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The Life Cycle and Secondary Production of Nemoura gemma
Ham and Lee (1998) in a High Mountain Stream in Korea
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Life cycle and secondary production of Nymphs of Nemoura gemma Ham and Lee
were estimated by using specimens collected from a stream in Mt. Jumbong in the
central Korean peninsula. N. gemma in the study stream was univoltine. Youngest
nymphs were collected in April. They appeared to grow continuously until the emer-
gence in early spring next year. The cohort production interval for the species was
estimated as 399 days. The annual secondary production (ash free dry weight) estimat-
ed by removal-summation and the size-frequency methods were 582 and 786 mg m™>
yr |, respectively. Gut content analysis showed that N. gemma was a shredder.
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INTRODUCTION

Nemoura gemma Ham and Lee (Plecoptera:
Nemouridae) was reported as a new species in
1998 (Ham and Lee, 1998). The adult specimens
of this species were collected from several moun-
tain areas in both southern and northern parts
of Korea (Ham and Lee, 1998), which strongly
suggested that this species could be widespread
in Korea. However, their biological information
such as life cycle and feeding ecology are lacking.

In the previous study on the macroinvertebrate
fauna in a small stream at Mt. Jumbong (Chung,
2005a), Nemoura sp. was the second most abun-
dant taxa, representing 21.8% (2.4~29.9%) of the
all macroinvertebrate density. They were not
identified to the species level due to the difficulty
in the identification of nymphs. Yoon (1995) was
the then available keys to Nemoura nymphs, and
it included only one species, Nemoura tau. How-
ever, there had been five recognized species
(Zwick, 1973; Ham and Lee, 1998, 1999; Kim et
al., 1998) and some more species to be described

(see Ham, 2000). By 2009, one new species,
Nemoura phasianusa (Ham, 2009) was added to
the Korean Nemoura fauna. Therefore, giving
Nemoura nymphs a correct species name was prac-
tically impossible at that time.

The Nemoura sp. of Chung (2005a) was retro-
spectively identified by using both adults collect-
ed at the site and those reared and emerged in
the laboratory. They were composed of two spe-
cies, N. gemma and the other species yet to be
identified.

In this paper, I present the growth pattern, food
preferences and the secondary production of a
population N. gemma which was a part of Nemou-
ra sp. in Chung (2005a).

MATERIALS AND METHODS

1. Study site

The first order stream where nymphs of N. gem-
ma were collected drained a part of the south
eastern slope of Mt. Jumbong (38°03'N, 128° 25'E).
The length of the stream was about 600 m and
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flew into a third order stream at 800 m above sea
level. Samples were collected from the first 10~
300 m upstream section from the confluent. The
width and depth of the stream water measured
during the baseflow condition in 1997 were < 2.7
m and 5~10 cm, respectively. Daily mean water
temperature recorded with submerged thermi-
stors (Hobo®temp) at 2 hour interval ranged 0~
14°C, with the annual mean water temperature
of 6.3°C for the study period (Chung, 2005b). The
annual degree days (>0°C) estimated from data
collected during May 1995~ August 1996 and
February 1998~ April 1999 was 2,300~ 2,600.
During 1998, the daily mean water temperature
in early March rose up to 3~5°C, about a month
earlier than in other years. In early April, stream
water temperature became 10°C, similar to sum-
mer water temperature in an ordinary year. Con-
sequently, the annual degree day of the study
year was about 2,600. Electronic conductivity and
pH measured with hand held meters at the sam-
pling site ranged 15~25uS cm™ and 5.1~86.9,
respectively (Chung, 2005b). Dominant leaf litter
species on stream substrata were Carpinus cor-
data, Quercus mongolica, Acer sp. and Kalopanax
pictus (Chung, 2005a).

The study stream received large amount of orga-
nic matters such as leaf litter, bark, and woody
debris (about 500 g m ™2 yr! in ash free dry mass)
from the forest through year-round direct fall
from stream-side trees and lateral movement from
stream banks (Lee et al., 1997). Leaf litter repre-
sented about 90% of annual organic inputs (un-
published data).

2. Data collection

Nymphs of N. gemma were collected with other
macroinvertebrates by using a pipe-type sampler
(920 x 40 cm, stainless steel) at 4~ 6 week inter-
vals from November 1997 through October 1998.
Five samples were collected at every sampling
date.

Macroinvertebrates with debris and inorganic
sediments were put in plastic bags and treated
with 3~5% formalin solution on site. They were
brought and stored in the laboratory. Later, sam-
ples were washed with tap-water and passed
through nested 1 mm and 0.25 mm sieves. All spe-
cimens retained on the 1 mm sieve were hand-
picked. For those attained on 0.25 mm sieve, a
sample splitter (Waters, 1969) was used and a

part of the sample (1/32~1/4) was examined for
macroinvertebrates depending on the amount of
substrates.

Nymphs of Nemoura were sorted, identified and
counted under a dissecting microscope. Body
length (1 mm interval), from the anterior margin
of head to the posterior end of the abdomen, and
the head width, from left to right outer margins
of compound eyes, were measured with a graduat-
ed stage (mm) and an ocular micrometer (to the
nearest 0.01 mm), respectively. Body length data
were used to estimate biomasses of nymphs, while
data of head capsule width (grouped at 0.05 mm
interval in Fig. 1 to improve visibility) were used
to separate N. gemma from the other congenial
species.

For biomass (mg of ash free dry mass: AFDM)
determination, the equation below was used:

AFDM=0.00751 - (Body Length in mm)>4°
(Chung, 2008)

Secondary production was calculated by the
removal-summation method and the size-frequ-
ency method (Benke, 1984). To determine cohort
production interval (CPI), the time of hatching
was estimated as the median date between the
sampling date of the first appearance of young
nymphs and that just prior to it. The end time of
nymphal growth was estimated similarly between
the date of last catch of mature nymphs and the
subsequent sampling date. Since the study was
conducted only for a year, all cohorts were as-
sumed to have the same life history traits.

Gut contents were examined for October sam-
ples (6 individuals) and February and March
samples (8 individuals). Small individuals were
avoided in the analysis, due to operational diffi-
culties. October samples were composed of rela-
tively young nymphs (body length: 2.5~3.5 mm)
while those of February ~March were composed of
mature nymphs (body length: 4.2~6.5 mm). Guts
were removed from the body of the sampled in-
sects with fine forceps under a dissecting micro-
scope and were placed in a drop of water on the
slide. Gut contents were extracted by gently pres-
sing guts with forceps or teasing guts with insect
pins. At this stage, much of the gut contents was
spreaded over the preparation. After removing
the gut wall materials, gut contents were further
spread with fine forceps if needed. A cover glass
was then placed, and gut contents were examined
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under a phase-contrast microscope (X 100~ 400).

The ingestion rate of each food type was esti-
mated using equations described in Benke and
Wallace (1980). Assimilation efficiency for leaf
tissue and amorphous detritus (10%) was taken
from Benke and Wallace (1980). Net production
efficiency was assumed to be 0.5 (Benke and Wal-
lace, 1980).

RESULTS

Nemoura gemma appeared to grow continuously
from the hatching in spring and summer to the
emergence in spring next year (Fig. 1). The largest
head capsule width (1.48 mm) of full grown nym-
phs was attained by February. The largest head
capsule width maintained similarly in March.
Thereafter, it decreased to 1.35 mm. Based on the
change in the head width, N. gemma appeared to
emerge during the period from March 10 to May
13. The youngest nymphs (head width of 0.16
mm) of next generation began to be collected on
April 26. Thus, the first day of hatching was esti-
mated as April 9. Hatch seemed to continue until
June 10. Therefore, the latest nymphs of a gener-
ation co-occurred with the newly hatched indivi-
duals of the next generation, making two consecu-
tive generations overlapped for about a month.
The cohort development interval estimated by
using two consecutive generation appeared to be
399 days (from April 9 to May 13 next year). How-
ever, it took about 11 months for individual nymph
to complete their growth.

The growth of early hatched individuals was
rather slow for the first several months, then they
grew rapidly until winter (Fig. 1). But thereafter
until the emergence, the growth became slow
down again. The change in body length measured
at mme-interval (Fig. 2), however, did not provide
such a detailed growth pattern.

Annual average density of N. gemma was 3,200
+7,355 m ? (Mean+1 S.D., n=55), with the mon-
thly maximum of 15,643+10,309 m 2 (Mean=+1
S.D., n=5) in June and the monthly minimum of
3441348 m™*(Mean+1 S.D., n=5) in March. The
value of the coefficient of variation for each sam-
pling occasion ranged from 17% in July to 165%
in August, with 7 out of 11 occasions with values
equal to or less than 100%.

Annual mean biomass (in AFDM) was 138.5 mg
m% and mean biomass (in AFDM) for cohort pro-
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Fig. 1. Size frequency of head width measured from outer
margins of left and right compound eyes of Nemou-
ra gemma. Data were grouped at 0.05 mm interval
to improve visibility. The smallest head width for
April, May, June, and July were 0.16, 0.17, 0.16,
and 0.20 mm, respectively.
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Fig. 2. Size frequency of body length measured from ante-
rior margin of head to the tip of the last abdominal
segmeunt of Nemoura gemma.

duction interval was 117.2 mg m™% The secondary
production {in AFDM) of N. gemma estimated by
removal-summation method was 582 mg m™ yr !,
while that estimated by size-frequency method
was 786 mg m™* yr™'. Consequently, annual pro-
duction/biomass ratio (P/B) ranged from 4.2 to 5.7,
and cohort P/B ranged from 5.0 to 6.7, depending
on the production estimation methods.

N. gemma had in their guts exclusively amor-
phous organic matters and vascular tissues of
plants. Intermediate-sized individuals collected
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in October 7 1988, had amorphous organic matter
with few of vascular plant tissues. Full grown
nymphs collected in February and March 1998
had vascular plant tissues in their guts, often
covered with amorphous organic matters.

The amount of plant tissues (AFDM) consumed
by the N. gemma was estimated as 11.7 or 15.7 ¢
m™? yr'!, depending on secondary production esti-
mation methods.

DISCUSSION

N. gemma in the study stream exhibited a uni-
voltine, slow seasonal life cycle (sensu Hynes,
1970), apparently without delayed hatching or
other developmental arrestment. The early ad-
vent of spring should have accelerated growth
and caused an earlier emergence (see Brittain,
1983; Gregory et al., 2000). Such a small change
in the water temperature would not have any
significant effect on the life cycle in Plecoptera
(Harper, 1973). In addition, this species is largely
restricted to small mountain streams with closed
canopy (personal observation) which share similar
characteristics such as cold and well aerated
stream water and autumnal litter inputs from
riparian vegetation (Ward, 1992). Therefore, the
univoltinism, although it was concluded from one
year study of a single population, seems to be
applicable to other populations of N. gemma in
Korea. Although some nemourids in Europe have
been known to have flexible life cycles, their dis-
tribution ranges cover large geographical areas
and their life cycle flexibility has been thought as
one of reasons that enable them to spread over a
wide range of habitats (Brittain, 1978). For exam-
ple, Nemoura cinerea in southern Norway was
univoltine under tree line, but populations above
tree line was semivoltine (Brittain, 1974). Nemu-
rella pictetii, another extremely widespread euro-
pean Nemouridae species, exhibited plurivoltin-
ism (Wolf and Zwick, 1989) and cohort splitting
in Germany (Nesterovitch and Zwick, 2003).

Production estimates of N. gemma in dry mass,
obtained by applying ash rate of 0.115 (Chung,
2008) to production estimated in AFDM, lied with-
in the median range of production reported for
shredders (0.1~1.0 g m™? yr " in dry mass, Benke,
1993). The P/B ratios were largely in accord with
the range (4~ 6) that was most frequently observ-
ed in univoltine stream insects (Waters, 1977;

Benke, 1993).

The near-random distribution of N. gemma in
the study stream seemed to reflect the facts that
N. gemma was a shredder and organic matters
were distributed rather evenly in the stream.
Although further studies might need to confirm,
such distribution pattern of organic matter was
largely because the study stream was narrow and
shallow such that effective litter trapping struc-
tures such as partly buried cobbles and twigs
were common on the stream bottom. Leaf litter
trapped by them would tend to stay there until
occasional spates after heavy rainfall flushed
them away to downstream sites.

N. gemma may be collected in almost any time
of year at most of small streams in forests. How-
ever, since multiple species may occur simulta-
neously in a stream, one should be cautious in
identifying nymphs of Nemoura species.
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