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The influence of a native tree species mix 
component on bird communities in non-native 
coniferous plantations in Ireland 
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Capsule Norway Spruce plantations with Scots Pine as a secondary tree species had higher bird 
densities than pure Norway Spruce. Shrub cover was the most important structural variable, influencing 
bird density, species richness and Simpson’s diversity. 
Aims To investigate whether incorporating a native tree component into non-native coniferous plantations 
had any effect on bird communities or vegetation structure. 
Methods Birds were surveyed in plantations of Norway Spruce mixed with Oak and Scots Pine, each 
paired with a plantation of pure Norway Spruce.  DISTANCE was used to generate bird densities. Bird 
density, species richness and Simpson’s diversity were compared between each mix type and pure 
Norway Spruce.  GLMs were used to investigate relationships between structural components of plantations 
and bird data. 
Results Bird communities of mixed plantations differed only slightly in their composition from pure 
Norway Spruce. Bird density was significantly higher in Scots Pine mixes than in Oak mixes or pure 
Norway Spruce. Neither species richness nor Simpson’s diversity differed significantly between the 
plantation types. Some vegetation components differed between the plantations and shrub cover was 
positively associated with bird density, species richness and Simpson’s diversity. The presence of rides 
also increased bird density. 
Conclusions There is a positive effect on bird communities of including a native tree species in non-
native coniferous plantations, but the magnitude of the effect is small. The influence of shrub cover on 
birds suggests that forest management may play an important role in determining the utility of plantations 
for birds. We recommend the establishment of mixed tree species plantations where possible, although, 
in the case of Oak mixes, the Norway Spruce appeared to suppress growth of the Oak and thus may be 
restricting its effect on birds. Changes in management, such as planting Oaks in clumps or heavier 
thinning of the coniferous component, could address this problem. 

INTRODUCTION

Plantation forests are increasing in Europe (Food and 
Agriculture Organization 2007), while populations of 
woodland birds are declining across the continent 
(Fuller et al. 2005, Gregory et al. 2007), although 
trends vary between regions (Pan-European Common 
Bird Monitoring Scheme 2009). This situation 
demands that the contribution of plantations to bird 

conservation be maximised. In Ireland, plantation 
forests account for approximately 10% of total land 
cover and over 90% of total forest cover, which is the 
highest proportion of forest cover in any EU nation 
except Malta (Ministerial Conference on the 
Protection of Forests in Europe 2007). Almost 75% of 
these plantations comprise non-native conifers, of 
which Sitka Spruce Picea sitchensis is the most com-
monly planted species. In contrast, native forests 
account for only about 1% of total land cover (Forest *Correspondence author. Email: j.ohalloran@ucc.ie
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Service 2007). Plantation forests are therefore an 
extensive potential bird habitat, and their value for 
bird conservation requires investigation in this 
context.  

Bird communities change throughout the plantation 
forest cycle and by the time commercial maturity 
(about 50 years) is reached the bird community in Irish 
plantations is dominated by a small number of species 
(Wilson  et al. 2006). This suggests that plantations 
could be improved to benefit a wider range of bird 
species. Introducing native tree species as a minority 
component of a non-native coniferous plantation is 
one silvicultural technique by which plantations may 
potentially be improved for the benefit of biodiversity 
(Kerr 1999). However, there is relatively little pub-
lished research addressing biodiversity in mixed species 
forestry. Mixed species silviculture is often practiced to 
maximise crop production through, for example, 
complementary resource use (Hartley 2002, Kelty 
2006) and not through consideration of biodiversity 
requirements.

Using a native tree species as a secondary mix spe-
cies in a non-native coniferous plantation may mimic 
a more natural system (Ratcliffe & Peterken 1995) 
and permit bird species that prefer both the primary 
and secondary plantation tree species to utilise the 
plantation (Gjerde & Saetersdal 1997, Diaz 2006). 
Food availability for birds may increase with the addi-
tion of a native tree species (Hartley 2002), as the 
number of invertebrate species that a tree hosts may 
be related to the length of time the tree has been 
present in a region (Birks 1980, Kennedy & 
Southwood 1984). Also, bird communities are influ-
enced by vegetation structure (Fuller et al. 2007, 
Nikolov 2009) and structural components of a forest 
such as shrubs and graminoids are associated with 
canopy openness (Smith et al. 2008). Native tree spe-
cies that allow more light penetration may, therefore, 
increase understory vegetation cover, which may in 
turn provide more nest-sites and food sources for birds 
(Quine et al. 2007). The additional tree species itself 
and the secondary effect that the mix of tree species 
has on forest understorey vegetation structure may 
therefore both influence bird communities.  

The presence of non-crop broadleaf trees in a conif-
erous plantation has been shown to increase bird 
diversity and species richness, and to be utilised by 
the less common species in plantations (Bibby et al.
1989, O’Halloran et al. 1998, Wilson  et al. 2010). 
Mixed plantations of broadleaves and conifers possess 
bird communities intermediate between those of pure 

broadleaved plantations and pure coniferous planta-
tions (Donald et al. 1998). Species richness does not 
differ systematically between mixed plantations and 
pure plantations of either broadleaved or coniferous 
trees (Bibby et al. 1989, Donald et al. 1998, Archaux 
& Bakkaus 2007), but in managed boreal forests, bird 
species richness is positively associated with the pres-
ence of mixed stands (Jansson & Andren 2003). 
Similarly, in naturally occurring Mediterranean for-
ests, mixed stands of Oak and Pine have higher bird 
species richness than pure Pine stands, owing to the 
occurrence of both Oak and Pine avifauna (Diaz 
2006). In Irish Yew  Taxus baccata forests, the presence 
of Oak Quercus petraea affects the distribution of birds 
throughout a stand and most bird species utilise either 
clearings or Oak in preference to uniform areas of yew 
(Carruthers & Gosler 1994).  

The present study aimed to test whether the bird 
communities of mixed plantations differed from those 
of monocultures by comparing two types of mixed plan-
tation paired with structurally similar monocultures in 
close geographical proximity. The study investigated 
the importance of structural features of plantations, as 
well as tree species composition, to birds. The results of 
this study will help inform forest management in the 
future. In particular, a number of questions were asked:

1.   Are there differences between the bird communi-
ties of pure and mixed plantation forests?   

2.   Do vegetation and structural components differ 
between mixed and pure plantations, and what 
vegetation components are most important to 
birds in plantations?   

3.   Do the two native secondary mix tree species 
investigated have appreciably different influences 
on bird communities?   

4.   Which bird species, if any, show the greatest dif-
ferences in population density between pure and 
mixed stands?       

METHODS

Site selection 

After initial exploration of a forest database to deter-
mine what types of mixed plantations existed in the 
landscape, Norway Spruce Picea abies was chosen as the 
primary plantation tree. Sitka Spruce would have been 
preferable because of its importance in the plantation 
forest estate in Ireland, but suitable mixed plantations 
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were not available. Oak Quercus spp. and Scots Pine 
Pinus sylvestris were chosen as the secondary mix spe-
cies. Plantations containing both Norway Spruce and 
either Oak or Scots Pine are referred to as ‘mixes’. Five 
Oak mixes and five Scots Pine mixes were identified, 
each with a matching stand of pure Norway Spruce, 
resulting in 20 forests in total to be studied. In all study 
sites, the secondary mix species accounted for between 
20 and 40% of the crop trees and was intimately mixed 
with the primary tree species (i.e. not clumped, but 
distributed more or less evenly throughout the stand). 
All forests were mature plantations of a similar age.  
  arcgis version 9.2 and a forestry database were used 
to select both pure and mixed plantation forests. To 
minimize site effects, mixed and pure paired forests 
were located as close to each other as possible. Most 
paired forests were within 5−10 km of each other, but 
in one instance this was not possible owing to a lack of 
suitable plantations, and the mix and pure forests were 
located approximately 50 km apart (Fig.  1 ). Following 
the selection procedure, forests were ground-truthed to 
check that stem density was similar between the mixed 
and pure plantations so that any differences detected 
between members of a pair could be primarily attrib-
uted to the mix component, rather than to differences 
in thinning intensity.  

Bird surveys 

Point counts (Bibby et al. 2000) were used to survey 
bird communities in all forests during the 2008 breed-
ing season, and the same observer conducted all 
counts. Points had a radius of 50 m and were randomly 
placed on both the edge and interior of each forest, a 
minimum of 100 m apart. Where possible, six point 
counts were placed in each forest to ensure reliable 
density estimates and to standardise survey effort. 
However, two forests were too small to contain six 
points, so one received four and the other five. Species 
accumulation curves were constructed for each forest 
type in estimate s (Colwell 2006) and used to ensure 
that the lower survey effort in these two forests did 
not bias species richness estimation. Because some 
points were located close to the forest edge, and 
because some sites contained fewer points, the total 
area surveyed in the different forest types was not 
identical. However, the proportional difference was 
only 5% in terms of area sampled per site type and is, 
therefore, unlikely to have biased results.  

Counts lasted for ten minutes, during which time all 
the birds seen and heard within 50 m of the observer 

were recorded. Distances were measured with a range-
finder where possible. Each site was visited twice, the 
first early in the breeding season (April–May) and the 
second later (May–July), an approach that is superior 
to a single count when censusing birds (Drapeau et al.
1999). Because this study was part of a larger project, 
there were a large number of forests to be surveyed and 
it was necessary to survey in both the morning and 
afternoon. Therefore, either the early or late visit was 
conducted in the morning and the other in the after-
noon (i.e. each forest received both a morning and 
afternoon count). This approach has been used success-
fully to compare bird communities of different forest 
types (Wilson  et al. 2006). Densities of all species were 
calculated for the early and late counts and the maxi-
mum of these two values was used as the density of a 
species.    

Bird communities 

Species and individuals detected in flight, and individ-
uals of the Hirundinidae, Motacilliadae or Corvidae 
(with the exception of Jay Garrulus glandarius) were 
not used in the analyses as their presence in a forest 
could not be assumed to be evidence of breeding.  

Bird communities were analysed in respect of popu-
lation density, species richness and mean inverse 
Simpson’s diversity (Simpson’s diversity).  estimate s
(Colwell 2006) was used to resample the data randomly 
500 times to generate a mean Simpson’s diversity for 
every site to ensure that there was no effect of sample 
order on the index. Species richness was calculated as 
the cumulative number of species recorded over two 
visits. distance (Thomas et al. 2006) was used to con-
vert field observations to bird densities. Because differ-
ences in detectability between species can bias density 
estimations if not accounted for (Alldredge et al. 2007),
each species was allocated to one of four species detec-
tion groups (Table  1 ) that contained species which 
could be modelled using a single detection function. 
Species were allocated to groups depending on their 
method of detection, the distribution of detections in 
five distance bands (0–10 m; 11–20 m; 21–30 m; 31–40 
m; and 41–50 m) and knowledge of the species’ ecology. 
Species in these groups were then analysed together, 
and their detectability assumed to be similar. Because 
habitat may also affect the detectability of birds 
(Schieck 1997), cluster analysis was carried out in 
pc-ord (McCune & Mefford 2006) using the vegeta-
tion data collected in each forest, and each study site 
was allocated to one of three habitat groups for 
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Figure 1. Map of Ireland showing study sites. �, pure Norway Spruce plantation; �, Norway Spruce and Oak mixed plantation; �,
Norway Spruce and Scots Pine mixed plantation. 
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subsequent analysis in distance. Four models were 
used for fitting of the detection function and aic was
used to select the best model for fitting of the detection 
function. These were: Uniform + Cosine; Uniform + 
Polynomial; Half normal + Hermite; and Hazard-rate + 
Cosine (Buckland et al. 2001).

Table 1. Species detected in pure Norway Spruce (Pure NS); Norway Spruce and Oak mixed plantations (NS:O); and Norway Spruce and 
Scots Pine mixed plantations (NS:SP), the detection group to which each was assigned and their mean population density (No. ha −1 ± se). 
Also shown is the mean bird density for each forest type.

Species Detection group  Scientific name  Pure NS  NS:O NS:SP

Blackbird 1 Turdus merula 1.39 ± 0.34  1.14 ± 0.39  2.85 ± 0.99 
Blackcap 1 Sylvia atricapilla 0.52 ± 0.15  0.49 ± 0.23  1.6 ± 0.62 
Blue Tit  4 Cyanistes caeruleus 1.23 ± 0.44  4.96 ± 1.61  3.46 ± 1.82 
Bullfinch 2 Pyrrhula pyrrhula 0.27 ± 0.18  0.28 ± 0.28  0.54 ± 0.35 
Chaffinch 3 Fringilla coelebs 3.78 ± 0.33  4.06 ± 0.93  4.46 ± 0.60 
Chiffchaff 1 Phylloscopus collybita 0.23 ± 0.11  0.32 ± 0.14  0.97 ± 0.56 
Coal Tit  4 Periparus ater 19.19 ± 2.05  14.93 ± 2.58  22.82 ± 3.89 
Crossbill 3 Loxia curvirostra 0.06 ± 0.06  0 0
Dunnock 2 Prunella modularis 1.05 ± 0.50  1.40 ± 0.59  2.14 ± 0.98 
Garden Warbler  1 Sylvia borin 0.03 ± 0.03  0 0
Goldcrest 4 Regulus regulus 19.53 ± 1.56  16.93 ± 3.46  19.51 ± 1.84 
Great Tit  3 Parus major 0.43 ± 0.31  0.58 ± 0.27  0.45 ± 0.26 
Jay 2 Garrulus glandarius 1.00 ± 0.52  1.31 ± 0.77  0.74 ± 0.54 
Long-tailed Tit  4 Aegithalos caudatus 1.27 ± 0.42  1.33 ± 0.06  1.39 ± 0.85 
Mistle Thrush  1 Turdus viscivorus 0.44 ± 0.17  0.40 ± 0.19  0.67 ± 0.26 
Pheasant 1 Phasianus colchicus 0 0 0.19 ± 0.12 
Robin 2 Erithacus rubecula 4.94 ± 0.76  8.14 ± 1.91  8.53 ± 1.19 
Siskin 3 Carduelis spinus 0.03 ± 0.03  0.06 ± 0.06  0.09 ± 0.09 
Song Thrush  1 Turdus philomelos 0.36 ± 0.13  0.46 ± 0.33  1.68 ± 0.42 
Spotted Flycatcher  2 Muscicapa striata 0 0 0.34 ± 0.34 
Treecreeper 2 Certhia familaris 0.96 ± 0.27  2.51 ± 0.45  1.76 ± 0.69 
Willow Warbler  1 Phylloscopus trochilus 0.23 ± 0.20  0.06 ± 0.06  0.21 ± 0.15 
Woodcock 2 Scolopax rusticola 0.25 ± 0.25  0 0
Woodpigeon 1 Columba palumbus 1.29 ± 0.21  1.08 ± 0.42  2.92 ± 0.97 
Wren 1 Troglodytes troglodytes 2.79 ± 0.62  3.15 ± 0.58  4.91 ± 1.16 
Mean bird density  61.26 ± 2.79  63.58 ± 5.82  82.22 ± 5.88 

Vegetation and structure 

Percentage cover of vegetation in a 30-m radius from 
each bird survey point was estimated for several struc-
tural variables. These included: canopy cover; under-
storey cover (woody vegetation >2 m tall, but lower 
than the tree canopy); shrub cover (woody vegetation 
<2 m tall); field cover (non-woody vegetation) and 
ground cover (mosses and liverworts). The mean of 
these variables across all bird survey points was taken 
as the site mean.  

Three 10 × 10-m vegetation plots, independent of 
the bird survey points, were also placed in each forest. 
We included three measured variables from these veg-
etation plots in our analysis that could potentially 
influence bird communities: mean dbh of all crop trees; 

tree basal area (m 2 per 10 × 10 plot) and the number of 
stems in the plot (including non-crop trees >2 m tall 
and >5 cm dbh).  

As well as these vegetation variables, a measure of 
canopy openness derived from fish-eye lens photo-
graphs (expressed as a percentage) was included in the 
models to account for potential variation in canopy 
cover owing to management. A factor stating whether 
the forest was a mixed or pure plantation was also 
included in the models to investigate whether differ-
ences were due to site type per se. The proportion of a 
stand that was composed of open spaces was included, 
as was a factor indicating the presence or absence of 
rides. Rides and open space were identified using aerial 
photographs. We used a factor for rides because the 
coarse scale of the photographs made accurate measure-
ment of ride length unreliable. Models were run with 
Scots Pine mixes as the baseline, so significant rela-
tionships between the response variables and the site 
type factors indicate differences between Scots Pine 
mixes and the other forest types. The mean values and 
ranges of all vegetation and structural variables in each 
forest type are shown in Table  2 .  
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Data analysis 

Non-metric multidimensional scaling (NMS) was used 
to categorise the bird communities of the different forest 
types. This was performed in pc-ord (McCune & 
Mefford 2006) using random starting coordinates and a 
Sørenson distance measure and by carrying out 250 runs 
with real data and 250 with randomised data. The step 
length was 0.2. All vegetation and bird data were 
checked for normality, homogeneity and outliers using 
brodgar (Highland Statistics Ltd, Aberdeenshire, UK), 
and transformations were applied where necessary. 
  glm assuming Poisson distributions, were used to 
investigate relationships between bird metrics and veg-
etation. Forwards and backwards selection was used to 
select a model start point using minimum  aic. Models 
were then re-run dropping the least significant explan-
atory variable until all remaining variables were signifi-
cant. Poisson glm was also used to investigate whether 
vegetation and structural variables differed between the 
forest types. In this instance, forest type was the single 
explanatory variable and each structural variable in 
turn the response variable. Analyses were carried out 
using brodgar (Highland Statistics Ltd, Aberdeenshire, 
UK).     

RESULTS 

Density, species richness and Simpson’s diversity 

A total of 25 bird species were used in the analysis. 
Of these, 23 were detected in pure Norway Spruce, 
20 in Oak mixes and 22 in Scots Pine mixes. Of the 
25 species, 16 attained their highest population den-
sities in the Scots Pine mixes, 4 in the Oak mixes 
and 5 in pure Norway Spruce (Table  1 ). Ordination 
revealed no clear differences between the bird com-
munities of mixed and pure plantations. To visualise 
more clearly any differences between the bird com-
munities of the different forest types, we graphically 
represented the proportion of the total bird density 
contributed by each species. Although the commu-
nity structure was roughly similar between the forest 
types, the two most common species, Coal Tit 
Periparus ater and Goldcrest Regulus regulus,
accounted for a slightly smaller proportion of the 
total bird density in both types of mixed plantations 
than in pure Norway Spruce (Fig.  2 ).  

The models revealed no significant differences in 
either species richness or Simpson’s diversity between 
the mixed plantations and pure Norway spruce. Total 
bird density was significantly higher in the Scots Pine 

mixes than in Oak mixes ( z = −2.33, P = 0.02) or pure 
Norway spruce ( z = −3.16, P < 0.01) (Table  3 , Fig.  3 ).

Vegetation and birds 

There was no significant difference between canopy 
cover, field cover, tree basal area, mean dbh, number of 
stems or the proportion of open space between the dif-
ferent forest types. Both Oak mixes ( z = 5.008, P  <
0.01) and Scots Pine mixes ( z = 3.019, P < 0.01) had 
significantly higher understorey vegetation cover than 
pure Norway Spruce, but there was no significant dif-
ference in understorey cover between Oak mixes and 
Scots Pine mixes. Scots Pine mixes had significantly 
higher shrub cover than both Oak mixes ( z = 2.814, P
< 0.01) and pure Norway Spruce ( z = 5.531, P < 0.01), 
and Oak mixes had significantly higher shrub cover 
than pure Norway Spruce ( z = 2.161, P = 0.03). Scots 
Pine mixes had significantly higher ground cover than 
both Oak mixes ( z = 3.617, P < 0.01) and pure Norway 
Spruce ( z = 3.954, P < 0.01), but there was no signifi-
cant difference between Oak mixes and pure Norway 
Spruce. The canopy of Scots Pine mixes had a signifi-
cantly higher degree of openness than Oak mixes ( z  =
2.531, P < 0.01). However, there was no difference in 
canopy openness between Scots Pine mixes and pure 
Norway Spruce or between Oak mixes and pure Norway 
Spruce (Table  2 ).  

The results of all models investigating the relation-
ships between bird metrics and vegetation are summa-
rized in Table  3 . The only explanatory variable related 
to Simpson’s diversity was shrub cover, which had a 
positive influence ( P = 0.019). The explained deviance 
of the model was 56%. Shrub cover was also positively 
related to species richness ( P = 0.032), with 57% of 
deviance explained. Total bird density was positively 
related to shrub cover ( P < 0.01) and the presence of 
rides in forest stands ( P < 0.01), and negatively related 
to field cover ( P < 0.01); 87% of the variation was 
explained by the model in this instance.     

DISCUSSION

We found no consistent differences in bird communities 
between mixed and pure plantations, although the trend 
was for both Scots Pine and Oak mixes to have higher 
species richness, Simpson’s diversity and total bird den-
sity than pure Norway Spruce plantations. Finding 
mixed plantations proved to be very difficult, and the 
power of the study to detect differences between the sites 
types was restricted by the heterogeneity within site 
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Figure 2. Stacked bar chart, using species densities, illustrating the bird communities in Norway Spruce and Oak mixed plantations (NS:O);
Norway Spruce and Scots Pine mixed plantations (NS:SP) and pure Norway Spruce (PURE NS) plantation forests. 

Table 3. Results of GLMs investigating relationships between Simpson’s diversity, bird species richness and bird density with vegetation and 
structural variables in three plantation forest types.

Response variable  Null deviance  Residual deviance  Intercept Significant explanatory variable  Estimate z P

Simpson’s diversity  9.863 4.374 1.960 Shrub cover  0.006 2.355 0.019
Species richness  8.023 3.442 2.490 Shrub cover  0.005 2.150 0.032
Bird density  51.869 6.681 4.029 Shrub cover  0.004 3.477 <0.01

Ride presence  0.175 2.703 <0.01
Oak mix  −0.180 −2.328 0.020
Pure Norway spruce  −0.213 −3.159 <0.01
Field cover  −0.007 −2.778 <0.01

types and by the small sample size. It should also be 
noted that the ability to translate these findings into 
recommendations for future plantation forest manage-
ment depends on the observed patterns in Norway 
Spruce being a good model for Sitka Spruce, as the latter 
is by some distance the most abundant plantation forest 
tree species in Ireland. Sitka Spruce accounts for over 

50% of all plantation trees, compared with just 4% for 
Norway Spruce (Forest Service 2007). The composition 
of the bird communities of Norway and Sitka Spruce has 
been shown to be broadly similar (O’Halloran et al.
1998), and Norway Spruce may even support more bird 
species than Sitka Spruce, which allows less light pene-
tration (Batten 1976). The higher species diversity in 
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Figure 3. Total bird density (black bars), species richness (open bars) and Simpson’s diversity (grey bars) (± se) in Norway Spruce and Oak
mixed plantations (NS:O); Norway Spruce and Scots Pine mixed plantations (NS:SP) and pure Norway Spruce (PURE NS) plantation 
forests.

Norway Spruce could be a result of its status as a native 
species over much of Europe, where many of the bird 
species considered in this study are also commonly 
found. Sitka Spruce, in contrast, is a native of North 
America. The impact of a native tree mix component 
on bird communities may, therefore, be even more 
pronounced in Sitka Spruce plantations than in those 
composed of Norway Spruce. 

The relationship between shrub cover and bird 
density, species richness and Simpson’s diversity sug-
gests that the ecological state of the forest, rather 
than the tree species per se, probably exerts the great-
est influence on the bird communities of plantations. 
It is well documented that structural attributes affect 
populations of various bird species in forests (Quine 
et al. 2007). Shrubs provide both nesting and foraging 
sites for many forest breeding birds, in both native 
and plantation forests (Fuller 1995), and a covering of 
shrubs under the canopy therefore increases the carry-
ing capacity of a stand for a wider range of birds, 
increasing density, species richness and diversity. The 
population densities of species that are highly arboreal, 
such as Coal Tit and Goldcrest, varied less between 

the forest types because shrubby vegetation is not as 
important to their life-histories. The presence of rides 
in a stand was also significantly associated with bird 
density. Rides act as elongated clearings in forests and, 
like roads and glades, allow increased light penetra-
tion and enhance non-crop plant diversity (Smith 
et al. 2007), which may in turn result in higher num-
bers of birds using such areas for foraging. We did not 
find a significant influence of the area of open space 
on birds, but this may be because of the fact that most 
forests possessed very little open space, with only a 
small number of stands having a large amount of open 
space owing to the presence of areas of windthrow or 
parking bays. Although it is recommended to leave 
some open space for biodiversity considerations 
(Forest Service 2000), plantations are managed 
primarily for timber production and therefore open 
space is probably minimised. It is not immediately 
obvious why field cover should negatively influence 
bird density, and this result may be because of the 
relationship between shrub and field cover: in forests 
where shrub cover was high, field cover tended to be 
low and vice versa.
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Understorey vegetation, including shrub cover, is 
affected by light intensity, which is in turn influenced 
by canopy openness (Smith et al. 2008). Although we 
found no current difference in canopy openness 
between Scots Pine mixes and pure Norway Spruce, 
the greater amounts of shrub and understorey vegeta-
tion in the mixed plantations suggest that historical 
differences in growth rates of the crop trees may have 
previously allowed greater light penetration. Initially, 
the fact that pure Norway Spruce canopies were slightly 
more open than those in Oak mixes appears difficult to 
explain. However, this can probably be explained by 
sampling technique: the camera was mounted on a tri-
pod, which was situated approximately 1 m above the 
ground. Therefore, understorey vegetation, which was 
significantly higher in Oak mixes than in pure Norway 
Spruce, also influenced the measure of openness.  

That openness may affect non-crop vegetation, 
which in turn influences bird communities (Wilson 
et al. 2010), suggests that forest management has an 
important role to play in maximising the utility of 
plantations for birds, as thinning increases light trans-
mittance through a coniferous canopy (Hale 2003). 
However, this runs contrary to the findings of a study 
in Scotland, where management in the form of thin-
ning had little effect on breeding bird communities 
(Calladine et al. 2009). It may be that variation in 
thinning intensity between treatments in this study was 
too low to exert a strong influence on light penetration 
and thus understorey vegetation; a result of forest man-
agers wishing to maximise crop tree growth for pulp 
production and minimise growth of competitive non-
crop understorey species (J. Calladine, pers. comm.).  

We controlled for the influence of management where 
possible by selecting forests that were structurally similar, 
thus indicating a similar management history. Some 
structural variation did exist between the paired sites, as 
illustrated by the ranges and mean values in Table  2  but, 
as neither stem density, dbh nor basal area differed sig-
nificantly between the forest types, observed differences 
are unlikely to be driven by differences in thinning 
regimes. 

A study of British forests has shown that mixed 
plantations possess bird communities intermediate 
between those of pure coniferous and pure broad-
leaved stands (Donald et al. 1998). This pattern was 
not evident in this study, where differences between 
the pure Norway Spruce and the mixed plantations 
were small. This could be partially because of the 
paucity of specialist woodland bird species in Ireland, 
which results in much of the breeding bird fauna 

utilising a variety of habitats, including coniferous 
plantations. In contrast, several woodland species that 
are not part of the Irish breeding bird fauna, such as 
Pied Flycatcher Ficedula hypoleuca, Nuthatch Sitta 
europaea and Great and Lesser Spotted Woodpeckers 
Dendrocopos major and D. minor, exhibited close asso-
ciations with broadleaved stands in Britain (Donald 
et al. 1998).  

Several species have been identified that occur in 
Irish coniferous plantations but that are more closely 
associated with broadleaf vegetation: Blackcap Sylvia 
atricapilla, Blue Tit  Cyanistes caeruleus, Common 
Bullfinch Pyrrhula pyrrhula, Common Chiffchaff 
Phylloscopus collybita, Great Tit  Parus Major, Long-
tailed Tit  Aegithalos caudatus, Eurasian Treecreeper 
Certhia familiaris and Willow Warbler  Phylloscopus tro-
chilus (Wilson  et al. 2010). To this list Garden Warbler 
Sylvia borin and Spotted Flycatcher Muscicapa striata
may be added (Fuller 1995). We found that all of 
these species, except Willow Warbler and Garden 
Warbler, achieved their highest population densities 
in mixed plantations, with some (e.g. Blackcap, Blue 
Tit and Treecreeper) two to three times as abundant 
in mixed plantations as they were in pure Norway 
Spruce. Garden Warbler was only recorded once in 
dense shrubs in an area of windthrow at the edge of a 
pure Norway Spruce plantation that was situated close 
to Lough Erne, the Irish breeding stronghold of the 
species (Herbert 1991). Bibby et al. (1989) suggest 
that one method of judging the success of conifer 
plantation management could be the presence of birds 
associated with broadleaves in such plantations. In 
this regard, Oak and Scots Pine mixes were superior 
to pure Norway Spruce. In the case of the Oak mixes 
the obvious explanation for the higher population 
densities of broadleaf associated species is the pres-
ence of broadleaf trees. However, Scots Pine is a coni-
fer and, therefore, another mechanism is likely to 
explain the increase in these species in the Scots Pine 
mixes. Enhanced growth of non-crop vegetation 
owing to increased light penetration associated with a 
more open canopy may have resulted in the higher 
understorey and shrub cover that was recorded. The 
habitat provided by such non-crop vegetation is prob-
ably responsible for the increase in population density 
of broadleaf associated birds in Scots Pine mixes 
(Bibby et al. 1989; Wilson  et al. 2010). This explana-
tion is supported by the fact that the highest popula-
tion densities of most recorded species (16 of the 25 
species analysed), not just those that prefer broadleaf 
trees, were found in the Scots Pine mixes. Grazing 
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also affects bird communities through altering vegeta-
tion structure (Donald et al. 1998; Fuller et al. 2007), 
but as no grazing animals were observed in any of the 
study sites, this is unlikely to have been a contribut-
ing factor to the observed differences between the 
forest types.  

Some of the differences between the Oak and Scots 
Pine mixes may be because of the different growth rates 
of the secondary tree species. In the Scots Pine mixes 
the Scots Pine was a component of the canopy, while 
frequently in the Oak mixes the Oak acted as an under-
storey. It is not recommended to grow Oak and Norway 
Spruce in the same plantation because of the possibil-
ity of suppressing the Oak component (Joyce 2002), 
and this has occurred in all of our study sites. 
Management to encourage more vigorous growth of the 
Oak component, either by thinning the coniferous 
component or by planting Oak in clumps where 
individual trees are not in direct competition with the 
primary plantation species, may increase the utility of 
Oak mixes to birds. Another possible solution, which 
may be preferable from a commercial point of view, is 
to mix conifers and broadleaves at a larger scale by 
planting pure stands adjacent to each other (Archaux 
& Bakkaus 2007).  

Because of the longer rotation time of Oaks, the Oak 
component of our study sites would be left after felling 
the conifers, provided they escaped damage from 
harvesting activities. Any subsequent rotation may, 
therefore, contain a secondary Oak component that is 
much more similar in size to the surrounding conifers. 
Unfortunately, few, if any, such stands currently exist 
in the Irish landscape and testing the potential influ-
ence of such stands on birds is, therefore, not yet 
possible.   

Conclusions and management 
recommendations

We found no significant difference in species richness or 
Simpson’s diversity between the Oak and Scots Pine 
mixes and pure Norway Spruce. However, Scots Pine 
mixes supported a higher density of birds than either 
Oak mixes or pure plantations. The mixes and pure 
Norway Spruce sites differed from one another in respect 
of several structural variables, of which the most impor-
tant was shrub cover, which had a positive influence on 
bird density, species richness and Simpson’s diversity. 
This suggests plantation managers aiming to improve 
the quality of forest habitat for breeding birds can do so 
by increasing shrub cover within their forests. Because 

the bird communities supported by mixes are slightly 
more diverse than those in monocultures, we recom-
mend the establishment of mixed plantations (with a 
native tree component) where possible. In the case of 
Oak mixes, current management regimes do not allow 
effective development of the Oak component. Such 
plantations could be improved for birds either by more 
intensive thinning of the conifer component, or by 
planting Oaks in clumps in order to reduce shading from 
surrounding conifers. 
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