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Capsule Early stages of the plantation forest cycle have distinct bird communities and bird density was
significantly higher in the second rotation than in the first for a given age class.
Aims To characterize the bird communities in Irish second-rotation plantations and to compare them with
those of first-rotation plantations.
Methods Point counts were used to survey 20 plantation forests in four age classes (Pre-thicket; Thicket;
Mid-rotation; and Mature) in the breeding season of 2007. DISTANCE software was used to generate bird
densities. Ordination, indicator species analysis, and GLM were used to analyse the bird communities.
Results Bird communities of Pre-thicket and, to a lesser extent, Thicket age classes were distinct from
those of more mature forests. Bird communities of Mid-rotation and Mature age classes were
indistinguishable from each other and were therefore combined into a single age class (Closed canopy).
Pre-thicket held significantly lower total bird density, but significantly higher migrant bird density, than this
Closed canopy age class. Bird density was significantly higher in the second rotation in all age classes
except for Pre-thicket, but migrant density was significantly higher in Pre-thicket in the second rotation.
There was no difference in species richness between the first and second rotation.
Conclusions Differences between rotations are probably due to changes in vegetation structure, and the
increase in second-rotation forests in Ireland is likely to be a positive development for bird communities.
Especially encouraging is the higher migrant bird density in second-rotation Pre-thicket, as some of these
species are in decline throughout Europe. However, the largest differences in population density between
rotations were exhibited by common species and such species will likely benefit most from future increases
in the area of second-rotation plantation forests.

Questions remain about the contribution of plantation
forests to biodiversity, particularly in second-rotation
forests, which have received little attention. Bird
communities are an important component of forest ecosystems (Sekercioglu 2006), influencing seed dispersal
(Gómez 2003, Martinez et al. 2008), pollination (Cronk
& Ojeda 2008, Mortensen et al. 2008) and exerting topdown control over insect communities (Skoczylas et al.
2007, Gunnarsson et al. 2009). Plantations in temperate
regions may be as valuable a habitat for birds as agricultural land (Christian et al. 1998, O’Halloran et al. 1998)
and can even compare favourably with natural forest
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habitats (Maicas & Fernandez Haeger 2004, Santos et al.
2006).
Following the end of the last ice-age, tree colonization resulted in extensive broadleaved tree cover in
Ireland. This was gradually reduced, largely through
the actions of humans from the Bronze Age through
to the present day, to the current 1% of land area
(Mitchell 1995, Cross 1998). However, Ireland has
experienced some of the highest rates of commercial
afforestation in Europe in recent years (Food and
Agriculture Organisation of the United Nations
2007), and such forests now cover approximately 10%
of the land area. The proportion of plantation forest,
as compared with that of native forest, is extremely
high in a European context and greater even than in
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Britain (Forest Europe 2007). Almost 75% of plantations are composed of non-native conifers, with Sitka
Spruce Picea sitchensis, accounting for over 50% of the
forest area (Forest Service 2007). Although afforestation is ongoing (Forest Service 2007), many stands
are reaching commercial maturity (approximately
35–50 years) and will soon be harvested. As there is a
legal requirement in Ireland to restock felled areas
(Forest Service 2000), these sites will be subsequently
replanted and second-rotation forests will eventually
come to characterize the forest estate. Ireland, therefore, provides an ideal opportunity to investigate the
bird communities of second-rotation plantation
forests.
Bird communities in first-rotation plantations change
across the forest cycle. Species typical of open habitats,
including many migrants, are present in young stands
and are replaced by more generalist and forest-adapted
species as forests mature (Humphrey et al. 2003, Wilson
et al. 2006). Globally, non-native plantations can support populations of some important bird species
(Brockerhoff et al. 2008), and this is true of Irish plantations (Wilson et al. 2009). Few studies have explicitly
investigated bird communities in second-rotation plantations (Bibby et al. 1985, Patterson et al. 1995), and
such information is important to inform management
decisions as second-rotation plantations will inevitably
increase world-wide, potentially influencing bird
communities.
In this paper, we investigate the bird communities of
second-rotation plantation forests in four different age
classes in terms of species richness, total bird density
and migrant bird density. This study has three key
aims:
1.
2.
3.

To characterize the bird community of four age
classes in second-rotation plantation forests.
To explore vegetation structure as a possible
explanation for any observed differences.
To compare the bird communities in four age
classes between first- and second-rotation plantation forests.

METHODS
Study sites

arcgis (ESRI ArcMap V3.2 & 9.2) was used to identify second-rotation plantations of Pre-thicket (5
years), Thicket (8–15 years), Mid-rotation (20–30
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years) and commercially mature, referred to hereafter as Mature (30–50 years) age classes. A forestry
database was provided by Coillte Teoranta, the Irish
semi-state forestry body. A total of 20 plantations
were surveyed, comprising five forests from each age
class. A clustered approach was used where four sites
(one from each age class) were located in close proximity to minimize the potential influence of abiotic
and climatic variation. It should be noted that this
project is a continuation of earlier work that studied
the biodiversity of first-rotation plantations
(Iremonger et al. 2006). Therefore, second-rotation
plantations were selected that resembled, as closely
as possible, the previous land-use of first-rotation
plantations. This was so that any differences that
were observed between rotations were not confounded by large variations in site productivity.
Clusters were located to ensure a representative geographical spread across the country (Fig. 1). Sitka
Spruce was the primary plantation tree (>90%) in
all sites. All fieldwork was undertaken during the
breeding season of 2007.
Point counts

Birds were surveyed using point counts (Bibby et al.
2000). Six point counts were located in each forest
and were randomly placed a minimum of 100 m apart
in edge and interior habitat. Points were located in
the field using a global positioning system (Garmin
GPS76). Counts were conducted on days without
strong wind (less than Beaufort scale 4) or persistent
rain. Each point was surveyed twice: once early in
the breeding season (April–May) and once later
(May–June). This study was carried out as part of a
large-scale project on the biodiversity of plantation
forests and, because time was limiting, it was necessary to survey forests in both the morning and afternoon. Therefore, one of the visits was carried out
between 08:00 and 11:00 hours, and the other
between 14:00 and 17:00 hours. Each point received
both a morning and an afternoon count. This
approach has been used before and may help to
reduce any diurnal bias owing to particular species
being more or less active at a particular time of day
(Wilson et al. 2006). Point counts lasted for 10
minutes, during which time all birds seen and heard
within 50 m of the observer were recorded and their
distances from the observer noted. Bird distances
were usually estimated, but a Bushnell range finder
was used where possible.
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Figure 1. Distribution of study clusters throughout Ireland. S, Pre-thicket; {, Thicket;

, Mid-rotation; 䉫, Mature.
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Bird communities

Bird communities were characterized in terms of community composition, species richness and total population density (expressed as number per hectare). Species
richness was calculated as the cumulative number of
species recorded at each site between the two visits.
Owing to their significance from a conservation
perspective, and their importance to the breeding bird
fauna of temperate regions, migrant species were
analysed both as a component of total bird density and
separately. Six migrant species were recorded in this
study: Blackcap Sylvia atricapilla, Common Chiffchaff
Phylloscopus collybita, Common Cuckoo Cuculus canorus, Common Grasshopper Warbler Locustella naevia,
Common Whitethroat Sylvia communis, and Willow
Warbler Phylloscopus trochilus.
Individuals that were detected in flight were excluded
from analysis, along with individuals of the Corvidae
(with the exception of Eurasian Jay Garrulus glandarius),
Hirundinidae and Motacillidae as their presence cannot
be assumed to indicate a breeding association with
forests.
Vegetation recording at the point count scale

Vegetation variables were estimated visually in a 30-m
radius from each point and expressed as percentage
cover. These variables included canopy cover and
height, cover and height of the understorey (a vegetation layer taller than the shrub layer but beneath the
canopy), shrub cover (woody vegetation under 2 m),
field cover (non-woody vegetation under 2 m in
height), ground cover (mosses and liverworts) and needle litter cover. For each of these variables, the mean
value across both visits was calculated for each point.
The value for each site was calculated as the mean percentage cover from all point counts.
Density estimation and data analysis

distance (Thomas et al. 2006) was used to derive
species densities from field observations. Both the
identity of a species (Alldredge et al. 2007) and the
habitat in which it is observed (Schieck 1997) may
affect the detectability of birds. Ideally, each species–
habitat combination should therefore be analysed
using a separate detection function, but we did not
have enough bird observations for each species to
achieve this. Each species was therefore assigned to
one of four species detection groups (Table 1), which
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depended on the method of detection, the distribution of detections in five 10-m distance bands and
knowledge of the species’ ecology. Therefore, species
in the same detection group were judged to have
roughly similar detectability. We analysed Pre-thicket
and Thicket separately as these age classes differed
considerably in structure from each other and from
more mature age classes, and analysed Mid-rotation
and Mature together as these age classes were similar
in terms of forest structure. aic was used to select
between four models for fitting of the detection function: Uniform + Cosine, Uniform + Polynomial, Half
normal + Hermite and Hazard-rate + Cosine (as recommended by Buckland et al. [2001]). For each site,
the population densities of all species for both the
early and late counts were calculated, and the density
of a species taken as the maximum of these two
values.
A non-parametric Kruskal–Wallis with Dunn’s posthoc test was used to investigate differences in species
richness, total bird density and migrant density among
the different age classes as these data did not meet the
assumptions of parametric statistics. Statistical analyses
were carried out in brodgar (Highland Statistics Ltd.,
Newburgh, UK), spss V12.0.1 (SPSS Inc., Chicago,
IL) or by hand.
Non-metric multidimensional scaling (NMS; see
Endnote a) using species densities was used to compare
the species composition between age classes as it can
deal with non-normal and zero-rich data (McCune &
Grace 2002). The biplot function was used to plot the
vegetation data onto the ordination of species densities
to visualize the environmental gradient between sites.
Indicator species analysis (Dufrene & Legendre 1997)
was used to determine which species characterized each
age class. Indicator values were derived from the relative abundance and relative frequency of the species in
each age class to produce an indicator value. This value
was then tested for statistical significance using a
Monte Carlo test. Only species with an indicator value
of v 40% and with P < 0.05 were considered. Ordination
and indicator species analyses were conducted using
pc-ord (McCune & Mefford 2006).
Rank-abundance curves were used to investigate differences in bird community structure in a particular
forest age class. The slope of a rank-abundance curve is
an indicator of the evenness of a community, shallower
slopes indicating more even communities (Magurran
2004). The slopes of the rank abundance curves in a
particular age class were compared in turn using a
Kolmogorov–Smirnov two-sample test.
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Table 1. Species listed alphabetically according to their common names, their population densities (birds ha−1 ± se) in four first-rotation (data derived from Wilson et al. [2006]) and
second-rotation forest age classes and their rate of natural population change as identified by Coombes et al. (2009). The detection group (DG) to which each species was assigned
is also noted.
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Comparisons between rotations

The findings of this study were compared with those of
a recent study of first-rotation forests in Ireland (Wilson
et al. 2006) to investigate differences in both vegetation and the bird community between rotations.
Mann–Whitney U-tests were used to compare vegetation, while glms assuming a Poisson distribution were
used to compare species richness, total bird density and
migrant density between first- and second-rotation forests. Poisson glm was deemed most suitable as species
richness was count data, and densities were derived
from count data (Zuur et al. 2009). To perform this test,
we used a model with only one explanatory variable,
rotation, and carried out a glm for each combination
of age class and response variable (species richness;
total bird density; and migrant density). In each of
these models, the significance of just one explanatory
variable (rotation) was tested against the null model.
Models were checked for over-dispersion and corrected
if necessary by fitting a quasi-Poisson model. To check
whether any difference between rotations was due to a
natural population increase in the time period (five
years) between the studies, densities were corrected
using annual rates of population increase calculated by
the Countryside Bird Survey (Coombes et al. 2009)
(Table 1), and models run both with the original and
corrected data.

RESULTS
Community structure in second-rotation forests

A total of 51 species was recorded in second-rotation
plantation forests in this study. Of these, 31 species
were used in the analysis. Of the 31 species, 24 were
detected in Pre-thicket, 21 in Thicket, 20 in Midrotation and 17 in Mature forests (Table 1).
NMS ordination explained 96% of the variation in
the species density data in second-rotation forests
with Axis 1 accounting for 89% and Axis 2, 7%. The
ordination identified three main groups of sites: Prethicket separated from the rest of the age classes along
Axis 1 and showed a large amount of inter-site variation across Axis 2. Thicket separated from Pre-thicket
across Axis 1 and, to a lesser extent, across Axis 2.
Thicket also separated from Mid-rotation and Mature
across Axis 1. However, Mid-rotation and Mature did
not separate clearly from each other along either axis
one or two (Fig. 2). These two age classes were therefore combined into a Closed canopy age class for
© 2010 British Trust for Ornithology, Bird Study,
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further analyses. There was no significant difference
between the slopes of the rank-abundance curves in
any of the age classes (Kolmogorov–Smirnov: Prethicket versus Thicket, z = 0.48, P > 0.05; Pre-thicket
versus Closed canopy, z = 1.02, P > 0.05; Thicket versus Closed canopy, z = 0.93, P > 0.05) (Fig 3).
Indicator species for Pre-thicket included Lesser
Redpoll Carduelis cabaret (Indicator value 80%, P <
0.01) and Whitethroat (80%, P < 0.01). Indicators for
Thicket were Chaffinch Fringilla coelebs (62%, P < 0.01);
Coal Tit Periparus ater (41%, P < 0.01); Hedge Accentor
(Dunnock) Prunella modularis, (63%, P < 0.05); Song
Thrush Turdus philomelos (57%, P < 0.05); and European
Robin Erithacus rubecula (50%, P < 0.01), while indicator species for the Closed canopy age class were Coal Tit
P. ater (56%, P < 0.01) and Goldcrest Regulus regulus
(66%, P < 0.01).
Species richness, total bird density and
migrant bird density

There was no significant difference in mean species richness between Pre-thicket, Thicket or Closed canopy (H =
1.28, P > 0.05). Total bird density was significantly different between the age classes (H = 11.17, P < 0.01). Both
Thicket (Q = 2.78, P < 0.05) and Closed canopy (Q =
2.69, P < 0.05) had significantly higher bird density than
Pre-thicket, but there was no significant difference
between Thicket and Closed canopy (Q = 0.52, P > 0.05).
Migrant density also differed significantly between the age
classes (H = 12.88, P < 0.01), being significantly lower in
Closed canopy than in Thicket (Q = 2.53, P < 0.05) and
Pre-thicket (Q = 3.02, P < 0.01). However, there was no
significant difference in migrant density between Thicket
and Pre-thicket (Q = 0.86, P > 0.05) (Table 2).
Comparison with first-rotation forests

Shrub cover in Pre-thicket was significantly higher in
the second rotation than the first (U = 0.0, P < 0.05)
while field cover was significantly higher in the first
rotation than in the second (U = 0.0, P < 0.05). Canopy
cover and height did not differ significantly between
rotations. In Thicket, only field cover differed significantly between rotations, being higher in the first
rotation than the second (U = 0.0, P < 0.05). In Closed
canopy, both canopy cover (U = 16.0, P < 0.05) and
field cover (U = 10.0, P < 0.01) were significantly higher
in the first rotation than in the second (Table 3).
Species richness did not differ significantly between
rotations in any of the three age class (Pre-thicket,
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Figure 2. Non-metric multidimensional scaling biplot of site bird species densities and vegetation components in second-rotation Sitka
spruce plantations. c, Pre-thicket; z, Thicket; , Mid-rotation; , Mature; Axis 1, r2 = 0.89; Axis 2, r2 = 0.070; final stress for 2D solution =
6.961; final instability = 0.00000; species with an indicator value of 40% or more and with a P-value of < 0.05 are displayed; CH,
Chaffinch Fringilla coelebs; CT, Coal Tit Periparus ater; D, Hedge Accentor (Dunnock) Prunella modularis; GC, Goldcrest Regulus regulus; LR,
Lesser Redpoll Carduelis cabaret; R, European Robin Erithacus rubecula; ST, Song Thrush Turdus philomelos; WH, Common Whitethroat
Sylvia communis.

z = −0.063, P > 0.05; Thicket, z = −0.522, P > 005;
Closed canopy z = −0.947, P > 0.05). Total bird density was significantly higher in the second-rotation in
all three age classes (Pre-thicket, t = 2.137, P < 0.01;
Thicket, t = 3.860, P < 0.01; Closed canopy, t = 4.963,
P < 0.01), and migrant bird density was significantly
higher in the second rotation in Pre-thicket (t =
3.394, P < 0.01). There was no significant difference
in migrant density between rotations in the other age
classes (Thicket, z = 0.433, P > 0.05; Closed canopy, z
= −0.217, P > 0.05) (Table 2).
Correcting the data for natural population
increase resulted in a decrease of between 5 and
10% in total bird density in each age class (Fig. 4).

When re-analysed, there was no significant difference in total bird density between rotations in Prethicket (t = 1.88, P = 0.07), but total bird density
remained significantly higher in the second rotation in both Thicket ( t = 3.637, P < 0.01) and
Closed canopy (t = 4.361, P < 0.01). Migrant density remained significantly higher in the second
rotation in Pre-thicket ( t = 3.309, P < 0.01).
The difference in density between rotations in
Thicket and Closed canopy was largely driven by two
abundant species: Coal Tit and Goldcrest (Table 1).
Because of their numbers in the field, density estimates
generated using distance are particularly susceptible
to observer bias for these species. To test whether the
© 2010 British Trust for Ornithology, Bird Study,
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Figure 3. Rank-abundance curves of the bird populations in Pre-thicket (c), Thicket ({) and Closed canopy () second-rotation Sitka Spruce
plantations.
Table 2. Mean species richness, total bird density and migrant bird density (± se) in three age classes in first-rotation (data derived from
Wilson et al. [2006]) and second-rotation forests.
Total bird density (birds ha−1)

Species richness
Age class
Pre-thicket
Thicket
Closed canopy

Migrant bird density (birds ha−1)

First rotation

Second rotation

First rotation

Second rotation

First rotation

Second rotation

12.75 ± 2.17
14.50 ± 1.32
12.75 ± 1.79

12.60 ± 1.21
13.20 ± 1.50
11.20 ± 0.77

15.16 ± 2.67
30.11 ± 4.56
29.05 ± 3.79

26.57 ± 4.98*
61.24 ± 4.84*
56.73 ± 4.62*

1.51 ± 0.14
2.82 ± 0.57
0.43 ± 0.09

7.26 ± 1.93*
4.51 ± 0.67
1.34 ± 0.44

Species richness was calculated as the cumulative number of species recorded at each site between the morning and afternoon visits;
*statistically significant difference between rotations (P < 0.01).

Table 3. Canopy height and percentage cover (± se) of vegetation variables from first (from Wilson et al. [2006]) and second-rotation
plantation forest in three age classes.
Canopy height

Age class
Pre-thicket
Thicket
Closed canopy

First
rotation

Canopy cover

Second
rotation

First
rotation

2.2 ± 0.2 2.8 ± 0.3
5.7 ± 0.6 5.9 ± 0.4
12.6 ± 0.6 13.1 ± 1.1

Second
rotation

24.7 ± 6.7 29.8 ± 3.1
62.0 ± 7.0 75.3 ± 5.1
73.0 ± 2.9* 64.8 ± 2.4

Shrub cover
First
rotation
11.4 ± 5.4
15.0 ± 6.9
4.2 ± 1.4

Second
rotation
46.3 ± 4.2*
12.0 ± 3.0
5.5 ± 1.9

Field cover
First
rotation
89.0 ± 4.9*
48.1 ± 10.0*
37.5 ± 8.8**

Second
rotation
31.3 ± 10
17.2 ± 3.4
11.7 ± 5.9

Age class names differ from those used in Wilson et al. (2006): Pre-thicket = Younger; Thicket = Intermediate; Closed canopy = Older;
*Statistically significant difference between rotations (P < 0.05); **statistically significant difference between rotations (P < 0.01).
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Figure 4. Total bird density (± se) before (dark bars) and after (open bars) correcting for natural population increase.

observed differences were influenced by these species,
the values for these species were removed and the data,
corrected for population increase, re-analysed. Total
bird density was significantly higher in the second rotation in Pre-thicket and Thicket (Pre-thicket, t = 2.183,
P < 0.04; Thicket, t = 2.047, P = 0.05) in the second
rotation, but there was no significant difference
between rotations in Closed canopy (t = 0.363, P =
0.72) (Fig. 5). Species richness and migrant density
were unaffected by the removal of these species from
analysis.
DISCUSSION
Bird communities in second-rotation forests

Prior to canopy closure, plantations are occupied by bird
species characteristic of open habitats (Askins et al. 2007),
which are replaced by generalist and forest adapted species
as canopy closure progresses (Humphrey et al. 2003,
Wilson et al. 2006). In this study, Redpoll and Whitethroat
– both species that are closely associated with open

habitats – were identified as indicators for Pre-thicket.
Coal Tit, Chaffinch, Dunnock, Song Thrush and Robin
– indicators for Thicket – are all typical of wooded habitats. Coal Tit was also an indicator for Closed canopy, and
the fact that Coal Tit had a higher indicator value for this
age class reflects the fact that this species, as well as
Goldcrest, favours mature coniferous forests (Snow &
Perrins 1998). The results of this study are therefore consistent with those of previous research that has identified
changes in bird assemblages as plantations mature.
Early successional forests can be important in the
conservation of open habitat specialists (Dettmers
2003, Wilson et al. 2006, Burton 2007). Some of the
species, including some long-distance migrants, that
were found predominantly in Pre-thicket in this study
have undergone recent population declines elsewhere
in their ranges (Hewson & Noble 2009). Our results
therefore support the suggestion that young forests provide important breeding sites for open habitat birds.
Common Linnet Carduelis cannabina and Common
Grasshopper Warbler Locustella naevia were both found
in Pre-thicket in this study and are on the Amber list
© 2010 British Trust for Ornithology, Bird Study,
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Figure 5. Total bird density (± se) corrected for natural population increase and excluding Coal Tit and Goldcrest in three age classes in first
(dark bars) and second (open bars) rotation Sitka Spruce plantations.

in Ireland. Common Linnet is also a Species of
European Concern (Lynas et al. 2007). No species of
conservation concern were recorded in forests in older
age classes in this study.
Thicket supported the highest bird density; similar
to the findings of a previous study that used broader
age classes (Patterson et al. 1995). This may be because
of the fact that, unlike other age classes, Thicket held
relatively high densities of both migrants and resident
species. In contrast, migrant density was lower in
Closed canopy (Table 2).
Bird species richness was similar between the different age classes despite some turnover in species as plantations matured. Twenty-four species were recorded in
Pre-thicket and 21 in Closed canopy, with 13 species
common to both age classes. This species turnover is
illustrated by the ordination, where Pre-thicket separated clearly from the other age classes. This pattern
has also been shown for plantation forests in Britain
(Fuller & Browne 2003). These authors point out that
the separation of Pre-thicket highlights the importance
© 2010 British Trust for Ornithology, Bird Study,
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of this age class to the bird diversity of the commercial
forest cycle as the bird assemblage is markedly distinct,
whereas those of the other age classes more closely
resemble each other.
Closed canopy tended to be occupied by a suite of generalist and forest-adapted species while Pre-thicket was
occupied by less common open-habitat specialists, as well
as some species found in other age classes. This overlap
may be because of the lack of forest bird specialists in
Ireland. Island biogeographical factors (Kelly 2008), an
east-to-west decrease in bird species richness within
Europe (Fuller et al. 2007), and historical loss of species
owing to extensive deforestation (Yalden & Carthy 2004,
Rackham 2006) are possible explanations for this pattern.
The generalist nature of the Irish avifauna means that
plantation forests support a significant proportion of the
terrestrial bird fauna (O’Halloran et al. 1998).
Although their slopes were not significantly different, the rank-abundance curves suggest a change in
community structure between Pre-thicket and Thicket
and the Closed canopy age class. The steep curve in
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the Closed canopy age class shows that, as plantations
mature, the bird community becomes dominated by a
small number of common species despite the fact that
species richness remains similar throughout the remainder of the forest cycle.
Migrant bird densities in Closed canopy forests were
lower than in other age classes because most migrant
passerines to Ireland are typical of non-forest habitats
(Fuller 1995, Snow & Perrins 1998, Robinson 2005).
In Great Britain, the proportion of migrants in
first-rotation plantations is greatest in young and
mature forests, with lower numbers present in intermediate stages (Donald et al. 1998). The mature forests
with high migrant densities in that study were between
50 and 90 years old, whereas the maximum age of
Closed canopy forests in our study was 50 years. Most
commercial plantations in Ireland are felled at or before
this age. However, the forest migrants such as Common
Redstart Phoenicurus phoenicurus, Wood Warbler
Phylloscopus sibilatrix and Pied Flycatcher Ficedula hypoleuca, typical of forest habitats and partially responsible
for the observed increase in migrants in later growth
stages in Great Britain, are all but absent from Ireland.
It is not completely clear whether this pattern is
because of biogeographical factors such as Ireland’s distance from migration pathways, or to historical deforestation. The fact that the aforementioned migrants
breed in large numbers on the western seaboard of
Britain (Robinson 2005), but are almost entirely absent
in eastern counties of Ireland (such as Wicklow) that
possess some apparently suitable habitat, suggests that
deforestation alone cannot account for their absence.
The absence of these species may limit the potential
for increases in migrant density in later age classes,
even if Irish plantations were allowed to develop
beyond commercial maturity, but this could be tested
by allowing some plantations to over-mature.
Vegetation structure and differences
between rotations

The ordination (Fig. 2) represents a gradient from immature, structurally diverse Pre-thicket forests characterized
by high shrub cover and a low, open canopy on the right,
through to commercially mature plantations characterized by high needle and moss cover and low shrub cover
on the left. There is little difference in forest structure
between Mid-rotation and Mature forests and hence little change in bird habitat in the last 20 years of a forest’s
rotation, which helps to explain the overlap in the bird
communities of these age classes.
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Shrubs benefit birds by increasing habitat heterogeneity (Berg 2002, Diaz 2006) and providing nest-sites
and invertebrate prey (Quine et al. 2007). In light of
this, the fact that the forests with the highest levels of
shrub cover, Pre-thicket, also had the lowest total
bird density in both rotations initially appears
counter-intuitive. Low bird density has previously been
noted in young plantations (Bibby et al. 1985, Donald
et al. 1998) and may be because of the lower surface
area of the crowns and trunks of small trees for foraging
and nesting.
Despite there being no significant difference in total
bird density between rotations in Pre-thicket after correcting for natural population increase, second-rotation
Pre-thicket did support significantly higher migrant
bird density than first-rotation Pre-thicket. This likely
reflects the fact that many migrant passerines to Ireland
utilize shrubs for nesting or foraging (Fuller 1995, Snow
& Perrins 1998, Robinson 2005), and the higher shrub
cover in the second rotation increased the carrying
capacity of this age class for such migrant species.
However, some resident species, notably Sky Lark
Alauda arvensis which is a species of conservation concern (Lynas et al. 2007), were recorded at lower density
in second-rotation Pre-thicket than in the first rotation. Sky Lark requires open ground for nesting (Snow
& Perrins 1998) and the increase in shrub cover may
render second-rotation Pre-thicket less suitable than
first-rotation Pre-thicket for this species. A similar
mechanism may explain the lower densities of Meadow
Pipit Anthus pratensis and Reed Bunting Emberiza
schoeniclus in second-rotation Pre-thicket.
The indicator species for the three age classes in this
study differed slightly from those of the three age classes
in the first rotation (Wilson et al. 2006), but there was
considerable overlap. This suggests that, although differences exist in both vegetation structure and the bird
communities of a particular age class in different rotations, these differences are not fundamental enough to
change their suitability to particular species. For example, Chaffinch was an indicator of Closed canopy forest
in the first rotation and Thicket in the second, but it
seems unlikely that this pattern is driven by fundamental differences in second-rotation forests. Chaffinch is a
widespread generalist species and was also present at
relatively high density in second-rotation Closed
canopy.
Second-rotation forests differ from those of the firstrotation in their pre-planting state. While afforestation
typically involves a change from open habitat to forest,
second-rotation plantations replace recently harvested
© 2010 British Trust for Ornithology, Bird Study,
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forests. Forestry activities can affect soils (Worrell &
Hampson 1997), and the productivity of a site may
increase in later rotations as a result of deposited
organic matter (Fox 2000). Additionally, young stands
of second-rotation forests may differ structurally from
first-rotation stands because non-crop tree species have
had more time to colonize both prior to and following
clear felling (Cooper et al. 2008). Because changes in
bird communities are often related to changes in vegetation (Cherkaoui et al. 2009, Nikolov 2009) we may,
therefore, expect young second-rotation plantations to
have a higher carrying capacity for birds than similarlyaged first-rotation plantations.
However, the greatest differences between rotations
were found in later age classes when structural complexity was low in second-rotation forests, and differences in vegetation between rotations were small. In
Closed canopy, differences between rotations were
largely due to increases in two species, Coal Tit and
Goldcrest and, when these species were removed, the
difference in total density between rotations in Closed
canopy was no longer significant (Fig. 5). Work is
ongoing to test whether invertebrate abundance is
different between rotations, and whether this can
explain the difference in Coal Tit and Goldcrest
density. Populations of both Coal Tit and Goldcrest
are increasing in Ireland, perhaps as a consequence of
increasing plantation forest cover, and so natural population increase in the time period between the firstand second-rotation fieldwork may also account for
some of the difference. Finally, because different
observers were used in the first- and second-rotation
fieldwork and density estimations of Coal Tit and
Goldcrest are particularly prone to observer differences, it is difficult to exclude completely an affect of
observer on the densities of these species.
Bird density remained higher in second-rotation
Thicket after the removal of Coal Tit and Goldcrest,
despite a reduction in shrub and field cover in the second rotation. Some birds may utilize young plantation
trees as tall shrubs (Loyn et al. 2007), and the slightly
taller trees and higher canopy cover in the second rotation (Table 3) may, therefore, have provided more nesting and foraging opportunities. The increase in canopy
cover in second-rotation Thicket may reflect a slight
improvement in growth rates of the crop species in the
second rotation. The higher densities of Robin and
Chaffinch in second-rotation Thicket are difficult to
explain as shrub and canopy cover were similar between
rotations. Both are generalist species that thrive in a
range of habitats, although Robin may benefit from
© 2010 British Trust for Ornithology, Bird Study,
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brash piles in second-rotation forests left over after
clear-felling (Snow & Perrins 1998).
Migrant birds are typically more vulnerable to
decline than sedentary species (Heldbjerg & Fox 2008,
Kirby et al. 2008). The higher density of migrants in
second-rotation Pre-thicket therefore suggests that the
increasing extent of second-rotation Pre-thicket in the
landscape may be a positive development for such
species, especially as some of the migrant species in this
study have declined in other parts of their ranges
(Hewson & Noble 2009). However, comparisons of
densities recorded in different years must be interpreted
with caution as breeding numbers of species such as
Grasshopper Warbler are known to fluctuate from year
to year (Snow & Perrins 1998).
Conclusion

Although species richness was similar between age
classes, bird assemblages of Pre-thicket and Thicket
forests were more even than those of Closed canopy
forests, which were dominated by two or three
common species. Migrant densities were low in Closed
canopy forests, likely owing to the habitat preferences
of these species. Pre-thicket, and to a lesser extent
Thicket, supported species that are declining elsewhere.
This study supports previous findings in illustrating the
importance of Pre-thicket to the diversity of coniferous
plantations.
Higher migrant bird density in second-rotation Prethicket is likely linked to increased shrub cover, while
differences in other age classes between rotations may
be due to differences in crop vegetation structure.
Differences between Closed canopy forests may also
have been partially affected by observer differences, but
this is unlikely to have been the case in Pre-thicket or
Thicket.
The species present at higher densities in the
second rotation tended to be common species, which
suggests that the future expansion of second-rotation
forests will not affect all species equally. Notably,
some species of conservation concern were also
present at higher density in young second-rotation
forests than in first-rotation forests, although one was
present at lower density.
The future increase of second-rotation plantations
may benefit bird communities up to the point of canopy closure. However, bird assemblages in the second
rotation were broadly similar to the first rotation, and
became more so as the forest cycle progressed.
Management, targeted at the Closed canopy stage of

Birds of second-rotation plantations

the forest cycle and aiming to increase habitat heterogeneity, may help to decrease the dominance of a small
number of species and enable plantations to benefit a
wider range of species.
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ENDNOTE
a. The following NMS setup was used: random starting
coordinates with 6 axes; maximum iterations = 500; 250 runs
with real data; 250 runs with randomized data; stability
criterion = 0.00000 with 10 iterations to evaluate stability;
reduction in dimensionality at each cycle = 1 with initial
step length 0.2.
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