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The importance of syrphid flies as pollinators of Succisa 
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Results on the effects of interspecific pollen transfer in Succisa pratensis Moench are presented. We 
measured species composition of visiting insects on Succisa using transect observations, flower 
constancy by measuring individual behaviour and body pollen loads, pollen deposition on Succisa 
stigmas, and seed germination. Syrphids were the most frequent visitors, and 75% of the transitions 
of the insects were intraspecific. Pollen body loads contained a high proportion of heterospecific 
pollen, which was reflected in the pollen deposition on the stigmas. Germination percentage was 
less than 50%. Pollination and reproduction of Succisa populations appear to be hampered by 
pollination quality. 
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Eighty percent of the plant species in Northwest Europe are for their reproduction dependent on 
insect pollination (Kwak 1994). The pollination success of these entomophilous plant species 
depends on the pollination effectiveness of their visitors. Each insect visitor has its own pollination 
effectiveness, depending on behavioural characteristics like flower constancy, foraging speed, 
pollen load on the body, and pollen deposition. 

Flowers can be visited by specialistic and generalistic insect species. The pollination 
effectiveness of specialists compared to that of generalists is largely unknown (Velterop 2000). 
Oligo- and monolectic species (specialists) are thought to carry pure pollen loads and consequently 
to deposit conspecific pollen. The pollen loads of polylectic species (generalists) are expected to 
be less homogeneous. The deposition of heterospecific pollen may have detrimental effects on the 
fitness of flowering plant species (Rathcke 1983). Therefore, plants visited by generalists may 
suffer from competition through interspecific pollen transfer (IPT) (Rathcke 1983, Waser 1983). 

In this paper, we present results on the effects of IPT in Succisa pratensis (Dipsacaceae). This 
plant species is visited by specialist and generalist insects. In The Netherlands, the specialist bee 
Andrena marginata used to be a common visitor of S. pratensis and probably it was the most 
important pollinator. However, in the 1960s, A. marginata became extinct (Peeters et al. 1999). 
Little is known about the identity of insect species that replaced A. marginata as important 
pollinator of Succisa. In the case of generalistic species, this change in species composition may 
have led to an increase of IPT on the stigmas of Succisa. If the deposition of heterospecific pollen 
is detrimental to Succisa, this may have severe consequences for the persistence of Succisa 
populations. 

Since 1935, the area of distribution of Succisa decreased by 74% in The Netherlands. Changes 
in land use, habitat fragmentation and deterioration are supposed to be the most important factors 
responsible for this decline (Van der Meijden et al. 2000). Both direct and indirect effects via 
pollinator visitation are possible. Maybe, there is a relation between the change in pollinator guild 
and the survival of Succisa. 

In this paper, we will address the following questions: 1) What is the species composition of 
visiting insects on Succisa? 2) How flower constant are the most frequent visitors of Succisa? and 
3) What are the implications of their foraging behaviour for the pollination success of Succisa? A 
low flower constancy of the Succisa visitors may lead to the deposition of heterospecific pollen. 
This may be detrimental to Succisa and therefore, at least partly, explain the decline of Succisa. 
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MATERIAL AND METHODS 

Study area 
The study was performed at eight sites in the North of The Netherlands: five sites in road verges 
near Assen (province of Drenthe), two sites in nature reserves near Heerenveen and Drachten 
(province of Friesland), and one artificial population in Assen. The selected sites differed in 
population structure and were divided into four population types (--, -+, +- or ++; the first sign 
indicates the population size of Succisa (- = small, + = large) and the second the flower diversity at 
sites (- = low, + = high)). At the beginning of observations (weeks 35 and 36, 2002), small 
populations consisted of 135-615 flower heads and large populations of 1,600-10,000s. The 
number of simultaneously flowering plant species ranged from 2-11 at low flower diversity sites 
and from 15-32 at high diversity sites. 

Species composition of visiting insects on Succisa: transect observations 
At each site, flower-visiting insects were counted in transects of 50 by 3 m, while walking slowly. 
Species and numbers of insect visitors and the available number of inflorescences were recorded 
per plant species. Transect observations were performed one to three times during the season at all 
sites. On average, the duration of a transect observation was about 25 minutes. 

Two methods to measure flower constancy of the most frequent visitors 

Behaviour 
Insects visiting a flower head of Succisa were followed during their foraging trip in different 
Succisa populations. The minimum bout length for analysis was five visits (equals four 
transitions). Flower constancy was defined as the number of intraspecific transitions per plant 
species divided by the total number of transitions. This constancy has a range from 0 to 1, an 
average value of all individuals of a particular insect species was calculated. 
Analysis of pollen loads on the bodies of Succisa visiting insects 
In different populations, insects were captured, lightly anaesthetized and pollen on the bodies was 
removed by using gel (Beattie 1972). Only the parts of the insect that make contact with stigmas 
were cleaned. Pollen grains were counted under a light microscope and identified by using a 
reference collection. Flower constancy was measured as the average proportion of target pollen on 
the body of a particular insect species. 

Pollen deposition on the stigmas of Succisa 
Pollen deposition during the day was determined by allowing insects to visit virgin female flower 
heads. Virgin flower heads (n=7 per population) were collected in the study area and offered in test 
tubes filled with water attached to wooden sticks. At the end of the day, all stigmas within a flower 
head were cleaned with gel in the same way as the insect bodies. Under the microscope, the 
proportion of Succisa pollen was determined from a sample of at least 300 pollen grains. 

Seed germination 
The percentage of seed germination was used as measure of reproductive success of Succisa. Per 
population, at least 15 flower heads in the female phase were marked and bagged to prevent seeds 
from falling off. All bags were collected when the seeds were ripe. Seeds were put in Petri dishes 
in a climate room at changing temperature 25°C/15°C and 12/12 h light/dark. After six weeks, the 
percentage of germinated seeds was determined. 

Statistics 
Analyses of variance were computed using SPSS version 10.0 for Windows. Homogeneous groups 
were separated using Tukey’s HSD multiple comparison tests (α=0.5). 
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Table 1. Flower constancy of three frequent Succisa visitors. Flower constancy is defined as the number of 
intraspecific transitions per plant species divided by the total number of transitions. Significant differences 
between the sites are indicated by different letters. ‘n.a.’ means value not available. 

 Flower constancy (mean ± S.E.) 
Population type » - + + - + + 

Visiting insects    
H. pendulus 0.74 ± 0.09 (n=7)b 0.99 ± 0.01 (n=18)a 0.86 ± 0.06 (n=9)ab 
H. trivittatus 0.95 ± 0.03 (n=17) 1.00 ± 0.00 (n=4) 0.94 ± 0.03 (n=11) 
E. horticola 0.95 ± 0.02 (n=14) n.a. 0.94 ± 0.03 (n=11) 
 
 

Figure 1. The number of individuals per insect species visiting Succisa arranged according to their 
abundance (summed over all transect observations, n=16; September 6th till October 9th). Total number of 
observed individuals is 740. Insect species: 1: H. trivittatus, 2: E. horticola, 3: H. pendulus, 4: E. 
tenax/pertinax, and 5: E. arbustorum/nemorum. 

 

RESULTS 

Species composition of insects visiting Succisa 
Flower visitors on Succisa were, in order of abundance, members of the Syrphidae, other Diptera, 
Hymenoptera and Lepidoptera. Syrphid flies formed the greatest part (60-100%) of visitors in all 
populations during the whole flowering period. The frequent visitors of Succisa all belong to the 
Eristalinae (a sub-family of the Syrphidae), in order of abundance: Helophilus trivittatus, Eristalis 
horticola, Helophilus pendulus, Eristalis tenax/pertinax and Eristalis arbustorum/nemorum 
(Fig. 1). Four species (other Diptera, Hymenoptera and Syrphidae), were regularly observed. The 
other 13 insect species (Lepidoptera, Syrphidae and Hymenoptera) were seen occasionally (1-10 
times). 

Flower constancy of Succisa visitors: observations of behaviour 
The frequent Succisa visitors showed high flower constancy (Table 1). In all populations, 75% of 
the transitions of the syrphid fly species were intraspecific, despite site differences in population 
size of Succisa and flower diversity. Helophilus pendulus showed the only significant difference in 
flower constancy between population types. The flower constancy of this species was significantly 
lower in population type -+ compared to population type +- (p=0.001). 
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Figure 2. Composition of pollen loads of four frequent Succisa visitors in a population of type +- 
(September 12th). Significant differences are indicated by different letters. 

 
 

Figure 3. Fraction of Succisa pollen deposited on the stigmas of Succisa (within a flower head) in different 
populations. Significant differences are indicated by different letters. 
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Flower constancy of Succisa visitors: analysis of pollen loads 
In general, all sampled syrphid fly species carried a high proportion of heterospecific pollen on 
their bodies. Heterospecific pollen consisted mainly of pollen grains of Asteraceae and Ericaceae. 
Even in a population of type +-, individuals of H. trivittatus, E. horticola and E. tenax showed a 
high proportion of heterospecific pollen. In this population, the load of H. pendulus contained a 
significantly higher proportion of Succisa pollen (78%) than those of the other insect species (H. 
trivittatus: 38%, p=0.011; E. horticola: 45%, p=0.045; E. tenax: 25%, p<0.001; Fig. 2). 

Pollen deposition on the stigmas of Succisa 
The fraction of conspecific pollen deposited on stigmas of Succisa was low for all populations 
(Fig. 3). Heterospecific pollen consisted mainly of pollen grains of Asteraceae. Succisa flower 
heads in large populations received a significantly higher fraction of conspecific pollen (45 and 
64%) than those in small populations (17 and 18%) (p<0.001). 

Seed germination 
The percentage of germinated seeds per flower head of Succisa was low in all populations: less 
than 50% (Fig. 4). This percentage differed not significantly between populations, when 
populations with comparable times of seed set were compared. 

DISCUSSION AND CONCLUSION 
In all populations, Succisa was visited by a large variety of insect species. Therefore, Succisa can 
be considered as a generalist plant species. Syrphid flies were the main visitors, especially 
members of the Eristalinae of which only five species were abundant. These syrphid fly species are 
(very) common in The Netherlands (Verlinden 1991). It seems reasonable to expect that they play 
an important role in the pollination of Succisa. However, this depends on the pollination 
effectiveness of these species. 
 
 

 
Figure 4. Percentage of germinated seeds per flower head of Succisa in different populations at different 
times in the flowering season. Significant differences are indicated by different letters. 
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The degree of flower constancy of the most frequent Succisa visitors is not clear at first sight, 
because the two methods used to determine flower constancy give opposite results. From the 
observations of behaviour, H. pendulus, H. trivittatus and E. horticola appear to be (very) flower 
constant. However, all syrphid fly species had large amounts of heterospecific pollen on their 
bodies, indicating a low flower constancy. A plausible explanation for this is that the observed 
insect species show passive flower constancy: flower constancy depending on the number of 
available flowers of the same species. Another explanation is the difference in time with which 
flower constancy is defined (observations of behaviour: short-term, analysis of pollen loads: long-
term). The results of both analyses together suggest that once within a Succisa population, the 
insects are flower constant, but outside the population they visit many other flowering plant 
species. For the pollination of Succisa, purity of the pollen load may be most important. 

The composition of the pollen deposited on Succisa stigmas reflects that of the pollen loads on 
the bodies very well. A high fraction of heterospecific pollen was deposited on the stigmas in all 
populations. The proportion of conspecific pollen deposited, depends on the population size of 
Succisa. This supports the idea of passive flower constancy of the visiting insect species. 

Thus, the generalistic feeding behaviour of the most frequent Succisa visitors led to the 
deposition of large amounts of heterospecific pollen on Succisa flower heads. It is unclear if the 
deposition of heterospecific pollen is detrimental to Succisa, but it undoubtedly results in the loss 
of receptive stigma surface on female flower heads. Moreover, it leads to a reduction in male 
reproductive success, because of the deposition of Succisa pollen on foreign flowers. These lost 
pollen and stigma surfaces otherwise would have contributed to fertilization events (Rathcke 
1983). Artificial hand pollinations are needed to determine the susceptibility of Succisa to 
heterospecific pollen, unambiguously. The effects of heterospecific pollen deposition are probably 
reflected in the low seed germination in all populations. This may have negative consequences for 
the survival abilities of Succisa populations. Thus, Dutch Succisa populations, even large ones, 
seem to suffer from competition through IPT. 

Whether the presence of A. marginata would amend the pollination of Succisa still remains an 
open question. Pollination effectiveness of the bee should be studied in areas where it still occurs, 
e.g. in Belgium and Germany. However, also there A. marginata is declining (Peeters et al. 1999), 
and a similar shift from oligolectic to polylectic species could be expected. It is of interest to 
investigate if this change in pollinator guild goes along with an increase of IPT. 
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