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Seasonal and Diurnal Timing of Emergence of Ephoron
shigae (Ephemeroptera : Polymitarcyidae) from Four
Japanese Rivers

Naoshi C. WATANABE, Koukichi HATTA, Kazuo HISAEDA
Kazuaki HosHI and Shin-ichi ISHIWATA

ABSTRACT

Seasonal and diurnal patterns of emergence were compared in
unisexual and bisexual populations of Ephoron shigae (TAKAHASHI)
from four rivers, including two near the northern and southern periph-
ery of the species range. During the emergence periods in 1991 and
1992 winged mayflies were collected every day in the same way in the
four rivers. Seasonal timing and synchrony of adult emergence varied
depending on the locality and year. The daily start of emergence
gradually became earlier with sunset during the emergence period,
except for an unusually early emergence on a heavily rainy day,
suggesting that light intensity may affect the time of emergence. In
the bisexual populations, males began to emerge earlier than females.
Females in the unisexual populations began to emerge as early after
sunset as males did in the bisexual populations. Sizes of winged stages
gradually decreased during the emergence period: hypotheses of
decreasing size for cohorts developing under increasing temperatures
cannot be applied to E. shigae which spends its later nymphal stages
under temperatures fluctuating around the highest level of the year.
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INTRODUCTION

Mass emergence in mid-September of a burrowing mayfly, Ephoron shigae
(TAKAHASHI), has been reported almost every year in the mass media from
some Japanese rivers, because of its spectacular appearance and its interfer-
ence with traffic. WATANABE and ISHIWATA (1997) reported that this species
is distributed in rivers on Honshu, Shikoku and Kyushu from ca. 39°N
(Kitakami-gawa) to ca. 33°'N (Banjo-gawa), and includes unisexual (no or
few males) and bisexual populations. To elucidate the factors affecting the
seasonal and diurnal timing of emergence, we compare two bisexual and two
unisexual populations of E. shigae in a latitudinally and longitudinally broad
range.
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MATERIALS AND METHODS

Winged stages of E. shigae were collected every day from the end of
August to the beginning of October 1991 and 1992 in the same way in the
four rivers; the Abukuma-gawa (Fukushima; 37°45'N, 140°29'E), the
Shonai-gawa (Nagoya ; 35°15'N, 137°02'E), the Asahi-gawa (Okayama ; 34°
41’N, 133°56’E) and the Oita-gawa (Oita ; 33°12'N, 131°35'E) ; the rivers
are arranged from north to south in the tables and figures that follow. The
Abukuma-gawa and the Oita-gawa are located near the northern and south-
ern periphery, respectively, of the geographical range of the species. The
populations in the Abukuma-gawa and the Asahi-gawa are bisexual, and
those in the Shonai-gawa and the Oita-gawa are unisexual (WATANABE and
IsHIWATA, 1997). Imagos and subimagos swarming over the water surface
were collected by sweeps through the air with an net 40 cm in diameter at
a point about 50 cm deep in each of the four rivers. A twenty-stroke sweep
was made every 5 min throughout the duration of swarming each night
(quantitative sampling). When the daily emergence was scarce, samples
were supplemented by careful searching of the air. The specimens of E.
shigae were preserved in 5 % folmalin solution and were sexed and counted
in the laboratory. Head widths of specimens from the Asahi-gawa, i.e., male
imagos, male subimagos and female subimagos (females of Ephoron lay eggs
and die as subimagos), were measured to the nearest 0.01 mm using a
binocular microscope with an objective micrometer. When the daily quanti-
tative samples were very large, about fifty specimens for each sex were
subsampled for the measurement. When samples were much fewer than
fifty, the supplementary samples, when available, were also measured.

RESULTS AND DISCUSSION

The total number and sex ratio of mayflies caught by the quantitative
samplings during the emergence periods in 1991 and 1992 are shown in
Table 1. The populations in the Shonai-gawa and Oita-gawa had highly
female-biased sex ratios, whereas this was not the case in the Abukuma- and
Asahi-gawa.

Table 1. Total numbers and sex ratios of E. shigae caught by quantitative samplings
during an emergence period in the four rivers.

Abukuma-gawa Shonai-gawa Asahi-gawa Oita-gawa

female male female male female male female male
1991 Nos. 181 289 2604 21 5472 7235 869 7
ratio 0.63 1 124.00 1 0.76 1 124.14 1

1992 Nos. 383 479 2742 38 3065 1592 1617 10
ratio 0.80 1 72.16 1 1.93 1 161.70 1
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Fig. 1. Seasonal patterns of emergence of E. shigae in the four rivers in 1991 and
1992. Open and solid bars show females and males, respectively. No
samplings were made on the days shown by cross marks.

Figure 1 shows the seasonal patterns of emergence of E. shigae in 1991
and 1992 in the four rivers. In the Shonai-gawa and the Asahi-gawa,
emergence occurred for about ten days in both years, whereas in the
Oita-gawa it extended over almost a month. In the Abukuma-gawa, emer-
gence occurred synchronously in 1991, but it continued for a considerably
longer period in 1992. The peaks of emergence in 1991 occurred later on a
north-to-south gradient, but peaks in 1992 did not show such a tendency.
Thus, the timing and degree of synchrony varied depending on the locality
and year, with no general tendency becoming apparent based on two years of
data. Moreover, no difference between unisexual and bisexual populations
was observed in the emergence pattern. Despite the analysis of available
information on environmental conditions, any factors evidently affecting the
daily abundance of emerging mayflies have not yet been found.

Figure 2 shows seasonal changes in the start and the end of daily swarming
of E. shigae in the four rivers in 1991 and 1992. The start and the end of
swarming were defined as those times when 5 % and 95 %, respectively, of
the daily captures were collected. The start of swarming (=the start of
emergence) gradually became earlier with sunset during the emergence
period, except in the Abukuma-gawa in 1991 where the emergence period
was very short. Thus, the time of emergence seemed to be determined
mainly by decreasing light intensity, as was suggested for E. album by BRITT
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Fig. 2. Seasonal changes in the diurnal timing of E. shigae swarming in the four rivers.
Open circles/plus marks and open triangles/bars represent the start/end of
swarming of females and males, respectively. The start and the end of swarming
were defined by the times when 5% and 95%, respectively, of the daily captures
were collected. The broken lines indicate the sunset. Regression lines are shown
only for the start of female emergence. See the text for further explanation.

(1962). This might be supported by the unusually early emergence in the
Oita-gawa on 30 September 1991 when it rained heavily all day from the
effect of a typhoon (78-mm daily rainfall). On days with heavy rain, light
intensity on the bottom of rivers should decrease earlier in the evening than
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on fine days, because of weak light incidence and of absorption by increased
water depth and turbidity. The end of swarming also came earlier toward
the end of emergence period in both years in the Oita-gawa and in 1992 in
the Abukuma-gawa where emergence periods were relatively long. In the
other cases where emergence occurred rather synchronously, daily swarming
ended later at the middle of the emergence periods in general, affected by
the daily abundance of mayflies. The swarming always ended before 21.00
hrs, and no difference between the uni- and bisexual populations was
recognized.

In Figure 2, the time intervals from sunset to the start of female emer-
gence in the unisexual populations (the Shonai- and the Oita-gawa) are
apparently shorter than those in the bisexual populations (the Abukuma-
and Asahi-gawa). This was tested by the following method : For regression
analysis, the daily starting time of emergence was weighted depending on
the daily abundance of mayflies by being multiplied by 1 for 1-10 individ-
uals collected, by 2 for 11-50 and by 3 for over 51 (if weighted by daily
abundance itself, the regression would be affected too strongly by a few days
of mass emergence). Then, regression equations (Eqgs. 1 in Table 2) for the
relationships between the daily start of emergence based on the weighted
data and the date counted from August 31 (t=0) were calculated ; the
regression lines for females are shown in Figure 2. The interval of time from
sunset to the start of emergence was obtained by subtracting the sunset time
calculated by Egs. 2 from the starting time of emergence by Egs. 1 on a given
day. On 15 and 20 September, for example, when emergence was possible

Table 2. Regression equations of daily start of emergence (SE) on date (Egs. 1) and
sunset on date (Egs. 2). The intervals between sunset and SE on 15 and 20
September are shown in the column on the far right. Data in 1991 on the
Abukuma-gawa are omitted because the emergence period was far from 15 or
20 September. See the text for further explanation.

SE sunset sunset — SE

Rivers y=bx+a(Egs. 1) y=Dbx+a(Egs. 2) on September
a b r? a b 15 20

Abukuma-gawa ¥ 1992 0.8387 -0.0023 0.545** 0.7574 -0.0011 1:31 1:22

lo7' 1992 0.8089 -0.0018 0.473** 0:59 0:54

Shonai-gawa ¥ 1991 0.8149 -0.0020 0.664** 0.7654 -0.0010 0:49 0:42

¥ 1992 0.8039 -0.0008 0.205* 0:591:01

Asahi-gawa ¥ 1991 0.8245 -0.0007 0.348** 0.7731 -0.0010 1:20 1:22

% 1992 0.8173 -0.0005 0.373** 1:14 1:18

g 1991 0.8200 -0.0013 0.303** 1:01 0:58

g 1992 0.8172 -0.0009 0.149* 1:051:06

Oita-gawa ¥ 1991 0.8312 -0.0015 0.473** 0.7790 -0.0010 1:04 1:00

¥ 1992 0.8238 -0.0012 0.774** 1:00 0:58

*p=0.05; ** p=0.01.
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in all the rivers, females in the Shonai-gawa and the Oita-gawa began to
emerge nearly an hour after sunset (Table2). These times of female
emergence were significantly earlier than those in the Abukuma-gawa and
the Asahi-gawa (MANN-WHITNEY U-test ; p=0.05 for each day), and agree
approximately with the times of male emergence there. WATANABE et al.
(1989) reported for E. shigae in the Asahi-gawa that male subimagos
emerged synchronously and molted to imagos in a 25 min period (by sam-
pling intervals of 5 min) immediately prior to an abrupt increase in female
emergence. It is an interesting phenomenon that females in the unisexual
populations began to emerge as early as males in the bisexual populations.
Determining the mechanism and ecological or evolutionary significance of
this phenomenon must await future studies.

Seasonal changes in the head width of imagos and subimagos in the
Asahi-gawa are shown in Figure 3. Females were much larger than males,
and male imagos were slightly smaller than male subimagos. Sizes of winged
stages gradually decreased during an emergence period.
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Fig. 3. Seasonal changes in the head width of imagos and subimagos of E. shigae in the
Asahi-gawa. Open circles, open diamonds, and solid diamonds with vertical lines
indicate the mean head width with 95 % confidence limits of female subimagos,
male subimagos and male imagos, respectively. Circles and diamonds with a tail
on the right indicate that only one sample was measured. Numbers of male
subimagos measured were sometimes very few because they molted to imagos
soon in collecting nets.

Similar seasonal reduction in adult size has been reported for many
aquatic insects. SWEENEY and VANNOTE (1981) and TAKEMON (1990) sug-
gested hypotheses explaining the seasonal size reduction in species whose
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larvae grow during their final phasé under increasing temperatures. How-
ever, during the period from mid-July to early September when E. shigae
is in its later nymphal stages (nymphs recruit to the last instars in mid- or
late August ; WATANABE, unpublished data), water temperature fluctuates
around the highest level of the year. Furthermore, the adult emergence
occurs in September when water temperature generally begins to decrease.
Therefore, it seems difficult to apply the hypotheses mentioned above to the
size reduction in E. shigae adults. An alternative explanation is needed for
‘autumn species’ which spend summer as later instars.
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