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Abstract

The upper Selenge watershed in Mongolia is home to some of the world’s unique fish species. In this
study we determined the feeding behaviour of selected fish species collected from the main stream of the
Eroo River and two of its upstream tributaries, the Sharlan and Bar Chuluut rivers. Using stable isotope
(carbon and nitrogen) measurements combined with qualitative and literature information, we determined
that taimen (Hucho taimen) and pike (Esox luceus) were the top predators in the Eroo River. They received
a substantial amount of their energy from other fish species as well as terrestrial derived sources. Percent
presence of biota in lenok ( Brachymystax lenok) stomachs demonstrated they eat zoobenthos, invertebrates,
fish, and terrestrial rodents. Siberian dace ( Leuciscus baicalensis), a small forage fish collected from the
Sharlan and Bar Chuluut rivers demonstrate these fish eat periphyton, zoobenthos and terrestrial
invertebrates. In the Bar Chuluut tributary, lenok eat a combination of foods including zoobenthos and
other fish species, while arctic grayling (Thymallus arcticus) fed primarily on zoobenthos. Percent
frequency analysis showed the two game fish species collected from the Bar Chuluut tributary fed primarily
on zoobenthos (85 % for lenok and 80 % for grayling), with 28 families and 10 orders represented in their
stomachs. Interviews with families suggested local people fish for a variety of species and that there has
been a decline in the catch of taimen and sturgeon (Acipenser baeri baicalensis) over time. Since fishing
was poor below highly disturbed areas (¢.g. mine sites), local people fished above mine locations or in
areas least impacted by these anthropogenic impacts.
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Introduction

The rivers of the Mongolian steppe are home to
some of the world’s unique biodiversity. The
country’s largest river system, the Selenge, flows
north into the biologically diverse Lake Baikal. The
deepest lake in the world, Lake Baikal is home to
20% of the world’s unfrozen freshwater resources
(Galazy, 1980). The Selenge River contains 22 fish
species including natural populations of the world’s
largest salmonid, taimen ( Hucho taimen) and other
game fish species including lenok (Brachymystax
lenok) and arctic grayling (Thymallus arcticus)
(Matveyev et al., 1998; Dulmaa, 1999). While a
qualitative understanding of fish feeding behaviour
exists for fish in the upper Selenge River, little
quantitative information is presented in the
scientific literature. In the upper Selenge watershed,

specifically in the Eroo tributary, most fish
collections are made during the summer months
due to severe weather during the winter (M.
Erdenebat, pers. comm.). The fish however, migrate
seasonally and are feeding during all seasons. Since
diet may vary based on availability of food
resources, season specific data analysis may not
accurately reflect the overall feeding behaviour of
fish. In order to elucidate trophic relationships and
diet selection, ecologists are using a combination
of stable isotope measurements and diet analyses
to quantify fish feeding behaviour (Vander Zanden,
1997). In this study, we calculate the trophic
position of fish species using isotopic nitrogen
measurements, and present qualitative dietary
habits of dominant fish from the Eroo River.
Quantitative dietary estimates of two game fish are
made from the Bar Chuluut tributary.
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Materials and Methods

Biotic collections

Fish were collected from the main stream of the
Eroo River in September 2003 during a joint
Mongolian-American study evaluating the impacts
of mining on the water quality of Mongolian rivers
(Stubblefield er al., In press), and on 10 June 2002.
Game fish and a forage species were obtained from
the upper Eroo watershed tributaries, the Bar
Chuluut and Sharlan, during joint Mongolian-
German studies in August 2003 and on 10 June
2002. Fish were sampled using multiple approaches
—hook and line, beach seine, gill netting, and with
an electro shocker, during both day and night hours.
Once identified to species, fish stomach contents
were analyzed and length was measured. Due to
their threatened status in the Red Books of
Mongolia and Russia, taimen were sampled for
isotopes and released, unless samples were obtained
from fish taken by fishermen. Diets of the Siberian
dace (Leuciscus baicalensis) and lenok collected
on 10 September 2002 from the Eroo, Sharlan, and
Bar Chuluutrivers were determined by calculating
the percent presence of diet items. A qualitative
stomach examination was employed on fish
obtained from the Eroo River in August and
September 2003, while a quantitative (percent
frequency) approach was undertaken in the Bar
Chuluut tributary. Invertebrates were identified to
family and/or order and fish were identified to
species. We used whole invertebrates from fish
stomachs and dorsal muscle tissue for isotope
analysis.
Trophic position

Stable isotopes (carbon and nitrogen) provide
an integrated assessment of an organism’s feeding
behaviour over time (Minagawa & Wada, 1984).
We used these isotopes to determine the trophic
position of fish from the main stream of the upper
Eroo River. Isotopic 8'*C can be used to determine
the flow of organic matter through food webs (Gu
et al., 1994). The minimal enrichment (£ 0.47 %)
from lower to high trophic levels allows for the
differentiation of production sources (terrestrial and
benthic). With predictable enrichment (between 3-
4 %o) biotic trophic position can be determined
using isotopic 6'*N (Minagawa & Wada, 1984;
Vander Zanden & Rasmussen, 2001).

Dorsal muscle tissue and invertebrate samples
were air dried for at least 48 hours in the field and
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re-dried in the lab at 70°C, where they were ground
into a fine powder using a pestle and mortar. A fter
being packed into tin capsules (8 x 5 mm), a
continuous flow isotope ratio mass spectrometer
(IRMS) (20-20, PDZEuropa Scientific Sandbach,
United Kingdom) was used to analyse the samples
for carbon and nitrogen. Sample combustion to CO |
and N, occurred at 1000°C in an inline elemental
analyser (PDZEuropa Scientific, ANCA-GSL). A
Carbosieve G column (Supelco, Bellefonte, PA,
USA) separated the gas before introduction to the
[RMS. Standard gases (Pee Dee Belemnite for §'C
and N, gas for 3 ’N) were injected directly into the
IRMS before and after the sample peaks.

Isotopic ratio was expressed as a per million
(%0) notation. Using 8"*C as an example, it was
defined by the following equation:

17* 1000.

standard

s1C = [(lsc/nc)mmple/ (7C/C)
M

A more positive 8C indicated isotopic
enrichment, or contained proportionally higher
concentrations of heavier '*C isotope. After every
twenty samples a replicate and a standard were
added to the analysis sequence. Replicate variation
was less than 3% and machine analytical variation
was within 0.2 %o.

Fish trophic position was estimated from fish
3N values. Individual fish signatures were
corrected for baseline conditions (Vander Zanden
& Rasmussen, 1997) using pooled zoobenthos (n
> 5 individuals) collected from fish stomachs. We
assumed that the zoobenthos (trichoptera,
plecoptera and orthoptera) were primary consumers
even when identified to order. Since 8"“C of
invertebrates and fish were similar (Table 1) no
baseline adjustment was undertaken with isotopic
carbon. Trophic position was calculated as follows:

TP=((3"N - 8N, , )/3.4) +2, )

baseline
where §*N_ was the individual value of the fish,
6N, .. is the average isotopic nitrogen value
calculated from invertebrates, and 3.4 is the trophic
level enrichment factor (Minagawa & Wada, 1984;
Vander Zanden & Rasmussen, 2001).
Shortinterviews

Short interviews were conducted to obtain a
preliminary understanding of the state of the fishery
in the Eroo watershed. Six families with multiple
family members were asked the following
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Table 1. Size range, stable isotope (carbon and nitrogen), trophic position, standard error, and qualitative
stomach content measurements for selected fish species collected from the main stream of the Eroo River.

Sizerange SN Mean TP Mean SE  Qualitative stomach contents

(cm) TP SE &C C
?;’f)"‘;d zoobenthos . 4.14 2.00 Big o7 MO
phoxinus (n=3) 2.4-6.1 8.19 3.19 04 -21.8 0.9  none taken
grayling (n=7) 6.4-23.4 817 318 01 -0 04 trichoptera, ephemeroptera,
e coleoptera
lenok (n=6) 93-45.6 102 3.78 03 235 06 trichoptera, ephemeroptera.
plecoptera, orthopetera
pike (n=4) 64.4- 82.6 12.8 4.55 1.6 -24.1 0.3 Leucicus baikalensis
taimen (n=4) 64.5-973 131 4.63 08 218 06 fish released or poached fish
were empty
questions: amount of energy from other fish species (Fig. 1).
¢ How long have you lived in the Eroo Research by the co-authors conducted in the Eg-
watershed? Uur watershed (see http://limnology.wisc.edu/
e What is your ethnic background? mongolia) in 2004 and 2005 support this notion
e Do you fish from the rivers in the since lenok fed on forage fish species (Eurasian
watershed? minnow and small grayling) during early spring
o Ifso, what do you fish for from and fall (Gilroy & Chandra, unpublished data).
the rivers? The two top game fish of the Eroo watershed,
o If so, has the fishing for certain pike and taimen, clearly were the top predators in
species changed over time? the river food web (Fig. 1). Both fish exhibited
o If so, do you know why there is variability in their trophic position indicating they
a change in fishing? rely on other secondary and tertiary consumers
¢ Do you know other families that fish (including fish) within the system. Interviews with
from the river? local fisherman (see below) indicated that

depending on the season, taimen eat burbot (Lota
Results and Discussion

Yeroo fish trophic position
|

6 1 i i i

Trophic position in the main stream of the Eroo
The isotope signatures, size, gut contents, and L
trophic position for fish are presented (Table 1, Fig. 5
1). Since §"*C signals from the invertebrates were o
similar (range -22.83 to -25.89), we were unable to
differentiate carbon source (terrestrial versus river
sources) of the fish. To determine trophic position,
we pooled invertebrate §'°N signals to create a
baseline signature from which to compare fish
feeding (Table 1). The smaller forage fish Eurasian
minnow (Phoxinus phoxinus) and grayling, an
important game fish, were the lowest in the food
web (trophic position of 3.19 and 3.18,
respectively) indicating they receive a substantial
amount of energy from invertebrates over time.
While the qualitative diet for lenok showed that
they fed on invertebrates during the summer 0f 2003
(Table 1), the percent presence analysis from 2002 Figure 1. The trophic position determined from stable
showed these fish can eat mice (Clethrionomys  isotope measurements for six fish species collected
rufocanus) and fish (Table 2). Their isotopic  from the main stream of the Eroo River.
signatures indicated they received a substantial

Trophic position

3)-1
1
_1

=7)
=4}

Pike (n=1)

Phoxinus (n=3)
Lenok (n=6)

Taimen (0

Invertebrates (n
Grayling (n
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Table 2. Percent presence of taxa found in the stomachs of lenok (Brachymystax lenok) from the Eroo River on

10 September 2002.

Percemt frequency Lenok

Taxa Eroo (n=10)
Trichoptera (Limnephilidae, Hydropsychidae, Brachycentridae, 50
Glossosomatidae)

Plecoptera (Pteronarcyidae, Nemouridae) 20
Ephemeroptera (Ephemeridae, Ephemerellidae, Baetidae, 15
Heptageniidae)

Chironomidae 10
Coleoptera (Dytiscidae) 2
Ants (unidentified species) 10
Unidentified larvae 10
Locus (unidentified species) 10
Mouse (Clethrionomys rufocanis) 5
Unidentified fish 5

lota), grasshoppers (Orthoptera spp.), small
minnows and frogs (no scientific identification
provided to scientists), and sable (Martes zibellina).
During ecological studies of taimen in the Eg-Uur
watershed in 2004, Chandra & Gilroy (unpublished
data) observed taimen egesting fish and voles
(Lagarus spp.) upon their release into the river.
Furthermore, research from other rivers within the
Lake Baikal watershed (Matveyev et al., 1998) and
from other parts of their range (Hensel ez al., 1988)
suggest that taimen are highly predatory at a young
age and can feed on a variety of fish, terrestrial
{small rodents) and avian (waterfowl nestlings)
resources. Thus, the isotope and stomach
information indicates taimen, a Red Listed species
in both Mongolia and Russia, fed on resources
derived both from within the river and from
terrestrial energy sources. Recently expanding
industries of mining and logging within Mongolia,
which degrade riparian environments, should
therefore be carefully developed in order to
minimize impacts on taimen populations. In order
to conserve taimen populations there should be a
focus on protecting riparian habitats of rivers to
maintain the energetic linkages to these fish.
Bar Chuluut and Sharlan tributaries
Zoobenthos, terrestrial invertebrates, and algae
were present in the diet of Siberian dace from the
Sharlan and Bar Chuluut tributaries in September
2002 (Table 3). Benthic insects were the dominant
diet of the two game fish species collected from
the Bar Chuluut tributary during the summer
months (85 % for lenok and 80 % for grayling).
Specifically, 28 families and 10 orders of aquatic
insects (Fig. 2) were consumed by these species.
The remaining diet consisted of phytoplankton and
adult insects for both species. The diet of fish in
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the tributary was similar to the stomach diet data
collected from those in the main stream of the Eroo
River (Table 1); however in some cases it was
dissimilar to the integrated measurements provided
by the stable isotope analysis. For example, the
trophic position of lenok indicates that although
they fed on insects in the summer, they received
energy from fish sources during other seasons (Fig.
1). In recent years, gold mining activity has
increased on this tributary and within this region
of the Eroo River. Future research should focus on
determining whether this activity affects ecological
parameters (growth, diet, spawning potential) of
these fish species.
Shortinterviews

We conducted short-interviews with families to
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Figure2. Quantitative diet information from gut
content analysis for two game fish species, grayling
(Thymallus arcticus) and lenok (Brachymystax lenok)
collected from the Bar Chulut tributary during the
summer of 2003.
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Table 3. Per
and Bar Ch

e (Leuciscus baicalensis) from the Sharlan

ercent firequency Siberian dace

hwlut (n=13)

Shartan (n=13)

40
45
100
0
65
0
10

22
16
100
45
10
10
0

fishery in the |
small subset
watershed
presented should f mi
understand the
in the area. Infor
of the watershe
changes occurr

The intervi
Russian and K
the watershed
or observed
for burbot,
auratus gebe.
(Acipenser
fishing famil
particular,
were caught b
(e.g. mining)
This inform

/., in press).

ussian and Chinese miners indicated that
ates were significantly lower directly below
areas. To catch fish the miners fished above
as or further downstream where the effects
s were not as apparent. The qualitative
1ation provided by these interviews matches
ntitative data regarding the effects of mining
on water quality (phosphorus and total
1ded sediments), collected from the tributaries
he main stream of the Eroo River (Stubblefield

Conclusions

¢ Eroo watershed is one of the larger
ries of the Selenge River, the primary inflow
Lake Baikal. We examined the feeding
wviour of a variety of game fish species,
ding taimen, the world’s largest salmonid,
h summer stomach content analysis and
e 1sotope analysis. These analyses provided

Table 4. Int watershed.
Family
3 4 5 6
3 |1 20 20
m m Kk m
no yes no yes
btlcsg - tlg.p - btlg
declined - declined -  declined
- ov,l.m - m
yes yes yes yes
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an integrated assessment of energy assimilation.
While game fish fed primarily on invertebrates
during the summer, the trophic calculations
demonstrated that lenok received energy from fish
sources, while taimen obtained their energy from
secondary and tertiary consumers. Since the
isotopic carbon signals were similar, the specific
energy source (terrestrial versus aquatic) was not
discernable. Interview information combined with
other literature however, indicated that taimen rely
on aquatic and terrestrial mammals, and other fish
species (other taimen, lenok, grayling) for food.
Finally, our interviews with families suggested that
local people utilized fish resources from the Eroo
River. Furthermore, there was a decline in some
fishes (taimen and sturgeon) from the river, which
was due to over fishing, logging and mining within
the region. Future investigations should focus on
understanding the impacts of mining on the fishery
and the taimen, a listed species in both Russian and
Mongolian Red Books.

Acknowledgements

Special thanks to Brant Allen, Zeb Hogan, Jim
Thorne, D. Gantumur, Mimi Kessler, B.
Sarantsetseg and Narandava for assisting with field
collections. K. Smallwood, S. Rover and T.
Brunello from the Tahoe Baikal Institute obtained
funding and coordinated logistics for the project.
This research was supported by small grants and in
kind donations provided by the Trust for Mutual
Understanding, Mead Foundation, and Patagonia
Inc. A special thanks to Dr. J. Tsogtbaatar from the
Institute of Geoecology, Mongolia Academy of
Sciences for providing logistical and technical
support, and the University of California-Davis,
Tahoe Research Group for providing equipment for
this study. A stipend was provided to S. Chandra
by M.J. Vander Zanden at the University of
Wisconsin’s Center for Limnology.

References

Dulmaa, A. 1999. Fish and fisheries in Mongolia.
In: Fish and Fisheries at higher altitudes: Asia
(Ed. by T. Petr). FAO Fish Technical Paper 385:
187-236. Rome, ltaly.

Galazy, G.I. 1980. Lake Baikal’s ecosystem and
the problem of its preservation. Marine Sci.
Tech. J. 14:31-38.

Gu, B,, Schell, D.M. & Alexander, V. 1994, Stable

44

carbon and nitrogen isotopic analysis of the
plankton food web in a subarctic lake. Can. J.
Fish Aquat. Sci. 51: 1338-1344,

Hensel, J.H., Nieslankik, J. & Skacel, .. 1988. The
Eurasian Huchen, Hwcho hucho. In:
Perspectives in Vertebrate Science Vol 5 (Ed.
by E.K. Balon). Dr. W. Junk Publishers.

Matveyev, A.N., Pronin, N.M., Samusenok, V.P.
& Bronte, C.R. 1998. Ecology of Siberian
Hucho taimen in the Lake Baikal Basin. J. Great
Lakes Research. 24: 905-916.

Minagawa, M. & Wada, E. 1984. Stepwise
enrichment of '*N along food chains - further
evidence and the relation between "N and
animal age. Geochim. Cosmochim. Acta. 48:
1135-1140.

Stubblefield, A., Chandra, S., Eagan, S.,
Tuvshinjargal, D., Davaadorzh, G, Gilroy, D.,
Sampson, J., Thorne, J., Allen, B. & Hogan, Z.
Impacts of gold mining and land use alterations
on the water quality of central Mongolian
Rivers. Integrated Environmental Assessment
and Management. (In press).

Vander Zanden, M.J., Cabana, G. & Rasmussen,
J.B. 1997. Comparing the trophic position of
littoral fish estimated using stable nitrogen
isotopes (8'°N) and dietary data. Can. J. Fish.
Aquat. Sci. 54: 1142-1158.

Vander Zanden, M.J. & Rasmussen, J.B. 2001,
Variation in §'°N and &"*C trophic fractionation:
Implications for aquatic food web studies.
Limnol Oceanogr. 46: 2061-2066.

Xypaanryi

CHJI3HI3 MEOPHUI 35X OPUMBIH aif CaB Hb H3II
©BOPMOIL X3/ XJJIOH 3YMJIMIH 3aracHbl eJIrMi
HyTar oM. DHIXYy cynajiraaraap Epee ron
oonon Tyyuui nyrran Hlapnay, bap Yynyyt
33p3r rOJIyyJaac UyriyyjcaH 3apuM 3YWIMHH
3aracHbl MJdII TIKIIJTUUH OYpINIIXYYHHHT
TONOPXOMUIICOH I0M. TOrTBOPTOH M3OTONYYA
(nyypcrepery ©0a a30T)-biI awMriiad TOOH
M3IR3JUTYYAVAT Ly TIIyyiK, Oycas cylanraansl
OYTI2/YYAMIHH  AYH  M3[33TOH  HOITIOH
TOJIOPXOMIICOHB! YHACOH 133p Tyn (Hucho
taimen) 60J10H 1y pXaii (Esox luscious) vy Epee
FOJIBIH TOJ1 Max4MH 3arac OOJIOXBIT TOI'TOOB.
DArs3p 3aracHyyja HEPTHHH TOJI 9X YYCBIPID
Oycan 3arac OOJIOH Xyypa# raszpaac yycanran
OPraHMK TIKINIIIC aBjar 60J10X Hb MIIIPCIH
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oM. 39Bar 3aracubsl (Brachymystax lenok)
XO/IOOJ(OH JIaXb WD THKINIMIH OYPIIXYYH
XUACIH aHAJIM3)T YHJIICIIIH T3] OEHTOC aMbTall,
C39p HYPYYI'YHTH, Oycas 3arac 60JI0H Xyypai
raspblH aMbplpajgTail MOpITYI23p XOOJIIOLOT
6ostoxbir rorroos. llapnan 6onon bap Uyinyyt
rogyyjgaac  gyriyyincan  Cubupn  cyrac
(Leuciscus baicalensis) 3yAIUIH XHXKUT 3arac
nepuduToH, Genroc ampTanm OoNMOH Xyypail
ra3pblH LIaBbXaap XooJUIojor O6O0JIOX Hb
W13pi3. bap YynyyT rojiooc yrinyyincaH 33830
3aracHbl M3  TIHKIIIUHL  OYp3INAIXYYHI
H6enToc ampTa ool 6ycaj 3arac opx 0ancan
6o xanpau 3aracHsl (Thymallus arcticus) wiam
TIHIITUAH YHACIH XICTHUHUI OCHTOC aMbTajl
Oypayyik ©amB. Tonrssp 3aracHnl WD
TIKINIUMH OYPIAIXYYHNUH aHAJIM3UAT aBy
Y3B3JI 3HOIXYY 2 3YIUIMHH arHyypbiH 3arac
romyioH OeHTOC aMbTaaap (39BICHUA HABLU
T3KIIMMAH  85%-wilr, XagpaHTWMHH  WI3LI

T2X231uiH 80%-uir 3000CHTOCYY Il OYPAYYIK
0akB) XOONIIO/IOr Hb TOI'TOOIJICOH Heree HUHT
10 Garmitn 28 OBrMMH 3000eHTOC aMbTaH
TIATI3IPUNHH XOJLOOIHOOC UIIPIB. QOPOH HYTTHHH
UPIYATON sSIpUiiLiara XUUxox T/l ssH3 OypHHH
3YMIHIH 3aracell Oapek amMriagar 6ereej
CYYJITUIH KMITY YA TYSL OONTOH XUJIaM (A cipenser
baeribaicalensis)3aracHyy 6apuriax Hp XOBOp
bomx Oaiiraa Tyxai MII237K OaiiB. XyHUI
HOJIeOH)I  epTeX  CYHICIH  raspyyjaac
(xM33510971 yyi1 yypxaii OpuMM) JJOOII OPLIHX
TOJIBIH XJCAIT 3arac XOBOPJCOH TYJ HYTTUHH
UPIa)] yypxalHaac J9301 OPIIMX XICITT IOMYY
XyNui HeneeH ] 6ara epTceH ra3pyyaaac 3arac
Oapbx OaliHa.
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