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AB$TRACT: Lake Katanuma is a volcanic, strongly acldic }ake (average pH ef 2.2),

located in Miyagi prefecture, Japan. Only a few species are found in Katanuma; Chironomtts

aeerbiphilus }arvae as befithic invertebrate, Pinnttlaria braunii as benthic diatom, and Chlanrydo-

monas acidophila as phytoplanktoR. We tried analyzing seasoital changes of carbon and Ritrogen

stable isotope ratios for tkese species iR Lake KataBuma. Foed source analysis by isotope ratios

c}ear}y showed iRain food source for Chironomus acerbiphiltts larvae was R hrattnii (bentkic

diatom). 5i C values ofR braunii varied seasoita}ly, while those of POM (main}y pkytoplankton)

remaiited fairly stable. The difference of stable isotope ratios iR these organisms are discussed
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Introductien

  Several studies have been reported that carbon and nitrogen isotope ratios of plankton are frequently

changed seasonally in freshwater ecosystems (e.g. Zohary el al. }994). However, most previous studies of

freshwater orgaRisms stable isotopes involved only oRe or a few field samplings and hence failed to dis-

close any seasonal variations in 6i3C values oforganisms in a lake. Lake KataRuina is a volcaRic, s£rengly

acidic lake (average pH of2.2). Only a few species (C acerbiphilus laivae, R braunii, and C acidophila)

are exclusively dominant in Katanuma because of its strong acidity. We tried aBalyzjng seasonal chaRges

of carbon and nitrogen stable isotope ratios fbr these species in Lake Katanuma. The simple biotic com-

mgnity of the }ake couid make jt possible for an accurate and exact analysis of interrelationships betweeR
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the isotope ratios oforganisms and biotic and abiotic environmental factors.

Materiais and wtethecis

Study Area

  Lake Katanuma is located at 380 44'N, 1400 43'E, wi{h a lake surfaee area ofO.14 km2, and maximum

depth of20 m. There is no iirkowing and outflowiRg river. Hydrogen sulfide and keat are supplied from the

lake bottom. Lake Katanuma is basical}y a dimictic lake, stratMcation period is from April £o August, and

circuiatioR is observed betweeR September and Decernber. Between January and mid-Marcli the Iake is

almost covered with ice. ZooplanktoR aRd nekton liave not been observed in Lake Katantima. Whlle high

densities of the C. acerbiphilzts larvae, R Braz･tnii, C. acidophila, and sulfate oxidiziRg bacterla were often

observed (Doi et al. 200}).

SarnpliBg and sample preparatioB

  C acerbiphiius larvae and sedirae"t samples were collected at 1, 2, 4, and lO m depth with an Ekman-

Birge grab from April to December in 2000 and 2001. In the laboratory C. acerbiphilzts }arvae were put

into filtered lake water for 24 hours to eliminate their gut content. Water samples for POM were collected

at 1, 2, 4, and lO m deptk with an Van-Dorn water sampler from April to December in 2000. Watei- sample

were filtered by Whatman GFIF glass filter (precombusted at 5000C for two liours), in order to collect POM

samples. P. bratmii were extracted from the sedimeiit at 1, 2, and 4 m depth from April to December i"

2001 by making use ofits phototactic movement (Doi et al. 200i). In order to determine the abLmdance of

n braunii, Chlorophyll a content of surface sediment (up to i cm) were measttred by Whitney and Darley

method (Whitney et al. i979). The samples ofcarbon and nitrogen lsotope ra£ios were measured wlth rr}ass

spectrometer (II)EIJTITA plus, T}iermoquest Co.) Results are reported in the delta notation (upit:%o). ARalysis

errors were within zi O.2%o for 613C aRd 6l5N.

Resugt$ and Di$cussion
                     13                      C value of phytoplankten have been observed varing seasonaily (Zohary et  In lake ecosystem, the 6

al. 1994). However, mean 6]3C va}ues of POM (mainly phytoplank£on) iR Lake Katanuma varied in a

narrow range from -26.4 to -23.7%e, and the seasonal diderence of the vallje were only 2.7%o. This

variation was lower than other Iakes reported by Zohary et al. I994. Some of reasoRs of this stability of

6`3C values of POM may be l) Cklaffzydomonas acidbphila are only species as phytoplankton in Lake

Katanuma. Therefbre , the changes of species coraposition need not be considered. 2) DIC (dissolved

inorganic carbon) to Chlaiayclomonas aciclophila was enough, because of the continuous supply of DIC

                                                  13from fumorales in the lake bottom (Hino, Personal Com.). Both 5                                                   C valttes and abundance (ch}orophyll a

iR surface sediment) ofR brazinii in Lake Kataituma varied seasonally, especial}y at 1 and 4 m depth. ARd

relationships between 6i3C va}ues aRd abufidance (chlorophyll a in surface sediment) ofR braunii showed

positive significant correlations at 1 aRd 4 m depth between 6i3C values ofR braunii and chlorophyll a in

surface sediment, suggesting higher biomass ofR braunii corresponded to higher 6i3C values ofR braornii

at l and 4 m depth. In Lake Katanuma the higher bioinass ofR braztnii ofteR forms patches (algal rnat) on
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the sediment surface at the shore (Satake and Saljo i978). Thicknesses ofthese mat became sometimes O.5

- l.O mm (Satake and Saijo 1978). Thus R braunii were considered to promote i3C-enrichment iR their

high density mats because of limitation of supply ofDIC.

  The meaR 5i3C values ofPOM (mainly phytoplankton) were lower and raore stable thaR those ofbenthic

diatom (R brattnii). The diffbrence in f¥}ean 6i3C vaiues between phytopiankton and beRthic diatem may be

explained by the boundary layer eiifects aBd higher variability of 6i3C values of the bentkic diatom by the

heterogeneity of diatom density R braunii often made high density patch (algal mat) in Lake KataRuma,

and the 6i3C of the dia£om in the algai mat became much higher values (i3C-eitrichment) due to the limi£a-

tioR of CO, supply.

   Seasonal variation of5i3C values of C. acerbiphilzts larvae showed the 6i3C valt}es ofthem in stratifica--

tion montks fi'om April to August are significantly lower than circulation months from October to Decem-

ber at all depths G, 2, and 4 m) (P<O.e1, Fisher's PLSD). The differences of 5i3C values suggest that diets

of C. aeerbiphilus larvae are differeitt between stratificatio" and circulation months. Tliis suggests that

C. acerbiphilzts larvae in stratification period may feed on Chlamydomonas acidophila and sedimeRtary

organic matter mainly, aiid C. acerbiphilus larvae in circgiation period may feed on R brattnii maiiily. The

6'3C and 6i5N plots of C. acerbiphiltts larvae, POM, R brattnii, iir}arsh plan£ (Phragmites attstralis), and

sediments fi:om April to December in 2000 and 2001 are showed in Fig.l, the most probable food source

of C acerbiphilus larvae in Lake Katanuma was concluded to be beRthic a}gae R braztnii (Doi et al.

2001). But relationship between 6i3C values of C. acerbiphilbls larvae and R brattnii were not corre}ated

sig}kificantly (Pearson's correlation coeflficient, FO.OOI, P>O.05, i3=36), probably becagse C acerbiphiltts

larvae have fairly long generation time (about 1 month) aRd may feed on R brattnii at various sites.
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Fig. 1. Mean value.s of 6`3C and 6[S

aeerbiphilus }arvae were collected

braunii were collected in 2eOl.
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   N plo£s of C acerbiphikts larvae, sediment, POM, R braitnii, and Il australis : C,

   in 2eeO and 20el, sediment, POM, and R aztstralis were collected in 2000, and R
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