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Abstract
Plant invasions alter bird community composition worldwide, but the underlying mechanisms still require exploration. The 
investigation of feeding guild structure of bird communities can be informative in respect to the potential impact of inva‑
sion features on the availability of food for birds. For this purpose, we focused on determining the influence of the invasive 
Sosnowsky’s Hogweed Heracleum sosnowskyi on the abundance of birds from various feeding guilds. In spring and sum‑
mer 2019, birds were counted three times on 52 pairs of sites (control + Heracleum) in southern Poland, at various stages of 
Sosnowsky’s Hogweed development (i.e. sprouting, full growth and flowering, all corresponding to respective bird counts). 
We have shown that the presence of invader negatively affected the abundance of birds from all feeding guilds. However, 
a closer examination of the invaded sites uncovered that responses of particular guilds differed in respect to development 
stages expressed by a set of characteristics of the invader. Ground and herb insectivores were more common on plots with a 
higher number of the invader, while the abundance of bush and tree insectivores was negatively correlated with hogweeds’ 
height. Granivores were not affected by the invader’s features, while the abundance of omnivores was negatively related to 
the number of flowering hogweeds. Besides showing the general negative impact of the invader on different feeding guilds, 
our research has shown that certain aspects of Sosnowsky’s Hogweed invasion may support or depress occurrence of differ‑
ent birds on invaded plots. Knowledge of these aspects may facilitate our capacity for coping with challenges the invasive 
plants put in front of bird conservationists.
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Zusammenfassung
Auswirkungen von Sosnowsky-Bärenklau auf Nahrungsgilden bei Vögeln
Das Vordringen invasiver Pflanzen verändert weltweit die Zusammensetzung von Vogelgemeinschaften; die Mechanismen, 
welche dem zugrundeliegen, harren aber immer noch der Aufklärung. Eine Untersuchung der Struktur von Nahrungsgilden 
bei Vogelgemeinschaften kann Informationen bezüglich der potenziellen Auswirkungen des Invasionsgeschehens auf die 
Verfügbarkeit von Nahrung für die Vögel liefern. Zu diesem Zweck konzentrierten wir uns darauf, den Einfluss des invasiven 
Sosnowsky‑Bärenklaus Heracleum sosnowskyi auf die Häufigkeit von Vogelarten aus verschiedenen Nahrungsgilden zu 
bestimmen. Im Frühjahr und Sommer 2019 wurden die Vögel dreimal, jeweils zu verschiedenen Entwicklungsstadien 
des Sosnowsky‑Bärenklaus (d. h. sprießend, ausgewachsen und blühend), auf 52 Flächenpaaren (Kontrollfläche und 
Heracleum‑Fläche) in Südpolen gezählt. Wir konnten zeigen, dass die Anwesenheit des pflanzlichen Eindringlings die 
Häufigkeit von Vögeln aller Nahrungsgilden negativ beeinflusste. Eine nähere Untersuchung der befallenen Flächen enthüllte 
allerdings, dass sich die Reaktionen bestimmter Gilden im Hinblick auf die durch eine Reihe von Merkmalen definierten 
Entwicklungsstadien des invasiven Neophyten unterschieden. Bodenbewohnende Insektenfresser kamen auf Flächen mit 
einer höheren Anzahl Neophyten häufiger vor, wohingegen die Häufigkeit busch‑ und baumbewohnender Insektenfresser 
in negativem Zusammenhang mit der Höhe der Bärenklau‑Pflanzen stand. Körnerfresser wurden durch die Eigenschaften 
des invasiven Neophyten nicht beeinflusst, während die Häufigkeit von Omnivoren in negativer Beziehung zur Anzahl 
blühender Bärenklaue stand. Abgesehen von den generell negativen Auswirkungen des pflanzlichen Eindringlings auf 
die verschiedenen Nahrungsgilden zeigte unsere Studie, dass bestimmte Aspekte einer Sosnowsky‑Bärenklau‑Invasion 
das Auftreten verschiedener Vogelarten auf den befallenen Flächen fördern oder verringern können. Die Kenntnis dieser 
Zusammenhänge könnte es uns leichter machen, mit den Herausforderungen fertigzuwerden, vor die invasive Pflanzenarten 
den Naturschutz stellen.

Introduction

The spread of invasive species is one of the most impor‑
tant global environmental problems (McGowan et al. 2017) 
which changes the structure and functioning of bird com‑
munities (Castro‑Díez and Alonso 2017). Pathway by 
which invasive plants can affect birds is changing their food 
resources (Nelson et al. 2017; Doizy et al. 2018). The nega‑
tive responses of birds to plant invasions are usually linked 
to their specialization to certain food resources (Grass et al. 
2013) and deterioration of the birds’ food base (Skórka et al. 
2010; Narango et al. 2018). For example, alien plants may 
become physical barriers for aerial insects (Aravind et al. 
2010) and invasive plants forming dense thickets may lower 
access of insectivorous birds to arthropods (Osborne et al. 
2012). Plant invasion can also affect arthropods selectively 
according to their ecology (Hejda et al. 2017; Štrobl et al. 
2019) or reduce the biomass of arthropods that require 
native plants as food (Litt et al. 2014).

Alternatively, when invasive plants increase vegetation 
patchiness, foraging opportunities for insectivores may 
improve as the visibility of arthropods increases (Walker 
2008). Plant invasion may also positively influence the 
native arthropod community (Dudek et al. 2016). The posi‑
tive effects of alien plants are particularly common in frugi‑
vores, because fleshy‑fruited invasive species may become 
important resources for frugivorous birds whose native food 
resources declined (Foster and Robinson 2007), are less val‑
uable than aliens (Bourgeois et al. 2005; Vila and D’Antonio 

1998) or temporarily unavailable (Corlett 2005). In contrast 
to such frequently documented positive effects of invasion 
on fruit‑eating birds, some non‑fleshy‑fruit invasive plants 
are known to attract insects, but no one has studied their 
effects on birds. Investigation of the use of exotic plants as 
food resources for birds can be performed by comparison 
of different feeding guilds foraging near invaders that are 
remarkable in some way (e.g. huge size of the plant, with 
big inflorescences producing numerous seeds). In this work, 
we focus on an alien flowering weed species, Sosnowsky’s 
Hogweed Heracleum sosnowskyi, for this purpose.

Sosnowsky’s Hogweed comes from the eastern and cen‑
tral Caucasus; central, eastern and south‑western Transcau‑
casia and north‑eastern Anatolia in Turkey (Moravcová et al. 
2007). This plant invader combines many features that can 
be expected to affect various feeding guilds of birds. First, 
its leaves are especially large, dense and fast‑growing (Bog‑
danov et al. 2016) providing huge biomass potentially useful 
for many different arthropods, although it also may limit 
the space for arthropods that need native plants. Second, 
based on reproductive potential studied on different inva‑
sive Caucasian hogweeds, one plant may produce 5–50 thou‑
sand seeds per year (Orlov et al. 1990; Perglová et al. 2007), 
which can germinate for 5–6 years (Orlov et al. 1990). These 
seeds are extremely abundant in upper soil layers (Morav‑
cová et al. 2007; Dalke et al. 2015) and easily accessible 
for granivorous and omnivorous birds (although it was not 
studied whether birds use those seeds). On the other hand, it 
can also lead to habitat monopolization and impoverishment 
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of the environment potentially used by foraging birds. Third, 
invasive hogweeds are attractive to numerous insects. For 
example, about 162 species of insects were recorded on the 
leaf surface, stem and umbel of Giant Hogweed H. man-
tegazzianum, of which 123 were polyphagous generalists, 
while the number of insect specialists was lower (Hansen 
et al. 2006). It is also known that the flowers of Sosnow‑
sky’s Hogweed, which is closely related to Giant Hogweed, 
attract a variety of pollinators, including Hymenoptera, Dip‑
tera, Coleoptera, and Hemiptera (Grace and Nelson 1981; 
Satsyperova 1984).

Considering all the above‑mentioned characteristics of 
Sosnowsky’s Hogweed (i.e. large green area, the attractive‑
ness of leaves and flowers for various arthropods, habitat 
monopolization and high seed productivity with unknown 
impact on birds), both an increase in the availability of food 
base for birds, as well as its significant impoverishment, 
are possible outcomes of the occurrence of this invader. To 
elucidate these possibilities, we related the occurrence of 
Sosnowsky’s Hogweed to the number of birds classified as 
insectivores, granivores or omnivores, as these guilds may 
show different responses to the presence of the invader. In 
the case of insectivores, we classified birds to ground/herb 
and bush/tree insectivores to take into account the birds’ 
typical foraging stratum in the context of hogweed devel‑
opment. We considered the impact of development stages 
of the invader using a set of its local characteristics (num‑
ber, cover, height, number of flowering hogweeds) on all 
four guilds of birds. Our study aims to test the following 
hypotheses:

1. The occurrence of Sosnowsky’s Hogweed negatively 
impacts the abundance of ground/herb and bush/tree 
insectivores. However, different hogweed character‑
istics are differently related to the abundance of birds 
from these two guilds according to their foraging strata. 
Lower cover (and thus higher patchiness) of hogweeds 
supports the abundance of ground/herb insectivores 
as it facilitates the visibility of insects (Walker 2008), 
although high number of hogweeds may be also benefi‑
cial for the insect availability. In contrast, numerous hog‑
weeds forming dense vegetation lowering insect acces‑
sibility (Osborne et al. 2012) are detrimental for ground/
herb insectivorous birds, while bush/tree insectivores 
are negatively affected by tall and flowering hogweeds 
appearing in space used by these birds as they become 
physical barriers for aerial insects (Aravind et al. 2010).

2. Sosnowsky’s Hogweed number positively affects the 
abundance of granivores and omnivores due to the easy 
access of numerous and potentially attractive seeds.

Methods

Study area with invasion

The research was conducted in southern Poland in 2019 
along three river valleys (Fig. 1). Sosnowsky’s Hogweed 
is the only Caucasian hogweed species in this area. This 
invader was present in all river valley habitats, and its 
patches had a diverse form—from single plants through 
medium‑sized patches (up to several meters in diameter) to 
several places where the number of Sosnowsky’s Hogweed 

Fig. 1  Map with the locations of the study sites (52 with Sosnowsky’s 
Hogweeds and 52 control) in southern Poland marked with dots on 
the satellite map (free background source: geoportal.gov.pl)



1118 Journal of Ornithology (2021) 162:1115–1128

1 3

was hundreds of plants in patches with the area up to 1 hec‑
tare. The most extreme invasion patches were found both in 
meadows and forests. Individuals developing flower shoots 
reached various heights from 0.5 to 3 m, although plants 
above 2.5 m were relatively rare in the study area.

Our study was done on 104 sites set in 52 pairs where one 
site in the pair was control without invasion (hereafter called 
“control”), while the second one was covered in 25–90% (on 
average 50%) by invasive Sosnowsky’s Hogweeds (hereafter 
called “Heracleum”). Within a given pair, both sites were 
located in the same habitat (meadow, wasteland, bush wood 
along the riverside, forest, etc.) and topographically similar 
locations, i.e. on flat terrain and at similar distances from 
rivers and mountains (Fig. 1). The distance between site 
centers within a given pair varied from 250 to 500 m and 
the distances between adjacent pairs were from 300 m to 
2 km. Each study site was a circle with a diameter of 50 m 
selected in a habitat appropriate for counting birds, i.e. away 
from potential disturbances that might affect the results (for 
more details see: Grzędzicka and Reif 2020). Within this 
50‑m radius, we recorded following Sosnowsky’s Hogweed 
characteristics at the periods when bird counts were per‑
formed (for more details, see Table S1—Supplementary 
information): coverage (specified per each invasion patch 
in percent covering the 50‑m radius site and then summed 
up for the whole site, as the invasion per site included sev‑
eral small patches of hogweeds—lower cover of hogweeds 
means overdispersed distribution of the invader, i.e. a higher 
patchiness), the number of specimens of this species (a 
complete count of all hogweed plants counted separately 
in invasion patches within the 50‑m plots and then summed 
up), the maximum height (the tallest hogweed plant found 
in the 50‑m plot), and the number of flowering plants of the 
invader (based on plant counts in invasion patches within the 
50‑m plots and then summed up). We did our best to match 
all characteristics but invasion for both sites within each pair. 
To confirm that there were no differences, we used a satel‑
lite map in Google Maps to measure the areas (in hectares) 
of four types of elements for each 50‑m plot: open areas 
(meadows, fields), areas covered with bushes and trees, lin‑
ear elements (balks, paths, streams, river fragments, power 
line belts), built areas (houses, gazebos, apiaries, energy sta‑
tions) for comparison. Kruskal–Wallis tests did not indicate 
any significant differences between Heracleum and control 
sites in any of these measures (see Table S2 for test results).

Bird censuses

Birds were counted in all pairs of study sites (control and 
Heracleum, see above) by one observer (EG). On each study 
site, the birds were counted in three dates selected according 
to invader’s phenology: first count: 25.04–20.05.2019 (Sos‑
nowsky’s Hogweed was visible in the field), second count: 

21.05–11.06.2019 (Sosnowsky’s Hogweed full development 
of green parts), 3rd count: 12.06–15.07.2019 (Sosnowsky’s 
Hogweed had flowers), with a minimum interval of 14 days 
between counts at a particular site. Paired sites were sur‑
veyed on the same day and time (within an interval of max. 
1 h). Each count consisted of recording all birds seen and 
heard within a radius of 50 m from the counting point (Ara‑
vind et al. 2010) for 10 min. The counts were performed 
from sunrise until 11 a.m. (Hanowski and Niemi 1995). We 
did not consider aerial feeders, shorebirds, gulls, terns and 
raptors (for more details see: Grzędzicka and Reif 2020). To 
perform the analysis on bird feeding guilds, all species were 
sorted into insectivores, granivores and omnivores based 
on the literature information on main food items known 
for adults and nestlings during the breeding season (Cramp 
1977–1994, Table S3—Supplementary information). Addi‑
tionally, we also divided insectivorous birds into the ground/
herb and bush/tree insectivores based on field observations 
concerning foraging habitat used by adult birds during the 
breeding season (Table S3, for more details concerning clas‑
sification, see: Grzędzicka and Reif 2020).

Statistical analysis

All statistical analyses were prepared in the R 3.6.2 soft‑
ware (R core team 2019). To test the impact of Sosnowsky’s 
Hogweed on the abundance of birds from different feeding 
guilds (bush/tree insectivores, ground/herb insectivores, 
granivores, omnivores) based on results from three counts 
(all counts treated separately), we used generalized linear 
mixed‑effects models (GLMMs) fitted with the glmer func‑
tion in the lme4 package (Bates et al. 2015). In each model, 
the number of individuals from a given bird guild was a 
response variable with Poisson distribution and logarith‑
mic link function, while the only explanatory variable was 
the group (0–control, 1–Heracleum). The fit of the model 
was assessed by the maximum likelihood, while “site ID” 
(identification of the 50‑m radius site used for bird count, 
N = 104) and “count ID” (the identity of bird count: first, 
second, third) were treated as the random effects. The results 
of the GLMM models were visualized using boxplots pre‑
pared within the functions from packages: ggplot2 (Wick‑
ham 2016) and dplyr (Wickham et al. 2020).

Another analysis tested the influence of invasion devel‑
opment stages on the abundance of bird guilds. To check 
whether hogweeds’ characteristics in particular stages are 
correlated and provide the same or different information, 
we illustrated relationships between characteristics per each 
bird count using corrplot function in corrplot package (Wei 
and Simko 2017). To test the impact of different Sosnow‑
sky’s Hogweed characteristics reflecting the influence of its 
phenological development throughout the breeding season 
on bird guilds, we designed models with data only from 
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Heracleum sites, using glmer function in the lme4 package 
(Bates et al. 2015). The number of birds from a given feed‑
ing guild was a response variable with Poisson distribution 
and log link function. The Sosnowsky’s Hogweed character‑
istics were explanatory variables: its percentage cover, the 
number of invader specimens, its maximum height per site 
and the number of Heracleum specimens with flowers per 
site—for more information see Table S1. In these models, 
“site ID” (N = 52) was used as the random effect to account 
for pseudoreplication associated with three bird counts at 
the same sites. We did not include “count ID” as the random 
effect, because it would reduce the expected impacts of hog‑
weed features developing differently at each site according to 
the local conditions and noted separately on each count. We 
checked the problem of multicollinearity in each model with 
the variance inflation factor VIF values using two packages: 
performance and see (Lüdecke et al. 2020). In all cases, VIF 
was below 2.0 indicating low multicollinearity (Kim 2019). 
Scatterplots with the relationships between the abundance 
of birds from different feeding guilds and Sosnowsky’s Hog‑
weed characteristics were prepared in the ggplot2 package 
(Wickham 2016).

To test the effects of development stages of Sosnowsky’s 
Hogweed on the species‑specific responses of birds, which 
may differ from those of guilds of birds, the canonical corre‑
spondence analysis (CCA) was performed on abundances of 
each species using the vegan package (Oksanen et al. 2019). 
In this analysis, we divided the results of bird counts at 
Heracleum sites into two parts: before flowering and during 
flowering. This separation was to test the effects of devel‑
opment stages of Sosnowsky’s Hogweed distinguishing the 
flowering period which is most attractive to pollinators. We 
prepared two separate CCAs—one for the first two counts 
(before flowering) where we considered the highest of these 
two counts as the abundance of each species, and the sec‑
ond one for the third count (during the flowering period). 
The explanatory environmental variables (expressed for 
each site) were: Sosnowsky’s Hogweed percentage cover, 
Sosnowsky’s Hogweed number, and Sosnowsky’s Hogweed 
maximum height. Moreover, we further included the number 
of Heracleum flowering specimens per site in addition to the 
other explanatory variables in the case of CCA for the third 
count. The relationships revealed by CCA were tested by 
anova cca function using the “terms” method. Besides, we 
used vif cca function to control the aspect of multicollinear‑
ity among model parameters and in all cases, the values of 
VIF were below 3.0, i.e. low (Kim 2019). The results of 
CCA were visualized in the ordination diagrams using the 
scores along the first two axes of CCA (Granadeiro et al. 
2007).

To investigate the potential mechanism of a positive influ‑
ence of Heracleum feature on the abundance of ground/herb 
insectivorous birds after the GLMM showed such an effect, 

we calculated the correlation coefficient between the cumu‑
lative abundance of those birds at the species level and the 
potential availability of their food base on hogweeds. The 
maximum count across three visits at each point for each 
ground/herb species was considered as the abundance of 
this species at a single study site. We summarized the abun‑
dances of each species from all Heracleum sites (N = 52) 
and used those values (one sum per species) as cumulative 
abundances of species belonging to the guild of ground/herb 
insectivores. Data concerning their potential food accessibil‑
ity on hogweeds were prepared based on publications found 
separately for each species. The literature search was done 
by entering the Latin name of a single bird species and two 
words: “diet” and “pdf” in google.pl web browser. Then, we 
chose the first article from Europe and calculated what per‑
centage of the bird’s diet were insects belonging to Hyme‑
noptera, Diptera, Coleoptera, Hemiptera, and Lepidoptera 
that could be found on Caucasian hogweeds (according to: 
Grace and Nelson 1981; Satsyperova 1984; Hansen et al. 
2006; Ustinova et al. 2017). Shapiro–Wilk test showed nor‑
mal distribution of the cumulative abundance of ground/herb 
insectivores from Heracleum sites (W = 0.661, P = 0.0001), 
while the distribution of the percentage of those species’ 
food items potentially available on hogweeds differed from 
normality (W = 0.966; P = 0.816). Therefore, we used Pear‑
son correlation coefficient to check the relationship between 
species‑level ground/herb insectivore abundances and their 
food resources potentially available on hogweeds. Scatter‑
plot showing the test result was prepared using the ggplot2 
package (Wickham 2016).

Results

Hogweed seasonal development

The number and coverage of Sosnowsky’s Hogweeds per 
site were correlated, especially during the first bird count. 
The cover and height of hogweeds correlated weakly posi‑
tively on the second and more strongly on the third count 
(for correlation values see Fig. S1—Supplementary informa‑
tion). Comparing three consecutive counts, the mean hog‑
weed coverage per site increased by approx. 5% between the 
first and second count and 1% to the third count, while the 
mean number of plants remained similar. The average height 
growth was 70–80 cm between counts (Table 1). During the 
first two counts of birds, Sosnowsky’s Hogweeds did not 
bloom on sites. The flowering of hogweeds was recorded 
on 41 sites (78.8% of Heracleum ones). The mean number 
of flowering plants per site was 94 (in average 51.4% of 
the invaders present in the research site, ranging from 0 to 
600—Table 1), while the rest were plants developing only 
green leaf rosettes. The height of hogweeds was independent 
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of number and cover, while the likelihood of flowering was 
greatest in the tallest specimens. The number of flowering 
hogweeds was correlated with the number of all hogweeds 
per site (Fig. S1).

The effect of hogweeds on bird feeding guilds

Across all 3 counts, 72 species of birds were recorded; 71 
species were at control sites, 61 species were at Heracleum 
sites. The numbers of birds summed up from all control sites 
during the first count were: 71 granivores, 193 ground/herb 
insectivores, 278 omnivores, 380 bush/tree insectivores; dur‑
ing the second count: 75 granivores, 306 ground/herb insec‑
tivores, 333 omnivores, 516 bush/tree insectivores; during 
the third count: 65 granivores, 529 ground/herb insectivores, 
390 omnivores, 430 bush/tree insectivores. The numbers of 
birds summed up from all Heracleum sites during the first 

count were: 34 granivores, 113 ground/herb insectivores, 
249 omnivores, 333 bush/tree insectivores; during the sec‑
ond count: 50 granivores, 160 ground/herb insectivores, 
270 omnivores, 395 bush/tree insectivores; during the third 
count: 30 granivores, 182 omnivores, 136 ground/herb 
insectivores, 205 bush/tree insectivores.

The presence of Sosnowsky’s Hogweed nega‑
tively impacted the abundance of birds from all feed‑
ing guilds (Fig.  2). Specifically, at the sites with hog‑
weeds was lower abundance of granivores (GLMM: 
Es t ima te  ±  SE =  −0 .639  ±  0 .202 ,  Z  =   −3 .168 , 
P = 0.001), ground/herb insectivores (GLMM: Esti‑
mate ± SE =  −0.933 ± 0.143, Z =  −6.537, P < 0.0001), 
omnivores (GLMM: Estimate ± SE =  −0.355 ± 0.088, 
Z =  −4.013, P < 0.0001), and bush/tree insectivores 
(GLMM: Estimate ± SE =  −0.307 ± 0.098, Z =  −3.135, 
P = 0.002) than at control sites (Fig. 2). When focusing on 
Sosnowsky’s Hogweed characteristics at Heracleum sites 
and the number of birds from three counts, we found a sig‑
nificant positive relationship between the invader’s number 
and the abundance of ground/herb insectivores (Table 2, 
Fig. 3), which can reflect the availability of food items on 
hogweeds. The abundance of ground/herb birds at the spe‑
cies level was shown to be positively correlated with the 
percentage of food items known from their diet that was 
potentially available on hogweeds (Pearson correlation 
coefficient: R = 0.56, P = 0.035, Table 3, Fig. 5). Bush/tree 
insectivores were negatively affected by hogweed height 
(Table 2, Fig. 3). The number of flowering invaders nega‑
tively affected the abundance of omnivores (Table 2, Fig. 3). 
The number of granivores was not impacted by Sosnowsky’s 
Hogweed characteristics (Table 2).

The effect of hogweed seasonal development 
on bird species

During the first 2 counts, 61 species of birds were recorded 
at the sites with Sosnowsky’s Hogweed. When we related 
the abundance of individual bird species to respective 
invasion features using CCA (Table S4, Fig. 4), first two 
axes (CCA1 and CCA2) explained 53.8% and 26.9% of 
the variance, respectively, and their eigenvalues were 
0.158 and 0.079, respectively. CCA1 corresponded to the 

Table 1  Sosnowsky’s Hogweed average characteristics for each field inspection separately, determined within 50 m from the counting point; the 
ranges of recorded values on 52 points are given in brackets

Variable First count Second count Third count

Heracleum cover 49.23% (25–90%) 54.33% (25–90%) 55.38% (25–90%)
Heracleum number 172 (10–1000) 176.5 (10–1000) 183 (10–1000)
Heracleum height 48.3 cm (20–100 cm) 130 cm (50–150 cm) 202 cm (50–250 cm)
Heracleum flowering number 0 0 94 (0–600)

Fig. 2  Column graphs showing differences in the bird abundance 
from each feeding guild between Heracleum and control sites, where 
“site ID” and “count ID” were the random effects, while group of 
sites (0–control, 1–Heracleum) was a nominal factor, P values: ** 
less than 0.001, *** less than 0.0001, error bars are standard devia‑
tions (number of observation sets during three counts: N = 312, num‑
ber of sites: N = 104)
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increasing representation of the invader at the study sites 
and was significantly associated with its height (Table S4, 
Fig. 4), whereas CCA2 showed a gradient from sites with 
a high number of Heracleum stems to sites with its high 
coverage (Fig. 4). According to GLMM, the abundance of 
ground/herb insectivores was positively related with the 
hogweed number (Table 2) as also indicated by positions 
of individual species (such as Tree Pipit Anthus trivialis 
or Dunnock Prunella modularis) at the negative part of 
the CCA2 (Fig. 4). Ground/herb insectivores were nega‑
tively impacted by tall Sosnowsky’s Hogweeds, reflected 
by positions of, for example, Stonechat Saxicola rubicola, 
Robin Erithacus rubecula and House Martin Delichon 
urbicum at the negative part of CCA1 (Fig. 4). Like bush/
tree insectivores’ feeding guild (Table 2), most strongly 

responding individual species in this group appeared at 
the negative part of the CCA1, which suggests their avoid‑
ance of tall specimens (Fig. 4). CCA repeated the results 
of the GLMM model and showed no significant trends in 
abundance of granivores depending on Sosnowsky’s Hog‑
weed, although e.g. granivore Linnet Linaria cannabina 
and Goldfinch Carduelis carduelis avoided tall Heracleum 
as indicated by their positions at the negative part of the 
CCA1 (Fig. 4). The positions of some omnivores at the 
negative part of CCA1 reflected the negative effect of 
hogweed height on those species, e.g. omnivore Jackdaw 
Corvus monedula, Rook Corvus frugilegus (Fig. 4).

During the third counts at Heracleum sites, 31 bird spe‑
cies were recorded (Table S3). In the CCA analysis, CCA1 
and CCA2 explained 52% and 22.8% of the variance, 

Table 2  Results of the GLMM models with the bird abundance from 
each feeding guild from Heracleum sites as a dependent variable, 
where “site ID” was the random effect, while Sosnowsky’s Hogweed 

features were the continuous factors (number of observation sets 
across all three counts: N = 156, number of sites: N = 52)

Number of ground/herb insectivorous birds

Estimate ± SE z value p value VIF ± increased SE

(Intercept) 1.574 ± 0.461 3.130 0.002
Heracleum cover  − 0.011 ± 0.006  − 1.518 0.129 1.97 ± 1.40
Heracleum number 0.006 ± 0.001 2.193 0.028 1.97 ± 1.40
Heracleum height  − 0.004 ± 0.003 1.197 0.231 1.38 ± 1.17
Heracleum flowering number 0.0004 ± 0.001  − 0.011 0.991 1.34 ± 1.16

Number of bush/tree insectivorous birds

Estimate ± SE z value p value VIF ± increased SE

(Intercept) 1.793 ± 0.154 11.604  < 0.0001
Heracleum cover 0.006 ± 0.003 1.784 0.074 1.88 ± 1.37
Heracleum number  − 0.0005 ± 0.0004  − 1.468 0.142 1.91 ± 1.38
Heracleum height  − 0.002 ± 0.001  − 3.290 0.001 1.38 ± 1.17
Heracleum flowering number  − 0.001 ± 0.0006  − 1.856 0.063 1.38 ± 1.17

Number of granivorous birds

Estimate ± SE z value p value VIF ± increased SE

(Intercept)  − 1.060 ± 0.426  − 2.710 0.007
Heracleum cover 0.009 ± 0.006 0.959 0.337 1.83 ± 1.35
Heracleum number  − 0.0001 ± 0.001  − 0.056 0.956 1.86 ± 1.37
Heracleum height 0.002 ± 0.002 1.318 0.187 1.46 ± 1.21
Heracleum flowering number  − 0.001 ± 0.001  − 1.145 0.252 1.47 ± 1.21

Number of omnivorous birds

Estimate ± SE z value P value VIF ± increased SE

(Intercept) 1.302 ± 0.182 7.161  < 0.0001
Heracleum cover 0.006 ± 0.004 1.622 0.105 1.80 ± 1.34
Heracleum number  − 0.0003 ± 0.0004  − 0.663 0.507 1.80 ± 1.34
Heracleum height  − 0.001 ± 0.001  − 0.973 0.331 1.35 ± 1.16
Heracleum flowering number  − 0.002 ± 0.001  − 2.671 0.008 1.33 ± 1.15
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Fig. 3  Scatterplots showing 
relationships between Sosnow‑
sky’s Hogweed characteristics 
(measured separately at each 
of three bird counts) and the 
number of birds from feeding 
guilds counted during three 
field inspections; plots are based 
on models with “site ID” as 
the random effect from Table 2 
designed on data only from 
Heracleum sites (number of 
observation sets during three 
counts: N = 156)

Table 3  List of bird species 
belonging to the guild of 
ground/herb insectivores pooled 
across all Heracleum study sites

The table shows what percentage of the diet of these species are food items that are potentially available on 
Sosnowsky’s Hogweed

Bird species No. of birds Diet (%) References

Alauda arvensis 24 37 Geiger et al. (2014)
Acrocephalus scirpaceus 26 66.5 Grim and Honza (1996)
Delichon urbicum 13 80.25 Boukhemza‑Zemmouri et al. (2013)
Hirundo rustica 45 96.3 Orłowski and Karg (2011)
Troglodytes troglodytes 18 12.6 Krištín (1990)
Sturnus vulgaris 110 83.8 Motis et al. (1997)
Erithacus rubecula 10 22.9 Krištín (1990)
Phoenicurus ochruros 1 63 Nicolai (2001)
Saxicola rubetra 5 43 Pudil and Exnerová (2015)
Saxicola rubicola 1 31.7 Dyrcz and Flinks (1995)
Prunella modularis 1 4.7 Krištín (1989)
Anthus trivialis 1 38 Krištín and Exnerová (1994)
Motacilla cinerea 14 26.5 Belkacem et al. (2019)
Motacilla alba 15 50 Davies (1976)
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respectively, and their eigenvalues were 0.285 and 0.125, 
respectively. CCA1 was the most strongly and positively 
associated with Sosnowsky’s Hogweed height, whereas 
CCA2 was related to its cover and number (Table S5, Fig. 4). 
The ordination diagram showed tendencies confirming the 

impact of Sosnowsky’s Hogweed showed by GLMMs: 
negative impact of height on some bush/tree insectivores 
(especially Barred Warbler Sylvia nisoria and Blackap Syl-
via atricapilla), the positive impact of a number on ground/
herb insectivores, no significant impact on granivores, and 

Fig. 4  Results of the CCA analyses showing the responses of dif‑
ferent bird species observed at Heracleum sites to the characteris‑
tics of Sosnowsky’s Hogweed development stage before flowering 
(upper graph) and during flowering period (graph below). Bird guilds 

marking on the chart: ground/herb insectivores ‑ blue font, bush/tree 
insectivores ‑ bold font, omnivores ‑ red font, granivores ‑ brown font 
(color figure online)
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negative influence of flowering plants number on the omniv‑
orous birds (Fig. 4). The positions of some species at the 
negative part of CCA1 confirmed that they were supported 
by a large number of Sosnowsky’s Hogweed specimens, 
e.g. Tree Sparrow Passer montanus, Jackdaw, Corn Bunting 
Emberiza calandra, Wood Pigeon Columba palumbus, Barn 
Swallow Hirundo rustica (Fig. 4). Others appeared at the 
positive part of CCA1, i.e. near tall invaders, e.g. Hooded 
Crow Corvus cornix, Long‑tailed Tit Ageithalos caudatus, 
Chaffinch Fringilla coelebs. Three species of birds belong‑
ing to the omnivores strongly avoided a large number of 
flowering Sosnowsky’s Hogweeds: Jay Garrulus glandarius, 
Rook and Song Thrush Turdus philomelos (Fig. 4), which 
confirms the result of GLMM (Table 2).

Discussion

The presence of Sosnowsky’s Hogweed negatively affected 
the number of birds from all feeding guilds. We confirmed 
the predictions about different effects of the invasion 
on ground/herb insectivores and bush/tree insectivores, 
although rejected hypothesis concerning the positive effect 
of hogweed seeds’ availability on the presence of granivores 
and omnivores. The studied invasion may impact birds not 
only by limiting the food base of granivores and omnivores 
but also unexpectedly that of insectivorous birds, although 
Sosnowsky’s Hogweeds are considered attractive to many 
insects (Grace and Nelson 1981; Satsyperova 1984; Ustinova 

et al. 2017). The relationships we have reported may be due 
to three types of mechanisms: food accessibility, the impact 
of invasion physiognomy, or its chemical properties, which 
all might affect various feeding guilds differently, depending 
on the presence or absence of hogweeds.

In general, our results concerning the negative impact 
of hogweeds on all feeding guilds correspond to studies on 
other invasive plants showing that they decrease the avail‑
ability of bird food (e.g. Aravind et al. 2010; Skórka et al. 
2010; Mangachena and Geerts 2017). Although we expected 
that a higher cover of hogweeds will support the availability 
of food for insectivorous birds, we showed that the num‑
ber of hogweeds was positively related to the abundance 
of ground/herb insectivores likely indicating increased 
food availability. It is known that in some situations, alien 
plants can be a source of additional food, for example for 
frugivores, especially under resource‑limited conditions 
(Reichard et  al. 2001; Chupp and Battaglia 2016). Our 
research showed for the first time a similar phenomenon 
in the ground/herb insectivorous birds. Based on data from 
the literature on the ground/herb insectivores diet and our 
results of bird counting, we have shown that particular spe‑
cies from this guild could appear near hogweeds if there 
was a possibility that they would find food there (Table 3, 
Fig. 5). In the case of omnivorous birds, a factor limiting 
this group was the number of flowering hogweeds. Omniv‑
orous birds are often facultative granivores and sites with 
numerous flowering hogweeds imply a greater seed avail‑
ability in the soil (from previous years). Hogweed seeds are 
probably unsuitable for these birds and may limit the access 
to the more suitable seeds driving the negative impact. In 
contrast, strict granivores may have adapted to Sosnow‑
sky’s Hogweed seeds since no such negative effects were 
demonstrated. Nevertheless, although we have provided 
some circumstantial evidence that hogweeds could impact 
birds through a food‑related dependence (negative as was in 
the case of omnivores or positive as in ground/herb insec‑
tivores), we have not proved by controlled experiment this 
to be the mechanism. Perhaps the fact that all the guilds did 
not respond to hogweeds in accord with the food‑mediated 
hypotheses indicates that food mediates only some feeding 
guilds of birds under certain circumstances.

The impact of plant invaders on birds may be driven 
directly by the physical structure of the vegetation rather 
than indirectly through the food base. We found that vari‑
ous aspects of the invasive plant occurrence impacted 
respective bird feeding guilds differently. Ground/herb 
insectivores appeared on patches with more hogweeds, 
while bush/tree insectivores avoided tall invaders, which 
supports our prediction about different effects of lower 
and higher parts of hogweeds on those two bird guilds. 
However, the positive relationship between ground/herb 
insectivore abundance and the number of Sosnowsky’s 

Fig. 5  Scatterplot showing the positive correlation between the sum‑
marized abundance of ground/herb insectivores at a species level 
from Heracleum sites and the percentage of those species’ food items 
potentially available on Sosnowsky’s Hogweed
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Hogweed specimens may not be an indication for the 
preference of these birds for this invasive plant. Indeed, 
on sites with more hogweeds, these birds could also find 
gaps with native vegetation between numerous compet‑
ing plants weakly developed in their lower parts. More 
plants meant a weaker development of hogweeds in a patch 
due to their greater competition for space and smaller 
leaf spread, between which birds feeding on the ground 
could find other vegetation and food (personal observa‑
tion). Nevertheless, in a wider perspective, this may be 
another mechanism of the negative impact of the invasion 
on this group of birds. If ground/herb insectivores pre‑
fer to forage in native vegetation, the growing presence 
of hogweeds on sites decreases its availability and qual‑
ity negatively affecting also the abundance of birds that, 
at the beginning, are trying to cope with hogweeds by 
choosing sites with their highest number and some native 
vegetation. To support this, in another paper, we showed 
that ground‑related habitat specialists were negatively 
impacted by Sosnowsky’s Hogweeds especially in open 
areas (Grzędzicka and Reif 2020) where numerous hog‑
weeds do not compete with woody vegetation and grow 
in dense thickets, invading meadows and thus negatively 
impacting ground/herb insectivores. The meaning of hog‑
weed physical properties seems to be confirmed by excep‑
tions to the rule, e.g. ground/herb insectivore Grey Wag‑
tail Motacilla cinerea avoided a high density (number) of 
hogweeds before flowering (Fig. 4), because it searches 
for food along rivers and treats the bank vegetation with 
native plants between hogweeds not for foraging but rather 
as a shelter (personal observation), not provided by too 
high density of hogweeds.

The pattern for bush/tree insectivores is also in good 
accord with the ecology of this guild: they were negatively 
impacted by hogweeds’ height, because tall herbs cannot 
replace the woody plants they need. In the line with stud‑
ies on other invaders (Walker 2008; Osborne et al. 2012), 
it can be presumed that for bush/tree insectivores search‑
ing for insects from higher positions, the greater cover or 
number of Sosnowsky’s Hogweeds was not important as it 
did not disturb the effective food searching. Interestingly, 
some bush/tree insectivores, e.g. Garden Warbler Sylvia 
borin and Barred Warbler, avoided high cover of hogweeds 
before flowering, probably due to their different habitat 
preferences. To our knowledge, we are not aware of any 
analogies in another invasive plant–bird systems to the 
differences between ground/herb insectivores and bush/
tree insectivores responses to Sosnowsky’s Hogweed we 
report here.

Any negative impacts of the studied invasion on all bird 
guilds can be also explained by the effect of Sosnowsky’s 
Hogweed properties. The vegetation of patches with inva‑
sive hogweeds is species‑poor with a significant share of 

generalist plant species (Śliwiński and Anioł‑Kwiatkowska 
2011) which certainly reduces biodiversity including the 
availability of plant and insect food. This may be caused 
by a herbicidal potential of this invader (Gala‑Czekaj et al. 
2018) and a high concentration of biologically active com‑
pounds in its tissues (Budarin and Kondratyev 2014). It is 
known that the total phenols content is mainly in leaves 
(Baležentienẻ 2015). However, in all parts of hogweeds is 
also juice containing coumarin derivatives, esters, alcohols 
and long‑chain hydrocarbons (Hattendorf et al. 2007) and 
thus, they are toxic to vertebrates, invertebrates, fungi, bac‑
teria and viruses (Pyšek et al. 2007). Those plant extracts 
were once used as an insecticide, as they interfere with 
the aquatic mechanism of insects, directly affecting their 
neuromuscular system (Jõgar et al. 2006). Chemicals from 
hogweeds might accumulate in insects, causing them to be 
poisonous to consumers in excess (e.g. birds), which may 
explain the attraction of these plants to some insects, but 
not to other animals.

Our research was conducted in dates to match Sosnow‑
sky’s Hogweeds development when its effects on birds can 
be expected. This could lower species detectability accord‑
ing to their phenology, as e.g. songbirds may be most detect‑
able early in the breeding season (Sliwinski et al. 2016). 
Moreover, detectability of birds varies by species, habitat, 
observer and many other factors (Buckland et al. 2008), 
and to avoid risk connected with those factors, control and 
Heracleum sites were designated in the same habitats and 
land covers. Large patches of hogweeds, however, could 
decrease bird detectability. We do not think that this prob‑
lem was present in our data since ground/herb insectivores, 
i.e. species that should be theoretically least detectable in 
Sosnowsky’s Hogweed stands, had indeed higher counts in 
invaded sites with a higher Sosnowsky’s Hogweed number. 
The proximity of large plants, in which birds could hide if 
necessary, could make them less shy. Our observations so 
far show that highly developed hogweeds may be used as an 
observation point and by singing males, which supports the 
visibility of birds. Birds are more skittish in sparse vegeta‑
tion, so paradoxically they could be less detectable in control 
areas. Other authors have shown that the influence of habitat 
on detectability is small for most species compared to the 
important effect of the observer, as well as whether the bird 
was seen or heard (van Heezik and Seddon 2012). Therefore, 
taking into account that the birds were counted quite late in 
the season when the singing was no longer intense and it 
was necessary to know other bird voices and behaviors, the 
fieldwork was carried out on small sites by one experienced 
observer to increase species detectability and ensure it is 
comparable across all sites. The 50‑m radius seems ade‑
quate, it generates density estimates twice as high as 100‑m 
radius counts (Reidy et al. 2011). The size of the sample 
(104 points) is also important, as it seems to be sufficient 
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to detect the impact of hogweeds on all species that can be 
detected in the study area. It is known that 4 points on the 
grid are enough to detect common species, while at least 64 
points are needed to observe rare species with low detection 
probability (Sliwinski et al. 2016). Even though our research 
was not based on the grid, it also concerns a specific coher‑
ent area and the number of points seems to be sufficient to 
record less detectable birds.

In sum, we confirmed the different effects of hogweeds’ 
spatial development on insectivorous birds feeding at dif‑
ferent levels, which are in line with the ecology of these 
birds. However, due to the negative impact of hogweeds on 
the abundance of birds from all feeding guilds, the positive 
relationships of some birds to particular invasion features 
(e.g. ground/herb insectivores to the number of hogweeds) 
seem to be rather an attempt to cope with the parameters of 
habitat altered by Sosnowsky’s Hogweeds occurrence rather 
than a conscious selection of these plants by animals search‑
ing for food. Sosnowsky’s Hogweed strongly transformed 
the habitat of ground/herb insectivores, which contributed to 
the loss of food sources and the need to look for it near hog‑
weeds. Sosnowsky’s Hogweed invasion is so harmful that 
even bird guilds such as granivores and omnivores probably 
did not use the potentially large availability of beneficial 
food (seeds). Our results confirm statements of other authors 
suggesting that in future, plant invasions may result in the 
formation of new assemblages (Beachy and Robinson 2009) 
and currently unpredictable changes in bird ecology (Witmer 
1996; Reichard et al. 2001).
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