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There are still knowledge gaps and uncertainties concerning the research of macroinvertebrates, in

particular, a life cycle study of representative species are one such section of information missing in Mongolia.
Therefore, this study was conducted within the framework of the biomonitoring program in the Kharaa River
Basin under the research aims of the project entitled ‘Integrated Water Resources Management (IWRM) in
Central Asia: Model Region Mongolia (MoMo)'. This study provided the first quantitative results on the life
cycle, production, growth rate and emergence of aquatic insects from Mongolia, to allow comparisons with
studies in other regions using the same methods. The 3-year study (2007-2009) of the life cycles of eighteen
selected species according to the larval body size distribution and emergence period showed that the life
cycle strategies in Ephemeroptera, Plecoptera, and Trichoptera and their production in the Kharaa River
Basin clearly indicated adaptations to the harsh environmental conditions with strict univoltinism and low
secondary production. In conclusion, it is essential to obtain knowledge especially about life cycle strategies
of macroinvertebrates to predict re-colonisation potential of disturbed habitats and to evaluate the efficiency

of management measures.
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INTRODUCTION

Mongolia is a landlocked country,
surrounded by high mountain ranges in the
north and southwest and it is located in the
transition zone between the great Siberian
taiga and the Central Asian desert, which
belongs to the central parts of the Eurasian
continent (Nandintsetseg et al., 2007). Its
climate is characterised by long, dry and cold
winters (120-150 days with stable snow cover
in the mountainous regions, about 85% of total
precipitation falls from April to September
and average air temperatures of —15 °C to —35
°C in January), and hot summers (average air
temperatures of 15 °C to 25 °C in July), low

precipitation (50 mm to 400 mm depending
on the region) and a relatively high number of
sunny days per year (260 d y', average) for
the years 1961 to 2001 (Batima et al., 2005;
Nandintsetseg et al., 2007). The annual average
temperature for Mongolia is 0.7 °C (Batima et
al., 2005), and -0.4 °C in the study region of
Kharaa river basin (Térnros & Menzel, 2010).
Major characteristics of extreme continental
climates are long and cold winters with mean
air temperatures below 0°C (Danks, 2007)
with corresponding ice coverage of surface
waters, which result in harsh environmental
conditions for all aquatic life (Milner & Petts,
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1994; Chambers et al., 2000). For instance,
an important hydrological character of
surface waters in Mongolia is the occurrence
of an ice cover with a thickness of 0.8 to 3.2
meters for five to six months of the year and
some rivers freeze into the bed (Batima ef al.,
2004). Depending on the species and besides
habitat quality and food availability, general
adaptations of aquatic insects to survive these
conditions were described as a prolonged
or staggered development and programmed
life cycles with diapause, often resulting in
strict univoltinism (Danks, 2007). However,
synecological studies of aquatic insects in
extreme cold continental climates and in
particular Mongolian river systems are still
limited (e.g., Hofmann et al., 2011; Maasri &
Gelhaus, 2011; 2012) the most recent studies

MATERIAL AND METHODS

The Kharaa River basin is located in
Northern Mongolia, not far from the capital
Ulaanbaatar, between latitudes 47°53” and
49°38’ N and longitudes 105°19” and 107°22°
E. The catchment is 14,534 km? and the main
channel is 362 km long (Fig. 1a) and flows into
the Orkhon River (catchment area 133,000
km?) which is a tributary of the Selenge
River (459,000 km?* (MoMo Consortium,
2009). The Kharaa River basin is located in
Northern Mongolia, not far from the capital
Ulaanbaatar, between latitudes 47°53” and
49°38’ N and longitudes 105°19” and 107°22°
E. The catchment is 14,534 km? and the main
channel is 362 km long (Fig. 1a) and flows into
the Orkhon River (catchment area 133,000
km?) which is a tributary of the Selenge River
(459,000 km?) (MoMo Consortium, 2009).
A detailed description of the study region is
given by Hofmann et al. (2011).

A total of seven sites were chosen along
the main channel of the river in order to study
the life cycle of the rivers macroinvertebrates

have been focused on taxonomy and species
diversity (Hayford, 2009; Purevdorj, 2009;
Soldan et al., 2009; Judson & Nelson, 2012).
Therefore, there are still knowledge gaps and
uncertainties concerning the life cycle study of
representative macroinvertebrate species was
one of these information holes.

The main hypothesis was to test whether
or not EPT species in the Kharaa River have
special adaptations to survive the harsh winter
conditions in Mongolia and reduced secondary
production. In order to proof these hypotheses,
it was necessary to provide basic autecological
information on the (i) larval and emergence
densities, (i) life cycle periods, and (iii)
secondary production, growth rates of selected
macroinvertebrate organisms.

(Fig. 1b). A principle for the selection of
sampling points was to display the life cycle
of species distributing in the upper, middle and
downstream reaches of the basin.

Between 2007 and 2009, three projects were
conducted in order to determine the life cycle
period, secondary production and growth rate
of important macroinvertebrate species from
the EPT group. The structure of the material
and method is presented in figure 2. Further
sampling procedures, and detailed information
can be found on the AQEM (2002), Haase et
al. (2004) and Avlyush (2013).

Due to the location of the sampling sites, a
similar temperature regime and a synchronised
emergence period between years, large
longitudinal differences in larval development
within the basin were not expected. In order
to enhance the validity of the results, data
were pooled from all sampling sites, where the
selected species were distributed, to create the
life cycle development figures.
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Fig. 1: a) The Kharaa River Basin (in black) is shown as part of the Selenge River Catchment (striped)
being the main source region for Lake Baikal (Source: Map from e.g., Hofmann et al. 2011); b) the
sampling locations are given with the short names.

Material and methods

v

1

PROJECT |
Larval development

PROJECT Il
Emergence period

PRQJECT Il
Production & Growth

3.1 Collection of benthic
samples: Multihabitat
sampling

(2007-2009)

3.2 Emergence study:

Emergence traps &

sweep netting
(2008-2009)

3.3 Estimation of larval
biomass, secondary
production and growth
rate: Size-frequency
method (2009)

3.4 Water and air temperature
3.5 Substrate composition

3.6 Data and statistical analysis

Fig. 2: A structure of sub-chapters identifying the sampling and estimation methods, abiotic measurements

and data analysis.
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RESULTS

Selection criteria

A total of 140 EPT species consisting of
63 species of Ephemeroptera, 20 species of
Plecoptera and 57 species of Trichoptera from
84 genera have been recorded in the benthic
samples at seven sites (Sug 1; Kh_8.5; Kh_8;
Kh 7, Kh 5; Kh_4; Kh_2) along the Kharaa
River during 2007 to 2009 (Schéffer, 2014;
own data). In this sampling period and at
these sites, the mean EPT larval density (+SE)
was 1867 + 145.5 ind m? (n=77). Their mean
biomass (+SE) was estimated by 1.42 + 0.11
g DW m? (n=77). A total of 43 EPT species
including 12 species of Ephemeroptera,
8 species of Plecoptera, and 23 species of
Trichoptera were recorded in the emergence
traps at four sites (Sug I; Kh 8.5; Kh 5;
Kh_2) along the Kharaa River. The mean EPT
emergence density (£SE) was 23+ 3.0 ind m™?
week! (n=369) at three sites (Sug I; Kh_8.5;
Kh_5) in 2008 and 2009.

Five criteria were established to select
the species for the life cycle study (Table 1 &
2). The criteria 1, 2, and 5 are based on the
quantity parameters or benthic density (ind
m?), biomass (mg DW m?) and emergence
density (ind m? week!). The results were

displayed with the percentage of mean larval
density of the selected species in the entire
EPT groups from seven sites of the Kharaa
River during 2007-2009. The criteria 3 and
5 are considered the most likely qualitative
parameters or taxonomical determinability on
the larval stages and the existence of literature
data on life cycle and secondary production.
Consequently, eighteen species including
8 species of Ephemeroptera, 3 species of
Plecoptera and 7 species of Trichoptera were
selected for inclusion in the study (Table 1 &
2).

Life cycle and secondary production of
only one species (Ephemera orientalis) within
selected eighteen EPT species in the Kharaa
River Basin are efficiently comparable to other
regions (Table 2). A comparison on life cycle
of selected 18 species with taxa from other
regions at the genera level is considerably
obtainable than information on secondary
production (Table 2). Therefore, the criteria 5
displays the importance of this study providing
the information on life cycle and secondary
production of numerous species from EPT
group under an extreme continental climate.

Table 1: CRITERIA 1 to CRITERIA 4 used to select the species from Ephemeroptera, Plecoptera and
Trichoptera in the Kharaa River Basin for the life cycle and secondary production study.

mass in the EPT : the EPT group

CRITERIA3 b i TERIA 4

¢ Larval and adult
occurrence
: at different sites

: CRITERIA2 :
High emergen- Good taxonomi-
ce density in cal determin-
ability on the
larval stages

CRITERIA 1
High larval
No  Selected taxon density & bio- :
group

1 Baetis ussuricus ++

2 Brachycercus harrisellus +
g 3 Drunella cryptomeria ++ ++
% 4 Epeorus pellucidus ++
% 5 Ephemera orientalis ++
E‘ 6 Ephoron nigridorsum ++ ++

7 Paraleptophlebia chocolata + -

8 Uracanthella lenoki ++ ++

++ : + e ++
- ++ ++ -

++ ++ N ++

+ ++ ++ ++
- ++ ++ -
- ++ ++ -
+ ++ + +
' ++ -

- : ++
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g 9 Agnetina brevipennis/extrema ++ ++ ++ - ++ ++
§ 10 Alaskaperla longidentata + - + ++ +
o} : : :
a 11 Leuctra fusca ++ + ++ : ++ + +
12 Agapetus jakutorum + + ++ ++ + +
13 Brachycentrus americanus ++ ++ ++ + + +
£ 14 Glossosoma nylanderi + + ++ - + +
o : :
% 15 Goera tungusensis + ++ ++ : + + +
& 16  Hydropsyche kozhantschikovi ++ ++ ++ + ++ ++
17 Micrasema gelidum ++ ++ + ++ + +
18 Psychomyia flavida ++ + ++ : ++ FR—— ++

Note: (++) significant; (+) considerable; (-) insignificant. These results were not based on any statistical analysis.

Table 2: CRITERIA 5: The existence of literature data on life cycle and secondary production of selected
species at the different taxonomical levels.

Life cycle Secondary production
Taxon Family =~ Genera  Species Family =~ Genera  Species

1 Baetis ussuricus ++ ++ - ++ ++ R
2 Brachycercus harrisellus ++ + +1 ++ - -
E; 3 Drunella cryptomeria ++ + +1 ++ - -
g 4 Epeorus pellucidus ++ + - ++ + -

% 5 Ephemera orientalis ++ ++ ++ ++ 4t 4+
E‘ 6 Ephoron nigridorsum ++ ++ - + + -
7 Paraleptophlebia chocolata ++ ++ - -+ - -
8  Uracanthella lenoki ++ + - ++ - -
g 9 Agnetina brevipennis/extrema ++ + - + - -
% 10 Alaskaperla longidentata ++ - - + _ _
Eo 11 Leuctra fusca ++ ++ +1 + + -
12 Agapetus jakutorum ++ ++ - ++ ++ -
13 Brachycentrus americanus ++ ++ - ++ + -
E 14 Glossosoma nylanderi ++ + - T+ + R
g 15  Goera tungusensis + + - - - -
E 16 Hydropsyche kozhantschikovi ++ ++ - ++ ++ -
17 Micrasema gelidum ++ - - ++ _ R

18  Psychomyia flavida + - - R _ _
Note: (++) sufficient; (+) existed, but very few; (-) no existence; (+!) existed, insufficient information.
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Life cycle types

Five different life cycle types in three major
categories (univoltine, multivoltine, and
semivoltine) have been identified for the
eighteen selected species in the Kharaa River
basin. The life cycle types were distinguished
based on larval body size distribution and
emergence period. Generally, the most
abundant taxa in the Kharaa River have
evolved strict univoltinism under the extreme
climatic conditions (78% of the discussed
species). Univoltine life cycles were mostly
evident in mayflies. About 33% or six out
of the total selected species displayed a
univoltine summer life cycle with hatching,

growth and emergence taking place during the
ice free period from May to October. Winter
univoltine cycles are the most common life
cycle type with 45% of the selected species
(eight) showing this type of cycle. For this
life cycle type individuals overwintered in the
nymphal or egg stage. Caddisflies had the most
representatives for the univoltine winter cycle.
The remaining three life cycle types (seasonal
univoltine, bivoltine, and semivoltine), two
species from Ephemeroptera and one species
from Plecoptera, and one species from
Trichoptera were considered (Table 3).

Table 3: Life cycle categories of eighteen species from Ephemeroptera, Plecoptera, and
Trichoptera in the Kharaa River Basin, Mongolia.

Major category Subcategory Species Order
Univoltine Us Baetis ussuricus Ephemeroptera
Univoltine Us Brachycercus harrisellus Ephemeroptera
Univoltine Us Drunella cryptomeria Ephemeroptera
Univoltine Us Ephoron nigridorsum Ephemeroptera
Univoltine Us Leuctra fusca Plecoptera
Univoltine Us Agapetus jakutorum Trichoptera
Univoltine Uw Ephemera orientalis Ephemeroptera
Univoltine Uw Uracanthella lenoki Ephemeroptera
Univoltine Uw Alaskaperla longidentata Plecoptera
Univoltine Uw Brachycentrus americanus Trichoptera
Univoltine Uw Glossosoma nylanderi Trichoptera
Univoltine Uw Goera tungusensis Trichoptera
Univoltine Uw Micrasema gelidum Trichoptera
Univoltine Uw Psychomyia flavida Trichoptera
Univoltine Us-Uw Epeorus pellucidus Ephemeroptera
Univoltine Us-Uw Paraleptophlebia chocolata Ephemeroptera
Multivoltine MBws Hydropsyche kozhantschikovi Trichoptera
Semivoltine 83y Agnetina brevipennis/extrema Plecoptera
Note: Us-Univoltine, summer cycle; Uw- Univoltine, winter cycle; Us-Uw- Seasonal univoltine cycle (most of the

new generation overwinters in the egg stage, and a small part of the population overwinters in the nymphal stage);
MBws: Seasonal bivoltine winter-summer cycle (overwintering generation in the nymphal stage and one summer
generation); S, - Seasonal semivoltine cycle with a generation time of about three years.
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To plot the length distribution showing life
cycle development, two types of figures
were created for 18 selected species. The life
cycle development of Drunella cryptomeria
(Ephemeroptera: Ephemerellidae) is presented

as an example of the results on life cycle
development. Detailed information for
remaining 18 EPT species can be found on
Avlyush (2013).

Life cycle of Drunella cryptomeria (Ephemeroptera: Ephemerellidae)

In total, 2,064 individual D. cryptomeria were
sampled from the Kharaa River between 2007
and 2009. The body length of larvae ranged
between 1.5 mm and 12.1 mm. The earliest
first instars were found in early May (9" and
10" of May, 2009) with a body length of 1.5
mm to 2.9 mm. The mean body length (+SE)
was 2.2 £ 0.03 mm (n=79). Therefore, it was
concluded that eggs hatch around late April
or early May. The nymphs exhibited very fast
growth during May and June and the last instars
first appeared at the end of June (Fig. 3a). The
highest larvae density occurred between late
May and early June (Fig. 3b). Emergence
started from the beginning of June and ended

by late August. The life cycle of mayfly D.
cryptomeria showed a univoltine summer
cycle with approximately an eight to nine
month egg diapause. In total, 137 individuals
of the last larval stage of D. cryptomeria were
analysed and the sex ratio of 1:1 determined
(females: males). The mean body length (+SE)
was 10.5 + 0.08 mm for females (#=76) and
9.1 £ 0.09 mm for males (n=61). In total, 89
individuals of D. cryptomeria in the subimago
and imago stages were analysed. The mean
body length (£SE) of D. cryptomeria was 6.7
+ 0.16 mm for females (n=55) and 6.4 = 0.16
mm for males (n=34). The sex ratio was 2:1
(females: males).
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Fig. 3: The summarized results of D. cryptomeria (Ephemeroptera) during the ice free period in the years
2007 to 2009. a) Box-and-whisker plots (median, 25/75 percentile and 10/90 percentile) of larval body
length [mm] and b) Line and bar plots of larval [ind m?] (mean+SE; n=77) and emergence [ind m? week

'] (mean+SE; n=25) densities.
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Secondary production and growth rate

The annual secondary production values
in 2009 were estimated for three sites in the
Kharaa River (Sug I; Kh 8.5; Kh_5) and
were in the range 0.08 g DW m? y! to 18.7
g DW m? year'. Over 85 % of the total
selected species contributed to the secondary
production of less than 5 g DW m? year
!. The remaining 15 % or 3 species had
annual productions of 5 to 10 g DW
m? year! and one species had the annual
production of above 15 g DW m? year! (Fig.
4a). The frequency distribution of the annual
P/B rate was more heterogeneous compared
to the distributions of the annual secondary
production (Fig. 4b). The highest percentage
of species had an annual P/B rate of 5 year!
to 10 year.
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The mean daily growth (£ SE) of total
univoltine summer cycle species was
approximately 1.5 times higher (0.039 + 0.007
mg DW day !; n=65) than the total univoltine
winter cycle species (0.025 + 0.0046 mg DW
day!; n=85). The same result was estimated
for growth rate. The total mean growth rate
(+ SE) of the univoltine summer cycle species
was about 1.4 times higher (1.59 £ 0.12 %
day!; n=65) than the total mean growth rate
for the univoltine winter cycle species (1.12 £
0.10 % day™'; n=85). A high variation of daily
growth among the species was obtained for
both univoltine summer and winter species
depending on their individual biomasses
(Table 4).
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Fig. 4: Frequency distribution [%] of a) annual secondary productions (n=28) [¢ DM m~] and b) annual
P/B rates (n=28) [year'] for the selected species in the Kharaa River, 2009.

Two burrowing mayflies (Ephemera orientalis
and Ephoron nigridorsum) with the highest
individual biomasses demonstrated the highest
maximum daily growths (Table 4). The
highest mean growth rates were estimated for
univoltine summer cycle species (Agapetus
Jjakutorum and Drunella cryptomeria) with the
shortest larval development time or days from

hatching to final size (CPI: 70 to 90 days).
The mean growth rates were similar among
the winter cycle species. But, two species,
Brachycentrus americanus and Psychomyia
flavida, with the longest larval development
periods (CPI: 310 to 330 days) showed the
lowest growth rates (Table 4).
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Table 4: Daily growth (mg DW day!; median, min, and max) and growth rate (% day”'; median, min, and
max) of univoltine summer and winter cycle species in the Kharaa River Basin in 2007-2009.

Daily growth Growth rate

Species (mg DW day™) (% day™)

n Min Median Max Min Median Max
Univoltine summer cycle
Agapetus jakutorum 4 0.0049 0.0136 0.0229 1.00 2.01 3.49
Baetis ussuricus 22 0.0003 0.0026 0.0159 0.12 0.88 3.73
Brachycercus harrisellus 11 0.0101 0.0166 0.0414 0.81 1.66 3.50
Drunella cryptomeria 11 0.0071 0.0799 0.1407 1.42 2.18 3.60
Ephoron nigridorsum 11 0.0100 0.1152 0.2334 0.09 1.62 2.71
Leuctra fusca 6 0.0019 0.0053 0.0073 0.73 1.46 2.46
Univoltine winter cycle
Alaskaperla longidentata 4 0.0005 0.0139 0.0438 0.15 1.13 2.50
Brachycentrus americanus 18 0.0002 0.0019 0.0103 0.10 0.77 2.26
Ephemera orientalis 14 0.0133 0.0604 0.3295 0.11 0.53 4.49
Glossosoma nylanderi 12 0.0024 0.0138 0.0478 0.10 0.83 3.85
Goera tungusensis 9 0.0070 0.0164 0.0527 0.21 0.89 2.80
Micrasema gelidum 8 0.0031 0.0119 0.0287 0.13 1.42 341
Psychomyia flavida 10 0.0004  0.0038 0.0132 0.07 0.72 1.98
Uracanthella lenoki 10 0.0005 0.0032 0.0220 0.16 1.27 2.71

DISCUSSION

Previous studies identified temperature
as one of the main factors regulating the life
cycle of aquatic insects (Vannote & Sweeney,
1980; Newbold et al., 1994). Life cycle
strategies in Ephemeroptera, Plecoptera, and
Trichoptera and their production in the Kharaa
River Basin clearly indicated adaptations to
the harsh environmental conditions with strict
univoltinism and low secondary production.

Under the extreme continental climate,
abundant and representative species from
the EPT group in the Kharaa River Basin
group displayed a strictly univoltine cycle or
completed their growth within a year (Fig. 5).
Both univoltine summer and winter cycles
were common. A diapause of egg stage for
summer cycle species and larval diapause
stage of winter cycle species during ice cover
period cannot be confirmed with this study and
remains as uncertainties for further studies.

There were eight species within 18 EPT
species having a univoltine winter life cycle
and these winter cycle species overwintered
with a variety of larval instars. The questions of
how they prepare for winter and which habitats
they live in during winter were raised from
this study after describing different life cycle
types for further studies. There was a tendency
of fast growth of those winter cycle species
during autumn, or mature growth before the
intense cold started. Considering the minimum
air temperature of over -40.0 °C in the basin
and ice cover with a maximum thickness of
1.3 m (Batima et al., 2004), a long egg and
larval stage with diapause would absolutely
necessary. The flexibility of life cycles can
be identified as extended life cycle stages in
this region. The findings of short life cycle
or seasonal bivoltine life cycle (one summer
generation and one overwintering generation)
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and long life cycle or semivoltine life cycle
identified for only one species suggest that

(Fig. 5).

the potential statement of water temperature

change may occur in the Kharaa River Basin

A)

Extreme Continental Climate
& Natural Hydromorphology

4

Short vegetation period

Y

Evolutionary adaptation or
Strict Univoltinism
(one generation per year)

h 4

A 4

Summer cycle Winter cycle
Increased Very slow growth
Growth Rate & long growth or larval
egg diapause diapauses
i }
Rapid larval Rapid larval
development during ice development during ice
free period free period

Low secondary production

B)

Increased water temperature

h 4

Rapid growth &
short life cycle

|

High secondary
production

Fig. 5: The schema presents a) the main findings of life cycle of EPT species and secondary production
in the Kharaa River Basin under an extreme continental climate and natural hydromorphology and b)
recognized temperature change, its impact on life cycle pattern and secondary production.
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Consequently, it is essential to compare
the results with the general classification of
growth of macroinvertebrates. Huryn and
Wallace (2000) classified the low and high
levels of production for macroinvertebrate
communities in streams and rivers. Moreover,
he also presented the classification of low
and high growth rates of macroinvertebrate
species with annual P/B rate and daily growth
rate. The results demonstrated that the Kharaa

River can be classified as a river with a low
production (Table 6). In summary, the values
of secondary production, annual P/B rates
and growth rates from the Kharaa River Basin
are still comparable, but slightly lower than
in other regions. The abundant species in the
Kharaa River had a relatively rapid larval
growth during short vegetation period and
lower production which may be due to the
extreme climatic conditions (Fig. 5).

Table 6: Secondary production (annual secondary production and annual P/B rate) and growth rate
comparison with the classification by Huryn and Wallace (2000). The results from Kharaa River Basin are
given with percentage of total estimated values.

Parameters Classification

Range

Kharaa River Basin

Secondary production Low production

Upto5.4gDWm?y!

~ 90% of total estimation

High production From 121.0 g DW m? y! -
Annual P/B rate Low growth rate Upto5.1y! 25% of total estimation
High growth rate From 62.0 y! -

Growth rate Low growth rate

High growth rate

Up to 1.4% day!
From 17.0 % day! -

~ 55% of total estimation

In conclusion, this study provided the
first quantitative results on the life cycle,
production, growth rate and emergence of
aquatic insects from Mongolia, to allow
comparisons with studies in other regions using
the same methods. However, it still needs more
quantitative research of population dynamics
for awider range of species including fecundity,
accurate development rates, mortality losses
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