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Abstract

Determining the extent of land-use change that can be tolerated by wildlife communi-
ties is crucial for effective conservation management. Recent landscape-scale studies
have found increasing evidence for critical threshold levels of forest cover, after which
the existing communities of plants and animals are negatively impacted. This is partic-
ularly true when plantation forests replace native vegetation. We used large datasets
(Irish Bird Atlas and Forest Inventory) and a novel method, Latent Dirichlet Alloca-
tion, to model changes in bird community composition along the existing forest cover
gradient in Ireland and evaluated the degree of spatial overlap between birds of conser-
vation concern and areas of recent afforestation. We found that as we approach 35%
forest cover in the landscape one community of birds replaces another as the dominant
community. The highest levels of recent afforestation overlapped with areas of high
numbers of birds of conservation concern. This means that habitat change is occurring
in the areas with highest bird diversity. This finding has policy implications for the
design of land-use policies, such as those on afforestation and forest expansion. It can
be used to ensure plantation forests are planted in the right place to minimise impact
on biodiversity values; that is, practitioners need to consider the level of forest already
present in an area as well as the level of biodiversity in the area when selecting areas

for afforestation.

Introduction

The diversity of birds present in an area is shaped by a range of
human activities, but the effect of land-use changes such as
through forest cover levels, is arguably one of the most influential
(Fuller 2012). While the effects of deforestation are well under-
stood and established, the effects of forest creation or afforesta-
tion on biodiversity have not received the same level of attention,
apart from a few exceptions such as reforestation in abandoned
farmland in Eastern Europe (Taff ez al., 2009) and the Conserva-
tion Reserve Programme in the US (Riffell, Scognamillo & Bur-
ger, 1993). Bucking the trend of a global decline in forest cover,
the area of plantation forests is increasing by about 3 million hec-
tares annually and now cover c. 290 million ha (about 3.5% of
total forest cover worldwide) (FAO 2015). The specific impacts
of plantation forests on biodiversity have been the focus of con-
siderable research effort (Brockerhoff et al., 2008; Bremer & Far-
ley, 2010; Pawson et al., 2005), and there is a growing body of
evidence to show that the distribution of species and the composi-
tion of communities can be altered dramatically by afforestation
(Fahrig, 2013; Dirzo et al., 2014).

The concept of ecological thresholds has been subject of
considerable recent research (e.g. Andersen et al., 2009; Mura-
dian 2010; Kelly et al., 2015; Ratajczak et al., 2012). Thresh-
old effects arise when ‘small changes in an environmental
driver produce large responses in the ecosystem’ (Groffman
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et al., 2006). There have been many well-documented exam-
ples of ecological thresholds, such as clear lakes turning turbid
(e.g. Tatrai er al., 2014). Recent landscape—scale studies have
found increasing evidence for critical threshold levels of forest
cover; below these levels of forest cover the responses of spe-
cies and communities to forest cover changes dramatically
(Radford et al., 2018; Betts et al., 2007; Swift & Hannon,
2009; Maron et al., 2012). However, the applicability of
thresholds in relation to species loss at landscape scales has
been much debated; for example, Lindenmayer er al. (2005)
suggest that community-level responses to thresholds are unli-
kely because of differences between species, whereas Radford
et al. (2018) found strong threshold responses in species rich-
ness of birds in remnant woodland habitats.

Estimates of how much suitable habitat in the surrounding
landscape is required for the persistence of individual species
are notoriously difficult to calculate and can range widely from
20 to 75% (e.g. Margules & Nicholls, 1988; Soule & San-
jayan, 2010; Saetersdal et al., 2000; Miller et al., 2001). There
are many contributing factors to biodiversity loss but habitat
destruction due to land-use change is the predominant driver
(Purvis et al., 2005; Sala, 1988; Jantz et al., 2015). Many spe-
cies, populations or communities do not disappear immediately
following landscape or habitat change: in grasslands, for exam-
ple, plant species may remain for at least 70 years postchange
(Helm et al., 2006; Cousins, 2009; Plue & Cousins, 2000).
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The magnitude of habitat loss may also play a part in deter-
mining whether a time lag occurs, with a threshold suggested
at around 10% remaining habitat, after which biodiversity loss
becomes synchronised with the reduced habitat cover (Cousins,
2009).

Determining the extent to which increases in forest cover
can be tolerated by open habitat bird communities is critical
for conservation management of open habitat species. A study
looking at afforestation on agricultural land in three States in
North America, found that while the planting of new forest
leads to a gain in populations of forest birds, farmland bird
populations decrease, and at 10% forest cover there were net
losses of bird densities (Matthews et al., 2004). Research in
Irish lowland farmland landscapes has shown that total forest
cover of 30% at a scale of 2000 ha has no negative effect on
bird diversity (Pithon et al., 2013). However, at the time this
study was conducted, it was not possible to investigate effects
on bird communities at forest threshold levels above 30%.
Changes in forest cover have been shown to affect individual
species, for example, hen harrier (Circus cyaneus) (Wilson
et al., 1997). Ireland has undergone a period of significant
afforestation with a rise in total forest cover from 1.2% to
11% between 1928 and 2017 (DAFM, 2018) and with recent
afforestation, total forest cover in some areas is now as high
as 64% (within areas of 100 km?). Thus, the identification of a
critical level, should it exist, is of considerable interest to con-
servation managers.

The location and intensity of future land-use change is
important because certain regions are home to a disproportion-
ately high number of endemic species or species of high con-
servation concern. The net effect of plantation forests on
biodiversity is dependent on a range of factors including the
nature of the plantation forest and of the preceding habitat
(Graham et al., 2014). The establishment of plantation forests
that replace native vegetation typically causes biodiversity
losses locally, while plantations established on former agricul-
tural, or otherwise degraded land, may provide significant
opportunities for biodiversity conservation (Carnus et al.,
2006; Loyn et al., 2007; Brockerhoff et al., 2008; Pawson
et al., 2013) and deliver important ecosystem services (Winjum
& Schroeder, 1997).

The aim of this study was to examine the relationship
between current bird diversity and patterns of recent afforesta-
tion in Ireland. We focus on changes at the community level
and use a clustering method to model changes in community
composition along the existing forest cover gradient. We then
investigate the extent to which the locations of recent afforesta-
tion overlap with the distribution of birds of conservation con-
cern.

Materials and methods

Study area

Ireland is undergoing one of the highest rates of afforestation
in Europe at present, with further expansion predicted. Forests
currently cover 11% of Ireland, making it one of the least
forested countries in Europe (DAFM, 2018). However, the
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government’s aim is to increase forest cover to 18% by 2046,
conditional on land and funding availability (DAFM, 2015).
Until the early 1980s, the Irish state, with support from the
EU, was responsible for almost all annual forest planting in
Ireland, which was dominated by nonnative coniferous species
on publicly owned peatland areas (Kearney, 2001). Nonnative
conifers make up 70% of the Irish forest estate (DAFM,
2018).

Data

We used data from the most recent Bird Atlas for Britain and
Ireland, which ran from November 2007 to July 2011 (Balmer
et al., 2013). An extensive network of volunteers surveyed bird
communities during both winter and summer to collect the
atlas data. The Irish National Grid formed the basis for select-
ing the sampling units in Ireland and full details of the survey
methods and coverage are presented in Balmer er al., (2013).
Two field methods were used (Balmer et al., 2013). The ‘Rov-
ing Records’ method gathered details on presence or absence
of each bird species within 10 km x 10 km squares, and the
‘Timed Tetrad Visit” (TTV) method was used to provide an
estimate of the relative abundance of species within
2 km x 2 km squares and both are used in our analyses. The
TTV survey method is a fixed effort survey requiring the
observer to devote 2 h (1 h visit in early spring and another in
late spring) to surveying a minimum of eight tetrads
(2 km x 2 km squares) within their allocated 10-km square
and to focus their survey effort within the major habitats pre-
sent in that tetrad. By amalgamating the lists from eight sur-
veyed tetrads, a species list for the 10-km square is produced
based on a known field effort (see Figure S1 for more infor-
mation on sampling effort). The Forest Inventory and Planning
System (FIPS) was used to determine the distribution of forests
between 2008 and 2012 (Forest Service, 1999). Both the forest
and bird datasets were managed using ArcGIS—-ArcMap® 10.2
and the per cent cover of forest was determined for the same
10 km x 10 km atlas squares and 2 km x 2 km atlas squares
for which bird distribution and abundance data were available.
A total of 80 breeding bird species were included in the analy-
sis (Table 1).

Modelling community composition

We used a clustering method to model changes in community
composition along the existing forest cover gradient in Ireland.
We analysed distribution and abundance data (2 km x 2 km)
for 80 breeding bird species with the multivariate model
‘Latent Dirichlet Allocation’ (LDA). We used the R code pro-
vided in the supplemental materials of Valle et al. (2008) as a
basis for the analysis, carrying out the analysis with the ‘topic-
models’ package, v3.3 (Hornik & Griin 2011). The aim was to
identify the distinct biological communities in this species-rich
dataset. The advantage of LDA over other available multivari-
ate approaches is that it can represent both gradual and abrupt
transitions, whereas traditional clustering methods are better at
representing abrupt transitions (Vale er al., 2008). An impor-
tant consideration in the LDA model construction is the
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Table 1 List of all breeding species that were included in analyses

|. Corkery et al.

Species & habitat group

Latin name

Species & habitat group

Latin name

Blackbird (W)

Blackcap (F, W)

Blue Tit (F, W)

Bullfinch (F, W)
Buzzard (F, B, U, W)
Chaffinch (F, W)
Chiffchaff (F, W)
Chough (F, U)

Coal Tit (F, W)

Collared dove (F)
Common crossbill (W)
Common sandpiper (F, B, U)
Coot (F)

Cuckoo (F, B, U)
Curlew (F, B, U)

Dipper (U)

Dunlin (B, U)

Dunnock (F, W)
Goldcrest (W)
Goldfinch (F, B)
Grasshopper warbler (F, B, U)
Great crested grebe (F)
Great tit (F, W)
Greenfinch (F, B, W)
Grey heron (F, U)

Grey wagtail (F)

Hen harrier (F, B, U, W)
Hooded crow (F, B, U, W)
House martin (F)
House sparrow (F)
Jackdaw (F, B, U, W)
Jay (W)

Kestrel (F, B, U)
Kingfisher (F)

Lapwing (F, B)

Linnet (F, W)

Little egret (F)

Little grebe (F)
Long-tailed tit (F, W)
Magpie (F, B, U, W)

Turdus merula

Sylvia atricapilla
Cyanistes caeruleus
Pyrrhula pyrrhula
Buteo buteo

Fringilla coelebs
Phylloscopus collybita
Pyrrhocorax pyrrhocorax
Parus ater
Streptopelia decaocto
Loxia curvirostra
Actitis hypoleucos
Fulica atra

Cuculus canorus
Numenius arquata
Cinclus cinclus
Calidris alpina
Prunella modularis
Regulus regulus
Carduelis carduelis
Locustella naevia
Podiceps cristatus
Parus major
Carduelis chloris
Ardea cinerea
Motacilla cinerea
Circus cyaneus
Corvus cornix
Delichon urbicum
Passer domesticus
Corvus monedula
Garrulus glandarius
Falco tinnunculus
Alcedo atthis
Vanellus vanellus
Carduelis cannabina
Egretta garzetta
Tachybaptus ruficollis
Aegithalos caudatus
Pica pica

Mallard (F, B)

Meadow pipit (F, B, U, W)
Merlin (U, B, W)

Mistle thrush (F, W)
Moorhen (F, B, U)
Peregrine (F, B, U)
Pheasant (F, U, W)
Pied wagtail (F)

Raven (F, B, U, W)
Red grouse (U, B)
Redpoll (F, W)

Reed bunting (F, B, U)
Robin (F, W)

Rock dove (F)

Rock pipit

Rook (F, B, U)

Sand martin (F)

Sedge warbler (F, B, U)
Siskin (W)

Skylark (F, B, U)

Snipe (F, B, U)

Song thrush (F, W)
Sparrowhawk (F, W)
Spotted flycatcher (F, W)
Starling (F, W)

Stock dove (F)
Stonechat (F, B, U)
Swallow (F, B, U)
Swift (F, U)

Teal (F, B)

Tree sparrow (F)
Treecreeper (W)

Tufted duck (F)

Water rail (F)
Wheatear (U)
Whitethroat (U, W)
Willow warbler (F, B, U)
Woodpigeon (F, W)
Wren (F, B, U, W)
Yellowhammer (F)

Anas platyrhynchos
Anthus pratensis

Falco columbarius
Turdus viscivoru
Gallinula chloropus
Falco peregrinus
Phasianus colchicus
Motacilla alba

Corvus corax

Lagopus lagopus scoticus
Carduelis flammea cabaret
Emberiza schoeniclus
Erithacus rubecula
Columba livia

Anthus petrosus
Corvus frugilegus
Riparia riparia
Acrocephalus schoenobaenus
Carduelis spinus
Alauda arvensis
Gallinago gallinago
Turdus philomelos
Accipiter nisus
Musciapa striata
Sturnus vulgaris
Columba oenas
Saxicola torquata
Hirundo rustica

Apus apus

Anas crecca

Passer montanus
Certhia familiaris
Aythya fuligula

Rallus aquaticus
Oenanthe oenanthe
Sylvia communis
Phylloscopus trochilus
Columba palumbus
Troglodytes troglodytes
Emberiza citrinella

B, Raised bog birds; F, lowland farmland birds; U, upland birds; W, woodland/scrub birds.

number of component communities inputted. Similar to most
clustering methods (Jain, 2009) the number of component
communities must be specified a priori. We decided this by
fitting multiple LDA models and varying the number of com-
ponent communities from 2 to 10; and chose the best model
based on Akaike Information Criterion (AIC).

Each 2 x 2 km square was categorised by the amount of
forest it contained. We pooled all the data to provide one
abundance record at each forest cover level (the highest count
for each species) so that the data for our analysis consisted of
a synthesised table of counts for each species for each level
of forest cover. This amounted to 101 sampling units (0 to
100% forest cover) and 80 species. We manually checked a
subset of the data to ensure that there was not a bias in the
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distribution of forest cover. For example, for the lowest forest
cover sampling units (1-11) the highest abundance of meadow
pipit occurs in seven different 10 km x 10 km atlas squares
distributed right around the country and in the highest forest
cover sampling units (91-101) the highest abundance in the
seven meadow pipit occupied squares were distributed
throughout the country in five separate 10 km x 10 km
squares.

We then fitted the dataset with LDA, the outputs of which
reveal the components or species within each community and
the relative abundances of the species within those communi-
ties (Vale et al., 2008). The model then estimates the relative
abundance of the predetermined component communities for
each level of forest cover (101 sampling units; 0 to 100%
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forest cover) and the results are a visual interpretation or graph
of this shift in community dynamics.

Recent afforestation and species distribution
overlap

The distributions of all species listed as Red and Amber on
the Birds of Conservation Concern in Ireland (Colhoun &
Cummins, 2013) and all Annex 1 species that breed in Ireland
were mapped. Suitable data for a total of 44 species were
available and were recorded as presence data in the 868
10 km x 10 km Bird Atlas squares that comprise the Republic
of Ireland (using Irish Transverse Mercator (ITM) coordinates).
We evaluated the degree of spatial overlap or co-occurrence
between each of the 44 species and the level of recent (2008—
2012) afforestation over all atlas squares with a simple tabula-
tion; the % of occupied squares in which recent planting has
occurred.

The levels of both existing (pre-2008) forest cover and
recent afforestation within the atlas squares were scored from
0 (zero planting) up to 5 (highest planting). The groupings
were determined in ArcGIS using Jenks (Jenks 1977) optimal—
break classification algorithm, which is a statistical method
used to identify natural breaks in the data.

Maps were produced to visually assess the distribution pat-
terns of species with occurrence of afforestation. Species were
grouped together on the basis of their habitat associations as
defined within the Group Species Action Plans-national plans
detailing habitats that encompass threatened species and the
associated necessary conservation plans (BirdWatch Ireland
2011). Only species groups that utilise habitats likely to be
affected by afforestation were selected; lowland farmland,
upland, raised bog and woodland/scrub. We tested whether the
overlap between bird distributions and recent afforestation dif-
fered among the habitat associated groups with the use of
Kruskal-Wallis tests and used Spearman’s rank correlation
tests to assess whether the number of species present in a
10 km x 10 km square was correlated to recent afforestation
levels.

Results

Based on AIC we found the optimal number of component
bird communities to be two (Table 2). The first component
community (CC1) was dominated by passerines with the top
three species, chaffinch, wren and willow warbler equally
abundant (each comprising 7% of the total community) and
making up 21% of the community. Rooks were the dominant
species in the second component community (CC2), and
together with starling and jackdaw made up 35% of the com-
munity. In the absence of any forest cover, community 2 was
dominant but steadily decreased in dominance as forest cover
increased (Fig. 1). At 35% forest cover both communities are
equally abundant in the landscape but at higher forest cover
levels community 1 steadily increased in abundance and after
90% forest cover community 2 was no longer present
(although individual members of the community may still be
present).
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Table 2 Output of LDA model with the ten most abundant
characteristic species for each component community

Community 1 Community 2

Chaffinch (0.07) Rook (0.16)

Wren (0.07) Starling (0.11)
Willow warbler (0.07) Jackdaw (0.08)

Robin (0.06) Wood pigeon (0.08)
Blackbird (0.05) Sand martin (0.06)
Coal tit (0.05) Swallow (0.05)
Swallow (0.04) House sparrow (0.04)
Goldcrest (0.04) House martin (0.04)
Wood pigeon (0.04) Mallard (0.03)
Meadow pipit (0.03) Linnet (0.03)

The total proportion of individuals that each species contributes to
each community is in brackets.

Community 2 is dominant where there is little or no forest cover.
Community 1 becomes dominant with increasing forest cover.
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Figure 1 Relative abundance of each bird-community component
along a gradient of increasing forest cover. The two black lines (loess
smoother added) represent the two-component communities (see
Table 2) and the grey dashed lines represent 95% confidence
intervals. Afforestation index starts at zero and increases to 100%
forest cover within a 2 x 2 km squares.

Between 2008 and 2012 an additional 38 610 ha of new
forest was planted, increasing total forest area nationally by
5.5% up to 731 652 ha. New forests were planted in 72%
(n = 672) of the 10 km x 10 km squares throughout Ireland,
with 12% of squares (n = 102/868) being planted with more
than 105 ha (>1% of the square), that is, the top two quantiles
of planting intensity during this period (Fig. 2). The overlap of
recent afforestation with the distributions of the 44-bird species
of conservation concern ranged from 6% of the occupied atlas
squares experiencing recent afforestation in the case of twite
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Figure 2 Total recent afforestation area (ha) in the Republic of Ireland, 2008-2012. The levels of both existing (pre-2008) forest cover and recent
afforestation within the atlas squares were scored from O (zero planting) up to 5 (highest planting). The groupings were determined in ArcGIS

using Jenks (Jenks 1977) optimal-break classification algorithm.

(Linaria flavirostris), to 94% in the case of both hen harrier
(Circus cyaneus) and quail (Coturnix coturnix). For 26 bird
species of conservation concern, at least 80% of their distribu-
tion (i.e. occupied 10 km x 10 km squares) had been impacted
by recent afforestation (Table 3), with very high levels of
afforestation (score 4 or 5;> 105ha) overlapping with 10% of
the distribution of 13 species. There was no overlap between
the distributions of five bird species; twite, golden plover (Plu-
vialis apricaria), ring ouzel (Turdus torquatus), red Kite (Mil-
vus milvus) and dunlin (Calidris alpine) and the areas of
highest recent afforestation. The greatest overlap with the areas
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of highest planting was recorded for the hen harrier (17% of
10 km x 10 km squares), barn owl (Tyfo alba) and curlew
(Numenius arquata) (14% of 10 km x 10 km squares).

The amount of overlap with recent afforestation differed sig-
nificantly among the habitat associated groups (Kruskal-Wallis
chi-square = 16.13, d.f. =3, P-value < 0.01). For example,
higher proportions of woodland/scrub birds (0.73) and lowland
farmland (0.57) birds had high overlap (more than 80% of
their distribution) with recent afforestation, compared with
upland (0.19) and raised bog (0.27) birds. Species richness in
10 km x 10 km squares was positively related to the level of

Journal of Zoology 310 (2020) 306-314 © 2020 The Zoological Society of London
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Table 3 The overlap between the distribution of 44 bird species of

conservation concern (atlas squares occupied) and recent
afforestation (2008-2012)
% occupied

No. of % occupied  squares

occupied  squares planted Habitat
Species squares planted > 105 ha group
BamOwl 249 93 14  F
Chough 167 46 4 F, U
Common 163 61 3

Sandpiper

Corncrake 43 51 2 F

Dunlin 19 47 0 U
Golden Plover 27 33 0 F, U
Great Spotted 27 85 7 W

Woodpecker

House Sparrow 825 81 10

Kestrel 768 81 10 F

Lapwing 206 75 8 F, B
Linnet 804 80 10 F, W
Meadow Pipit 831 78 10 F, U, B W
Merlin 110 U, B, W

Peregrine 330 71 6 U

Qual 18 9% 11 F
Red Grouse 70 70 6 U, B

Red Kite 12 83 0 F, W
Redshank 68 72 13 F, B

Reed Warbler 25 92 8

Ring Ouzel 12 42 0 U

Robin 841 80 10 F, W

Sand Martin 682 83 10

Skylark 737 76 10 F, U B

Starling 842 80 10 F
Stock Dove 252 91 10 F, W
Stonechat 655 76 10 F, U B
Swallow 855 79 10 F

Tree Sparrow 141 81 4 F
Twite 18 6 0 F, U
Wheatear 332 58 5 U
Whinchat 34 79 6 F, U
Wood Warbler 10 90 0 W

Yellowhammer 309 88

~
-

Grey box highlights species with >80% of their occupied squares
recently planted and more than 10% of their occupied squares planted
with >105 ha (highest planting level between 2008 and 2012).

B, Raised bog birds; F, lowland farmland birds; U, upland birds; W,
woodland/scrub birds.
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recent afforestation for lowland farmland birds (ry(866) = 0.2,
P <0.01) and for woodland/scrub birds (r,(866) = 0.37,
P <0.01), but negatively related to the level of recent
afforestation for upland birds (r((866) = —0.22, P < 0.01),
with no statistically significant relation between level of
afforestation and species richness of raised bog birds
(r(866) = —0.02, P = 0.57).

Discussion

We demonstrate that along the existing forest cover gradient in
Ireland a switch in community composition happens when for-
est cover approaches 35% of the land area. At approximately
10% forest cover community 2 (dominant species include
rooks, starling and jackdaw) represents about 75% of the birds
present at a site. At approximately 60% forest cover commu-
nity 1 (dominated by passerines including chaffinch, wren and
willow warbler) is 80% dominant and at 90% forest cover
community 2 is completely absent. Our results do not support
a threshold response but rather a gradual replacement of one
community with another. Previous research suggested that total
forest cover of up to 30% at a scale of 2000 ha has no nega-
tive effect on bird diversity in typical Irish lowland farmland
landscapes (Pithon et al., 2013), whereas we show that by add-
ing just 5% more forest cover into the landscape we reach a
landscape composition at which one community replaces
another as the dominant community.

The composition of bird species within communities can
change without systematic declines in species diversity (Dor-
nelas er al., 2014). However, our knowledge on how alter-
ations in species composition in a community lead to changes
in the ecological functions performed is still limited. Specialist
birds are thought to be more adversely affected by anthro-
pogenic disturbances when compared to more generalist spe-
cies (Clavel et al., 2011). However, recent research has shown
that within Europe the more common birds are generally
declining faster than less abundant species and that this may
be a significant issue as declines in these species can have
much greater impact in terms of ecosystem function and ser-
vices which they provide (Inger et al., 2014). In our study, as
forest cover increases beyond 35% of the landscape the avian
communities are less likely to include species such as rook,
starling, jackdaw, swallow or house sparrow. Exactly how
these changes in community composition will affect ecological
functioning is unknown. Currently, rooks, starlings, jackdaws
and swallows are amongst the most abundant species recorded
in Ireland (Crowe et al., 2011). House sparrows are a species
of conservation concern that have recently increased in num-
bers in Ireland, in contrast to declines throughout the UK and
Europe (Crowe et al., 2011). A limitation of this model is that
it does not take into account imperfect detection, that is, vari-
able detectability of species. However, the data suggest this
may not be such an issue, for example, coal tits (Periparus
ater) are a species considered to have relatively low detectabil-
ity (Graham et al., 2014) but the two highest max counts for
this species are in tetrads of 53% and 86% forest cover. This
is counter to the expected results if variable detectability was a
major issue. Nevertheless, this uncertainty should be accounted
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for when performing more formal statistical tests. Thus, our
results have uncovered clear spatial patterns in the distribution
of bird communities along a forest cover gradient but follow
up analyses that account for the multiple factors that influence
distribution should confirm whether forest cover is driving the
shifts we have detected.

The highest levels of recent afforestation overlapped with
areas where the highest species richness for lowland farmland
birds and for woodland/scrub birds was observed. This is at
the centre of the conservation issue: areas prioritised for
afforestation have coincided with regions where the highest
species richness of threatened birds occurs. While our results
show correlation and not causation, that is, we cannot infer
that species with high overlap with recently afforested areas
are at risk because of this land-use change, this does warrant
further study as independent lines of evidence suggest that
many open habitat bird species may be disadvantaged by
afforestation. This and the effect of pre-2008 planting will be
explored further in a follow-up paper. The 44 species of con-
servation concern identified in this study represents 35% (44/
127) of all threatened bird species in Ireland (Colhoun &
Cummins, 2013). These species may be particularly vulnerable
to any future land cover changes. For example, the breeding
range of the curlew has contracted by more than 70% in the
last 21 years and during the 2008-2012 period afforestation
has occurred over 84% of their range (10 km x 10 km
squares). Declines of curlew in the UK have been linked with
land-use changes in the uplands (principally afforestation), with
predation by foxes Vulpes vulpes the most likely mechanism
for the observed effect (Douglas et al., 2013).

In Ireland, ecological sustainability is an important compo-
nent of forest policy (DAFF 2010). However, currently, most
planting is carried out by private landowners whereas in the
past planting was largely undertaken by State bodies. It is
likely that future planting areas will be relatively small, scat-
tered blocks of forest on mostly marginal land or open habitats
(Pithon er al., 2013). This scenario potentially carries the great-
est risk for open habitat birds due to the greater fragmentation
of open habitats. Although afforestation in Ireland is con-
trolled, many areas of biodiversity importance receive no for-
mal protection or designated status. Forest expansion relies on
applications by landowners and thus cannot be ‘directed’ into
preselected areas. For example, most seminatural grasslands in
Ireland lack formal nature conservation designations that pre-
clude afforestation (Buscardo et al., 2008) and not all vulnera-
ble species are limited to Natura 2000 (protected) sites.

There is also an increasing potential for land-use management
to increase the resilience of avian populations to climate change
(Vos et al., 2012; Lawton et al., 2010). Thus, there is a demand
for knowledge on the impacts of future climate change on species
and ecological function, but this information is of little use in the
absence of supporting data on the impacts of land-use change.
We may see bird species exhibiting range-shifts contrary to those
expected in response to climate change because of their use of
human-modified aspects of the landscape (Hockey er al., 2011).
The next step would be to compare the relative importance of
increasing afforestation and climate change in driving future pop-
ulation change of these species and to also explore the potential

312

|. Corkery et al.

for afforestation to moderate likely future population declines
resulting from climate change. Models such as the ones used in
the current study, could be used to guide future management, par-
ticularly if they can incorporate dispersal information (Renwick
et al., 2008).

Conclusions

Our findings that the composition of bird communities changes
along a forest cover gradient and that there is a high degree of
spatial overlap between the distribution of species of concern
with areas that have high rates of recent afforestation, raises
the issue of afforestation as a threat to bird species in Ireland.
These findings indicate that habitat conversion to forestry may
be an important driver of change in bird communities. The
ability to assess whether species assemblages are expanding or
contracting in dominance is essential for managing and fore-
casting plantation forest locations and associated conservation
issues. Considerable challenges to obtain quantitative predic-
tions for the resultant effects of forest expansion on species
and ecosystems remain, but we have increasingly sophisticated
sets of data and tools for understanding and managing this
change. Studies such as this are vital to tease out correlative
relationships into ecological predictions and to link expected
effects of forest cover change to both communities and indi-
vidual species. Finding the best locations for future planting in
terms of bird conservation requires detailed research into the
level of land-use change tolerated by individual species and
communities in conjunction with other threats.

Acknowledgements

Bird Atlas 2007-2011 is a joint project of the British Trust for
Ornithology, BirdWatch Ireland and the Scottish Ornitholo-
gists’ Club. We thank all of the dedicated observers who have
taken part in these surveys, which provided the data on which
these analyses are based. We would also like to thank Brian
Caffrey (BWI) for extracting and making available the atlas
data. Thank you to the surveyors who assisted in the field
research, Chris Benson, Brian Caffrey, Colin Gallagher, Tony
Kenneally, Christopher Meehan, Tony Nagle, Michael O’Clery,
Barry O’Mahony and Pat Smiddy. We thank the Forest Service
for providing the planting data. This work was part of a larger
study (ADAPT: Avian Diversity and Afforestation Planning
Tools) funded by the Department of Agriculture, Food and the
Marine. We are very grateful for comments provided by Dr
Jim Radford and one anonymous reviewer which greatly
improved the final manuscript.

References

Andersen, T., Carstensen, J., Hernandez-Garcia, E. & Duarte,
C.M. (2009). Ecological thresholds and regime shifts:
approaches to identification. Trends Ecol. Evol. 24, 49-57.

Balmer, D., Gillings, B., Caffrey, B., Swann, B., Downie, 1. &
Fuller, R. (2013) Bird Atlas 2007—-11. The Breeding and
Wintering Birds of Britain and Ireland. Thetford: British Trust
for Ornithology.

Journal of Zoology 310 (2020) 306-314 © 2020 The Zoological Society of London



|. Corkery et al.

Betts, M.G., Forbes, G.J. & Diamond, A.W. (2007). Thresholds
in songbird occurrence in relation to landscape structure.
Conserv. Biol. 21, 1046—-1058.

BirdWatch Ireland (2011). BirdWatch Ireland's Group Species
Action Plans for Irish Birds: Prioritisation of actions, species
priorities and implementation. BirdWatch Ireland, Kilcoole,
Co., Wicklow.

Bremer, L.L. & Farley, K.A. (2010). Does plantation forestry
restore biodiversity or create green deserts? A synthesis of the
effects of land-use transitions on plant species richness.
Biodivers. Conserv. 19, 3893-915.

Brockerhoff, E.G., Jactel, H., Parrotta, J.A., Quine, C.P. &
Sayer, J. (2008). Plantation forests and biodiversity: oxymoron
or opportunity? Biodivers. Conserv. 17, 925-951.

Buscardo, E., Smith, G.F., Kelly, D.L., Freitas, H., Iremonger,
S., Mitchell, F.J.G.,0'Donoghue, S. & McKee, A.-M. (2008).
The early effects of afforestation on biodiversity of grasslands
in Ireland. Biodivers. Conserv. 17, 1057-1072.

Carnus, J.M., Parrotta, J., Brockerhoff, E., Arbez, M., Jactel, H.,
Kremer, A., Walters, B. (2006). Planted forests and
biodiversity. J. Forest. 104, 65-77.

Clavel, J., Julliard, R. & Devictor, V. (2011). Worldwide decline
of specialist species: toward a global functional
homogenization? Front. Ecol. Environ. 9, 222-228.

Colhoun, K. & Cummins, S. (2013). Birds of Conservation
Concern in Ireland 2014-2019. Irish Birds 9, 523-44.

Cousins, S.A.O. (2009). Extinction debt in fragmented
grasslands: Paid or not? J. Veg. Sci. 20, 3-7.

Crowe, O., Coombes, R.H., Lauder, A., Lysaght, L., O'Brien,
C., O'Halloran, J., O'Sullivan, O., Tierney, T.D. & Walsh,
AJ. (Eds). (2011). Countryside Bird Survey Report 1998—
2010. Wicklow: BirdWatch Ireland.

DAFF (2010) Food Harvest 2020. A vision for Irish agri-food
and fisheries. Dublin: Department of Agriculture Fisheries and
Food.

DAFM. (2015). Statement of Strategy 2015-17. DAFM.

DAFM. (2018). Forest Statistics Ireland 2018.

Dirzo, R., Young, H.S., Galetti, M., Ceballos, G., Isaac, N.J. &
Collen, B. (2014). Defaunation in the Anthropocene. Science
345, 401-406.

Dornelas, M., Gotelli, N.J., McGill, B., Shimadzu, H., Moyes,
F., Sievers, C. & Magurran, A.E. (2014). Assemblage time
series reveal biodiversity change but not systematic loss.
Science 344, 296-299.

Douglas, D.J.T., Bellamy, P.E., Stephen, L.S., Pearce-Higgins,
J.W., Wilson, J.D. & Grant, M. (2013). Upland land use
predicts population decline in a globally near—threatened
wader. J. Appl. Ecol. 51, 194-203.

Fahrig, L. (2013). Rethinking patch size and isolation effects:
the habitat amount hypothesis. J. Biogeogr. 40, 1649-1663.

FAO (2015) Global Forest Resources Assessment 2015.
Auvailable at: http://www.fao.org/forestry/fra2005/en/

Forest Service. (1999). Forest inventory and planning system
forest service. Department of Marine and Natural Resources,
Wexford.

Journal of Zoology 310 (2020) 306-314 © 2020 The Zoological Society of London

Bird community composition and forest cover

Fuller, R.J. (2012). Birds and habitat: relationships in changing
landscapes. Cambridge: University Press.

Graham, C.T., Wilson, M.W., Gittings, T., Kelly, T.C., Irwin,
S., Sweeney, O.F.M. & O'Halloran, J. (2014). Factors
affecting the bird diversity of planted and semi-natural oak
forests in Ireland. Bird Study 61, 309-320.

Groffman, P.M., Baron, J.S., Blett, T., Gold, A.J., Goodman, I.,
Gunderson, L.H., Levinson, B.M., Palmer, M.A., Paerl, HW.,
Peterson, G.D., Poff, N.L., Rejeski, D.W., Reynolds, J.F.,
Turner, M.G., Weathers, K.C. & Wiens, J. (2006). Ecological
thresholds: the key to successful environmental management
or an important concept with no practical application?
Ecosystems 9, 1-13.

Helm, A., Hanski, I. & Partel, M. (2006). Slow response of
plant species richness to habitat loss and fragmentation. Ecol.
Lett. 9, 72-77.

Hockey, P.A.R., Sirami, C., Ridley, A.R., Midgley, G.F. &
Babiker, H.A. (2011). Interrogating recent range changes in
South African birds: confounding signals from land use and
climate change present a challenge for attribution. Divers.
Distrib. 17, 254-261.

Hornik, K. & Griin, B. (2011). topicmodels: An R package for
fitting topic models. J. Stat. Softw. 40, 1-20.

Inger, R., Gregory, R., Duffy, J.P., Stott, L., Voiisek, P. &
Gaston, K.J. (2014). Common European birds are declining
rapidly while less abundant species' numbers are rising. Ecol.
Lett. 18, 28-36.

Jain, A.K. (2009). Data clustering: 50 years beyond K-means.
Pattern Recogn. Lett. 31, 651-666.

Jantz, S.M., Barker, B., Brooks, T.M., Chini, L.P., Huang, Q.,
Moore, R.M., Noel, J. & Hurtt, G.C. (2015). Future habitat
loss and extinctions driven by land-use change in biodiversity
hotspots under four scenarios of climate-change mitigation.
Conserv. Biol. 29, 1122-1131.

Kearney, B.& National Council for Forest Research and
Development (COFORD), Dublin (Ireland). (2001). A review
of relevant studies concerning farm forestry trends and
farmers' attitudes to forestry. COFORD, Dublin. Production:
Magner Communications, 3.

Kelly, R.P., Erickson, A.L., Mease, L.A., Battista, W., Kittinger,
J.N. & Fujita, R. (2015). Embracing thresholds for better
environmental management. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 370, 20130276.

Lawton, J.H, Brotherton, P.N.M., Brown, V.K., Elphick, C.,
Fitter, A.H., Forshaw, J., Haddow, R., Hilborne, S., Leafe,
R., Mace, G., & Southgate, M. (2010). Making space for
nature: a review of England’s wildlife sites and ecological
network. London: Department for Food, Agriculture and
Rural Affairs.

Lindenmayer, D.B., Fischer, J. & Cunningham, R.B. (2005).
Native vegetation cover thresholds associated with species
responses. Biol. Cons. 124, 311-316.

Loyn, R.H., McNabb, E.G., Macak, P. & Noble, P. (2007).
Eucalypt plantations as habitat for birds on previously cleared
farmland in south-eastern Australia. Biol. Cons. 137, 533-548.

313


http://www.fao.org/forestry/fra2005/en/

Bird community composition and forest cover

Margules, C.R. & Nicholls, A.O. (1988). Selecting networks of
reserves to maximise biological diversity. Biol. Conserv. 43,
63-76.

Maron, M., Bowen, M., Fuller, R.A., Smith, G.C., Eyre, T.J.,
Mathieson, M., Watson, J.E. & McAlpine, C.A. (2012).
Spurious thresholds in the relationship between species
richness and vegetation cover. Glob. Ecol. Biogeogr. 21, 682—
692.

Matthews, S., O'Connor, R. & Plantinga, A.J. (2002).
Quantifying the impacts on biodiversity of policies for carbon
sequestration in forests. Ecol. Econ. 40, 71-87.

Miller, J.R., Turner, M.G., Smithwick, E.A., Dent, C.L. &
Stanley, E.H. (2004). Spatial extrapolation: the science of
predicting ecological patterns and processes. Bioscience 54,
310-320.

Muradian, R. (2001). Ecological thresholds: a survey. Ecol.
Econ. 38, 7-24.

Pawson, S.M., Ecroyd, C.E., Seaton, R., Shaw, W.B. &
Brockerhoff, E.G. (2010). New Zealand's exotic plantation
forests as habitats for threatened indigenous species. New
Zeal. J. Ecol. 34, 342-355.

Pawson, S.M., Brin, A., Brockerhoff, E.G., Lamb, D., Payn,
T.W., Paquette, A. & Parrotta, J.A. (2013). Plantation forests,
climate change and biodiversity. Biodivers. Conserv. 22,
1203-1227.

Pithon, J.A., Moles, R. & O'Halloran, J. (2005). The influence
of coniferous afforestation on lowland farmland bird
communities in Ireland: Different seasons and landscape
contexts. Landscape Urban Plan. 71, 91-103.

Plue, J. & Cousins, S.A. (2013). Temporal dispersal in
fragmented landscapes. Biol. Cons. 160, 250-262.

Purvis, A., Jones, K.E. & Mace, G.M. (2000). Extinction.
BioEssays 22, 1123-1133.

Radford, J.Q., Bennett, A.F. & Cheers, G.J. (2005). Landscape-
level thresholds of habitat cover for woodland-dependent
birds. Biol. Cons. 124, 317-337.

Ratajczak, Z., Carpenter, S.R., Ives, A.R., Kucharik, C.J.,
Ramiadantsoa, T., Stegner, M.A., Williams, J.W., Zhang, J. &
Turner, M.G. (2018). Abrupt change in ecological systems:
inference and diagnosis. Trends Ecol. Evol. 33, 513-526.

Renwick, A.R., Massimino, D., Newson, S.E., Chamberlain,
D.E., Pearce-Higgins, J.W. & Johnston, A. (2012). Modelling
changes in species' abundance in response to projected climate
change. Divers. Distrib. 18, 121-132.

Riffell, S., Scognamillo, D. & Burger, L.W. (2008). Effects of
the Conservation Reserve Program on northern bobwhite and
grassland birds. Environ. Monit. Assess. 146, 309-323.

314

|. Corkery et al.

Saetersdal, M., Line, J.M. & Birks, H.J.B. (1993). How to
maximize biological diversity in nature reserve selection:
vascular plants and breeding birds in deciduous woodlands,
Western Norway. Biol. Conserv. 66, 131-138.

Sala, O.E. (2000). Global biodiversity scenarios for the Year
2100. Science 287, 1770-1774.

Soule, M.LE. & Sanjayan, M.A. (1988). Conservation targets: do
they help? Science 279, 2060-2061.

Swift, T.L. & Hannon, S.J. (2010). Critical thresholds associated
with habitat loss: a review of the concepts, evidence, and
applications. Biol. Rev. 85, 35-53.

Taff, G.N., Miiller, D., Kuemmerle, T., Ozdeneral, E. & Walsh,
S.J. (2009). Reforestation in Central and Eastern Europe after
the breakdown of socialism. In Reforesting landscapes: 121—
147. Dordrecht: Springer.

Tatrai, I., Boros, G., Gyorgy, A.L, Matyas, K., Korponai, J.,
Pomogyi, P., Havasi, M. & Kucserka, T. (2009). Abrupt shift
from clear to turbid state in a shallow eutrophic,
biomanipulated lake. Hydrobiologia 620, 149.

Valle, D., Baiser, B., Woodall, C.W. & Chazdon, R. (2014).
Decomposing biodiversity data using the Latent Dirichlet
Allocation model, a probabilistic multivariate statistical
method. Ecol. Letr. 17, 1591-1601.

Vos, C.C., Berry, P., Opdam, P., Baveco, H., Nijhof, B.,
O'Hanley, J., Bell, C. & Kuipers, H. (2008). Adapting
landscapes to climate change: examples of climate-proof
ecosystem networks and priority adaptation zones. J. Appl.
Ecol. 45, 1722-1731.

Wilson, M.W., O'Donoghue, B., O'Mahony, B., Cullen, C.,
O'Donoghue, T., Oliver, G., Ryan, B., Troake, P., Irwin, S.,
Kelly, T.C. & Rotella, J.J. (2012). Mismatches between
breeding success and habitat preferences in Hen Harriers
Circus cyaneus breeding in forested landscapes. The Ibis 154,
578-589.

Winjum, J.K. & Schroeder, P.E. (1997). Forest plantations of the
world: their extent, ecological attributes, and carbon storage.
Agric. For. Meteorol. 84, 153—167.

Supporting Information

Additional Supporting Information may be found in the online
version of this article:

Figure S1. The percentage of the total tetrads (2 km x 2 km
squares) surveyed within each county (n = 28) in the Republic
of Ireland.

Journal of Zoology 310 (2020) 306-314 © 2020 The Zoological Society of London



