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ABSTRACT

Stable carbon and nitrogen isotopes were measumnediota collected from Qinghai Lake (China) to dise
trophic relationships and diet of naked carp (Gyrymris przewalskii). The results showed that nadaag were at
the apex of the food web with dissolved organitengDOM) forming the food web basg*C ranged from -26%o
(DOM) to -18%. (submerged macrophytes) with invedéss ranging between -23%. (benthos) and -20%o
(zooplankton)*C values of naked carp spanned the entire rangetidr taxa, from -25.7 %o to -18.1 %o, with
larger fish having highes**C values. HowevesN values of naked carp showed relatively littleiation, ranging
from 11.3 %o to 14.4 %o. Body size was correlatechwitC andd*N values, indicating naked carp elevate their
trophic position as they mature. Naked carp in QimigLake have a broad diet associated with oppastim
feeding, although larger individuals consume largeeys which have higher trophic positions, inchglits own
young. Opportunistic feeding, including cannibalismay reflect the response of this top predatodeteriorating
ecological conditions in Qinghai Lake. This new kiezlge of the feeding behavior and trophic ecolofyypaked
carp can help us manage this potentially endangesgelcies and provide insight into better managenaet
improvement of the current fate of the species.
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INTRODUCTION

Qinghai Lake is the largest inland lake in Chinisu&ed 3200 m above sea level on the Qinghai-Titeteau, this
alkaline (pH 9.1-9.5) and saline (9-13 ppt) lakeyjsified by a cool semi-arid climate [1]. Endentécthe lake are
naked cargsymnocypris przewalskia moderate sized (< 2 kg) cyprinid that migrdiesveen the saline lake and
freshwater rivers to spawn during March-July [2¢r Fhe remainder of the year, the fish reside & lttkke where
most feeding and growth occurs [3, @&]. przewalskiis the only fish species in the lake and has mopsiitors or
predators [5]. High elevation and low temperaturedn annual air temperature -0.6°C) limit lake pobitity
including availability of prey resources. As a fésnaked carp grow slowly and have low reprodwetutput [2, 4].
Overfishing and destruction of spawning habitabtigh dam building for irrigation had reduced theratance of
naked carp to less than 10% of historic levelshey1990s [6]. The commercial fishery was suspeild®94 and
some spawning habitat has been restored [7]. Hawewegoing diversion of water for agriculture, qoounded by
climate change, has resulted in tributaries dryipg lake levels decreasing, and salinity increagiflg The
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productivity of G. przewalskideclined sharply from 230,024 t in 1960 to 3,391 1999 [5]. It has now become an
endangered fish and been listed as a state-prdtesmte species [6]. Besides their economic imperdB], naked
carp play a central role in many trophic relatidpshn the Qinghai Lake ecosystem [4, 9]. Theislasuld have
serious ecological consequences for the regionvandd severely degrade the ecological balance ®fQmghai
Lake ecosystem [6]. Therefore, understanding thghic status and feeding behaviorGfprzewalskiis important
for conservation of this species.

Wang [10] described naked carp as omnivorous, digh changing seasonally in response to prey ailiila
While ontogenetic differences in diet were notealdistinction was detected for fish > 45 mm (agg Prey items
included invertebrates (primarily copepod zooplankind midge larvae), algae (mainly diatoms) amulthsent [10].
However, in the more than three decades sincestiialy, the lake has undergone considerable enviotah
changes that may have contributed to shifts inuesoavailability and feeding behavior. In additieconventional
gut content analyses only provide a snapshot adntefeeding events that might not be typical of litreg-term
trophic relationships. Stable isotope analysesigeoa method to define the functional role of oigars [11-17].
The ratio of nitrogen isotopes{N) can be used to estimate trophic position becaiiseof a consumer is typically
enriched 3-4%o relative to its diet [18-20]. In ca@st, the ratio of carbon isotopes changes vetlg lits carbon
moves through food webs [20, 21] and is theref@eduo evaluate the carbon source for an orgarismaquatic
systems$™*C has been used to differentiate littoral productattached algae and detritus) from pelagic prodoic
(phytoplankton) because tt3&°C base of a littoral food web is enriched i relative to the base of the pelagic
food web [21]. In this study, we used stable carbnd nitrogen isotopes to characterize the dietaddd carp in
Qinghai Lake. An improved understanding of the fiegdbehavior and trophic position of naked carpl Wwilp
managers better understand the recovery poteniéeological role of this endangered species.

MATERIALS AND METHODS

Study site

Qinghai Lake has a surface area of about 4,26Ddad is fed by a high alpine catchment of 29,663 emthe
Qinghai-Tibet Plateau. The climate is dominatedh®y Southeast monsoon and the high-pressure sydt8iberia
[22], with long, severe winters and short cool sueren Average monthly air temperature ranges betwb€&i and
15.2°C (average -0.6°C), while water temperatungea between -0.6°C (January) to 13.5°C (Augusty. [ake
becomes thermally stratified in summer with wagenperatures at or below 0°C from November to M&téR-129
ice-days each year). Mean annual precipitationbigua 300-400 mm, 80% of which falls between Julg an
September. Evaporation (800-1100 mm) exceeds #shvirater supply (precipitation plus river infloveating to
declines in lake level and increasing salinity.

Analyses of stable carbon and nitrogen isotopes

Between July and August 2008, fifty naked carpafttgngth: 19-55 cm, weight: 0.03-1.60 kg) weretaagd at four
sites with the permission of the Qinghai Lake NagioNature Reserve. A sample of skinless, bonelassal white
muscle was removed for stable isotope analysesiteWtuscle was chosen because it reaches isotqpilibeium
within a few months [23]. To establish trophic pimsi of naked carp, we sampled other dominant fomdb
components. Phytoplankton (mainly Pennatae) wasesepted by combining three surface tows with a 50
plankton nets at each site. Zooplankton were calteevith triplicate vertical hauls (3m to surfaa#)a 250 m
plankton net at each site, and separated into tteisgories: Rotifera, Cladocera and Copepod poi@analysis.
Triplicate samples of particulate organic matteDP were collected 3m below the surface at eadh s#ting a
Minitan tangential flow ultrafiltration apparatuitéd with multiple 0.2am Durapor (polyvinylidene fluoride) filter
plates with three replicates. The concentrated R@d then collected on precombusted Anodisc inooglbérs
and dried at 60°C. The ultrafiltrate was acidifeatl concentrated for dissolved organic matter (D@NBlysis by
freeze drying. Five samples of the sediment orgaratter (SOM) and benthos from the lake bottom wetkected
at each site using a petite Ponar. Benthic inveatebgroups consisted of ostracods, amphip@dsnmarusspp.),
midge larvae (Tendipes) and oligochaetes. Macr@gzhf@otamogeton pectinatusnd Zannichellia ginghaiens)s
and floating leaves (mainly terrestrial Cyperaceeele collected with a fishing net.

All samples were oven dried at 70°C for 48 h arwlgd finely. Isotope analyses were performed ablStisotope
Lab for Ecological and Environmental Research,Ghinese Academy of Forestry (Beijing, China). Saaaplere
placed in tin boats and analyzed with a continubas elemental analyzer (Flash EA 1112 HT, ThernishEr
Scientific, USA) and mass spectrometer under tileviing operating conditions: oxidizing furnace teenature
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was 900°C, reducing furnace was 680°C, pillar teatpee was 40°C. CQOwas separated in a GC column and
injected into a Finnigan MAT DeR¥XP mass spectrometer and collector system, respéctiThermo Fisher
Scientific, USA). CRM was Urea Standard (SIGMA) fQA/QC purposes, which was certificated by Mountain
Mass Spec, Inc. (USAPC ands™N values of Urea Standard were -49.1 %o and -1.3bsgive to the international
standards (PDB and atmospheric nitrogen gas réeplgiThe results are expressediiC andd™N relative to the
international standards in the conventiobaer mil notation. The interior precisiond(@ean) fors'*C andd™N
were 0.02 %o and 0.05 %o respectively.

Estimation of trophic relationships and gut contantlyses

Mean isotopic ratios for juvenile and adult nakegpcand their prey were used to establish tropbsitipn §*°N)
and carbon sourcé'fC) in Qinghai Lake. Contribution of prey items twtdiet of large naked carp was based on
the IsoSource software with an increment of 3 %o. tatelance of 5 %. Ten dietary sources were usedeémnmodel,
i.e., naked carp fingerlings, benthos, Qinghai gamias, zooplankton, SOM, submerged plants, phytdqitan,
POM, DOM, and terrestrial floating leaves. The dgi¢ discrimination values di*3C and3™N were 1.09 %o and
3.41 %o respectively, based on artificial feedingperxments with naked carp (body length: 5 to 45 ammatural
environments at the Qinghai Lake National NatureegRee. We choose ten carp with body mass over §38@m
55) for gut content analyses and all gut sample® at into sterilized saline water for separatmial identification.
Large and visible items were separated by nakes, eylile invisible items were separated with aidgnéroscopes.
Percentages of each item were calculated basedyoneaight. Occurrence rates of each item in gutt@cts were
also recorded.

Data analysis

Naked carp mature at approximately 7 years of atpch corresponds to a body length of ~26 cm (Waékeal.,
1996). We used this criterion to distinguish snfsilib-adult) from large (adult) naked carp. Fishéh Wwody length
ranged from 29 cm to 55 cm were regarded as laagechcarp, n = 31), while those with body lengtiged from
19 cm to 26 cm represent small ones (n = 19).sSidl Package for the Social Sciences (SPSS t&8)used for
data analysis. GLM analyses were used to testiffarences ind**C or §*°*N for large vs small naked carp, due to
inequality of sample size of large and small cdrpe error distribution was specified using Levengést. If the
error variance is equal, LSD Test was used; otlserwiamhane Test was used. ANOVA was used to dedaloa
relationship betwee&*C andd™N values, and betweeit*C (and3™N) and body size (length and weight) and of
naked carp.

RESULTS

The overall shape of the Qinghai Lake food welnisoepassed by a convex polygon, with larger nakeg at the
apex (higher®™N and™*C signifying higher trophic position and greatelialece on pelagic carbon sources) and
DOM at the base (Fig. 1). Floating leaf litter hanl expected depleteid®C signature characteristic of terrestrial
carbon, in comparison to phytoplankton (-21.9%0) antimerged macrophytes (-18.2%o0). Taxonomic groug@ew
fairly discrete when using both isotopes, with etpd trophic position increasing from lower rightupper left.
313C values of naked carp spanned the entire rangehef taxa, from -25.7%o to -18.1%., suggesting carkso
derived from multiple source$™N increased expectedly from 2-6%o (primary producéps5-10%. (consumers)
and 11-14%. (naked carp) (Fig. 1). GLM revealed i§igant differences i5™*C (F = 34.391, df = 1P < 0.0001)
and "N (F = 5.058, df = 1P = 0.029) between small and large naked carp BigThere was no significant
relationship betweed*C ands™®N of naked carp (ANOVA regression, F = 0.140, df,® = 0.710) (Fig. 2). Both
313C and3™N increased with standard lengthi (£ 41.738, df = 1P < 0.0001; | = 11.324, df = 1P = 0.002) and
weight (R = 39.578, df = 1P < 0.0001; | = 16.005, df = 1P < 0.0001) (Fig. 3)5'*C of small carp was correlated
with their standard length (F = 4.351, df =P1z 0.05), howevers'®C of large carp tended to be scatter response to
body length (F = 3.181, df = P,= 0.085).

The mixing model analysis using IsoSource reve#thedaverage diet of large naked carp to consisB8&® %
naked carp fingerlings, 15.9 % benthos, 10.7 % Rahgammarids, 6.7 % zooplankton, 6.6 % SOM, 6.4 %
submerged plants, 5 % phytoplankton, 4.5 % POM,%.DOM, and 2.1 % floating (terrestrial) leaves,llwe
supported by the results of gut content analysasfthgerlings contributed more to food source aked carp in
Qinghai lake (Table 1).
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DISCUSSION

The discrete&'*C signatures for terrestrial (floating) leaves, foipyankton, and submerged macrophytes enabled us
to quantify the relative importance of these carhmthways to the Qinghai Lake food web. Submerged
macrophytes were enriched and showed the high#tvalues, while the floating litter was depletedi@. This
difference was related to GQwvailability in water and air. Aquatic plants migirassimilate free Cin water
through G photosysthetic pathway [24], while floating litteras often leaves and stems of terrestrial pldras t
assimilate free atmospheric g@erforming G or G, photosysthetic pathway. Plants utilizing the Hastack (G)
pathway haves'*C values *C/**C) in the range from -6%o to -19%., with an averade-12.5%o, while those
utilizing the Calvin (G) pathway havé™*C value between -22%. to -34%o [25]. Phytoplanktommaveot depleted in
813C as is often reported in other aquatic ecosys{em&8]. This difference is likely due to the highl of Qinghai
Lake, prompting phytoplankton to rely on bicarb@nedther than atmospheric €€@r photosynthesis [29]. DOM
was depleted in°C relative to POM suggesting significant terrestsiaurces of carbon enter the lake ecosystem.
SOM and benthos (other than amphipods) refleab@htc pathway tied back to DOM (terrestrial carhomfile the
amphipods and zooplankton rely more heavily onrivdePOM (phytoplankton) as their carbon sourcéar$erged
macrophytes were highly enriched relative to oth@a suggesting grazer links are weak in the Qingake food
web. This conclusion is supported by Wang [10] wbacluded phytoplankton to be the principle primairgducer

in the system.

Naked carp in Qinghai Lake hadC values that fall between -25.7 %o to -18.1 %o, moegative than those of
fishes collected from other freshwater lakes andimeaecosystems [28, 30-32], however, no greatdifice was
found in "N values (11.3 %o to 14.4 %o) from others. The widage of6'°C values associated with naked carp
individuals indicates they rely on multiple carksources for their food. The mixing model analyssdfirmed this
high degree of omnivory, as all possible prey sesirwere incorporated into the diet of naked carp.did not find

a significant correlation betweeén®C andd™°N reported for other fish species [33], which canexplained by the
fact that fishes are likely to feed on diet witlghs*3C but lows'®N [34]. The wide variation iB**C relative to the
small variation ind*°N reduced the expected pattern of trophic enriclirteea non-significant effect. Large naked
carp were enriched in botfiC and™N relative to smaller individuals, indicating largadividuals consume higher
trophic level prey. Such ontogenetic diet shiftgehbeen reported for other species in other sysfgS35]. A high
degree of cannibalism was evident; a result comfitnby our gut content analyses and previous stydips
Cannibalism is often more prevalent in stressedegpurce-poor systems [36-39]. These results itelicthat,
although invertebrates could be important parthe diet of large naked carp, carp fingerlings mibkt the
opportunistic prey, as no other small fishes werenfl in Qinghai Lake [5]. This particular trendsesen in other
stressed lakes [36-40] is associated with stressegsource-poor systems.

813C is an indicator of carbon source [21, 41], amgdanaked carp exhibited a higher degree of scatté*C than

small ones, suggesting a higher degree of omniwtnigh could be interpreted as more opportunistediieg. This
pattern is opposite to that reported by Campbédil.ei42] who suggest smaller-sized fish are mgepastunistic in

their feeding behavior. These results imply thatesacarp might have undergone considerable shiffeeéding

behavior in recent three decades, as Wang [10$ statt fishes with body length more than 45 mm show
distinction in diet more than thirty years ago. ®mgain, increased omnivory/opportunism in largdiiiduals may
suggest resource-limitation induced by environnmlectianges. Biomass and diversity of prey itemsdeseased in
Qinghai Lake as a result of changes in lake cheynad overfishing [43, 44], supporting our hypdatisethat
ecological stress has contributed to resource dtioit, forcing naked carp to become more opportignia prey

selection.

Traditional methods to unveil the trophic relatibips involve direct observation, gut content analys
antigen-antibody reaction measurement, and trangadving radioisotopes and biological pigmentsH4g. This
gives a picture of the last meal at a specific tilm& might not be typical of the long-term trophéationships.
However, stable isotope techniques have prover tpoverful to reveal long-term feeding behavior define the
functional role of organisms in ecosystem. Natyraltcurring stable light isotopes are usually moost effective
and give us a precise picture of whole feedingohjsf21, 48]. It was the first time that stabletigoe technology
was used to study diet and trophic relationshipaifed carp in Qinghai Lake. The isotopic finger@risuccessfully
revealed ontogenetic differences in diet and fegdiehavior of naked carp characterized by extresmedrowth
rate. Naked carp represent an economic and ecalbgimportant top predator in Qinghai Lake whoseding
behavior and stable isotopic signatures are pgsa#sociated with food availability and resoureeitiation. This
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approach can be adapted to understand other irgpdithes to address a specific hypothesis or taingr about
the species, or the ecosystem elsewhere in thelwbitias been suggested that large Nile perchlmayonsuming
young of the same species because of the declitheiavailability of hapolochromine prey [36]. Ttigference in
stable isotopic values of naked carp with large a&nghll sizes in this study would seem to suppog th
cannibalization hypothesis [35]. Changes in stédadéope values with fish growth may occur due tidtshn diet
with increased fish size in naked carp. This newwedge of the feeding behavior and trophic ecolofjyaked
carp can help us manage this potentially endangspedies and provide insight into better manageraedt
improvement of the current fate of the speciestdratson of naked carp will require improved accsspawning
habitat in tributaries, but also enhanced preyuesss in the lake proper. Both of these constraamngsstrongly
influenced by water load, mainly precipitation femgltributaries that not only provides spawning itethbbut also
delivers organic matter from the surrounding watedsthat stimulates lake productivity. While climathange is
affecting patterns of precipitation and evaporaiiothe region [49], management plans and restnatirgets for
naked carp need to be developed at the watershéa sc

Table 1 Gut content analyses large naked carp, shovare percentage and occurrence rates of each foddm

. Submerged Qinghai Floating ) . . o
Food items plants Zooplankton gammarid Benthos  Phytoplankton leaves Fingerling  Unidentified
Percentage (%) 2.18 4.21 7.63 12.48 0.76 1.46 5473 16.55
Occurrence rate? 10C 10C 9C 10C 10C 80 10C 10C
16
Large Small
. Naked carps
14 r hd s * .
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Fig. 1. Stable isotope food web plot for Qinghai Like, China
&-C reflects potential carbon sources wheré&sl increases with increasing trophic level. Relatize of naked carp is indicated. A convex
polygon was created by the dietary endpoints whE@ andd™N values of large naked carp have been adjustedtivt appropriate diet-tissue
discrimination factors (1.09 %0 and 3.41 %o)
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Fig. 2. Relationships betweed*C and "N for naked carp from Qinghai Lake, China
Fish ranged in size from 19 to 55 cm. Open cirofgsesent large naked carp (body length 29-55 cm3d), while solid circles represent small
naked carp (body length 19-26 cm, n = 19)
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Fig. 3. The relationships betweed'*C and 8**N and body length and weight for naked carp in Qingai Lake, China
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CONCLUSION

This integration demonstrates that naked carp imgk@ii Lake can serve as a model to understandgicalstress
and response, such as exploitation, habitat albergirough modification of hydrologic regime, ingtg of climate
change on alpine systems [6, 8, 50, 51]. Obsemstémd lessons can be learned from other largeshgtems that
have faced similar over fishing, loss of top predst deleterious land use practices, and pollutiom various
sources, contributing to the mass extinction ofigadous fishes [52-59]. More efforts should be teke

characterize the restoration potential of indigendish communities, by considering present-day Hiop
relationship and diet composition revealed by stdbbtope analyses. Consequently, this can prowitlasis for
establishing restoration targets and developingagament actions that will favor successful restonatn fish

population in these large lakes.
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