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Abstract: Pine-forest bird communities are affected by the forest structure and the density and
composition of its understory vegetation. In this study, we focused on the combined effects of
vegetation structure and caller identity on the mobbing behavior of birds in breeding and non-breeding
seasons. We examined the effect of the understory structure and the density of three types of conifer
forest habitats on bird behavior by broadcasting three different types of mobbing calls: Those of
two all-year resident species in the state Israel (Sardinian warbler Sylvia melanocephala Gmelin and
great tit Parus major L.) and one European species (coal tit Periparus ater L.), which is absent from
these habitats. The mobbing call attracted 689 birds of 17 species, which represented 31% to 95% of
the forest bird species that we detected in point counts at the same study plots. Bird reactions to
mobbing calls were affected by the status and season, depending on forest type. Our results show
that responses were stronger in forests with developed understory in comparison to forests with no
understory, especially in winter. The highest number of responders and highest species richness of
responders were observed in winter. P. major calls generated more interspecific than intraspecific
responses, whereas S. melanocephala calls generated equal levels of inter- and intraspecific reactions.
Both species generated different response patterns across the three forest habitat types. The response
level of responders is higher when the mobbing calls are issued by local species rather than the P. ater.
In winter, the response of non-resident species was higher than of resident species. Based on these
results, we encourage the managers to maintain well-established understory vegetation, with special
attention to the shrubs layer, to promote species diversity and rich behavioral responses of birds in
the conifer forests in the eastern Mediterranean region.

Keywords: pine forest; plantation; understory; vegetation; bird behavior; mobbing; bird community;
habitat structure

1. Introduction

1.1. Forest Structure, Bird-Community Structure, and Bird Behavior

Forest habitat structure affects bird’s community composition and biodiversity [1]. Studies
demonstrated that the structure of forest vegetation governs bird abundance [2,3], community
structure [4,5], and richness [6]. Furthermore, bird species diversity is also determined by vegetation
structure in temperate coniferous forest [7,8], deciduous forests [5,9], evergreen oak forests [10,11],
as well as in forest plantations [12-14].

There are several factors related to vegetation structure that increase the species richness and
diversity of forest birds, such as plantation size [6,15], forest age [6,11], plant species richness [6,16],
successional stage [6], understory composition [6], and canopy height [15]. As forests become denser

Forests 2019, 10, 762; doi:10.3390/f10090762 www.mdpi.com/journal/forests


http://www.mdpi.com/journal/forests
http://www.mdpi.com
https://orcid.org/0000-0002-4525-4683
http://www.mdpi.com/1999-4907/10/9/762?type=check_update&version=1
http://dx.doi.org/10.3390/f10090762
http://www.mdpi.com/journal/forests

Forests 2019, 10, 762 20f17

with taller growing shrubs, trees, and climbers, they support higher bird densities [17,18] and
diversity [19].

The impact of vegetation structure on bird behavior, such as foraging and habitat selection,
has been largely overlooked [20], especially in coniferous forests. Therefore, there is little empirical
evidence on the effect of vegetation structure in pine forests on the ecological behavior of birds.

1.2. Vigilance in Forest Habitats

Mobbing behavior in birds is a well-known phenomenon, which occurs when a predator is
detected and alarm calls are produced to alert others [21,22]. Lorenz (1963) [23] was the first to describe
mobbing in his book On Aggression. Bird calls decrease the predator’s success by confusing it and
eventually driving it from the area [21]. Birds’ vigilance behavior includes paying attention to the alarm
calls of others [24], changing their feeding mode [25], and evading the predator if encountered [26].
Although mobbing calls may cause some species to be less vocal, so that they remain undetected
when inspecting a potential threat [27], anti-predator behavior can rapidly spread within a bird
community [28,29].

Species react selectively to other species’ mobbing calls and their reactions to the alarm calls can
vary between species [30-32] and seasons [27,33,34]. Furthermore, mobbing calls often attract mixed
groups of species [31,32,35] and can generate different behavior outcomes for different species. For
example, some species will avoid or flee from the area of the alert calls and some will join the mobbing
and participate [27,35]. Participation or exposure to mobbing calls also has a positive effect on the
survival rate of juveniles and their chance of becoming a breeder [36].

1.3. The Effect of Season on Mobbing Behavior

Seasonality affects birds diversity in planted forests in the Mediterranean region, mainly because
there are markedly differences of bird presence due to migration and wintering [1]. However, there
is lack of information about the differences in reaction to mobbing between migrant, wintering, and
all-year resident species. Previous studies examined bird responses to predators in the breeding season,
but not between seasons, in various habitats such as alpine meadow [37], urban sites [38], and others
(see reviews: [39,40]). Pettifor (1990) [41] did not find any difference in the response of common kestrels
(Falco tinnunculus L.) to mobbing between seasons. No seasonality effect in responses to predator was
also observed by Thys et al. (2019) [38] in a free-living great tits (Parus major L.) in the surroundings of
Wilrijk, Belgium. Shedd (1982, 1983) [42,43] showed different responses across months of two active
mobbing species in deciduous woodland, one migrating (American robin Turdus migratorius) and one
local (black-capped chickadee Parus atricapillus L.). In the current study we examine the seasonality
effect on birds” mobbing in planted pine forest.

1.4. Inter and Intraspecific Responses to Mobbing

Mobbing calls of one species may produce an interspecific reaction [44]. Lima (2009) [40] suggested
that some of the individuals can benefits in fitness by reacting to interspecific mobbing. Indeed a
few studies suggested a strong interspecific reaction to mobbing [30,45,46], while other species had a
stronger responses to intraspecific mobbing [47-50]. Here we suggest that interspecific and intraspecific
reactions are related to the mobbing caller species but also to the habitat structure.

The effects of vegetation structure on bird-mobbing behavior has been mainly studied in
broad-leaved forests [31,51,52]. On the other hand, mobbing behavior in coniferous forest plantations
has not been widely studied (but see [8,32]). Furthermore, only a few studies have applied their
findings on behavioral ecology to conservation planning (but see [8]). Here we studied the patterns of
mobbing activity in different types of conifer forest habitat in association with forest structure within
managed, eastern Mediterranean pine forests. Specifically, we addressed the following questions: (1)
What are the effects of different types of forest habitat and their vegetation characteristics on individual
and community mobbing behaviors? (2) How does the season and bird status (all-year residents
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versus transients) affect mobbing behavior in different forest types? (3) How does the identity of the
alarm caller affect the mobbing behaviors of intraspecific and interspecific species in the different forest
types? To answer these questions, we performed a set of mobbing experiments in different seasons, in
different types of pine forest habitats, and using different types of alarm calls. Based on the results of
this study, we also make recommendations for pine forest management.

2. Materials and Methods

2.1. Study Plots

Our study was carried out within managed coniferous forests in northern Israel, from the Carmel
ridge in the west to Ramot Menashe heights in the east. The climate is Mediterranean with an annual
rainfall of 600-700 mm [53]. In Israel, about 98,000 ha (7% of the country) is managed forests, originally
planned for timber or fuelwood [54,55]. All studied forest plots were over 47 years old and larger
than 5 ha [55]. Two pine tree species are dominant in these forests: Aleppo or Jerusalem pine (Pinus
halepensis Mill.) and Turkish pine (Pinus brutia Ten.).

The vegetation structure in the forest plots is complex. Tree density ranges from 150 trees per
ha, with limited or an absence of shrubs, to an open forest with 50 trees per ha, with shrubby patches
and gaps and mainly herbaceous vegetation [56]. The understory of the managed pine trees is highly
variable between the study plots and comprises a mosaic of small trees, such as Quercus calliprinos
and Pistacia palaestina, shrubs like Pistacia lentiscus L., Phillyrea latifolia L., Calicotome villosa (Poir.) Link,
and Rhamnus lycioides L., and climbers, such as Smilax aspera L. and Clematis cirrhosa L. [57]. Study
plots were chosen with a variety of tree densities and heights and understory compositions and were
grouped into three types of forest habitat: (a) Dense pine forest (DF) with a diverse understory of
shrubs and shrub-like trees (1 = 8); (b) open pine forest (OF) with natural broadleaf trees and an
understory of large shrubs (1 = 7); and (c) dense pine forest with an absence of or almost no understory
(NF) except herbaceous vegetation (1 = 6).

2.2. Bird Survey

Bird surveys were conducted by fixed point counts [58], one point per study plot, with at least
250 m between the point counts to minimize the potential for individual birds to be counted at multiple
points [59,60]. Each point count was located at least 50 m deep in the forest to avoid edge effect.
We used a circular point-count method with a 50 m radius [59-61] to estimate bird density, species
richness and diversity in each study plot [18,60]. All birds heard or seen from the census station over a
10-min interval [59,61] were tracked and documented by species, date of detection, and distance to
two radius bands: 0 to 50 m and 50 m to infinity (plot edge) from the observer [58]. Birds that were
flushed from the plot when approaching the point-count station were recorded as present at the time
of counting [61,62]. Birds crossing in flight over the station (up to 25 m) during the census were also
counted [63].

Each point-count station was visited 3 times in each season: fall (between late August to
mid-October), winter (between late October to mid-March), spring (between late-March to early-June),
and summer (between mid-June to mid-August) over a timespan of two years (2015-2017). Thus, we
visited each point-count station 24 times during our research. Bird counts were carried out in fine
weather between sunrise and noon during the spring, summer and fall; in the winter, counts occurred
between 07:00 and 14:00. Point-count data was used to determine species richness [17] in the three
types of forest habitats.

2.3. Vegetation Structure in the Three Types of Forest Habitat

Vegetation measurements were carried out by two transects in a 25 m radius around each point
count and included the cover percentage of understory perennial species, herbaceous vegetation and
exposed soil and rock surfaces [57,62]. Plant species were recorded every 10 cm along the transects and
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were categorized into life form, height level [57], and species. The cover percentage of each species
and life form was categorized into four layers: ground (below 1 m), shrub level (1 to 5 m), low canopy
(5 m up to canopy level), and treetop level [19,62]. Percentages were calculated independently for
each life form such that the total cover percentage could reach more than 100% [57,64]. The following
parameters were measured for pine trees: average percentage of canopy cover, treetop height, tree
diameter at breast height, and tree density [57,65]. The vegetation survey was carried out during
spring 2017 in all plots.

2.4. Estimated Response Level to Mobbing Calls

Playbacks of mobbing calls can significantly increase the probability of visual observations of
birds in coniferous forests [27,66]. Mobbing calls are an efficient tool for studies of birds’ ecological
behavior [46,66]. We estimated vigilance using mobbing experiments at the same 21 fixed point counts.
Vigilance levels were measured using recorded calls made by Roché (1993) [67-69] of two common
all-year resident species (Parus major L. and Sylvia melanocephala Gmelin) as well as of the non-visiting
species Periparus ater L., which is very common in Europe and has an overlapping distribution with
many of the transient and winter-resident bird species in our study area [70]. The calling sounds were
played using a portable speaker, located 1 m away from a tree and 1.5 m up from the ground in a Pistacia
lentiscus shrub. The speaker was viewed from a distance using binoculars in 10 min intervals [71,72].
Mobbing experiments included a 10 min playback of each bird species with 15 min break between each
playback. The order of the three playbacks was random. The playback experiments were repeated
eight times in each plot during 2016 and 2017: two in the fall (September to November), two in the
winter (December to March), and four in the breeding season (April to July).

We recorded responses by the mobbing behavior in 50 m radius from the speaker of each individual
with two parameters: distance and time. The distance from the speaker was recorded [52,72] as
the response level [73]. We also noted the time of reaction of the first responder [49] because first
responders to mobbing subject to greater risk from the predator, since they start to react before mobbing
behavior is spread across the surrounding bird community [28,29]. We then followed the appearance
of other birds to the mobbing event for 10 min and identified individual bird’s mobbing reaction times
and distance from the speaker [52]. We also recorded mobbing reactions at the bird community level
by counting the number of birds and the number of species that responded in each mobbing event
(bird abundance and bird richness, respectively, hereafter). Finally, we also compared the inventory of
species that responded in mobbing experiments to the inventory of species that we observed in bird
surveys within the same plots.

2.5. Statistical Analysis

The combined effect of habitat type, season, and mobbing type (fixed factors) on the number of
responding birds were analyzed using the linear mixed model. We used the linear mixed model to
examine the species richness of responders to the playback of each caller species in each season using
Ime4 R package [74]. Means of distance, time of response, bird abundance, and species richness per
trial in three different types of forest habitat using three types of mobbing were compared by ANOVA
and Bonferroni test [75]. ANOVA was also used to compare birds’ reaction time in three types of forest
habitats to three types of mobbing call. These analyses were performed by SPSS 21 [76]. Chi-square
test was used to examine inter- and intraspecific species differences, and a binomial test was conducted
to compare the numbers of resident and transient birds responding to calls in each habitat. The linear
model for the number of responding birds to mobbing calls with respect to various parameters of
forest vegetation structure was also calculated with the Ime4 R package [74]. p-values less than 0.05
were considered significant for all tests.
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3. Results

3.1. Responders to Mobbing Calls in Each Forest Type Habitat

A total of 689 birds of 17 species responded to the played mobbing calls, representing 52% of a total
33 species observed in the surveys of the same plots and seasons. A significantly higher proportion of
species responded to the mobbing calls in the two forest habitats with developed understory, 53% in
the OF and 70% in the DF, whereas only 31% responded in the forest without understory (NF; pooled
across seasons and caller species; Figure 1). The percentage of species that responded to calls in each
season also differed (pooled across habitat types and caller species). Only 41% and 45% of the species
reacted to calls in the fall and breeding season (spring-summer), respectively. On the other hand,
95% of the species which were observed in the winter responded to calls. Responses by bird status
also varied: 67% of all-year resident species which were observed reacted to the calls (50% in the fall,
70% in the winter, and 53% in the breeding season), whereas only 47% of transient species which were
observed reacted (38% in the fall, 75% in the winter, and 31% in the breeding season).

30 B Not responded to alarm call I Responded to alarm call

20

Species richness

0
None understory forest (NF) Dense forest (OF) Open forest (OF)

Figure 1. The total number of species that responded to alarm calls (orange) and number of species
that were observed in the survey but did not respond to alarm calls (blue) in three types of pine forest
habitats (pooled across all seasons and caller species). Significant differences between the observed
and expected number of responders versus not responders were detected in NF (Chi-square = 31.6,
df =1, p <0.01), DF (Chi-square = 484.1, df = 1, p < 0.001), and OF habitat (Chi-square = 149.5, df =1,
p < 0.001).

3.2. The Effect of Habitat, Season, and Caller Species on the Responding Bird Community

3.2.1. The Effect on Bird Abundance

The number of birds that responded to alarm calls during the 10 min trials was significantly
affected by habitat type (F = 13.813, df =2, 17, p < 0.001, pooled across seasons and caller species),
season (F =21.239, df =2, 16, p < 0.001, pooled across habitat types and caller species), and caller species
(F =27.480, df =2, 16, p < 0.001, pooled across habitat types and seasons) (Table S1). Furthermore,
there were significant interaction effects on the number of responding birds of season and habitat type
(F=4.084, df =4, 34, p=0.01), caller species, and habitat type (F = 3.556, df =4, 34, p = 0.02), as well as
season and caller species (F = 4.211, df =4, 14, p = 0.01). The effect of the triple interaction of habitat,
season, and caller species on the number of responding birds was not significant (F = 1.600, df = 8, 28,
p = 0.17) (Table S1).
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There were significantly fewer responders in the forest with no understory (NF) compared to
dense (DF) and open (OF) pine forests (Figure 2). The number of responding birds to the calls of S.
melanocephala was significantly higher than for P. ater in DF and OF habitats (Figure 2). No significant
differences were detected in the total number of responding birds to calls of P. major in comparison to
both S. melanocephala and P. ater (Figure 2).
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25

20
g
a
215
]
5
2
£ 10
=
2
=
T s

0 - -

No understory Forest (NF) Dense Forest (DF) Open Forest (OF)

Figure 2. Total number of birds (pooled across all species) responding to alarm calls of three bird
species (F = 9.41, df =2, 106, p < 0.001, pooled across seasons) in three types of pine forest habitat
(F=6.61,df =2,106, p < 0.001, pooled across seasons). Capital letters above bars represent significant
(p < 0.05) difference between the three forest types. Small letters within bars indicate significant (p < 0.05)
differences between three caller species within habitat types (Bonferroni multiple comparisons).

The number of responding birds to calls of each caller species (F = 14.28, df = 2,108, p < 0.001,
pooled across all habitats, Figure 3) was higher in the winter than in the two other seasons (Figure 3).
In the winter, mobbing calls of P. major attracted the highest number of responders (Figure 3). However,
in the breeding season, the greatest number of birds responded to the calls of S. melanocephala. Reactions

to the calls of P. ater in each season was significantly less pronounced than for the two other caller
species (Figure 3).
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Figure 3. Number of individuals + SD (pooled across all habitats) that responded to each mobbing
caller type in each season. Letters above bars indicate significant (p < 0.05) difference between seasons
within each bird species (Bonferroni multiple comparisons).
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The mobbing reaction level, as expressed by the total number of individuals accumulated around
the speaker over time, was different between seasons and habitats and caller species. For example, in
the winter, the accumulated number of responding species to S. melanocephala calls was highest in the
OF then both the NF and DF habitat (F = 5.75, df =2, 39, p = 0.006). On the other hand, when P. major
calls were played, the highest number of responding birds occurred in the DF habitat (F = 5.14, df = 2,
49, p = 0.009) (Figure 4). In addition, the reaction level to S. melanocephala calls in the winter was higher
in the OF comparing to the DF habitat but not as high as the DF in the breeding season (F = 6.45, df =2,
54, p = 0.003) (Figure 4).
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Figure 4. The accumulated number of responders throughout the experiment (the reaction level) with
respect to different mobbing callers, forest habitats, and seasons.

We used a mixed model analysis to detect the role of various parameters in forest structure and
caller species on the number of responding birds. The significant model (F = 2.558, df =18, 92, p < 0.001,
R? = 33%, Table 1) demonstrates that, among examined vegetation parameters, only shrub cover was
found to be significant, with a positive effect on the number of responders (Table 1). The effects of tree
density and tree height on the number of responding birds was not significant (Table 1).

Table 1. Linear model for the number of responding birds to mobbing calls with respect to various

parameters of forest vegetation structure.

Fig,92 = 2.56 RZ2=0.33 p <0.001

Estimate Std. Error t Value Pr (>|t))

(Intercept) -54.1 379 -1.426 0.16
Shrub cover (m) 0.0017 0.0005 3.184 <0.001

Trees per ha 0.0528 0.0334 1.581 0.12

Ground cover (m) 0.027 0.040 0.675 0.50

Tree height (m) 2.51 2.04 1.228 0.22

Low tree cover (m) 0.44 0.24 1.864 0.07
P. major mobbing 475 1.37 3.468 <0.001

S. melanocephala 3.35 1.27 2.625 0.01

mobbing
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3.2.2. The Effect on Species Richness

Pooling the data across seasons and the type of alarm caller, the species richness of responding
birds was significantly affected by the type of forest habitat (F = 21.584, df =2, 17, p < 0.001, pooled
across seasons and caller specials), season (F = 34.602, df =2, 16, p < 0.001, pooled across seasons and
types of alarm caller), and caller species (F = 25.647, df =2, 16, p = 0.003, pooled across seasons and
types of alarm caller) (Table S2). The species richness of responders was also significantly affected by
the interaction effects of season and habitat type (F = 4.955, df =4, 32, p = 0.003) and caller species
(F=7.158, df =4, 14, p = 0.002). By contrast, the interaction effect of caller species and habitat type was
not significant (F = 1.094, df = 4, 28, p = 0.37) (Table S2).

The species richness of responding birds to the mobbing calls of S. melanocephala (pooled across
habitat types and seasons) was much higher than to the calls of P. major and P. ater (Figure 5). In the
breeding season, the greatest species richness of responders was to calls of S. melanocephala. However,
in the winter, the mobbing calls of P. ater attracted the highest number of species (Figure 5).
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Figure 5. Species richness of responders to the playback of each caller species in each season (pooled
across all habitats). Species richness was significantly affected by the interaction of season and the
caller species (mixed linear model, F = 7.158, df = 4, 14, p = 0.002).

3.3. The Effect of Habitat, Season, and Caller Species on the Individual Level of Response

We compared the level of response (distance from the speaker and time elapsed between the first
mobbing call and the appearance of the first bird) across habitats, seasons, and caller species using
log transformation of the distance. There was no significant effect of the type of forest habitat on the
average distance from the responder to the player (F = 1.018, df =1, 10, p = 0.33) but the interaction
effect of habitat and caller species was significant (F = 21.847, df = 2, 20, p < 0.001) (Table S3). There
was a significant effect of caller species on the average distance from the responder to the mobbing
player in the DF (F = 3.380, df = 2, 52, p = 0.04); in particular, the average distance that individuals
approached the speaker playing the P. major call was much closer than when calls were played of the
other two caller species (Figure 6). A similar pattern of response behavior, although not significant,
was also found in the OF (F = 2.760, df = 2, 38, p = 0.08) and NF (F = 0.110, df =1, 9, p = 0.10) habitats.
The responders to the playback calls of P. ater kept a greater distance from the speaker than to the
playback calls of other caller species in both the DF and OF (no responses to this caller were observed
in the NF habitat).

The time elapsed between the call and response of the first bird was not significantly affected
by either habitat (F = 0.777, df =1, 10, p = 0.39), caller species (F = 0.685, df = 2,9, p = 0.529), or their
interaction (F = 0.918, df =2, 9, p = 0.68). However, the accumulated number of responding birds over
the 10 min trial varied between habitats, seasons and caller species. In the winter, S. melanocephala calls
attracted more responders than P. major over time in the OF habitat (F = 5.750, df =2, 39, p = 0.006),
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whereas P. major calls attracted higher responses than S. melanocephala in the DF habitat (F = 5.140,
df =2,49, p = 0.009). In the breeding season, the number of responses to the S. melanocephala playback
was higher in the DF habitat than the other two forest types (F = 6.450, df = 2, 54, p = 0.003).
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No understory forest (NF) Dense forest (DF) Open forest (OF)
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w Parus major  mSylvia melanocephala ~ w Periparus ater

Figure 6. Distance from speaker (mean + SD) of individual responders to the playbacks of three
different caller species in three forest habitats (pooled across seasons).

3.4. Intra- versus Interspecific Responses

The comparison between intra- and interspecific responders was carried out in the winter, the
season with the highest number of responding birds. P. major calls attracted a significantly higher
number of intraspecific birds than expected at random but a lower number of interspecific than
expected (Chi-square = 4.18, df =1, p = 0.04). S. melanocephala showed the opposite pattern: Its calls
attracted a lower number of intraspecific birds than expected at random but a higher number of
interspecific than expected (Chi-square = 3.15, df = 1, p = 0.007, Figure 7).
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Figure 7. Total number of intra- and interspecific first responders to the playback calls of great tit (Parus
major) and Sardinian warbler (Sylvia melanocephala) (pooled across habitats and seasons). Significant
differences between the observed and expected number of intra- and interspecific first responders to
the mobbing playbacks were detected for both species (see text).
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3.5. The Responses of Wintering versus All-Year Residents

P. ater calls in the winter (pooled across habitats) attracted five non-resident wintering species and
five all-year resident species, whereas S. melanocephala calls attracted six wintering species and three
resident species and P. major calls attracted five wintering species and four resident species (Figure 8).
Pooling across the three caller species, four wintering species responded more than expected at random
in the DF and only the common chiffchaff (Phylloscopus collybita Vieillot) responded less. In the OF
habitat, five species responded more than expected at random (Table S4).

= Non-resident Resident
180

160 A

140

No. of responders

0 —
No understory Forest (NF) Dense Forest (DF) Open Forest (OF)

Figure 8. Number of individuals (pooled across responding species) responding to mobbing calls
(pooled across caller species) in NF, DF, and OF forest habitats in the winter. Different capital letters
above bars indicate significant differences between the number of responding all-year resident and
wintering species in each forest type using binomial test (p < 0.05).

Significantly more non-resident wintering birds responded to mobbing calls than all-year residents
in the DF (68%) and OF habitats (63%), but not in the NF (50%) (pooled across caller species; Figure 8).
Two wintering species, common chaffinch (Fringilla coelebs L.) and European robin (Erithacus rubecula L.),
were observed more than expected relative to their abundance in the DF and OF habitats (Table S54).
The wintering species Phylloscopus collybita and all-year resident S. melanocephala were observed less
than expected in the DF habitat but more than expected in the OF habitat (Table S4). P. major was
observed only by four individuals more than expected in the DF habitat; however, it was observed two
times more than expected in the OF habitat (Table S4). Three species that responded to mobbing calls
were not observed in the survey: Blackcap (Sylvia atricapilla L.), lesser whitethroat (Sylvia curruca L.)
and Upcher’s warbler (Hippolais languida Hemprich & Ehrenberg).

4. Discussion

4.1. The Effect of Forest Structure on Mobbing Behavior

Mobbing behavior at both the community and individual levels is governed by the structure of the
pine forest. Previous studies demonstrated that the composition of a bird community is determined by
the stage of forest growth and the understory characteristics that affect the aural, visual and physical
environments [4,5]. Indeed, habitat structure is well known as an important element in mobbing
responses in woodlands and forest [2,52,77]. In our study, the pine forest with no understory (NF)
attracted a lower number of responding individuals and species than the two forests with understory
(DF and OF). Furthermore, the responding birds in the NF, comparing to the DF and OF, kept a greater
distance from the speaker playing P. major calls and did not respond at all to the calls of P. ater. However,
both the DF and OF habitats attracted a higher number of responders than the NF habitat and thus
responders in the DF and OF presented a higher risk behavior than in the NF.
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Some non-exclusive explanations for this phenomenon including: a) A much poorer bird
community inhabited the forest with no understory. Indeed, we demonstrated that the NF habitat
supported lower species richness, lower bird abundance, and a much simpler social network [1]. b) The
birds in this forest without understory have few hiding locations, such that approaching the speaker
increases their risk to predation. This explanation is supported by previous studies that showed that
shrubs are common escape cover for tropical forest birds [31]. Furthermore, we found that shrub cover
was the most important parameter of the vegetation structure of our three types of pine forests that
governs the mobbing reaction. Other studies demonstrated that the response of birds to mobbing calls
was influenced by forest structure [3], with a positive correlation to tree density and height [34,78].
In our study, the response to mobbing calls was not significantly affected by tree density and height.
Thus, in our pine forests, the effect of the shrub layer was stronger than that of tree attributes.

The mobbing calls in the two forest habitats with understory attracted a similar number of birds
and species. However, the number of birds that were attracted in the winter to P. major calls in the
dense forest (DF) was higher than in the open forest (OF). On the other hand, when S. melanocephala
calls were played in the winter, we detected the opposite pattern, with more birds responding in the
OF than the DFE. S. melanocephala is more abundant in the winter than P. major in the study sites: Five
times more in the DF and greater than three times more in the OF [1]. Therefore, the difference in the
responses to the two species’ playback calls between the DF and OF habitats was unrelated to their
abundance in these two habitats. However, these different behavioral patterns may emerge due to
differences in the dynamic territorial selection and foraging behavior of each species between the two
forest types [70,79]. The main implication for conservation and forest management that emerges from
our study is to encourage well-established understory vegetation in the conifer forest, with special
attention to the shrub layer to support a more diverse and active bird community

4.2. The Effect of Season on Mobbing Behavior

Previous studies largely overlooked the differentiation in mobbing behavior across different
seasons (but see [41,42,80]). We found that the number of responding species to mobbing calls was
significantly different among seasons; in the winter, the number of responders was higher than expected
for several wintering species, irrespective of caller species. A low response to mobbing by local birds
in the non-breeding season compared to the breeding season was shown in deciduous woodland [42]
and mountain landscapes [80]. The relatively few mobbing reactions during the breeding season can
be explained by the low-risk behavior of nesting species in order to reduce predation [81]. Other
studies demonstrated that many species do respond to mobbing calls during the breeding season in
tropical forests [52] as well as in coniferous and mixed forest [27,47,82]. However, these studies did not
compare mobbing behavior across seasons.

The playback calls of P. major during the breeding season generated an extremely low response in
all types of forest habitats compared to the intensive response to calls of S. melanocephala. Lind et al.
(2005) [33] demonstrated differences in the anti-predator behavior of P. major to a visible predator as
opposed to only the auditory alarm of other P. major, finding that the response to a visible predator was
significantly higher than to alarm calls. Therefore, it is possible that the limited response to the calls of
P. major during the breeding season in our study were due to the lack of a visible predator on site. Yet,
it is well documented that there is a variety of responses among bird species to different types of alarm
calls [48]. Accordingly, it is still puzzling why birds avoid the P. major calls during the breeding season.

The playbacks of mobbing calls in the winter generated a high response in all three types of pine
forests, even after normalizing the numbers of responding birds to their abundance in the point-count
survey. High responses to mobbing in the winter may originate from the presence of heterospecific
flocks that generate anti-predator behavior [83], which generates high-risk behavior according to the
safety-in-numbers hypothesis [84]. High mobbing responses, specifically in the fall and winter months,
were also observed at deciduous woodland [42].
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We observed moderate mobbing behavior in the fall. However, other studies pointed out that
the number of responders in the fall may rise due to the influx of migrating birds that join mobbing
against predators in open fields [41]. However, most of the responders in our fall trials were resident
species. Furthermore, vigilant behavior in the fall by parents of young fledglings and the fledglings
themselves was observed in deserted agriculture fields [85] and in mixed forest [86].

4.3. Inter- versus Intraspecific Responses

It is expected that different species generate different responses to mobbing calls [28]. For example,
F. coelebs, one of the common wintering responders at our study sites, also showed an interspecific
response to alarm calls by Greenfinch (Chloris chloris L.) [45]. Still, it is expected that an individual
will respond more strongly to its own species [48]. Indeed, in our study, the S. melanocephala playback
attracted intraspecific responders, whereas P. major attracted much more interspecific than intraspecific
responders. Although S. melanocephala was the most abundant species in our study sites [1], it was not
the first to respond to any of the three types of caller species. Hence, abundance does not necessarily
correlate with mobbing behavior [84].

Previous studies demonstrated that the American black-capped chickadee (Parus atricapillus)
attract their kind more than others [30,46]. However, other studies in forests showed that mobbing
calls attracted interspecific responders [47] and provoked an interspecific reaction [28,48-50], as was
the case with P. major in this study. Therefore, this study suggests that interspecific responses to the
cue of mobbing varies between P. major and S. melanocephala, and more study is needed to explore this
variation between species.

4.4. Local versus Non-Resident Responses

A high response to mobbing was recorded both for local species, such as Turdus migratorius L. [43]
and P. major [33,87], and for migratory species, such as F. coelebs [82]. In our study, more non-resident
than all-year resident birds responded to mobbing playback in winter. Still, Gehlbach and Leverett
(1995) [88] found that in deciduous forests, resident species were more responsive than non-resident
species in richness and numbers throughout the year. Non-resident wintering species, such as
E. rubecula, demonstrated a significantly higher level of response than expected relative to their
presence in these pine forests. Many wintering birds establish temporary territories [89-91], E. rubecula,
among them [92]. Nocera et al. (2008) [93] suggested that such an intensive reaction by non-residents
is due to their low familiarity with local predators. However, the response to mobbing calls varied
among forest habitats both in wintering and all-year resident birds.

The response to the mobbing calls of P. ater, the species that does not occur in our pine forests,
was not as intensive as to the calls of the two all-year resident birds. Furthermore, the responding
birds kept a greater distance from the speaker than they did for the calls of the two all-year residents.
These results support the possibility that interspecific responses are genetically coded behavior [50] or
conspecific identification [72], along with allopatric response to mobbing calls [48,94]. Yet, most of the
responders to P. ater calls were non-resident species. The distribution of some of these responders in
Europe, such as E. rubecula, F. coelebs, S. atricapilla, and P. collybita, overlaps with the distribution of
P. ater [70]. Thus, these responders may be reacting to familiar alert calls in their wintering areas [50].

4.5. Using Mobbing Calls in Forest Habitats

In the winter, 95% of the species that were recorded in the survey also responded in the mobbing
experiments, suggesting that this method, of mobbing playback, is effective in these pine forests.
Moreover, three species responded to mobbing calls that were not recorded in the survey, probably
as a result of low probabilities of detection and less vocalization during winter [27], or rareness [46].
Conducting mobbing experiments combined with point-count surveys seems to be efficient [27,46]
and can create more profundity to our understanding of birds” habitat choices.
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5. Conclusions

The study of forest management through the ecology of birds is a well-developed field [95]. But
the set of available practical tools is mainly based on traditional ecological studies, even though new
technologies, such as GIS (Geographic Information System) and remote sensing, are available [96,97].
We demonstrated the ability to combine a bird survey with behavioral study of birds to address
research questions on forest ecology and management. Such combination seems to be an important
methodology that has been largely overlooked. We conclude that a robust understory supports a rich
and active bird community. Moreover, we found that transient bird species have a significance effect
on bird community mobbing behavior, even with alarm calls produced by resident species.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/10/9/762/s1,
Table S1. Mixed-model table of abundance during mobbing trials and the influence of habitat, season, and caller
species. Table S2. Mixed-model table of species richness during mobbing trials and the influence of habitat, season,
and caller species. Table S3. Mixed model of distance of the responding birds from the speaker during mobbing
trials and the influence of caller species and habitat in the dense forest (DF) and in the open forest (OF). Table 54.
Differences between observed and expected numbers of responding birds to mobbing calls in the winter in the
dense forest (DF) and in the open forest (OF).
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