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  Abstract 
Syrphinae hoverflies are important insects in agriculture because they are natural 
enemies of aphids and excellent pollinators. For effective conservation and habi-
tat management of the Syrphinae, it is important to understand which flowers 
they visit. So far, we have demonstrated that the flowers visited by Syrphinae 
have flat, simple shapes. However, the annual blue-eyed grass (Sisyrinchium 
rosulatum) is an exception because, even though it has flat, simple flowers, there 
have been no observations of Syrphinae visiting it. In this study, therefore, we 
hypothesized that the Syrphinae avoid S. rosulatum because its flower scent acts 
as a filter. We, therefore, tested whether the Syrphinae would avoid S. rosulatum 
flowers even under restricted, closed conditions, and checked the Syrphinae an-
tipathy to the flower scent of S. rosulatum using a T-shaped tube. Our results 
confirmed that the Syrphinae seldom visit S. rosulatum flowers even in a closed 
environment. Our next examination of Syrphinae selectivity showed that the ho-
verflies preferred Oxalis corniculata to S. rosulatum. In addition, Syrphinae se-
lected an “empty” option rather than S. rosulatum. These results confirmed that 
Syrphinae avoided the flowers of S. rosulatum. Moreover, it is suggested that 
Syrphinae avoid the flower because of the scent because they were unable to 
visually identify the flowers in the experiment using T-shaped tubes. 
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1. Introduction 

Agriculture depends upon ecosystem services created by functional biodiversity in the agricultural environment [1, 2]. 
The current thinking is that native useful organisms in agro-ecosystems are important for effective, sustainable agricul-
ture [2-6]. Weed vegetation management is an effective method of conserving functional biodiversity in farmland [7]. 
However, depending on the species, weeds may be a source of natural biological control agents or, conversely, pest 
insects [8]. 

Syrphinae hoverflies are one of the most important insects in Japanese agriculture, since their larvae are the natural 
enemies of aphids, and the adults are excellent pollinators of vegetables and fruits [9, 10]. The Syrphinae are insects 
that can be expected to survive in the green areas around farmland because of their low mobility [11-16]. Therefore, it is 
important to know which flowers the Syrphinae visit in order to preserve them in the green areas around farmland. 
However, there is a lack of clarity about the preferred flowers of Syrphinae and the plant species on which they depend 
[16]. 

We have investigated the relationship between 43 weed species around farmland and the frequency of flower visits 
from Syrphinae. Consequently, we demonstrated that flowers frequently visited by Syrphinae are yellow (p = 0.046), 
flat (p = 0.0049), and have a simple shape (p = 0.0092) (Saruta, and Inagaki unpublished). Therefore, flat and simple 
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shapes are more important than flower color for the Syrphinae (Saruta, and Inagaki unpublished). 
The annual blue-eyed grass (Sisyrinchium rosulatum) is a typical flower with a flat and simple shape. However, we 

did not observe any visiting Syrphinae in any population of S. rosulatum during our field studies in 2017 and 2018 
(Nakatani and Inagaki unpublished, Saruta, and Inagaki unpublished). Therefore, there is a possibility that the Syrphi-
nae avoid S. rosulatum. The mechanism enabling Syrphinae to avoid S. rosulatum is thought to be related to the ultra-
violet rays and flower fragrance. We confirmed there was no difference in the quantity of ultraviolet rays between S. 
rosulatum (avoided by Syrphinae) and Oxalis corniculata (preferred by Syrphinae) (Nakatani and Inagaki unpublished). 
Hence, it is speculated that the quantity of ultraviolet rays is not the cause of the Syrphinae’s aversion to S. rosulatum. 

In this study, therefore, we hypothesized that the Syrphinae avoid S. rosulatum due to the flower scent, which acts as 
a flower filter, and we found that Syrphinae did not visit S. rosulatum flowers even under restricted, closed conditions, 
and demonstrated the Syrphinae’s aversion to the flower scent of S. rosulatum using a T-shaped tube. 

2. Materials and Methods 
2.1. Plant material and tested Syrphinae 

Sisyrinchium rosulatum, Oxalis corniculata (Oxalis), and tested Syrphinae were collected from the field of Shizuoka 
University (Kariyado, Fujieda, Japan). 

2.2. Observations on the visiting of Syrphinae to S. rosulatum flowers in a closed environment 
Three white flowers and three purple flowers of S. rosulatum, and three flowers of Oxalis, which were selected by the 

Syrphinae (as a positive control), were placed randomly in a plastic box (40cm × 25cm × 28cm). One Syrphinae was 
released in a plastic box and observed and counted for visiting and pollinating S. rosulatum and Oxalis for 20 minutes. 
Consequently, we removed only Oxalis, and released another Syrphinae in a plastic case with three white flowers and 
three purple flowers of S. rosulatum. One test was repeated six times, and the position of the flowers was rearranged for 
each test. 

2.3. Preference tests using a T-shaped pipe 
A plastic bag with crushed flowers (S. rosulatum, Oxalis) was connected to both ends of the T-shaped tube (diameter 

1 cm) so that the flower’s scent was transmitted to a T-shaped tube. One Syrphinae was placed at the T-shaped tube 
entrance to observe whether it moved to the left or right. Three experiments were carried out: 1) S. rosulatum-empty; 2) 
Oxalis-empty; and 3) S. rosulatum-Oxalis. The samples were randomly switched on to the left or right for each test. 
Each examination was repeated 35-40 times. 

2.4. Statistical Analysis 
All statistical analyses were performed using the BellCurve for Excel 5.0 (Social Survey Research Information Co., 

Ltd.) software. 

3. Results and Discussion 
3.1. The visit of Syrphinae to S. rosulatum flowers in a closed environment 

Visiting and pollination by Syrphinae were frequently observed on Oxalis flowers (Figure 1). In contrast, visiting 
Syrphinae was not observed on S. rosulatum flowers (Figure 1). This finding indicated that the Syrphinae preferred 
Oxalis flowers to S. rosulatum flowers. Secondly, when we removed the Oxalis, visiting Syrphinae was hardly observed 
(Figure 1). Although one Syrphinae visited S. rosulatum white flowers once, no pollination was observed. It, therefore, 
appears from these results that Syrphinae may not only have a low preference for S. rosulatum flowers but may also 
avoid them. 

3.2. Preference tests using a T-shaped pipe 
In S. rosulatum-empty examination, the frequency of selecting S. rosulatum was statistically lower than that of empty 

cells (p = 0.0004) (Figure 2). In the Oxalis-empty examination, there was no significant difference between the choices 
(p = 0.29). In the S. rosulatum-Oxalis examination, Syrphinae moved more toward Oxalis than S. rosulatum (p = 
0.0081). The results from the S. rosulatum-empty and S. rosulatum-Oxalis examination showed that the Syrphinae tend 
to avoid S. rosulatum. In addition, it is suggested that Syrphinae avoid the flower by detecting the scent because, in this 
experiment, the Syrphinae could not visually identify the flowers. It is well known that flowers volatilize scents to at-
tract pollinators [17]. However, some insects are preferable as pollinators, and some do not depend on a particular plant 
species. In comparison to bees, the Syrphinae have advantages, such as operating at low temperatures and not requiring 
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much honey [18]. In contrast, the Syrphinae have some drawbacks, such as moving only short distances and making 
random visits without identifying the plant species. For this reason, many plants that use bees as pollinators prevent 
invasion by Syrphinae by complicating their flower structure. It is suggested that the Syrphinae might be an unfavorable 
pollinator for S. rosulatum. However, the flowers of S. rosulatum are not complicated, but rather have the flat and sim-
ple flower structure preferred by the Syrphinae. It has been suggested that flowers emit specific chemicals to attract 
particular pollinators and repel other, less useful, insects [19]. Studies on floral scents and their repellent actions have 
been conducted mostly in flowers such as sexually deceptive orchids and corpse flowers [19]. Recently, it has been re-
ported that some common trees also have floral filters [19]. 

Our results indicate the possibility that S. rosulatum, a common weed, repels Syrphinae with chemicals. On the other 
hand, it is considered that the preference of Syrphinae for Oxalis is not due to the scent of the flowers, but to the shape 
and color of the flowers, because there was no difference in selection between Oxalis and empty in the Oxalis-empty 
examination. 

 
Figure 1. The preference of Syrphinae for S. rosulatum and Oxalis flowers. (Mean ± SD) 

 
Figure 2. The preference tests Syrphinae using a T-shaped pipe (**, * indicate significantly difference at 1 %, 5% level re-

spectively of Chi-squared test). 

4. Conclusion 
Our study results show the possibility of a chemical floral filter in S. rosulatum to deter Syrphinae hoverflies. It is 

well established that the scent of plants attracts pollinators to flowers [17]. In addition, the phenomenon of flower 
se-lection and avoidance due to scent, as shown in our results, is essential to the understanding of interactions between 
flowers and pollinators. However, although it is inferred from this result that Syrphinae avoids S. rosulatum flowers due 
to factors other than vision, it is not sufficiently clear whether it is the scent. In this regard, further research is needed, 
such as the identification of the scented substances. 
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