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Effects of artificial pollination and herbivore exclusion on the fruit set and seed production of the rare
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Abstract: The rare orchid Calanthe discolor is on the verge of extirpation from Japan due to foraging by
the agromyzid fly Japanagromyza tokunagai and the decline of pollinator bees. Artificial pollination and
bagging treatments that exclude foraging flies are promising conservation measures. We examined the rates
of fruit set and ripe seed production resulting from the artificial pollination and bagging of C. discolor at
five field sites in Fukui Prefecture, Japan. We tested 24 individuals over 2 years from 2021 to 2022,
classified into three treatment groups: 1) no artificial pollination + no bagging (13 individuals), 2) artificial
pollination + no bagging (5 individuals), and 3) artificial pollination + bagging (6 individuals). Artificial
pollination resulted in an average of 5 fruits per individual (range: 1-9 fruits), while untreated plants
produced only 0.2 fruits on average (range: 02 fruits; Wilcoxon rank sum test, p < 0.0001). Additionally,
the average percentage of each plant damaged by flies such as J. fokunagai was 0% in the bagged group
and 56% (range: 0—100%) in the untreated group (Wilcoxon rank sum test, p < 0.01). Thus, both artificial
pollination and bagging of C. discolor produced statistically significant improvements in fruit set and ripe
seed production. Our results suggest that pollination opportunities are reduced in untreated C. discolor,
with serious implications for the species’ ongoing reproduction and survival.

Keywords: artificial pollination, bagging treatment, Calanthe discolor, endangered species,
Japanagromyza tokunagai
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Fig. 1 Location of survey sites
Locations of the five survey sites in Fukui Prefecture, Japan. The distance between survey areas A, B and

C, D, E is approximately 2 km.
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Fig. 2 Bagging treatment

Whole Calanthe discolor flower stalks were bagged to exclude foraging flies. We placed a 0.75-m
horticultural prop beside the target plant for support, then covered the entire flower stalk with an insect
repellent fine-mesh polyethylene bag, with good permeability to air. Finally, we closed the bag with a tie
around the base of the prop and flower stalk.
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Fig. 3 Number of fruits per Calanthe discolor individual in the artificially pollinated and untreated groups.
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Fig. 4 Percentage of each Calanthe discolor individual damaged by flies in the bagged and untreated groups.
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#£1 224 RO BT

BErES REF FEH X Ek& (3 LEESE S WEREH WERRER
Number of Survey year Survey area Name of Operation Number of Number of Percentage of
individuals individuals fruits collected infested fruits infested fruits
ALY LHEMT
Artificial Bagging
pollination treatment
1 2021 Stn. A A-1 No No 0 — —
2 2021 Stn. A A-2 No No 0 - —
3 2021 Stn. A A-3 No No 0 — —
4 2021 Stn. B B-1 No No 0 - —
5 2021 Stn. B B-2 No No 0 - -
6 2021 Stn. C C-1 No No 0 — —
7 2021 Stn. C C-2 No No 0 - —
8 2022 Stn. A A-1 No No 0 — —
9 2022 Stn. A A-2 No No 0 - -
10 2022 Stn. A A-3 No No 0 — —
11 2022 Stn. B B-1 No No 2 2 100%
12 2022 Stn. B B-2 No No 0 — —
13 2022 Stn. B B-3 No No 0 - —
14 2022 Stn. C C-3 Yes No 6 5 83.3%
15 2022 Stn. D D-1 Yes Yes 5 0 0%
16 2022 Stn. D D-2 Yes Yes 5 0 0%
17 2022 Stn. D D-3 Yes Yes 2 0 0%
18 2022 Stn. D D-4 Yes Yes 4 0 0%
19 2022 Stn. D D-5 Yes Yes 6 0 0%
20 2022 Stn. D D-6 Yes No 4 0 0%
21 2022 Stn. D D-7 Yes No 9 1 11.1%
22 2022 Stn. E E-1 Yes Yes 4 0 0%
23 2022 Stn. E E-2 Yes No 1 1 100%
24 2022 Stn. E E-3 Yes No 9 4 44.4%
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#£2 STRAAEHXKOMA

EH#X Stn. A Stn. B Stn. C Stn. D Stn. E

Survey area

E =S (m) HESE (%) B =S (m) BHE (%) BH =S (m) HEHE (%) B =S (m) HEHE (%) B =S (m) HEHE (%) B

Stratification Height Vegetation ~ Species Height Vegetation  Species Height Vegetation  Species Height Vegetation  Species Height Vegetation  Species
coverage coverage coverage coverage coverage

=Y N 20 100 2 14 65 1 18 70 2 20 95 3 17 75 3

Tree layer

e K= 11 35 2 12 55 2 8 50 4 10 20 1 - - 0

Subtree layer

i N 3 15 3 5 20 1 2.5 45 9 4 30 10 2 20 6

Bush layer

BKE 1 1 10 0.6 40 41 0.5 30 42 1 90 57 0.3 80 50

Herb layer
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