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Abstract　 The planktonic ciliate abundance distribution pat tern in Lake Ho llere rsee, a sma ll

eutrophic lake in Austria , w as studied be tween June 1995 to Februa ry 1996, The most cilia te

density peaked in July 1995 a t 2 m depth ( 133 600 ind. /L ). Ctedoctema acanthocryptum , Cyclid-

ium glaucoma , Halteria grandinella, Strombidium v iride , Askenasis acrostomia, Histobalan-

tium bodamicum , Cinetochilum margaritaceum , Coleps spetai , Monodiniium balbianii , T intin-

ndium pusillum , Strobilidium caudatum , Strobilidium lacustris , Spirostomum teres, Calypto-

tuicha lanuginosa and Dex iotricha granulosa made mo re contributions in abundance. Ba sed on

the dist ribution pattern, cilia te species can be divided 3 g r oups in th e lake. The rela tionships

betw een th e limno lo gica l char acters and the distributions of cilia tes in the lake a re discussed in

present pape r.
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The tempo ra l and spa tial dist ribution pa tterns of planktonic ci lia tes a re the important

contents in limno logy , especial ly in the deep lakes wi th thermal st ra tification. Al though

some repo rts about the time and spatial pat terns of zooplanktonic ci lia tes have been

made
[1 ] , until now , w e have only a limi ted knowledge o f the spatial dist ribution pat terns

o f deep lake ciliated zooplanktons. The aim of this w o rk w as, therefo re, to study the tem-

poral and vertical dist ribution of ciliated protozoan communi ty in a small eut rophic lake,

Lake Ho llerersee, in Aust ria. W e hope, w ith this study, to provide mo re detailed mes-

sages about zo oplanktonic especially micro zooplanktonic communi ty in this small lake.

1　Materials and Methods

Quantitativ e examinations w ere done as the method o f Skibbe
[2 ] .
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2　 Results

2. 1　 Physical and chemica l pa rameters

Data o f w ater tempera tures, pH, O2 concentra tions and saturations wi thin the investi-

ga tion period in Lake Ho llerersee are show ed in Fig . 1. During the investig aton, The high-
est temperature appeared in June and July o f 1995 ( 20℃ ) and the low est w as in February

1996 ( 1. 0℃ ) at surface ( ice covered) . Based on the thermal distribution, it wa s found in

June and July there w as a thermal st ra tification in the lake and the thermocline appea red a t

4 to 6 m depths. Water turnover began in August. As a result , w ater was mixed com-

pletely in Februray. The pH show ed a decreasing t rend wi th depths in di fferent months

during the investig ation. The pH o f uppermost w ater w ere higher than 8 ( except Feb.

1996) , at 12 m depth, pH was about 7. The loss of st ratification resul ted in the pH of sur-

face w ater become low er. The highest da ta of concentrations of O2 and O2 sa turations w ere

recorded at 0 and 1 m ( 18. 0 mg /L and 142% , respectiv ely) . Below 10 m depth , concen-

trations o f O2 and O2 satura tions approached zero in dif ferent months during the st rati fica-

tion. Due to the temperature ef fects, the O2 concentrations in di fferent depth show ed some

changes, in fall , the w ater mixed resulted f rom temperature, leading to O2 concentration

and O2 satura tion became no clearly dif ferences wi th depth.

Fig . 1　 Ver tical dist ributions o f tempera ture, p H, O2 content and O2 sa turation in Lake Ho ller ersee

2. 2　 Cilia te to tal abundance

Ciliate to tal abundances in wa ter column in di fferent months are show ed in Fig. 2.

The high est ciliate concentra tion w as recorded at 2 m depth in July 1995

( 133 600 ind /L) , the low est abun-dance w as found a t 8 m depth in June 1995 and 12 m

depth in February 1996 ( 1 040 and 1 060 ind /L, respectiv ely) . The number of ciliates w as
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Fig. 2　Vertical distributions of to tal ciliate

　　　　 abundance in Lake Ho ller ersee

decreased with the depth in June,

July 1995 and February 1996. In

August and October o f 1995, the

peaks of the abundance w ere at 8 and

6 m depth, separately. In November

o f 1995, the number of ci lia tes had

no changed wi th the depth almost.

The ver tical dist ributions demon-

st ra ted the most abundances present-

ed at epi limnion in June and July in

1995. With w ater mix ture happened in August , the most abundance appea red under ther-

mocline, and then the abundances show ed less va riant in w hole w ater co lumn.

The tempo ra l and spatial pat terns of ci liate abundance in di fferent months. The verti-

cal dist ributions of 16 main ciliate species w hich are impo rtant to abundance are demon-

st ra ted in Fig. 3.

Fig. 3　 Abundance ver tical dist ributions o f 16 main ciliate species in Lake Ho ller ersee
1　 Askenasia acrostomia; 2　Cinetochilum margaritaceum ; 3　Calyptotricha lanuginosa; 4　 Strombidi-

um v iride; 5　Coleps spetai; 6　 Monodinium balbianii ; 7　 Halteria grandinella; 8　 Histobalantium

bodamicum ; 9　 Dex iotricha granulosa; 10　Cyclid ium glaucoma; 11　 Holophrya discolor; 12　 Spiros-

tomum teres; 13　 T intinnidium pusillum ; 14　 Strobilidium caudatum ; 15　 Strobilidium lacustris and

16　Ctedoctema acanthocrypta
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　　 Based upon the shapes of figures, 3 kinds of dist ribution pa t terns could be divided.

Ctedoctema acanthocryptum , Cyclidium glaucoma, Halteria grandinella and Strombidium

v iride , found a t al l depth and the most abundance appeared a t 2 m depth belonged to the

fi rst one; Askenasia acrostomia , Histobalantium bodamcium , Cinetochilum margaritaceum ,

Coleps spetai , Holophyra discolor , Monodiniium balbianii , Tintinndium pusillum , Strobi-

l idium caudatum and Strobi lidium lacustris discovered at all wa ter co lumn but their most

abundance presented at 6 to 8 m depth belonged to the second one; Therefore, Spirosto-

mum teres , Calyptotricha lanuginosa and Dex iotricha granulosa found only a t hypo limnion

w ere the thi rd one.

Out of ciliate species, the most impo rtant species fo r abundance should beCtedoctema

acanthocryptum. In July 1995, it reached 86 160 ind /L a t 2 m depth, at the thermocline i t

has a sha rp decline. Below the thermolimnion, the number appeared increase and has sec-

ond peak at 10 m depth, then the species become less in number and from epi limnion mov-

ing to the hypolimnion from July 1995 to Februa ry 1996. Similar to Ctedoctema acan-

thocryptum , Cyclidium glaucoma , the densi ty o f which increased wi th the depth f rom 2 to

6 m and then decreased in June 1995, had the most abundance in July 1995, a t 2 m depth

( 26 000 ind /L) , At thermo line, it show ed a sharply decreasing w ith the depth. From June

to October, it s abundance w as no t impo rtant to the tota l abundance of the community. In

November 1995, i t presented at hypo limnion, and spreaded to the epilimnion wi th a higher

abundance at 6 m depth in February 1996 ( 1 200 ind /L) . Halteria grandinella, show ing

i ts most densi ty at 2 m depth in July 1995 ( 12 000 ind /L) , had the second peak at 6 m

depth in October 1995 ( 8 120 ind /L ) . From la te autumn to nex t spring , the densi ties

show ed decrea sed.

In the second g roup, the members found a t a ll depth s, the densi ty peaks o f these

species w ere no t at epilimnion but under thero cline. Strobilidium caudatum show ed i ts

densi ty peak a t 6 m depth in July 1995 ( 19 360 ind /L ) . Askenasia acrostomia had the most

densi ty at 6 m depth in July 1995 ( 5 760 ind /L ) as w ell and then the densi ties became less

w ith the time from August 1995 to February 1996. Holophyra discolor , Cinetochilum mar-

garitaceum and Histobalantium bodamicum were observ ed the peaks o f densities a t 8 m

depth in August 1995 ( 14 120, 3 760 and 6 520 ind /L, respectiv ely ) . Coleps spetai and

Tint inndium pusil lum had the most abundance at 8 m depth in October 1995 ( 8 720 and 7

520 ind /L, separately ) , Strobilidium lacustris showed the highest densi ty in same month

a t 6 m depth ( 6 680 ind /L) . Compared wi th o ther species, Monodiniium balbianii had a

less impo rtance to the to tal abundance, i ts densi ty reached 1 520 ind /L a t 8 m depth in

August 1995.

In the third g roup, only found under thermocline, Spi rostomum teres, a ciliate

species longer than 200μm in vivo, w as impo rtant to abundance. In August 1995, i t

reached 6 600 ind /L a t 8 m depth. Calyptotricha lanuginosa had been discovered under 8 m

depth and wi th the highest density at 12 m in October 1995 ( 8 160 ind /L) . Dexio tricha

g ranulosa presented below 6 m depth wi th the most abundance at 10 m depth in August

1995 ( 4 640 ind /L) .

3　 Discussions

Concer ning the ciliated proto zo an temporal and spatial dist ributions in f reshwa ter
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lakes, a few review s have been made by some authors
[ 3]
, but repo rts of ciliate distribu-

tions in deep lakes wi th thermal st ratification are limi ted.

From the v iew of abundance, i t is doubt less that Ctedoctema acanthocryptum , a small

hymenostomata cilia te, w hich feeds on bacteria and presents in lakes wi th va rious trophic

sta tus in the w orld, should be the most impor tant species fo r the cilia te communi ty in

Ho llerersee. According to Bich & Bert ram , this ci lia te can liv e in the w aters wi th w ide

rangeo f O2 ( 0. 3～ 22. 4 mg /L) , but i t has a t rend to the w ater w ith higher tempera ture[ 4] .

In July, the epiliomnonic temperature of Lake Ho llerersee w as the highest during the in-
vestiga tion. It could be comprehended easi ly w hy Ctedoctema acanthocryptum had so much

high concentration at this period. In addi tion to, Cyclidium glaucoma , ano ther small hy-

menostomata of global dispread species, Strombidium viride, a typical planktonic species o f

o lig o trich ciliate, and Halteria grandinella , a o lig o trich cilia te of g lobal dist ribution w as

signi ficant for abundance in the lake, to o. It i s identical w ith some repor ts in w hich they

can liv e the wider ranges of condi tion
[5 ] . The four species that mentioned above standed

fo r the dominant species a t epilimnion in planktonic ciliate communi ty of Lake Ho l lerersee
a re smaller in sizes.

Opposi tely , the ciliate species tha t had thei r higher concentrations at therocline or hy-

polimnion due to thei r bigg er sizes, w ere less impo rtance to w hole abundances but perhaps

more contributions to the to tal biomass of ci liate communi ty in the lake. Histobalant ium

bodamicum , Holophyra discolor , Strobil idium caudatum , Tint inndium pusillum and Coleps

spetai should be main members of this group in the lake. As li teratures repo rted, these

species generally presented in the wa ter w ith higher concentra tion o f H2 S and can resist to

a wide ranges of the temperatures and O2 contents changes in w ater
[5 ]
.

In the g roup presented in hypo limnion of Lake Ho l lerersee, Spirostomum teres , a larg-

er hetero t richa ciliate, playing an impo rtant ro le in abundance, were found frenquent ly in

the w aters wi th higher H2 S and low er O2 and considered as an indicated species for

poly saprobia
[5 ] . It s peak of number w as considered co rresponding to the conditions o f the

w ater. Calyptotricha lanuginosa and Dex iotricha granulosa were repo rted in Lake Piburg-

ersee under the relatively adverse condi tions
[ 6]
. In addition to these ciliate species men-

tioned above, some anaerobic cilia te species repor ted like Caenomorphra medusula , Meto-

pus spp. , Plagiopyla nasuta and Lagynus elegans were also discovered and made some

contributions in abundances at hypo limnon in Lake Ho llerersee. Based upon Fig. 2, a fact
can be confo rmed tha t the ci lia tes wi th smaller size ( < 100μm) had higher densi ties a t sur-
face and mid-wa ter in the fi rst hal f year ( 10

4
ind /L) , the ciliates w ith larg er size (> 100

μm) w ere found density peaks betw een 8 to 12 m depths f rom July to November ( 104 ind /

L ) . As predato rs, planktonic cilia te abundance and dist ributions a re limi ted by th e number

and dist ributions o f foods, especially bacterias and a lg ae. In Ho llerersee, the primary pro-
ductions w ere contributed mainly f rom Oscillatoria rubescens , Cryptomonas sp. ,

Rhodomonas sp. , Dinobryon sp. and Cyclotella sp. The densities of algae appea red mo re

f rom July to October in the lake
[6 ]
. Considered the vertical dist ributions of algae, the most

phytoplankton density presented a t 6 to 10 m depth during August to October. Co rre-

sponding , the alg iv o rous ciliates like Coleps spetai , Holophyra discolor , Strobil idium lacus-

t ris , Histiobalantium bodamicum and Spirostomum teres also had higher densities in the

same time and space. The ci liate species feeding on bacterias had mo re contributions in up-
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permost w ater and in summer. Hypolimnionic ciliate species like Calyptotricha lanuginosa

and Dex iotricha granulosa feed on bacterias mainly too. Addi tional, some anaerobic ciliate

species discovered here likeCaenomorphra medusula , Metopus spp. , Plagiopyla nasuta and

Lagynus elegans get their energ y f rom the symbio tic bacterias in o r on thei r cells. From

the view of food dist ributions, and th e ci liate dist ribution figure shapes in Fig. 3, the pa t-

tern o f ciliate dist ribution in Lake Ho llerersee should be that bacterivious ci lia tes present
the epi limnion and have higher concentrations in summer, the algiv o rous ciliates liv e in the

middle of the wa ter column in early autumn, and anaerobic cilia tes live in hypo limnion and

have less impo rtance to abundance.
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奥地利 Ho llerersee湖的纤毛虫生态学研究
Ⅱ . 丰度的时空分布

徐润林 　 Nauwerck A

摘　要　报道了生存在奥地利 Ho llerer see湖泊中的浮游纤毛虫的时空分布模式 . 纤毛虫丰度的最大值

出现在 1995年 7月水面上 2 m处 ( 133 600 ind / L) ;在全部种类中 , Ctedoctema acanthocryptum , Cyclidium

glaucoma, Halteria grandinella , Strombidium viride , Askenasia acrostomia, Histobalantium bodamicum ,

Cinetochilum margaritaceum , Coleps spetai , Monodiniium balbianii , T intinndium pusillum , Strobilidium

caudatum , Strobilidium lacustris, Spirostomum teres , Calyptotuicha lanuginosa及 Dex iotricha granulosa在

丰度中起重要作用 . 根据分布的模式 , 该水体中的纤毛虫可分为 3组 . 对纤毛虫的分布模式与该湖泊湖沼

学特点间的关系也进行了讨论 .

关键词　纤毛虫 , 丰度 , 时空分布模式 , Ho llerer see湖

分类号　Q 178. 1
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