried out only on hedges where egg counts were undertaken.
Rapid assessment involved mapping the hedges of each survey field using an amended version of
the habitat condition categories defined by Smith and Clark (2005). These are standard categories
used for recording habitat in brown hairstreak landscape areas in Wales (see Table 6.7). Habitat
condition (rapid assessment) data were normalised using an isometric log ratio transformation (ilr) in
the compositions package in R. The three habitat categories were linked using the “acomp” class.
Detailed assessment involved fixed-point sampling along each hedge where egg counts were
undertaken. Evenly spaced stops were made along the length of the hedge, where repeat recordings
of habitat condition were documented. Twenty-five to thirty stops were made for most hedges (50300 m length). At each stopping point, the presence-absence of various habitat attributes was
recorded (see Data analysis, below). Habitat attributes were recorded within a search area extending
1m to either side of each stopping point (i.e. a 2 m wide section of hedge) and from the centre of
the hedge to 5 m into the field (any suckering blackthorn greater than 5 m from the hedge base was
excluded). The presence of young blackthorn growth was defined as: “at least five young (< 3 years
old) shoots > 20 cm in length present either on the hedge or on suckers at its base” (adapted from
Hudson 2007). This was intended to exclude negligible amounts of young growth, e.g. short stems
missed during flailing.

Data analysis
Models were implemented using the packages lme4, nlme and glmmADMB of R statistical software.
Egg abundance was modelled at the hedge scale using a GLMM with a Poisson error structure and
log link function; an observation-level random effect was included to account for overdispersion.
Occupancy was modelled at the field scale using a GLMM with a binomial error structure and
cumulative log-log link function. Fixed point habitat data were modelled at the hedge scale using
GLMMs with a binomial error structure and logit link function, and an observation-level random
effect to account for overdispersion. Normalised habitat condition was modelled using a similar
GLMM structure but with a normal (Gaussian) error function and identity link function. All models
specified Site and Farm (nested within Site) as random effects, and hedge-scale models additionally
included Hedge (nested within Farm) as a random effect, to account for multiple surveys of the
same hedges. The natural log of suitable hedge length was included as an offset in abundance and
occupancy models. A backwards deletion method was used to sequentially remove non-significant
effects, then re-fitting the model, until only significant variables remained. A significance level of p =
0.1 was used for retention of terms within models, although terms for which 0.05 < p < 0.1 are
described as marginally significant.
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The primary explanatory variable for Models 6.21-6.30 was farm status (TG or non-AES). The
primary explanatory variable for Models 6.31 and 6.32 was TG prescription or option (see below).
These terms were retained in the models at all times.
Table 6.7 Habitat condition categories for brown hairstreak habitat in Wales
Habitat Condition
Category

Definition

Good condition

Either:
> 5% blackthorn in hedge or on suckers in front of hedge,
of which frequent (> 25%) young (< 3 years old) growth,
not flailed recently or not significantly damaged by flailing
or stock browsing.
OR Suitable hedge (see below) with frequent to abundant
suckers in front of hedge that have frequent (> 25%)
young (< 3 years old) growth, not significantly damaged by
flailing or stock browsing.

Suitable condition

> 5% blackthorn in hedge, of which only occasional, rare
or no (< 25%) young (< 3 years old) growth, significantly
damaged by recent flailing or stock browsing, or too old
and leggy. Occasional, rare or no suckers in front of hedge,
or suckers significantly damaged by flailing or stock
browsing.

Unsuitable

Insufficient (< 5%) blackthorn in hedge.

Models 6.21 & 6.22: Hedge-scale egg abundance
The total number of eggs was modelled against farm TG status. .
Environmental and nuisance variables also included in the core model (Model 6.21) were:
 year – “year” of survey (Y1 = winter 2009-10; Y2 = winter 2010-11)
 year*treat – interaction term for year and TG status
 altitude – mean height above sea level (metres)
 aspect – predominant hedge aspect; six-level variable: 1 = S; 2 = SSE or SSW; 3 = SE
or SW; 4 = ESE or WSW; 5 = E or W; 6 = ENE or WNW
 day – survey day (number of days after 1 November).
An expanded model (Model 6.22) was run using the same error structures and the fixed effects listed
above, but also including the following management variables:
 type – boundary type; four-category variable: H = true hedge; T = tree line; S = scrub
edge; W = woodland edge
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 cut – whether hedge cut during current survey season (at time of survey); binary
response
 manage – hedge management system, based on survey and landowner information:
three-category variable: A = cut annually; R = cut on rotation (from bi-annual to
long-term rotations); U = unmanaged
 cattle – whether field stocked with cattle during previous 12 month period; binary
response
 horse – whether field stocked with horses/ponies during previous 12 month period;
binary response
 sheep – whether field stocked with sheep during previous 12 month period; binary
response
 sheep_nonwinter – whether field stocked with sheep during previous 12 month period,
excluding fields only grazed by sheep during winter; binary response.
Field-scale abundance was also modelled but models were less robust than at the hedge scale and
were not considered further.
Models 6.23 & 6.24: Field occupancy
Field occupancy (egg presence on any hedges in any year) was modelled against TG status.
Environmental and nuisance variables included in the core model (Model 6.23) were:
 altitude – mean height above sea level (metres) for survey hedges
 aspect – predominant field aspect; a five-level variable: 1 = S; 2 = SE or SW; 3 = E, W
or flat (neutral aspect); 4 = NE or NW; 5 = N.
 day – survey day (number of days after 1 November).
An expanded model (Model 6.24) was fitted that additionally included the following management
variables:
 cattle – whether field stocked with cattle during previous 12 month period; binary
response
 horse – whether field stocked with horses/ponies during previous 12 month period;
binary response
 sheep – whether field stocked with sheep during previous 12 month period; binary
response
 sheep_nonwinter – whether field stocked with sheep during previous 12 month period,
excluding fields only grazed by sheep during winter; binary response
 infield_cut – whether 50% or more of field mown or topped during previous 12
month period; binary response.
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Models 6.25-6.29: Habitat factors
Response variables were the presence-absence of habitat features recorded at each fixed point,
namely:


blackthorn (Model 6.25): all blackthorn including suckers



blackthorn suckers (Model 6.26)



young blackthorn growth (Model 6.28): see definition, above.

Additional response variables were calculated as follows, for fixed points with blackthorn present only:


relative frequency of blackthorn suckers (Model 6.27)



relative frequency of young blackthorn growth (Model 6.29).

These binary response variables were modelled against TG status, year, altitude and aspect, as defined
for Model 6.21, and hedge_length (length of hedge, m).
Model 6.30: Habitat condition
Normalised habitat condition was modelled against TG status, and year, altitude and aspect, as defined
for Model 6.21.
Model 6.31: Tir Gofal Boundary Prescription: hedge-scale abundance
Brown hairstreak abundance was modelled against TG boundary prescription, year, altitude and aspect..
The primary explanatory variable was the boundary prescription present (if any); this variable
comprised the following four categories:


TG1A – fenced woodland edge



TG18 – hedge restoration



TG88A – new fence



none – no prescription (includes both TG and non-AES farms).

Prescriptions TG37C (new woodland) and TG38 (streamside corridor) were excluded as the sample
size was too small for analysis (2-3 replicates each).
Model 6.32: Tir Gofal In-field Prescription: field-scale abundance
The total number of eggs (summed for all surveyed hedges within the field) was modelled against
TG status and year. Field (nested within Farm) was included in the random effects structure to
account for the fact that the same fields were surveyed in both years.
The primary explanatory variable was the dominant in-field TG prescription code (by area); this
variable comprised the following three categories:


IMP – improved grassland
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TG10 – semi-improved grassland



none – no prescription (non-AES farms).

Prescriptions TG1 (broadleaved woodland), TG8 (neutral grassland) and TG11 (marshy grassland)
were excluded as the sample size was too small for analysis (1 replicate each).

6.3.3 Results
Survey summary
Sixteen sites were surveyed in 2009-10 (Year 1). Twenty sites were surveyed in 2010-11 (Year 2),
which included re-surveys of the 16 sites from 2009-10. Overall, brown hairstreak eggs were
recorded on 15 Tir Gofal farms and 17 non-AES farms (Appendix 6.3). Outputs for all models are
given in Appendix 6.4.
Hedge-scale abundance (Models 6.21-6.22)
There was no effect of AES status on egg abundance (Z = -0.89, p = 0.37) but there was a
significant effect of survey year (Z = 2.00, p = 0.045), with a higher abundance of eggs recorded in
Year 2 (Figure 6.12; Model 6.21). There was no significant interaction between AES status and Year
(Z = -1.33, p = 0.18).
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Figure 6.12. Brown hairstreak egg abundance (back-transformed mean + SE) on Tir Gofal
and non-AES hedges in Year 1 (2009-10) and Year 2 (2010-11) (Model 6.21).
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Two environmental variables, hedge altitude and aspect, were included as additional fixed effects in
the core model. Egg abundance was significantly negatively related to hedge altitude (Z = -2.11, p =
0.035). Hedge aspect was of marginal significance, egg counts being higher on more southerly-facing
hedges (Z = -1.88, p = 0.060).
The expanded model revealed that boundary type was highly significant (Z = 3.72, p < 0.001), with
higher egg abundance on woodland and scrub margins compared with tree lines and true hedges
(Model 6.22). The frequency of suckering blackthorn was also significant (Z = 2.61, p = 0.009); egg
abundance was positively related to the relative frequency of suckers (determined during habitat
assessments). Other management factors were not significantly related to egg abundance and were
excluded from the final model.
Field occupancy (Models 6.23 and 6.24)
AES status had a significant impact on field occupancy (defined as egg presence on any boundary
within a field in any survey). Occupancy was significantly higher for non-AES farms than for Tir
Gofal farms (Z = -2.46, p = 0.014; Figure 6.13; Model 6.23).
In an expanded model, which included in-field management variables, two factors were significant:
in-field cutting (Z = -2.09, p = 0.036) and horse grazing (Z = -2.07, p = 0.039) both had negative
impacts on brown hairstreak egg abundance (Model 6.24).
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Figure 6.13. Brown hairstreak egg occupancy (back-transformed mean + SE) in Tir Gofal
and non-AES fields across the two survey years (2009-10, 2010-2011) (Model 6.23).
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Habitat factors (Models 6.25-6.29)
The relative frequency of young blackthorn growth was significantly higher on Tir Gofal farms than
non-AES farms (Z = 2.55, p = 0.011; Figure 6.14; Model 6.29). However, the total frequency of
young blackthorn growth was not significantly different between farm types (Z = 0.98, p = 0.33;
Figure 6.14; Model 6.28), nor was there any significant difference in the total frequency (Z = -1.56, p
= 0.12; Figure 6.14; Model 6.26) or relative frequency (Z = -0.90, p = 0.37; Figure 6.14; Model 6.27)
of sucker growth. The overall frequency of blackthorn did not differ significantly between Tir Gofal
and non-AES farms (Z = -1.43, p = 0.15; Figure 6.14; Model 6.25).
Sucker frequency varied between survey years, with a significantly higher total frequency (Z = 2.30,
p = 0.022) and relative frequency (Z = 2.10, p = 0.036) of sucker growth in Year 2. There was no
significant (p > 0.05) effect of year on the frequency of blackthorn and young growth (Models 6.256.29). Aspect was significant (p < 0.05) for all habitat factors except relative young growth, with
increased frequency of blackthorn, suckers and total young growth with increasingly southerly aspect
(Models 6.25-6.29). Altitude was significantly negatively correlated with blackthorn and relative
sucker frequency, but was unimportant in young growth frequency models.
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Figure 6.14. Frequency of brown hairstreak habitat factors on Tir Gofal and non-AES
hedges (back-transformed means + SE) (Models 6.25-6.29).
Habitat condition (Model 6.30)
There was no significant impact of AES status on the relative proportion of Good, Suitable and
Unsuitable habitat present in each field (t=-0.79, p = 0.44). Habitat condition was not significantly
(p > 0.05) influenced by year, altitude or aspect.
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Tir Gofal prescriptions (Models 6.31-6.32)
The Tir Gofal in-field prescriptions and boundary prescriptions in place in survey fields and hedges,
respectively, and their occupancy by brown hairstreak, are summarised in Table 6.8. The majority of
fields on Tir Gofal farms were classed as improved grassland (IMP); semi-improved grassland
(TG10) was also frequent. Other prescriptions were represented by only three fields on total.
Table 6.8. Tir Gofal in-field prescriptions and boundary prescriptions, and occupancy by
brown hairstreak.
Prescription

Description

Total number of
fields/boundaries

Number
occupied

Number
unoccupied

In-field prescriptions
IMP

Improved grassland

60

28

32

TG1

Broadleaved woodland

1

0

1

TG8

Neutral grassland

1

0

1

TG10

Semi-improved grassland

17

8

9

TG11

Marshy grassland

1

1

0

All

(All Tir Gofal fields)

80

37

43

None

(All non-AES fields)

80

49

31

TG1A

Woodland stock exclusion

11

4

7

TG18

Hedge restoration

39

14

25

TG38

Streamside corridor

2

2

0

TG37C

Woodland planting

2

1

1

TG88A

Fencing only

7

3

4

All

(All TG prescriptions)

61

24

37

None

(TG with no prescription
& non-AES)

210

98

112

Boundary prescriptions

Tir Gofal boundary management prescriptions were present on 46% of Tir Gofal boundaries (Table
6.8). Hedge restoration (TG18) was the most frequent boundary prescription in place; stock
exclusion from woodland (TG1A) was implemented on many of the woodland margins.
Egg abundance was significantly higher (Z = 1.98, p = 0.048) on boundaries under prescription
TG88A (fencing only) compared with boundaries under prescriptions TG1A (fenced woodland
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edge) and TG18 (hedge restoration) or with no prescriptions in place, all of which were not
significantly (p > 0.05) different from one another (Model 6.31).
Additionally, Tir Gofal in-field prescriptions were modelled against egg abundance at the field scale
(Model 6.32), with year retained in the model as a significant covariate (Z = 2.16, p = 0.031). Egg
abundance was significantly lower (Z = -2.14, p = 0.032) in fields under IMP (improved grassland)
than under TG10 (semi-improved grassland) or with no TG prescription in place (non-AES); the
latter two categories were not significantly different (Z = 0.64, p = 0.51).
Management summary
Table 6.9 summarises the management of surveyed field boundaries. The majority of boundaries
were maintained as hedges on both farm types. Tree lines were more frequent on non-AES farms,
whereas woodland margins were more frequent on Tir Gofal farms. Boundary cutting was more
frequent on non-AES farms, especially in Year 2 when nearly 50% of boundaries had been cut at the
time of survey, compared with 36% on Tir Gofal farms. This is reflected in the management regime
applied to each boundary, with more boundaries cut on rotation rather than annually on Tir Gofal
farms and the reverse being the case on non-AES farms; the proportion of unmanaged boundaries
was similar on both farm types. On Tir Gofal farms 83% of boundaries were fenced, compared with
only 48% on non-AES farms.
Table 6.9. Boundary management on Tir Gofal and non-AES farms (mean percentage of
boundaries per farm ± SE).
Tir Gofal

Non-AES

69.4 (± 6.16)

63.9 (± 6.43)

Tree line

9.4 (± 3.19)

18.0 (± 4.62)

Scrub margin

5.2 (± 2.73)

6.7 (± 2.75)

15.9 (± 4.99)

11.5 (± 4.18)

Cut prior to survey, Year 1

37.2 (± 9.93)

42.3 (± 10.7)

Cut prior to survey, Year 2

36.4 (± 9.20)

49.7 (± 9.45)

Annual cut

33.8 (± 9.00)

44.1 (± 9.26)

Rotational cut

38.4 (± 8.19)

29.0 (± 7.15)

Unmanaged

27.8 (± 6.28)

26.9 (± 6.91)

82.7 (± 3.66)

47.9 (± 5.87)

Boundary type
Hedge

Woodland margin
Cutting

Management

Fencing
Fenced to front
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In-field management is summarised in Table 6.10. The majority of fields comprised improved
pasture on both farm types. More arable fields were present on non-AES farms than Tir Gofal
farms, but other land uses differed little between farm types. Sheep and horse grazing were more
frequent on Tir Gofal than non-AES farms, whereas cattle grazing was similar between farm types.
Table 6.10. In-field management on Tir Gofal and non-AES farms (mean percentage of
survey fields per farm ± SE).
Tir Gofal

Non-AES

Land Use
Improved grassland

77.5 (± 6.76)

71.3 (± 8.75)

Marshy grassland

1.3 (± 1.25)

3.8 (± 2.74)

Neutral grassland

2.5 (± 2.50)

1.3 (± 1.25)

Semi-improved grassland

7.5 (± 3.19)

7.5 (± 5.16)

Arable

1.3 (± 1.25)

10.0 (± 5.56)

10.0 (± 4.93)

6.3 (± 5.09)

Cattle

71.3 (± 7.32)

70.0 (± 9.00)

Horse / pony

17.5 (± 7.50)

5.0 (± 2.92)

Sheep (all)

61.3 (± 8.00)

48.8 (± 10.0)

Sheep (spring-autumn)

50.0 (± 8.51)

31.3 (± 9.40)

7.5 (± 3.19)

13.8 (± 6.66)

Hay or silage
Grazing

In-field cut
Field mown/topped

6.3.4 Discussion
There was no clear direct benefit to brown hairstreak from the Tir Gofal scheme. The abundance of
brown hairstreak eggs did not differ between scheme and non-scheme farms at the hedge
(boundary) scale or the field scale. However, field occupancy rate was significantly higher on nonAES farms than on Tir Gofal farms (61% on non-AES farms; 46% on Tir Gofal farms).
There was relatively more young blackthorn growth on Tir Gofal hedges compared with non-AES
hedges. This is likely due to the decreased frequency of annual flailing, which removes most young
growth, on Tir Gofal farms compared with non-AES farms. However, the frequency of blackthorn
suckers did not differ significantly between farm types, perhaps because there were more sheepgrazed fields on Tir Gofal farms. Sheep have a negative impact on the abundance of blackthorn
suckers, particularly when grazing between spring and autumn when blackthorn is in leaf (data from
expanded habitat models; not presented). The higher frequency of sheep grazing on Tir Gofal farms,
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especially outside the winter period, may counteract the potential benefits of reduced annual flailing
on these farms compared with non-AES farms, and result in no net benefit to brown hairstreak
from the scheme.
In expanded models, egg abundance was significantly higher on woodland and scrub edges than on
true hedges and tree lines, perhaps because woodland and scrub edges tend to occur in more
sheltered, low-lying situations favoured by brown hairstreak for egg laying. Egg abundance showed a
strong positive relationship with sucker abundance (determined during habitat assessments); this was
expected as the majority of eggs were found on sucker growth during this study.
Brown hairstreak eggs were more abundant in fields under the TG10 (semi-improved grassland)
prescription than under the IMP (improved grassland) prescription. This is likely to be due to TG10
fields receiving less intensive management than IMP fields; reduced grazing and in-field cutting
allow blackthorn suckers to increase in frequency, which benefits brown hairstreak.
At the hedge scale, eggs were more abundant on hedges with prescription TG88 (fencing) in place
than with other boundary prescriptions or with no prescription in place. There was no difference
between hedges with prescription TG18 (hedge restoration, including fencing) and hedges without
an prescription. The increase in abundance on hedges receiving only fencing compared with those
being fenced and restored is perhaps attributable to the time taken to recover from restoration,
which under Tir Gofal generally involves coppicing the woody component of the hedgerow. Such
hedges may take several years before blackthorn recovers, and shelter levels increase, and thus
become suitable for brown hairstreak. Hedges with a new fence but no restoration are likely to show
a more rapid improvement in habitat quality for brown hairstreak due to prevention of browsing on
blackthorn by livestock.

6.4 General summary
There was no evidence from the study that the status of the target butterfly species was significantly
improved on Tir Gofal land, relative to land outside the scheme. Abundance did not differ
significantly between farm types for any of the three species studied, whilst small pearl-bordered
fritillary and brown hairstreak were more frequently encountered on non-AES farms than Tir Gofal
farms. For marsh fritillary, abundance and occupancy were higher on Tir Gofal farms, although the
number of occupied sites was small for both farm types and the result was not significant.
The desk review of Tir Gofal (Morris et al. 2008) predicted that the scheme could have potentially
positive impacts for small pearl-bordered fritillary and marsh fritillary, due to restrictions on grazing
in key habitat types for these species, and negative impacts for brown hairstreak, due to insufficient
limitations on annual hedge trimming. In fact, the results suggested there were no clear added
benefits for marsh fritillary, and there was a negative impact on small pearl-bordered fritillary and
brown hairstreak field occupancy. While the latter impact could not be directly attributed to annual
hedge trimming, which was less frequent on Tir Gofal farms than non-AES farms, it is likely that a
higher threshold placed on annual hedge trimming would have benefitted brown hairstreak, for
example if 75% of hedges had to be left uncut each year, as opposed to the 25% restriction specified
in the scheme. Likewise, marsh fritillary and small pearl-bordered fritillary may have benefitted had
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grazing restrictions been more specific to particular stock types, for example through excluding
sheep grazing and maintaining or restoring cattle grazing in species-rich marshy grasslands.
For brown hairstreak and marsh fritillary, Tir Gofal farms had some indications of better habitat
quality than non-AES farms, though this was not consistent across all measures of habitat quality.
However, none of the target species had higher abundance or occupancy on Tir Gofal farms; in fact
small pearl-bordered fritillary and brown hairstreak had higher field occupancy rates on non-AES
farms. It therefore appears that improvements in habitat quality on Tir Gofal farms compared to
non-AES farms are too slight to provide any added benefits for the target butterflies. It may be that
the active management typical of Tir Gofal farms, for example the division of grazing units by new
fencing, is less suitable for butterflies than the unrestricted grazing which often predominates on
non-AES farms. Unrestricted grazing on non-AES farms may lead to greater habitat heterogeneity
compared with Tir Gofal farms, despite there being no positive impacts on butterfly habitat quality
overall. Habitat heterogeneity is known to be important for a range of butterfly species (Weibull et
al. 2000), and this may be one of the main factors driving the observed responses to AES status.
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7. Work programme – Terrestrial Mammals

Key findings
i.

Brown hares and water voles were both surveyed at the farm and field scale, over winter and
summer respectively.

ii.

At the farm scale, brown hare abundance was significantly higher on Tir Gofal farms than
non-AES farms. This was ascribed to the greater diversity of habitats present on Tir Gofal
farms, and some management variables, such as fencing, that are not specific to AES, but
that may be better provided by Tir Gofal.

iii.

The field-scale surveys of brown hares did not find significantly higher numbers on fields
with Tir Gofal prescriptions. The presence of unimproved grassland and arable land were
positive predictors for brown hares.

iv.

The presence of water voles did not differ between Tir Gofal prescriptions and non-AES
section of waterbodies either on the farm or the field scale. Habitat variables related to the
waterbody, rather than AES management, were important predictors of water vole presence.

General Approach
The principal objective of the terrestrial mammal monitoring programme was to determine the
response of populations of water vole and brown hare in Tir Gofal farms relative to those in paired
non-AES farms, at a farm scale and at a field scale. The null hypothesis was that there would be no
effect on the presence or abundance of the species between farms of different AES status. A second
objective was to identify any particular features of the land management prescriptions and habitat
that explained any differences observed.

7.1 Brown Hare Farm-scale surveys

7.1.1 Introduction

Farm scale surveys for brown hare were designed to test the effect of the Tir Gofal scheme at a
landscape scale, comparing Tir Gofal farms to paired non-AES farms, where hare populations could
not be influenced by any adjacent Tir Gofal management.
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7.1.2 Methods
Site selection
Tir Gofal farms were randomly selected from the results of queries designed to identify farms with
suitable prescriptions for brown hare (Appendix 7.1), within their key areas, but not on the basis of
known presence on the site. All farms were within 2 km of recent brown hare records. Paired nonAES farms were selected that were at least 1.9 km distant from any Tir Gofal farms,to prevent
effects on the studied brown hare populations of adjacent AES management (range being 1.7 km),
but not more than 10 km distant from the Tir Gofal farms. Non-AES farms matched Tir Gofal
farms in as many characteristics as possible apart from Tir Gofal participation. The survey area
could not lie within a SSSI and Tir Cynnal land was avoided. Twenty one sites were surveyed, fifteen
in southern Wales and six in north Wales (Figure 7.1).
Field surveys
Survey methods are based on Langbein et al. (1999), with some amendments based on experience
within Wales by the North Wales Wildlife Trust, who had previously undertaken detailed and wide
ranging hare survey work (Chris Wynne, pers. comm.). Two 1 km transects were walked per farm
visit, with at least 400 m (or a suitable barrier to hare movement) between transects in order to
minimise the chances of a hare flushed on one transect being re-recorded on the second. The
transect lines traversed as many habitats as possible within the farm and zigzagged through the
habitats. Transects were covered at a slow walking pace, while continuously scanning the area in
front through a semi-circular arc. For each hare, time and perpendicular distance from the transect
was recorded with a 50 m truncation distance from the transect (for certainty of recording all
encounters in the survey area). Six surveys (two at dawn, two at midday and two at dusk) were
carried out per farm, spread evenly throughout the survey period. Counts of hares from the two
transects were summed, and the response variable was the maximum count of hares from any of the
six surveys. Additional habitat and management variables were recorded during visits or determined
from other sources (Table 7.1)
Table 7.1. Additional variables recorded for each Tir Gofal and non-AES farm visited for
farm-scale brown hare surveys
Years in Tir Gofal
Transect length
Presence of arable land
Presence of root crops
Presence of cattle grazing
Presence of sheep grazing
Presence of horse grazing
Length of buffer/wildlife cover or corridor
Presence of mixed broadleaf woodland

P/A of grassland prescriptions
Presence of semi-improved grassland
Presence of unimproved grassland
Presence of stone wall
P/A of arable
Presence of gorse scrub
Presence of hedge
Distance from nearest hare record
Presence of coniferous woodland

Length of arable prescriptions
Presence of hare poaching
Length of grassland prescriptions
Presence of trees
Average field size
Use of predator control
P/A of buffer, wildlife cover or corridor
Presence of improved grassland
Presence of wire fence
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Figure 7.1. Locations of sites surveyed for brown hares in winter 2009-10.
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Data analysis
Hare abundance was modelled using GLMMs implemented with the lme4 package in R. Models
were fit with a poisson error distribution and logarithmic link function. Site and Farm (nested within
Site) were included as random terms.
Model 7.1 Maximum hare abundance and AES status
To determine whether hare abundance differed between Tir Gofal and non-AES farms, hare
abundance was modelled against farm status.
Model 7.2 Maximum hare abundance and AES status and habitat and management
Hare abundance was modelled against farm status and the presence or absence of habitat and
management features (Table 7.1) along with farm, farm pair, and transect as additional variables.
Model selection was based on AIC values with a correction for small sample sizes (AICc). Averaged
model estimates and unconditional standard errors (SE) were calculated for terms included in
models within 2 CAICc units of the most favoured model. Model terms were removed if their
singular removal resulted in a reduction in AICc from the full model, after which all possible
combinations of remaining terms were run to identify the most favoured model. Parameter
importance weights (iw) were calculated from the complete set of models tested, with terms with iw
of < 0.50 considered of low importance.

7.1.3 Results
Model outputs are given in Appendix 7.2. Summary statistics of brown hare surveys are presented in
Table 7.2.
Table 7.2. Summary statistics from farm-scale brown hare surveys
Farms

Farms with brown
hares present

Number of hares
seen

TG

21

13

95

Non-AES

21

11

30

Model 7.1 Maximum hare abundance and AES status
Hare abundance was higher on Tir Gofal farms than on non-AES farms (z1=3.175, p=0.0015;
Figure 7.2; Appendix 7.2).
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Model 7.2 Maximum hare abundance and AES status and habitat and management
Farm status was upheld in the majority of top models with a high importance weight, confirming
that farm status had an important influence on hare abundance when other variables were
considered (Appendix 7.2). Hare abundance was higher on Tir Gofal farms than on non-AES farms.
The presence or absence of sheep or horse grazing, metal fencing and predator control were also
upheld as important in influencing hare abundance. Hare abundance was higher in the absence of
sheep and horse grazing, and in the presence of metal fencing as a boundary feature.
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Figure 7.2. Maximum count/ha (back-transformed means ± SE) of brown hares on Tir
Gofal and non-AES farms (Model 7.1).

7.1.4 Discussion
All Tir Gofal farms surveyed were selected on the basis that they were implementing at least one Tir
Gofal prescription aimed at improving farmland habitat for brown hares. The fact that hare
abundance on these farms was significantly higher than on non-AES farms indicates that such
prescriptions are together delivering against their objectives at a population level.
The individual prescriptions implemented were not found to be important within these models; it is
possible that if at least one of these prescriptions is implemented, the ecologically sensitive and more
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diverse management associated with Tir Gofal will lead to increases in hare populations. This
provides evidence for the hypothesis drawn by Morris et al (2008), which determined that Tir Gofal
was likely to be beneficial for hares, and that any benefit conferred was likely to result from the
increasing landscape diversity Tir Gofal creates rather than single targeted prescriptions.
Hare abundance was high in the presence of fencing. Fencing can create areas of ungrazed habitat
through livestock exclusion, for example through the fencing of grass banks as part of Tir Gofal
hedgerow prescriptions. Positive effects on hares are twofold: first, it provides areas of long, dense
vegetation suitable for feeding and cover, and second, the physical exclusion of grazing livestock
itself benefits hares (numbers were shown to be low in the presence of sheep or horse grazing).
Fencing also allows the movement of hares through the landscape, although when associated with
mature trees and hedgerows may have a negative impact by harbouring predators. Fencing may also
provide protection by allowing hares to see foxes, but blocking pursuit: hares defence from foxes
depends on being able to identify and outrun individuals. Various Tir Gofal prescriptions fund
fencing as capital works as part of their delivery and these results suggest that the positive effects
described above are more significant than the potentially negative effects associated with predators’
habitats and corridors.
There are a number of explanations for why hare abundance might be low in the presence of
grazing. Previous studies have shown a negative correlation between stocking density and hare
occurrence (Barnes et al. 1983), explained by an increase in disturbance with the increasing presence
of livestock. However, disturbance is unlikely to be the explanation for the lack of hares in the
presence of horses, as horses are usually stocked at much lower densities than sheep or cattle. In
addition, the presence or absence of cattle was not upheld as important in influencing hare
abundance, indicating that the presence of livestock per se was not reducing hare numbers. Sheep and
horses may graze swards in a way that is unsuitable for hares. Hares prefer a short but
heterogeneous sward structure suitable for feeding and for use as cover. Continuous grazing by
sheep and horses can create short, dense and uniform swards that hares have been shown to avoid.
However many Tir Gofal prescriptions require a reduction in stocking density and the results of this
study suggest that this is therefore likely to be benefitting hares at a farm scale.
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7.2. Brown Hare Field-scale surveys

7.2.1 Introduction
The objective of the field-scale surveys was to determine whether individual prescriptions that the
desktop study had previously demonstrated to have the potential to benefit hares were actually
delivering increased use of those parcels. The null hypothesis was that there would be no difference
in use of AES prescription land and non-AES land by a brown hare population.

7.2.2 Methods
Site selection
Twenty sites were surveyed each year. Tir Gofal farms were randomly selected from the results of
queries designed to identify farms with particular prescriptions beneficial for brown hare, within
their key areas, but not on the basis of known presence on the site. Farms were within 2 km of
recent brown hare records. Non-AES farms were selected that were not in Tir Gofal but were
within 1.7 km of the Tir Gofal farm (1.7 km being the range of a brown hare) to test use of available
land by a brown hare population. In each year, fourteen sites were selected in southern Wales, and
six sites in north Wales. Figure 7.3 shows the locations of the farms on which field-scale surveys
were carried out.
Prescriptions considered for a Tir Gofal farm to be considered suitable were TG7A: unimproved
acid grassland, TG11: marshy grassland, TG24B: unsprayed cereal, rape & linseed crops (conversion
from improved grassland), TG25A&B: winter stubbles, TG28: rough grass margins, TG27:
unsprayed root crops followed by winter grazing, and TG30: wildlife cover crop. A mixture of arable
and mandatory grassland prescriptions were selected based on their quality for hares over the survey
period (October to March), as assessed in Morris et al. (2008).
Field surveys
Survey methods were again based on Langbein et al. (1999) with some amendments based on
experience in Wales by the North Wales Wildlife Trust, and similar to those used for the farm-scale
surveys described previously. Brown hare surveys took place from September to March inclusive,
and each site was visited 6 times within the study period. A mixture of dawn, daytime and dusk
surveys were carried out on each farm, spread evenly throughout survey period. For the field-scale
study only one transect was walked per farm; this transect was approximately 2 km long (depending
on farm size) but farms within a pair always had transects of equal length.
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Figure 7.3. Locations of sites surveyed for brown hares in winter 2010 – 2011 (green circles)
and winter 2011 – 2012 (blue triangles)
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The Tir Gofal transect lines traversed only those habitats selected for survey. As a result these
transects were not always a contiguous stretch of land. On non-AES farms the transects traversed
equivalent habitats to those on the Tir Gofal farm. Transects were surveyed at a slow walking pace,
whilst continuously scanning the area in front through a semi-circular arc. For each hare, time and
perpendicular distance from the transect was recorded with a 50 m truncation distance from
transect. The response variables generated were the presence of hares in each survey, and the
maximum count of hares on any of the six surveys. Additional data recorded during visits included
the same habitat and prescription data as recorded for the farm-scale surveys (Table 7.3).
Table 7.3 Additional variables recorded for each Tir Gofal and non-AES farm visited for
farm-scale brown hare surveys
Years in Tir Gofal
Transect length
Presence of arable land
Presence of root crops
Presence of cattle grazing
Presence of sheep grazing
Presence of horse grazing
Presence of hare poaching

Presence of silage crop
Presence of semi-improved grassland
Presence of unimproved grassland
Presence of stone wall
Presence of grass bank
Presence of scrub
Presence of hedge
Distance from nearest hare record

Presence of ditch
Presence of river
Presence of field margins
Presence of trees
Field size
Use of predator control
Presence of rabbits

Table 7.4. Distribution of land use types across all transects. Numbers represent abundance
of transect sections of the applicable land use type within each analysis category (TGP,
TGN or non-AES).
Management

TGP

Non-AES

TGN

Clover

0

0

1

Cover crop

6

0

0

Fallow

0

0

1

Margin

3

0

0

Marshy grassland

11

8

0

Pasture

0

39

41

Ploughed

0

1

0

Roots

10

3

0

Rough grassland

11

12

1

Rough pasture

7

8

6

Rush pasture

2

22

16

Stubble

25

6

0

Transect sections were classified by crop/habitat and by AES status (Table 7.4). If a farm contained
more than one field within a particular category, values of hare counts, habitat variables, transect
lengths, etc, were combined for those fields. These categories were then simplified for analysis into
four categories. Two land management categories, present in Tir Gofal fields (TGP) only, were
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Grass (7A, 11, 28, 38, 29) and Arable (24B, 25A, 25B, 27, 30). The other two categories, present on
Tir Gofal fields without favourable prescriptions (TGN) and non-AES fields only, were Pasture, and
Other (which encompassed all remaining habitat types not under Tir Gofal prescription).
Data analysis
All models were constructed with the minimum terms considered biologically important included in
the initial model. Each term to be tested was added to the first model and compared with this model
to determine its importance. Terms were added to the model sequentially until no more important
terms remained. P values presented for non-significant terms are based on AIC comparison of
models with and without each term. Maximum counts were modelled using a GLMM fitted with a
poisson error distribution and log link function, and the natural log of transect length as an offset.
Presence-absence of hares on each transect was modelled using a GLMM fitted with a binomial
error distribution and logit link function. Site was included as a random effect in all models, and
farm (nested within site) as an additional random effect in models of hare presence-absence (to
account for multiple surveys on each transect).
Model 7.3 Maximum hare count and farm AES status and habitat and management
Maximum hare count at the whole-transect level was modelled against farm AES status and habitat
and management variables.
Model 7.4 Hare presence and farm AES status and habitat and management
The presence or absence of hares on each transect was modelled against farm AES status and
habitat and management variables.
For models 7.5 to 7.8, the data were separated, so that response variables were compared between
land under favourable prescriptions (TGP) and non-AES land (non-AES), and then between TGP
and Tir Gofal land not under favourable prescriptions (TGN).
Model 7.5 Maximum count of hares on TGP and non-AES land
Maximum hare count was modelled against Tir Gofal status of the field transect.
Model 7.6. Presence-absence of hares on TGP and non-AES land
Presence-absence of hares on each visit was modelled against Tir Gofal status of the field transect
(comparison between TGP and non-AES).Transect length was included as a fixed factor in the
model to control for variation in length of habitat section within each transect.
Model 7.7 Maximum count of hares on TGP and TGN land
Maximum hare count was modelled against Tir Gofal prescription status of the field transect
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Model 7.8 Presence-absence of hares on TGP and TGN land
Presence-absence of hares on each visit was modelled against Tir Gofal prescription status of the
field transect (comparison between TGP and TGN). Transect length was included as a fixed factor
in the model to control for variation in length of habitat section within each transect.

7.2.3 Results
The summary statistics for hare presence in the two field-scale recording years are shown in Table
7.5 below. Summary habitat statistics in relation to explanatory variables are given in Appendix 7.3.
Table 7.5 Summary statistics for the two years of field-scale surveys for brown hare (winters
2010-2011 and 2011-12)
Farm status
Tir Gofal

Year

Farms

Hares present

Total hare observations

2010-11

20

11

52

20

7

20

20

10

34

20

8

28

Non-AES
Tir Gofal
Non-AES

2011-12

Model 7.3 Maximum hare count and farm AES status and habitat and management
Hare abundance did not differ between Tir Gofal and non-AES farms (GLMM, χ2=0.19, p=0.66).
Hare counts were higher on farms with arable land present, and on farms with unimproved
grassland, than on farms without either of these habitats (Figure 7.4). Hare count also increased with
increased proximity to the nearest hare record (Appendix 7.2).
Model 7.4 Hare presence and farm AES status and habitat and management
Farm status did not influence the likelihood of detecting hares (i.e. presence/absence) on a transect
(χ2=1.03, p=0.31), although hares were present twice as often on Tir Gofal farms (26% of transects)
than non AES farms (13% of transects). Transects with arable present were more likely to have
hares present, as were transects with unimproved grassland. The presence of trees had a negative
effect on hare presence (Appendix 7.2)
Model 7.5 Maximum count of hares on TGP and non-AES land
Hare abundance differed between habitat/management type (χ23=9.48, p=0.024; Figure 7.5;
Appendix 7.2), with lower abundance in the non-AES pasture than any other category. Hare
abundance was lower on improved pasture fields compared to fields in any other habitat type (z1=2.46, p=0.014
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a)
0.9

Mean hare abundance per km

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Present

Absent
Presence or absence of arable

b)
0.8

Mean hare abnundace per km

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Present

Absent

Presence or absence of unimproved grassland

Figure 7.4. Mean hare abundance (back-transformed means ± SE) of brown hares on farms
depending on the presence of absence of (a) arable land and (b) unimproved grassland
(Model 7.3).
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1.2

Mean hares per km

1

0.8

0.6

0.4

0.2

0
TGP (arable)

TGP (grass)

Non-AES (other)

Non-AES (pasture)

Land management category

Figure 7.5. Mean abundance per km (± SE) of brown hares in four TGP and non-AES land
management categories (Model 7.5).
Model 7.6. Presence-absence of hares on TGP and non-AES land
Habitat type also influenced the likelihood of a field being occupied by hares (χ23=13.67, p=0.003)
(Appendix 7.2).
Model 7.7 Maximum count of hares on TGP and TGN land
The distribution of hares across habitat types across Tir Gofal prescription and Tir Gofal nonprescription fields is shown in Figure 7.6. Land management/habitat did not influence hare
abundance (χ23=1.293, p=0.731; Appendix 7.2), although there was a trend towards higher counts
on non-prescriptions fields that were not improved pasture.
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Mean hares per km

2.5

2

1.5

1

0.5

0
TGP (arable)

TGP (grass)

TGN (other)

TGN (pasture)

Land use category

Figure 7.6. Mean abundance per km (± SE) of brown hares in four TGP and TGN land
management categories (Model 7.7).
Model 7.8 Presence-absence of hares on TGP and TGN land
Land habitat/management did not influence hare occupancy (χ23=3.84, p=0.280) (Appendix 7.2).

7.2.4 Discussion
There was no effect of farm AES status on either brown hare presence or abundance at a wholetransect scale, although in both years more Tir Gofal farms were positive for hares than non-AES
farms, and the total number of hares seen on Tir Gofal farms exceeded the number seen on nonAES farms. This differs from the results of farm scale survey, where a significant effect of AES
status was observed. Thus the farm scale effect demonstrates that Tir Gofal has a positive effect in
supporting brown hare populations. However, when non-AES land is in close proximity (within the
daily range of an individual brown hare) to Tir Gofal farms, use of non-AES land did not differ.
Brown hares are extremely diverse in their resource use, and non-AES farms will almost certainly
offer some resources that are of use to brown hares. Therefore hares are able to occupy a landscape
when all their needs are provided for (or one or more limiting resources provided) by a Tir Gofal
farm, but will still use adjacent land for some of the time.
The presence of unimproved grassland and arable land were both positively associated with brown
hare abundance at the whole-transect level; 29% of transects with arable contained hares compared
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to 14% of transects without arable, and 25% transects with unimproved grassland compared to only
14% without. The positive effect of arable land on Tir Gofal farms could partly be attributed to
AES status, since a likely land use in the absence of TG prescriptions is improved pasture. It has
been suggested previously that the introduction of arable to grassland farms would be beneficial to
hares (Hutchings and Harris 1996), and this has been supported by the farm-scale surveys in the
present monitoring programme.
The results also show that whilst there was a significant difference between brown hare occupancy
and abundance in positive prescriptions on Tir Gofal land and on non-AES improved pasture, this
was not the case between prescription land and land classified as improved pasture on Tir Gofal
farms. This may suggest that non-prescription improved pasture on Tir Gofal farms is performing
better for hares than equivalent land on non-AES farms. This may also be explained by the presence
of the favourable Tir Gofal prescriptions, which may increase the use of nearby non-prescription
land by hares. This reflects the known ecology of the species which benefits from diversity within
the landscape (Smith et al. 2004). It is possible, for example, that brown hares are feeding in the
pastures and resting up in other habitats with more cover during the middle of the day but that they
require the presence of both habitats to use either effectively.
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7.3 Water Vole Farm-scale Surveys

7.3.1 Introduction
Farm scale surveys for water vole were designed to test whether Tir Gofal farms are more likely to
have water voles than non-AES farms. The null hypothesis was that there would be no difference in
the likelihood of recording water voles based on AES status.

7.3.2 Methods
Site selection
The farm-scale study was undertaken in year one of the monitoring project (summer 2009). Twenty
sites were surveyed. Tir Gofal farms were randomly selected from the results of queries designed to
identify farms with suitable prescriptions, within the key areas and within 2 km of recent water vole
records, but not on the basis of known presence on the farm. Prescriptions considered for farms to
qualify as suitable were identified during a desk study process (Morris et al. 2008). They were TG11
(marshy grassland), TG12A (blanket bog), TG13 (reedbed, swamp, fen) and TG38 (streamside
corridor). Paired non-AES farms were then selected that were at least 1 km distant from Tir Gofal
farms, to prevent effects on water vole populations of adjacent land management, but not more than
15 km distant from the Tir Gofal farms. Control farms matched Tir Gofal farms in as many
characteristics as possible apart from Tir Gofal participation. The survey area could not lie within a
SSSI and Tir Cynnal land was avoided (Figure 7.7).
Field surveys
For each farm selected, 2 x 500 m stretches of prescription riparian habitat were surveyed between
April and August, this being the optimum time to identify signs of water vole activity, assess habitat
structure and food availability. Key field signs (latrines, runs and food piles) along the riparian zones
were recorded on site maps. Records were also made of the adjacent habitat within 50 m of surveyed
stretches, in accordance with Strachan (1998), as water vole territories are not solely confined to
linear habitats but can extend inland for some distance, encompassing unimproved grassland,
reedbed and rhos pasture. The response variable was the presence-absence of any water vole signs.
Habitat quality is fundamental to delivery for priority species. Therefore in all surveys, an assessment
was also made of the quality of the resource for water voles. The habitat variables recorded for this
assessment are shown in Table 7.6.
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Figure7.7. Sites surveyed for water voles in 2009
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Table 7.6. Habitat variables measured in farm scale water vole surveys and used in analysis.
Model type

Variable
Cover of bankside trees and scrub

Continuous
covariate

Cover of bankside/submerged vegetation
Width and range in width of riparian vegetation
Distance to nearest water vole record

Quadratic term

Cover of bankside/submerged vegetation
Fencing
Fencing score
Length of waterbody subject to poaching

Presence/absence

Waterbody depth
Waterbody width
Waterbody flow rate
Waterbody substrate characteristics
Waterbody bank characteristics

Data analysis
Models of water vole presence-absence were fitted with a binomial error distribution and logit link
function. Site and farm were included as random effect. Waterbody type and survey day were
included as fixed effects. Habitat variables were included as continuous covariates, quadratic terms
or presence/absence as listed above.
Model 7.9 Water vole presence and farm AES status
Water vole presence-absence was modelled against the farm AES status.
Model 7.10 Water vole presence, farm AES status and habitat and management
To compare water vole presence on Tir Gofal and non-AES farms, water vole occupancy (presence
or absence) was analysed against farm status and habitat and management variables. Model selection
was based on AIC values with a correction for small sample sizes (AICc). Averaged model estimates
and unconditional standard errors (SE) were calculated for terms included in models within 2
OAICc units of the most favoured model. Model terms were removed if their singular removal
resulted in a reduction in AICc from the full model, after which all possible combinations of
remaining terms were run to identify the most favoured model. Parameter importance weights (iw)
were calculated from the complete set of models tested, with terms with iw of < 0.50 considered of
low importance. Due to the many categorical terms present in the analysis, univariate models were
run for all terms upheld as important at the multivariate level in order to better estimate fixed effect
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means. Univariate model estimates were first compared against multivariate averaged estimates to
ensure there were no differences in effect direction.

7.3.3 Results
The summary statistics for the farm-scale water vole surveys are shown in Table 7.7.
Table 7.7. Summary statistics for farm-scale surveys for water voles
Farms

Water voles present

Latrines Droppings Feeding signs

Burrows

Tir Gofal

20

8

157

89

71

96

Non-AES

20

9

35

48

22

15

Model 7.9 Water vole presence and farm AES status
Water voles were recorded as present in 23 waterbodies (17 farms, 12 farm pairs). Water vole
abundance did not differ between TG farms and non-AES farms (z1 = 0.99, p = 0.322; Appendix
7.2; Figure 7.8).
Model 7.10 Water presence, farm AES status and habitat and management
The distance to the nearest historical water vole record was found to be the most important factor
predicting the occupancy of waterbodies by water voles (iw = 0.96; Appendix 7.2), the probability of
waterbody occupancy decreasing as the distance to the nearest record increased. The cover of bankside trees and scrub was also upheld as important (iw = 0.61), with the probability of water vole
occupancy found to decrease as the total cover of this vegetation increased. The effect of farm status
was upheld in top models, but with a relatively low importance weight (iw = 0.51), and as described
above, there was almost no difference in presence/absence. The presence of fencing and of gently
sloping (<45°) banks were also upheld in top models with low importance weights (iw = 0.31 and
0.61 respectively), but again very little difference in water vole occupancy was seen in the presence
and absence of these features.

7.3.4 Discussion
The results demonstrated there was no effect of AES status on the likelihood of waterbodies being
occupied by water voles. The results also show that there was no effect on the abundance of water
voles where they were present.
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Figure 7.8. Likelihood (back-transformed means ± SE) of recording water vole signs on Tir
Gofal and non-AES farms (Model 7.9).
Farms were selected based on proximity to historic records (because of the scarcity of populations
left in Wales). Many previously unknown populations were identified by the study in proportion to a
previously relatively small database of positive sites for water voles. This emphasises the potential
significance of AES management in terms of its ability to influence a large proportion of the known
extant populations. Analysis of data showed that waterbodies with historical water vole records
nearby was the most important factor in explaining water vole presence. These waterbodies had
greater potential to have been colonised by the species at some time in the recent past, so are more
likely to be currently occupied.
The probability that water voles will be present and that abundance will increase is influenced by
several water body habitat management variables, independent of farm AES status. Waterbodies that
are not shaded by trees or scrub are more likely to be occupied by water vole, which concurs with
the known ecological requirements of the species (Strachan 1998). The presence of unsuitable
riparian corridors for water vole was recorded equally on Tir Gofal and non-AES. This suggests that
the prescription for streamside corridors on Tir Gofal farms is not having a beneficial impact on
water voles. Field observations identified that many specific streamside corridor prescription land
(TG38) already consisted of mature woodland habitat and were therefore already unsuitable for
water vole and unlikely to improve as a consequence of the prescription.
Other habitat management factors that were upheld as important included waterbodies not being
grazed by livestock, and being protected from machinery operations by the presence of fencing. The
habitat management variables are non-specific in relation to AES status and further demonstrate
that Tir Gofal is not successful in providing additional conservation benefits to water vole.
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However, there is potential scope for Tir Gofal to benefit water vole conservation, if prescription
land was managed to prevent succession to woodland, and was targeted at waterbodies that do not
have shallow-sloping banks.
In addition to farm status and management practices, it is known that water vole occupancy may be
determined by other external factors. Of particular importance is the presence of predation pressure
from American mink, which is known to cause local water vole extinctions and impede water vole
population recovery (Barreto et al. 1998a). It was not possible to survey for and analyse the effect of
mink presence, as reliance on field signs as evidence for presence of mink can be unreliable without
DNA analysis to confirm it (Harrington et al. 2010). Mink are known to be present throughout
Wales and it is likely that mink predation has therefore had some effect on water vole populations; if
so, it appears that water voles on Tir Gofal farms are no less likely to suffer from it. Improvements
to habitat quality have been suggested as a possible means of mitigating the effects of mink
predation (Barreto et al. 1998b). If predation is an issue in Wales, then the results of this monitoring
indicate that habitat on Tir Gofal farms is of insufficiently better quality than on non-AES farms to
reduce its impacts on water vole populations.
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7.4. Water Vole Field-scale Surveys

7.4.1 Introduction
The field scale assessments were designed to determine whether individual management measures
implemented within Tir Gofal yield the anticipated benefits for water voles. This more detailed study
of the species’ use of the landscape shows whether individual prescriptions that the desktop study
demonstrated were potentially beneficial to that species were actually delivering increased use of that
parcel/prescription. The null hypothesis was that there would be no difference.

7.4.2 Methods
Site selection
Tir Gofal farms were randomly selected from the results of queries designed to identify farms with
the chosen test prescriptions, within the key areas, but not on the basis of known presence on the
site. Tir Gofal farms were within 2 km of a recent water vole record. The survey area could not lie
within a SSSI and Tir Cynnal land was avoided. Prescriptions considered for farms to qualify as
suitable were TG11: marshy grassland, and TG38: streamside corridors. These are the only two
prescriptions with sufficient uptake and geographical spread to enable the required number of farms
to be recruited. Paired non-AES farms were then selected that were within 1 km of the chosen Tir
Gofal farms. This is inside the range of a water vole and so the field scale work tested the
preferential use of the landscape by a single population. Twenty-five sites were surveyed in 2010
(Figure 7.9), and twenty sites were surveyed in 2011 (Figure 7.10).
Field surveys
In 2010, two x 500 m stretches (or equivalent length) of habitat was identified on each Tir Gofal
farm, one stretch under a beneficial prescription (TGP), and one stretch on Tir Gofal land but
without any such prescription (TGN). Selected prescriptions were TG11 (marshy grassland) and
TG38 (streamside corridor). On the non-AES farm, one x 500m stretch (or equivalent length) of
marshy grassland habitat was surveyed (non-AES); this habitat would have been considered
mandatory TG11 had the farm entered Tir Gofal.
Records were kept of the adjacent habitat within 50 m of surveyed stretches of linear features, in
accordance with Strachan (1998), as water vole territories are not solely confined to linear habitats
but can extend inland for some distance, encompassing unimproved grassland, reedbed and rhos
pasture. The quality of prescription application is fundamental to delivery for priority species.
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Figure 7.9. Sites surveyed for water voles in 2010 (green circles) and 2011 (blue triangles).
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In 2011, the monitoring programme also tested whether water voles were using marshy grassland
prescription (TG11) away from the water body itself. In each case, 10 x 50 m transects were carried
out, each one starting in a ditch or stream and crossing marshy grassland habitat (TGP). Similar
surveys were conducted on marshy grassland on non-AES farms of a similar type to TG11. At nine
of the twenty sites, surveys were also conducted on non-prescription land on Tir Gofal (TGN); this
was not possible at all sites, as farms containing suitable non-prescription land were rare.
In both 2010 and 2011, surveys were based on the identification of key field signs, these being
latrines, runs, and food piles. Each water vole field sign was counted and the grid reference was
taken. In 2011, similar riparian habitat data to 2010 was collected but, in addition, assessment of the
quality of adjacent marshy grassland was done by the placement of a 1 m² quadrat at 0 m, 25 m and
50 m away from the stream along each of the 10 transect lines. At each quadrat, percentage cover of
bare ground, heavily grazed, grass/sedge/rush tussocks, tall herb species, shrubs/scrub and trees
were recorded using the DAFORN scale. Similarly, sward variation was assessed by recording
percentage cover of vegetation at heights of 0-5 cm, 6-10 cm, 11-15 cm, 16-20 cm and 21 cm+ in
each quadrat, again using the DAFORN scale. Surveys took place between April and August, this
being the optimum time to identify signs of water vole activity, and assessed habitat structure and
food availability. The response variable derived was the count of latrines, which is an indicator of
water vole abundance. In 2011, these were categorised as being near (within 1 m) and far (1-50 m)
from the waterbody.
Quadrat data
The DAFORN scores were transferred to numerical values from D = 6 to N = 1, then the scores
for all 10 quadrats at 0 m (near), 25 m (medium) and 50 m (far) were averaged for each category
(TGP, TGN, non-AES). These scores were then multiplied by the rating allocated for each feature
(dependent on its relative value for water voles) e.g. bare ground = -1, tall herbs = +3 (Appendix
7.4). These scores were then combined to provide a total score for each category (TGP, TGN, nonAES) at each distance from waterbody.
Data analysis
The count of latrines was modelled against a number of explanatory variables (Appendix 7.5) using
GLMMs fitted with a poisson error distribution and log link function. Site and farm (nested within
site) were included as random terms. An individual-level variable was fitted as an additional random
term to account for overdispersion in the response variable.
Field scale year one (2010)
Model 7.11 Count of latrines and AES status
The count of latrines was modelled against AES status (TGP, TGN and non-AES). Further models
were subsequently run to attempt to separate the effects of individual Tir Gofal prescriptions, but as
they showed no significant effects, the models and results are not presented.
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Model 7.12 Count of latrines and habitat and management
The number of latrines recorded along each waterway was modelled against habitat explanatory
variables listed in Appendix 7, Table 7.15. Continuous explanatory variables were standardised
before analysis using the function Xstandardised = [ (X – mean of X) / (standard deviation of X) ]
in order to improve model convergence. The cover of bankside (submerged/emergent/bankside
herb) vegetation from Appendix 7, Table 7.15 was fitted as a quadratic term including single and
squared terms together, as water voles were thought to prefer intermediate cover of this vegetation
type.
Model selection was based on AIC values with a correction for small sample sizes (AICc). Model
terms were removed if their singular removal resulted in a reduction in AICc (and therefore an
improvement in model fit) compared with the full model, after which all possible combinations of
remaining terms were run to identify the most favoured model. Model averaging was conducted for
terms included in top models: those within 2 ΔAICc units of the most favoured model (that with the
lowest AICc). Weighted average parameter estimates and unconditional standard errors were
calculated from models within 10 ΔAICc units of the most favoured model (models differing by
>10 ΔAICc units were assumed to have essentially no empirical support), using AICc weights
normalised across this subset of models. Parameter importance weights (iw) were calculated from the
complete set of models tested, with terms with iw of < 0.50 considered of relatively low importance.
Field scale year two (2011)
For all sites (total = 20 sites, 40 farms), both a waterbody on a non-AES farm and a waterbody on a
Tir Gofal farm with prescription TG11 (TGP) were surveyed. Comparisons between non-AES and
TGP can therefore be made across all 20 sites. Due to the smaller subset of TG farms with suitable
non-prescription land (TGN), contrasts between non-AES, TGP and TGN can only be made from
9 sites.
The dataset was therefore split into two groups for analysis:


All sites, using only data from non-AES and prescription (TGP) waterbodies (20 sites;
Model 7.13)



Only sites with all three field status types (9 sites; Model 7.14)

Model 7.13: TGP and non-AES farms, including water vole usage near and far from the waterbodies
A model was fitted using all sites (non-AES and TGP data only), where the response variable was
the number of latrines and the random effect was farm pair. The fixed effect tested was a 4-level
categorical variables formed from the combination of distance (2 categories: near and far) and status
(2 categories: non-AES and TGP). Categories of the fixed effect were therefore non-AES(Near),
non-AES(Far), TGP(Near) and TGP(Far).
Model 7.14: Non-AES, TGP and TGN farms, including water vole usage near and far from the
waterbodies
Data were used to fit models to compare water vole data from non-AES, TGP and TGN
waterbodies, including an assessment of their habitat near and far from that waterbody. The
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response variable was the number of latrines and the random effect was farm nested within farm
pair (as data from TGP and TGN waterbodies within each farm pair were not independent, both
being on the same Tir Gofal farm). The fixed effect tested was again 4-level categorical variable
formed from the combination of distance (2 categories: near and far) and status (3 categories: nonAES, TGP and TGN). Due to the lack of latrines recorded far from TGN waterbodies, including
this category meant that the model would not converge (a result of zero-marginality issues). The
category TGN(Far) was therefore removed from analysis. Categories of the fixed effect tested were
therefore non-AES(Near), non-AES(Far), TGN(Near), TGP(Near) and TGP(Far).

7.4.3 Results
Field scale year one (2010)
The summary statistics for the first year of field-scale surveys are shown in Table 7.8.
Table 7.8. Summary of 2010 field-scale surveys for water voles
Farms

Water voles present

Latrines Droppings

Feeding signs Burrows

TGP

25

15

266

151

178

161

TGN

25

9

138

62

44

81

Non-AES

25

14

207

107

83

156

Model 7.11 Count of latrines and AES status
There was no significant difference in water vole abundance between waterways on non-AES farms,
waterways on Tir Gofal farms with no adjacent prescriptions (TGN) (t = -1.02, p=0.32), or
waterways on Tir Gofal farms with adjacent prescriptions (TGP) (t=0.762, p=0.45; Figure 7.10,
Appendix 7.2). Water vole abundance was slightly higher along TGP waterways, but not significantly
so.
Model 7.12 Count of latrines and habitat and management
For the examination of habitat variables, two top models were selected, the most favoured
containing the terms coding for the cover of submerged/emergent/bankside herb vegetation and
for the width of riparian vegetation, the second best model containing these terms plus the term
coding for the day of survey (Appendix 7.2). All three terms were upheld with relatively high
importance weights (iw bankside vegetation = 0.99, iw width of riparian vegetation = 0.99, iw of
survey day = 0.55). No other explanatory variables were upheld in the top models, including the
term for the presence/absence of prescription TG11.
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Figure 7.10. Estimated mean water vole (WV) abundance (no. of latrines) (backtransformed means ±SE) on non-AES, Tir Gofal prescription (TGP) and Tir Gofal nonprescription (TGN) land (Model 7.11)

Predicted values calculated from weighted model average estimates indicate that water vole
abundance decreased slightly as survey day increased (i.e. decreased during the breeding/survey
season), increased with increasing cover of submerged/emergent/bankside herb vegetation, and
increased with increasing width of the riparian vegetation band (Appendix 7.2).
No evidence of water voles was found when waterway flow rates were recorded as fast (indicating
that water voles prefer slow-flowing streams), and water vole signs were only ever present when the
waterway banks were steep (>45° or vertical), although steep banks were only absent in 2 locations.
Field scale year two (2011)
The summary statistics for the second year of field-scale water vole survey (2011) are shown in
Table 7.9 the summarised DAFORN quadrat scores are shown in Table 7.10, and the number of
latrines recorded near and far from waterbodies are shown in Table 7.11.
Model 7.13: TGP and non-AES farms, including water vole usage near and far from the waterbodies
There were no significant differences in the number of water vole latrines near and far from the
waterbody between waterbodies of different Tir Gofal status (TGP vs non-AES) (p = 0.265). In
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terms of adjacent habitat use, there were significantly more latrines recorded near to waterbodies in
non-AES and TGP waterbodies (Figure 7.12). This indicates that water voles universally use habitat
<1 m away from the waterbody edge much more than they use habitat further than 1 m away
regardless of adjacent land use. However there was no significant difference in the number of
latrines found near to non-AES and TGP waterbodies or far from non-AES and TGP waterbodies
(Figure 7.11; Appendix 7.2). This indicates that water voles do not use habitat adjacent to
waterbodies on TGP farms more than they use habitat adjacent to waterbodies on non-AES farms.

Table 7.9. Summary statistics for 2011 field-scale surveys for water voles
Farms

Water voles present Latrines

Droppings

Feeding signs

Burrows

TGP

20

15

57

25

20

43

TGN

9

4

12

8

3

12

Non-AES

20

13

42

21

31

42

Table 7.10. Summary statistics DAFORN quadrat scores recorded in 2011 field-scale surveys
Corrected average
score (near)

Corrected average score
(medium)

Corrected average score
(far)

TGP

19.86

20.02

19.92

TGN

17.44

14.47

14.91

Non-AES

20.36

19.92

19.86

Table 7.11. Number of water vole latrines recorded near and far from the waterbody on Tir
Gofal farms with prescription TG11 adjacent to the waterbody (TGP), Tir Gofal farms with
no adjacent prescriptions (TGN) and non-AES farms with adjacent marshy grassland
similar to prescription TG11.
Distance from waterbody
Waterbody Status

Near (0-1m)

Far (> 1m)

Total

TGP

48

9

57

TGN

12

0

12

Non-AES

39

3

42

Total

99

12

111
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Figure 7.11. Model estimated mean number of latrines (back-transformed means ±SE) near
(< 1 m away) and far (> 1 m away) from waterbodies in marshy grassland on non-AES TGP
land (Model 7.13).
Letters above each bar indicate significant differences.

Model 7.14: Non-AES, TGP and TGN farms, including water vole usage near and far from the
waterbodies
There was no significant difference in the number of latrines near to non-AES, TGP and TGN
waterbodies (Figure 7.13; Appendix 7.2), indicating that water voles do not use TGP waterbodies
more than non-AES or TGN waterbodies. No latrines were ever found >1m away from
waterbodies with no adjacent prescription land on Tir Gofal farms (TGN), and latrines were only
ever found >5 m away from waterbodies on Tir Gofal waterbodies with adjacent TG11 prescription
land.
With regard to use of adjacent habitat, Figure 7.13 demonstrates that there were significantly more
latrines recorded near to non-AES waterbodies than far from non-AES waterbodies. Fewer latrines
were also recorded far from TGP waterbodies than near TGP waterbodies, although this difference
was not significant. There was no significant difference in the number of latrines found near to
waterbodies or far from waterbodies between non-AES and TGP farms.
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Figure 7.12. Model estimated mean number of latrines (back-transformed means ± SE) near
and far from waterbodies in marshy grassland on non-AES farms (non-AES), TG11 on Tir
Gofal farms (TGP) and non-prescription land on Tir Gofal farms (TGN) (Model 7.14).
No latrines were recorded far from waterbodies adjacent to non-prescription land.
Letters above each bar indicate significant differences, with bars with different letters being significantly different from
one another at the 95% level.

7.4.4 Discussion
The results of the field scale studies undertaken in 2010 demonstrate that there was no significant
difference in water vole presence or abundance between waterbodies on non-AES farms,
waterbodies on Tir Gofal farms with no adjacent favourable prescriptions (TGN), or waterbodies
on Tir Gofal farms with adjacent prescriptions TG11 (marshy grassland) or TG38 (streamside
corridors) (TGP).
However, habitat characteristics recorded that were directly related to the waterbody itself (including
cover of submerged, emergent and bankside vegetation) were upheld as being of importance with
regard to water vole abundance, at a farm scale (independent of the adjacent prescriptions). Water
vole abundance was also shown to increase with the width of the riparian corridor, again
independent of adjacent prescriptions. These results concur with the known ecological requirements
of the species and suggest that certain environmental and habitat characteristics of the waterbody
itself may play a greater role in determining overall water vole abundance than adjacent land
management.
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It might have been expected that water voles would perform considerably worse on TGN land than
on TGP or non-AES, since land was chosen on non-AES farms because it would have been
considered eligible for TG11 had the farm entered Tir Gofal. By comparison, land in the TGN
category would by definition be less good quality, as land in suitable habitat condition would have
been entered into prescription TG11. However, water voles signs were not significantly less
abundant under these circumstances. This could also be explained by the fact that the dominant
influences on water vole presence/abundance are features directly related to the water course rather
than adjacent management. In addition however, it is possible that TGN may still include nonhabitat land management that may still be contributing positively to water vole ecology in some
other way (for example adjacent improved land that has had a period without grazing may still offer
an additional resource for water voles despite being non-prescription).
The second year of field scale studies (2011) was designed to test whether water voles were using
marshy grassland prescription land (TG11) away from the waterbody. These data also revealed there
was no significant difference in water vole abundance between waterbodies with different adjacent
field status.
The results of these surveys indicate that water voles do not increase their use of marshy grassland
habitat adjacent to waterbodies when the habitat is under Tir Gofal management, preferring still to
inhabit the first 1 m of habitat from the waterbody. The fact that water voles do not use TG11
marshy grassland adjacent to waterbodies on Tir Gofal farms more than they use marshy grassland
without Tir Gofal management might suggest that it is the presence of this habitat that makes a
positive contribution rather than the manner in which it is managed. The fact that unlike for the
TGP and non-AES marshy grasslands, no latrines were ever found >1m away from waterbodies
with no marshy grassland of any kind adjacent (TGN) supports this interpretation. This is also
reflected in the fact that the DAFORN scores were consistently lower for water vole habitat quality
in the TGN category than in TGP or in non-AES.
These results not only demonstrate that water voles do not make extensive use of adjacent marshy
grassland, but that the lack of difference in the number of latrines near to non-AES, TGP and TGN
waterbodies also indicates that waterbodies with any adjacent marshy grassland are not significantly
better for water voles than waterbodies with no adjacent marshy grassland. As well as the over-riding
importance of the features of the waterbody itself, one potentially confounding explanation for this
result is that the field surveys revealed a wide degree of variation in the quality of TG11-eligible
marshy grassland habitat (i.e. in habitat quality on both Tir Gofal and non-AES farms). Within both
TGP and non-AES areas the quality of marshy grassland ranged from relatively intensively grazed
rush pasture (unsuitable for water voles) to unmanaged bogs and fens approaching SSSI quality
(much higher quality habitat for water voles). In other words, the effect of the wide range of habitat
quality permitted in marshy grassland entered as TG11 could be greater than any improvement made
possible by TG11 management (at least within the timeframe of a Tir Gofal agreement) and that this
variation may play a greater role in influencing water voles.
The potential role of mink predation on determining presence and absence of water voles within
suitable habitat is also an issue, as for the farm-scale surveys. The state of water vole populations
generally may play a part in the numbers of signs seen in this monitoring programme: at higher
population densities, they might use the adjacent marshy grassland to a much greater degree.
Therefore, if other causes of water vole population declines can be addressed, positive management
of marshy grassland and the presence of high quality marshy grassland adjacent to waterbodies may
still be valuable for the future conservation of water voles.
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7.5. Terrestrial Mammals: general summary
This study has shown that for terrestrial mammals, field data broadly support the findings of Morris
et al (2008) that brown hares would benefit from Tir Gofal and that water voles would not. Various
studies have suggested that in the UK, the potential to increase brown hare numbers by appropriate
management is much greater in pastoral landscapes such as are found in Wales, than in the arable
areas which are much more typical of eastern England (Cowan 2004; Smith et al. 2004). Similarly
Hutchings and Harris (1996) reported that there was no positive influence on the abundance of
hares resulting from the presence of grassland in arable farms, but the introduction of arable to
grassland farms might well be beneficial. However in general, studies of the impacts of AES on
hares have not been particularly positive (Tapper 2001; Kleijn and Sutherland 2003; Reid et al. 2007)
even though most studies point to changes in farming as the primary driver of declines in hare
populations (Edwards et al. 2000). Some more recent research has begun to show positive impacts
of AES on brown hares (Zellweger-Fischer et al. 2011; MacDonald et al. 2012b) but results reported
here of the impacts of Tir Gofal make a significant contribution to the body of evidence from field
research showing that AES can in fact have a positive impact on brown hare populations.
In contrast, this study found that there was no effect of AES status at a farm scale on populations of
water voles. Unlike hares, evidence from England is that habitat enhancement schemes on
agricultural land can and do positively influence water vole populations (Critchley et al. 1999;
Strachan et al. 2003). However, Morris et al (2008) had already shown that within Tir Gofal there
was a failure to target prescriptions likely to benefit water voles to the right locations to affect their
conservation. The loss of water vole habitat as a result of agricultural intensification has been well
documented (Barreto et al. 1998a; Rushton et al. 2000) and has been more specifically attributed to
the drainage of wetland habitats and the conversion of semi and un-improved grasslands to ryegrass
swards, particularly where there is heavy grazing (Jefferies 2003). However the current study
suggested that water voles were less affected in Wales by the management of these adjacent habitats
than the condition of the water course itself, or factors un-related to AES status such as mink
predation.
For terrestrial mammals as a whole the results suggest that Tir Gofal is mixed in its impacts and that
positive influences tend to be the result of the wider scheme benefits such as encouraging new land
management practices and landscape diversification at a farm scale, rather than by specific or
targeted prescription application.
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8. Conclusions
Results from the monitoring programme were highly variable across taxa, though some general
themes are apparent. First, for the majority of taxa examined, there was no difference in the
response variables between AES and non-AES farms or prescriptions. Those groups that did show
differences (notably yellowhammers, arable plants, and brown hares at the farm-scale), are those for
which arable land is particularly important. Benefits of Tir Gofal were much less apparent in other
habitats, such as grassland. Management resulting from Tir Gofal agreements on arable land tends to
be more distinct from standard agricultural practice (e.g. fallow margins compared with
conventionally-grown crops, and winter stubbles compared with winter-sown cereals), whereas
differences in other habitats may be more subtle, requiring changes in grazing pressure or
maintenance of habitat in certain conditions. It may be that benefits occur for taxa only in habitats
with greatest AES intervention (arable etc), but not those found in habitats with less intervention
(e.g. permanent grassland). It is also the case that the needs of those taxa are expressly provided for
in the prescriptions: fallow margins are in place to enhance the arable plant community, and options
such as wild bird cover are intended to provide winter food for granivorous birds. This is not
universally the case: grassland managed specifically for lapwings appears not to have increased
hatching success. Nevertheless, if maintaining and enhancing species abundance is an aim of Tir
Gofal, then greater emphasis on the needs of those species may be appropriate. Prescriptions that
were expected to provide improved habitat for target species, such as grassland habitats for
butterflies, are not managed explicitly for those species, but to improve the quality of that habitat.
This is a reasonable aim for an agri-environment scheme, but if one of the desired outcomes is to
increase the populations of particular species, then management associated with prescriptions may
need to be more clearly defined in certain circumstances. For example, sheep grazing of marshy
grassland is known to have a negative effect on the food plant of marsh fritillary, devil’s bit scabious,
but while there are restrictions grazing this prescription, there is no specific exclusion or restriction
on sheep grazing. Such an exclusion may not be desirable or practical for this prescription for other
reasons, but it may be necessary to consider it at sites where marsh fritillary is a priority.
There were clear indications from monitoring surveys that the quality of habitat under prescriptions
was variable. This was the case for some optional prescriptions, where farms may have differed in
their implementation of management, but was perhaps more pronounced on mandatory
prescriptions, which were based on habitat classifications. In some cases, classifications appear to
have varied widely, or else habitat has altered over time since classification. This could mean that the
ability of prescriptions that were expected to provide benefits, such as streamside corridors (TG38)
for water voles, will have varied according to the habitat that was entered into the prescription.
Despite this, there were some indications, even where the species themselves did not respond to
AES status, that Tir Gofal farms held better quality habitat than non-AES farms; for example, for
brown hairstreak and marsh fritillary. This may be important for species to persist in the landscape,
even if populations were not higher on Tir Gofal farms. This is particularly important for species
whose populations show large natural annual variation or persists as metapopulations. It also
provides opportunities for species to increase in range and/or abundance in future, even though
differences were not measured in this monitoring programme.
In other cases, there seems to have been little difference in relevant habitat between Tir Gofal and
non-AES farms. This appears to have been the case for all the bat species surveyed in southern
Wales, although the encounter rates of target species were relatively high throughout the study area
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with relatively good quality habitat on many Tir Gofal and non-AES farms. Scale of habitat
enhancement may be a factor in this case, since mobile species such as bats, are more likely to
respond to changes if these occur at farm and landscape scales. Using current knowledge to tailor
habitat provision at both scales (e.g. increased connectivity between prime habitat fragments such as
broadleaved woodland patches), and target delivery where it will be most effective, (including the
protection of existing sites) would improve the success of agri-environment schemes in delivering
for such species.
Some species responses may also be constrained by factors currently not addressed or that have
proven difficult to address via agri-environment schemes. The latter includes issues such as
predation, which is known to be an issue for ground-nesting waders and for water voles. Controlling
populations of generalist predators may not be a reasonable aim of agri-environment schemes,
although provision of high quality habitat is likely to mitigate predation pressure. It may also be that
the ecology of some groups, such as grassland fungi and arable bryophytes, is relatively poorly
understood, so that tailoring prescriptions to these groups is less straight forward, especially if their
distribution is also not well known.
Where differences have been observed between Tir Gofal and non-AES fields/farms, it has been
difficult to ascribe benefits to agri-environment management with absolute certainty. There may
have been some bias in the farms that chose to go into Tir Gofal, such that they were likely to hold
greater initial populations of the surveyed species. Without baseline data, or re-survey of the sites
after a given time period, it is not possible to know whether population trends differ between Tir
Gofal and non-AES farms. Establishing the counterfactual is an important consideration in any
monitoring programme, and the approach that has been taken was robust: conventionally-managed
farms and fields were surveyed that were as similar as possible to Tir Gofal farms apart from entry
into the scheme, and these were taken as controls. The issue of observed changes over time is also
related to the temporal scale of expected impacts of Tir Gofal. The earliest farms entered Tir Gofal
in 1999, and many have been in for much less time than that. It is possible that improvements to
habitat may not yet be apparent. This was noticeable for species for which hedgerow establishment
and restoration was expected to be beneficial, as many of the hedges in this prescription are still very
young, and unlikely at this stage to provide suitable resources. Species such as bats tend to respond
to established and mature features, and over time, these could prove to be a valuable resource
provided by Tir Gofal. Similarly, improvement of the biodiversity value of grassland habitats can
take many years, so that benefits may accrue in future years.
There have been great advantages to preceding the field monitoring programme with a desk review
of the expected benefits of Tir Gofal prescriptions. It has allowed hypotheses to be suggested and
tested, and provided a framework for site selection. The monitoring programme has also
demonstrated situations where the expected benefits of a prescription have not matched the
observed benefits on the ground. This may be because implementation of the prescription has not
always provided habitat of the desired quality, or it may also be because the expected benefits of a
prescription have been over-estimated, even when they have been based on knowledge of the
ecology of that species. Nevertheless, the use of the desk review has allowed objective predictions to
be made about the performance of Tir Gofal, which have then been tested by dedicated field work.
One interpretation of the preponderance of equivalent results in this monitoring programme is that
similar biodiversity results could have been delivered in the absence of payment for agrienvironment management. However, an alternative view that could be taken is that these represent
success of agri-environment schemes in maintaining species’ abundances relative to land outside
schemes. This is particularly relevant where monitoring was based on prescriptions defined by
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habitat (rather than optional prescriptions), where the presence of agri-environment agreements may
have prevented the deterioration or destruction of this habitat. Even if the former attitude is taken,
the limited benefits demonstrated by this monitoring programme should not be interpreted as a
failure of agri-environment schemes per se. There is evidence from elsewhere in the UK that schemes
and prescriptions that are well targeted and well implemented can lead to increases in populations.
This includes taxa for which benefits were not recorded by the current monitoring programme, such
as marsh fritillary and small pearl-bordered fritillary (Brereton et al. 2005a), black grouse (Calladine
et al. 2002), and water vole (MacPherson and Bright 2009). Combined with the positive results that
were recorded in this monitoring programme, this indicates that AES continue to have the potential
to benefit species in Wales. These results also emphasise the importance of monitoring programmes,
to allow the government to establish what elements of AES are delivering for target species, and to
discern where improvements may be made.
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