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whose grant也isstudy was carried out. My thanks are also due to Prof. YAICHIRO OKADA 
of the Tokyo貰igherNormal School and to :Mr. S. Yos盟賞ぢ1tAof th曹TokyoBunrika University 
for their co-operation, and to Me鱒胤 Y.Kusu玄Iand K. Hm.ASAKI for their a自由tancein the 
丑eld. For valuable aid in many ways I am indebted to Professors T. INUKAI and T. UCHII>A 
of the Hokkaido Imperial University. 

I. Bottom Fαunα 

A. Composition and D停泊 Distribution

a. Large and ≪leep lakes 

1. Akαルko(Lake Akα偽）

This lake has an area of 11.86 square kilometer and a maximum depth of 

36.6 m. Except for its steep, rocky e蹴ternshore, the slope of the floor is 

gradual, the aquatic plants (chiefly Vallisneriαand Potαmogeton) extending 

down to a depth of about 5 m. The littoral zone seems to extend from the shore-

line to a depth of about 8 m, the sub-littoral from 8 to 15 m, while the profundal 

consisting of soft black mud includes all the bottom from 15 to 36 m. One of 

the most striking features of the littoral zone is the presence of Aegagropila 

sauteri on the shallow sandy bottom in some of the wetsern and northern parts. 
The bottom organisms were taken up with a small EKMAN圃BIRGEdredge which collects a 
sample of 225 cm2 surface area. Eight courses were taken by boat straight across di宣erent
parts of the lake (Fig. 2). At 38 di賞。rentstations on these courses samples were secured. 

、2・
e 1 km 

Fig. 2. Bathymetric map of Akan-ko, showing 
the courses of boat. 
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The re間It田obtainedare語ttmmttrizedin Table I. 

Table I. Depth distribution of bottom fauna of Lake Akan 

(Number per m2) 

The bottom fauna of Akan-ko is compo問dof five major groups: 

(i) Chironomid larvae.-At least five日peciesof the Chironomidae 

make up mor~ than 69% of the total bottom population by numbers, Sergentia 

larva being the most abundant (35% of the total chironomid fauna). With 

regard to the depth distribution of the chironomids as a whole, three distinct 

maxima in numbers are observed, the first in the upper littoral, the second in 

the lower sublittoral shallower than 15 m and the remaining one in the profundal 

deeper than 30 m. A great numerical abundacne occurring in the shallow 

littoral region is chiefly due to the predominance of the Orthocladiariae in the 

Aegαgropilα司association.

(ii) Chao borus.-MIYADI (1932) who first studied the bottom fauna of 

this lake called attention to the predominan巴eof Chαoborus, but in my study 

its larva and pupa make up a very small proportion of the total bottom popula-

tion, bein宮only0.7% by numbers. It is not yet clear whether it emigrated out 

during the mid-summer or a pronounced succession has occurred since 1¥iIYADI、
exploration. 

(iii) 0 Ii宮0巴hre ta.一’rheoligochrete fauna is composed of at least five 

species belonging to the genera,1) Nαis, Stνlαria, Limnodrilus, Titbif ex and 

Lumbri＜・ulus,forming about 15%。fthe total number of -bottom population. 

1) Determined by Mr. HIDEJI Y AJIIAGUCHI of the Hok！王aidoImperial University. 

． 
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They are distributed almost uniformly; except for. the two slight masses occurring 

in both the littoral and sublittoral zones. 

(iv) Moll usca.2>-The molluscs consist of five species of gastropods and 

two species of pelecypods, namely, L抑附aeα（Rad句）側liculariavar., Vivipαrus 
mαlleatus, Pla偽orbis( Gyraulus) ・ jαponicus, lf alvata pisc伽alisjaponica, V .. P・ ・ 
simusyue附 is,V. cristαta hokkαido側 sis,V. pulchellαsαghαiinensis, Pisid叩m
(Eupisid仰m)cinereum and P. (E.) subtru偽仰向m. All of the gastropods are 
confined to the bottom of the upper 10 m, its ~a玄imum numbers being found in 
the water shallower than 2 m, while' the bivalve~ o巴curonly in the deeper bottom. 

The molluscs as a whole occupy only 10.3% of the total bottom population. 

Among them Planorbis is the most abundant (28.89もofthe total molluscan 
fauna) and Pisidium the most田町田（13.9%).
The so・called“shell-zone”isnot distinct, the living molluscs and empty 

shells being found in the following numbiirs : 

Table IL Depth distribution of Mollusca in Lake Akan (Number per m2) 

Depth 
in I v初iparus
meters 

Ly刑naea VaZvata Planorbis II Total nu~ber JJW eight. 
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Bra巴ketted宣guresdenote the empty shells. 

The ・shellsof both P如何orbisand Lν古川zαeαformthe first abundance in th~ 
upper littoral zone shallower than 3 m, and the larger shells of V印iparusseem 
to make the second mass in the zone between 4.5-6.5 m. 

(v) Insect larvre other than chironomids and Chαoborus.-

Sialis-larva and the burrowing nymph of the mayfly genus Ephemera occur most 
abundantly in the zone shallower than 5 m. All of these insect larvre, in巴luding

a crayfish Combαroides jαponicus, form only 5% of the total number of the 
bottom population. 

＃ ． ＃ 
2) Val叩 taand Pisidiu叩 weredetermined by Mr. SYUI'l'I MORI o.f th唱 KyotoImperial 
University. (cf. also MIYADI 1935). 

ー
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Generally speaking, the bottom 

population below 10 m is composed or 0 

chironomids, Chaゆor叫 oligochretes ~ 0f〕で日記山，.＿
and Pisidium, tM gastropod molluscs ・ ~.· f ＜.長←
and inse巴tlarv：鉛 O土hertha:Q:. the above . i lパ
being practi巴allyabsent. It haEr bee、n a↑／， 
well known that the bottom fauna i白 I/ : 
not uniformly distributed over the 

bottom from the shore to the deepest 

water. This is also true of Lake 

Akan. The present study, however, 

seems to show much more uniform 

distribution of the bottom population 

than MrYADI found in June (cf. 

lVIIYADI 1932), when di宣erentspecies 

were distributed very differently ac-

cording to depth. ・In September 

there are seen three maxima or 

“concentration zones”（EGGLETON 
1931, 1935) of the bottom population, 

viz. the first in the shallow littoral, 

1俳 i: 

" .・" 
〉

201 I 

500 
Number per siua.re同eter

1000 

ーー一一一一一一 Ch1ronomui~e 

一一一 Oll!Jochae白
......... Mollusca 

the second in the lower sublittoral Fig. 3. Depth distribution of bottom fauna 
and the other in the middle profundal, 

and the population declines sharply 

of Akan-ko in September, 1935. 

above and below these zones. Iu the last zone the bottom population is very 

much more abundant than it is above that region. 

Quαntity of the bottom populatio旬. The quantitative results obtained in 

various ecological zones are summarized in Table III. 

Table III. Quantity of bottom population of Lake Akan 

A. Average number per m2 

Number I . . I Chaoborus I I I 
Zone I of I ChiLo：：~id J larva and _ I Oligochmta i Mollusl王乱 [ Others 

samples I －一回 I pupa i 「 ｜ 

一i ｜ 弘「 弘i 瓦「一戸l % 
Littoral I 15 I 249 (37.4) i 3 (12.0) ! 44 (32:1) I 70 (57.8) : 32 (100) 
Sublittoral I 9 ; 181 (27.2) [ 15 {62.0) I ・ 39 (28';5) I IO (8.3) I 0 
Profundal ! 14 i 236 (35.4) I 6 (26.0) I 54 (39A) I 41 (40.8) I 0 
Total / 38 f 666 (100.0! f '"2荏＜~oo-.o) I 137 (100:0) I 121 (100.0) I 32 c100) 

〆
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B. Average wet-weiih~ g :per m2 
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骨 Vi世ipar叫8－自helldeducted. 

The maximum population is found in the sublittoral, and the littoral 

population is a little larger than that of the profundal. The wet-weight of the 

bottom organisms is also the largest in the littoral, but that of the profundal 

is less than half of that of the sub出torai. ~AWSON (1930）品卸inedcorres-
ponding results in Lake Sim巴oein Canada, though he found the maxima in 

numbers and dry weight of the population in the lower profundal. 

2. pα処ke-ko(Lαke Panke) 

Panke・kois the deepest in the Akan lakes having a ma玄immndepth of 

49.9 m. Its area is ~.75 square kilometer. Owing to the steep rocky floor the 

mud deposit seems to be restri巴tedto a small area deeper than 30 m. Even at a 

depth of 34 m the bottom mud contains fine sand and organic debris. Thi自

信eemsto make a rather large area of the bottom from 5 to 30 m uninhabitable 

by organisms. Accordingly, the bottom fauna as a whole is rather poor in both 

species and numbers, though this observatfon is drawn from fewer崎mpling蝿

than were taken at Akan-ko. The principal component is Serge旬tia-larvawhieh 

makes up 72% of the total bottom popμlatiop aud attains its m眠 i:mumnumber 

of 1940 per square meter at a depth of 43 ni. 

Table IV. Depth distribution of bottom fauna of Pank叫 o

(Number per m2) 

I. :;!. Total wet-weiglit 
wlwl 

一
則

0
0
9
M
W

一
初

0
0
0
肪
解

剖

hg向
。
M
四

kmN

一姐一一一一一

J
日
日

sigy一湖一一一さ

さ
？
剖
日
以

D
山

－

村

山

開

刊

誌



M. UENO: Bo'l"l'O'M ANl> PLANKTON FAUNA Of'叩 EAKAN LA.Kl!: G即 UPOJ' HOKKAIDO 213 

3. Pe符ke-ko(Lαke Penke) 

The mud deposit in this lake seems to be much more restricted to a small 

deep area than in Panke-ko. In 12 samplings Sergentia and Tanypodinre were 
taken up only from the bottom deeper than 30 m; the former numbered only 

132 individuals per square meter at a depth of 38 m (ma玄imumdepth 39.4 m; 

cf. TAKAYASU and KoNDO l936a). 

b. Small and shallow lakes 

4. Taro-ko a協dZiro・ko

These two small lakes are situated close together but are greatly different 

in the components of their bottom faunre. The species are richer in Taro-ko 

than in Ziro・ko. In the former Chironomus plumosus and Sergentia are widely 

distributed over the bottom, forming 73 % of the total bottom population ; Val叩 tα

occupies 15% and the remaining is represented by 6% each of oligochretes and 

Sialis-larva. 

Table V. Depth distribution of bottom fauna of Taro-ko 

(Number per m2) 

Dep~h in ich. plumοS制 IS仰側伽 1Valvata merers 1 1 

2 I 104 I 132 1'16 
3.5 I 
4 ' 264 i 176 
4.5 i 572 88 
7 : 88 : 132 I 44 i 

8 I 352 I 176 i - I 572 

Over almost the whole bottom of Zirかko(maximum depth 3 m) is a dirty 

yellow diatom-gyttja. The bottom fauna is very monotonous, consisting of only 

Sergentia, which numbers 352-1276 per square meter. 

5. Hyot側 J臨禍＠

This shallow lake is bounded by an overgrowth of cyperaceou也andumbelli-

feraceous plants. The bottom deposits are blackish brown mud consisting of a 

刊 rylarge amount t)f deeaying vegetable matter. The b€沌tom fa磁調。fthe main 

basin is :repre自entedby the moll磁蜘 whichmake up 55＇もd the total bottom 
population. The principal component of the chironomid fauna is Bergentia, 
formi時価ly18.2% &f the total poplitati傭. In the蹴 xilia.:rybasin neither 

藍ion闘樹齢rehi:ronα凶品 anf続md,faWla b住宅 NPTI鳴佃ltedby larYa of 8ialw 
and tne nymph of tlre醐ア骨 gen瑚 E同側州都糊B in Table VI. 
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B. General Discussion 

The bottom faunre of the three large and deep lakes are generally similar, 

but Akan-ko supports a much more varied and richer fauna, especially mollu関s,

than the other two lakes. However, the bottom populat10n greatly vary quantita-

tively. .It is the largest in Panke-ko in both numbers and weight; Akan-ko 

ranks se巴ondin numbers but is in weight inferior to Taro-ko, as data in Table 

VII will show. 

Table VII. Average number (N) and weight (wet, W) of bottom fauna 

of the Akan Lake Group, calculated for 1 ni2 

Group / Akan ko / P叩 ke-ko I Taro ko I Ziro・ko / Hyotan-numa 
of ! - T i一一一一「一一一I ー十一一一卜ー一一γ一 一［

Animals ! N ! W(g) I N I W(g) r N I W(g) I N I W(g) -1 N ! W(g) 
Chironomidre .... / 666 i 1.75 i 775 I 2.90 I 537 I 3.03 I 616 I 4.25 I 88 I -
Molluscs . . . . . . I 121 i 5.19引 Oi 一ino I 5.34 I o ! - I 264 I 0.92 
Oligochmta .... i 137 i 0.12 I 132 i 0.44 I 44 ! - I o I 一！ 88 I 1.26 
In開。t!arvre i ' i ' I ! i i ! 
other than i i ; I i I i I 
Chironomi伽..1 32 I 0.32 ! 176 I 12.54 I 44 : 2.86 i 0 I - I 44 I -
Total ・・・・・・1956 I 7.38 i 1083 I 25.88 I 735 I 11.23 I 616 I 4.25 I 484 I 2.18 

持 Vi申ipaγus-shelldeducted. 

In this table neither Penke-ko nor Zyunsai・numaare included, the former 

having an extremely poor population and the latter being entirely azoic over 

the bottom. 

As discussed by EGGLETON ( 1935), it seems certain that the depth distribution 

of bottom population is not controlled by any one factor but may be determined 

by the combined effect of various physical and巴hemicalas well as biological 



215 BOTTOM AND PLANKτON FAUNA OF 'IHE AKAN LAKE GROUP OF HOKKAIDO 

一一一一－ Akan-ko 
－ーーー一－ Panke-ko 
-・-・-Penke-ko 

7.0 
pH 
6.2ι5 

〆”

／ 
／ 

／ 
／ 
／ 

8 

~ 

I¥,. 
、＼

：／ 
／＼ 

/ : 
/ : 
／／  
／／  
／／  

／ヅ／
／／  

6 
02 c官／L

20 0 2 4-

/ I 

/ ; 
／〆

／／／〆／／
，， 

／（~ 

10 

M. UENO: 

7。c
0 
.s 0 
"' ~ 
S理

喧

もJO
曲
q 

20 

3, 

4-0 

pH 
6

T

J

J

’
I
1
1
 

1

／
＼
 

6 T 10 rs 20 25。c
Ji o1 >・・' _ ............ ~ ........ z __ .！..一一一一「 0 
吉 I / _ •• ~〆〆
~2 「 （ :: -------
' i －””’ < I L--

~4 「，.... --; 
'5 I/ 

6 

46 

8 

一一一一アaro・h
ーー一一一 Zyunsai－ηuma
-・-・-Hyotanィiuma
＋＋キ....,... Zi1・o-ko

8 

／ 
〈、

＼ 
＼ 

8 

－
市

a
R

－

々

自
－・‘
フ
e
m

4
T
4

．
 

，，
 

／
 d

F
 〆t

 
F
 

F
 F

 
F
 F

 
／
 

L
l

，J
 

。ζ
a

ι

？

Oz cc/L 
’2 0 

0「

6 

8 
Strnti宣cationsof temperature, pH and dissolved OXJァgen

in the Akan lakes. 

factors. It seems, however, that in certain instances any one of these factors 

may give the most powerful effect in causing migration of an organism. In 

Zyunsai-numa, for instance, all the Chαoborits larvre migrated up as plankters 

from the bottom to the upper layer, apparently because of the great deficiency 

of dissolved oxygen in the deeper water. The accompanying figures will show 

the thermal and chemical stratifications in these lakes (Fig. 4). 

Fig. 4. 
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It is a noticeable fact that one of the important factors found to be in・

fluencing the luxurience and the depth distribution of the bottom fauna in these 

larger lakes is the differen巴eof the slope of the lake-floor. However, in the 

small and shallow lakes the nature of the bottom deposits is much more e貸ective

in the life of the bottom organisms. The abundant deposit of humic and 

de巴ayingvegetable matter may cause a great diminution of dissolved O玄ygen

(Zyunsai-numa) or may affect the food supply of the organisms (Hyotan-numa). 

The rather pure diatom-gyttja deposited in Ziro-ko appears also to limit the kinds 

of bottom animals inhabiting it. The writer is of the opinion that it is di缶cult

to find any one of the general environmental factors controlling the distribution 

of the bottom fauna in the lakes studied. 

It is worthy of notice that the occurrence of Pisidii附 Land the anrerobic 

larva of Chαoborits in association on the deeper bottom of Akan-ko, which has 

a good amount of dissolved oxygen in the deep water even in late summer 

(cf. also .MrYADI 1932, p. 231). In both Panke-ko and Penke-ko, however, 

Chαoborits was found only as a plankter but not taken at all from the bottom 

mud. Since in these three lakes no more oxygen deficiency in deep water巴an

be expected to occur after my observations, the occurrence of θhαoborits in these 

lakes especially in Akan-ko is to be regarded as quite an ex巴eptiona1巴ase.

II. Plαnkton 

Fig. 5. An improved plankton-catcher of 
MUNSTER STRpM’s type. 

The net-plankton was obtained by two kinds 
of nets, one being a自mallqualitative net of 
AP STEIN’s type of 20 cm diameter・forsurface 
catches, and the other a small closing-net of 
JUDAY’s type of 15 cm diameter of the upper 
cone for vertical hauls. To get the vertical 
series of plankton-samples from different depths, 
an improved plankton-catcher of MUNSTER 
STR仰’stype was used (Fig. 5). It ha日 a
volume of 10 liters (cf. MtiN自宝田S四回M1926). 
The l"Ough volume of a plankton cat巴hwas 
determined by allowing the sample to settle in 
a graduated glass cylinder over乱 periodof 24 
hours, and then dried at a temperature of 50。c
for hours to achieve a constant weight. 

A. Composition of the Zooplankton 

The percentage composition of the 

zooplankton is shown in Table VIII, from 

which will be seen the chara巴teristicsof 

the plankton-population of that season. 
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Table VIII. Percentage composition of the zooplankton of 

the Akan Lake Group (September, 1935) 
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国苦言百号c:~ 
Lake 

者
7。d国~ 
昔: !! Zooplankter 

国f白~雪§ 両 ，属0 。~ ~ 
＼ ～、 Cl! 回 吾4

・N各同. 

Protozoa 
1. T円ntinnopsislacustris ENTZ ＋ 1 

Rotatoria 
2. Pol・型町tkγatrigla (EHR闘 BEI叫 ＋ ＋ ＋ 3 

3. Keratella qi必adrata(O. F. MULLER) 十 十 十 3 

4. Keratella cochleari.9 (GOSSE) ＋ ＋ 十 ＋ ＋ 5 

5. Notholc品longisp似品（KELLICOT). ＋ ＋ 十 3 

6. Asplanchna herricki DE GUERNE ＋ ＋ 十 3 

7. Conochil畑側ico刊 isRoussELET ＋ ＋ ＋ 十 十 。
8. Filini品longiseta(EHRENBERG) ＋ ＋ ‘2, 
Cladocer乱

9. Daphni品lo匁gispina(O. F. MむLLER) ＋ ＋ ＋ 十 ＋ ＋ 十 ＋ 8 

10. Daf~.n0似．8俳A句耳t目）ta.longire刑is
十 ＋ 十 3 

11. Scapholeberis刑叫cronata(MむLLER) ＋ 1 
12. Bosmi;叫dcore go叫iBAIRD............ ＋ ＋ ＋ ‘ ＋ 4 
13. Alo冗ag也ttata(G. 0. SARS) 十 十 2 
14. Leydigia acanthocercoides (FISCH皿）． ＋ 1 
15. Chydorous spireri側 s(O. F. MULLER) .. ． ＋ 1 
16. Polyphe側 LSpedicul制（LINNE) 十 十 ‘】j’ 
Copepoda 

17. A.ca側n~~~i叫s~~阻側E岨J)cificusy仰 ia・
＋ 十 ＋ ＋ ＋ ＋ ＋ 7 

18. Mesocyclops hyal伽us(REHBEitG) ＋ 同ト ＋ 十 4 
19. Mesocyclops oitho叫oides(G. 0. SA耳目） ＋ ． 1 
20. Copepodid (Cyclopoida) 十 ＋ ＋ 4 
Insecta 

21. Cha.oborns-Iarva 十 ＋ ＋ ＋ 4 

22. Cerat仰偽hirund仰ella0. F. MtiLL阻 ＋ ＋ ＋ 十 4 

一
To匂J.. 14 14 11 4 6 。 8 。3 6 

Table IX. 
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The predominanee of rotifers is found in three lakes, namely, Panke・ko,

Penke-ko and Zyunsai-numa. The plank旬n of both S, Hutago-numa and 

Hyotan-numa are composed chiefly of the Clad伺 era，倒peeiallyof Daphnwタ

while in the remaining four lakes the copepods predominate. 

Among the rotifers, Co旬ochilusivnicornis and KerαtellαcocJUeαris occur most 

widely, Fil切切 longisetabeing found in only two lakes. Acanthodiaptomus 

paci舟伽仰m側 αcensisis distributed in almost all lakes, appearing most 

abundantly in Panke-ko. Of the Cladocera, Daphniαlong is pinαis present in 

all of the lakes except Ziro・ko. In some of the lakes it is the most important 

杷omponentof the zooplankton. 

The populations of Dαphniαlongisp仇aliving in these lakes seem to belong 

to four different races. The races inhabiting S. Hutago-numa, Zyunsai-numa 

and Hyotan-numa ha¥e large and heavy bodies which are characteristic of the 

littoral forms of the species ; the race of the former two lakes differs from that 

of the last by having a broad head and posteriorly elongated rostrum. On the 

contrary, the races occurring in Akan-ko, Panke-ko and P.enke-ko have short 

heads and hyaline shells. Among them the race found in Panke-ko is of a 

peculiar large size. They should be considered the so・called'' primitivα－type” 
of longisp仇αhναlina,as already pointed out (UENO 1934). It is of the great 

interest that the size and shape of these different races of Dαphniαlongisp仇α

seem to be quite well adapted to the sizes and depths of the lake-basins as well 

as to the clearness and nutritive conditions of the water. 

It is noted that the larva of Chαaborus was obtained by a plankton-net iu 

several lakes （自eeTable IX), in the bottom届amplesof which none of this larva 

was present. Since the bottom organisms in Zyunsai-numa were entirely absent 

owing to the entire lack of bottom oxygen, the presence of Ohaoborus in an 

upper layer recalls the composition of the bottom fauna in this lake in 組問rlier

season in which rich bottom o玄ygenmight have been present. 

B. Strati貧c•tion of the Zooplankter串

Two vertical series of the net-plankton were obtained by a plankton-catcher 

already mentioned. The weight of the instrument (cir‘12 ltg) it w鍋 R郁朗自ary

to limit, the collections to Allan-ko, which is the only lake equipped with large 

motor-boat. All of the zooplankters in each sample were counted. The results 

are ~hown in Tables X and XI. 

It is evident. from these table画 andthe accompanying ftgures that the 

zoo~lan~ters are all confined to the upper layer畠.hallowerthan 10凪ム即時
th叩 θ仰oehi加問C仰 ，-isW制 foundonly in the upper 5 m ; Bo州側 core伊m
andi Mrkoc~clops ・ h抑t印刷 extend晶ome¥vhatdown to the lower limit of the 
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Vertical distribution of the zooplankters in Lake .Akan 

Station A; 5 IX 1935, 16h; number per 10 L. 
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Table XI. V ertieal distribution of the zooplankters in Lake .Akal¥. 
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epili:umion, but in the hy:pol~＠n＼佃 only a very few of them w四e齢cured.

Dap伽ぬ附仰抑制，袖地 i畠山fa)'Jfound living in the by凶 imnion担割rone
lakes m middle Japan during summer months (K理 U()HI1900），伺eu:rs,.}so in 
the water above the metaUmni0,n. It seems probable that sueh a phenomenon 

Vial destroyed. 9争
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is chiefly due to the water-temperature of this lake which is so cold for these 

organi_sms as to cause them to migrate down to the hypolimnion. 

On the other hand, there were found two species of the zooplankters 

occurring only in the hypolimnion. They are Daphniαcristatαlongiremis and 
Leνdigiααcanthocercoides, both of which are for the first time recorded in Japan. 
The former is a well-known cold-water animal which is distributed in the circum-

boreal regions, and the latter was found only in the layer just above the lake-

bottom. 

P:hytopia<nloto1n. The phytoplankton occurs most abund乱ntlyin Akan-ko, where 
Cerat似mhir叫叫d伽ellapredominates in the upper 5 m, forming乱 water-bloomtogether with 
the diatom Asterionella for仰 08品阻dblue-green alga Anabmna. In both Pank争koand Penke-ko 
the phytoplankton was hardly seen, while in Zyunsai-num乱 arich produ巴tionof Perid伽何冊
and Dinobryon divergens wa日found.

C. Productivity 

a. Quantity 

The rough volume and dry weight of the plankton which were secured 

from the samples obtained by the V巴rticalhauls are shown in Table XII. 

Table XII. Quantity of plankton of the Akan Lake Group 

Lake I Depth of I h乱uls(m)

P叫はよ……！－云ふ瓦
Akan-ko . . . . . . I 33-0 
Zyunsai-numa ... ! 5-0 
P乱nke-ko...... I 30-0 
Hyotan-numa .. i 4.5-0 

I Ro暗 hvolume I 

I ~竺 i
33.13 
21.00 
19.44 
15.74 
12.35 

Dry weight 
mg/L 

0.233 
0.341 

0~140 

Panke-lrn seems to yield the most profuse quantity of plankton per unit 

volume of water. This is巴hieflydue to the abundance of Dαphnriαwhich makes 

the total plankton cat巴hvoluminous. The same・ is also true of the plankton of 

Zyunsai-numa. However, the largest dry weight was secured in Akan-ko which 

is followed by Panke-ko; that of Penke-ko is much less than the pre巴edingtwo 

lakes. 

-The amount of the plankton of the seven lakes studied may be rated in 

about the following order: 

Panke>Akan>Zyunsai>Penke>Hyotan>Taro>Ziro. 

b. Plankton Nitrogen 

The total organic nitrogen content of the plankton w制 determinedb:yア

digestion with sulphuric acid and perhydrol followed by the micro-Kjeldahl 
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procedure after PARNAS and W AGN回（Pit副且 1930)on the .dried :materials 

mentioned already (cf. also COOPER 1934). The results are given in Table XIII. 

Lake 

Akan-ko 

一Panke
Penke-ko 

Table XIII. 

I Depth 
; of 
i hauls 
I ll1 

! 33-0 
, Surface勢普
i 46-0 

i 30-0 

Nx 6.25. 

Plankton-nitrogen of three lakes. 

Samples 
dry 
weight 
(mg) 

40.6 
40.9 
38.7 
15.l 

Total 
orgame 
nitrogen 
(mg) 

1.97 
3,(lg 

2.111 
0.91 

¥ Tota~ l 
orizanic i 
I nitiogen I 
i (%) ! 
・: ~－－－－－1 

7.5 I 

I 6.o ! 
｜ ω ｜ 

4降

す~－ Sample obtained from the surface where ~ater-bloom appeared. 

Cru~e 
prot!)in件
（%） 

30.3 
47.l 
37.4 
31.6 

The quantity of crude protein in Panke-ko and in Penke-ko was nearly the 

same, but that of a surface sample from .Akan-ko was larger than that of 

Panke-ko. The average quantity of the巴rudeprotein in the water of Lake 

.Jiendota is 44.5% (BIRGE and JUDAY 1934), and this value stands between the 

quantities obtained from Panke・koand the surface of .Akan-ko. .According to 

BIRGE (BIRGE and JuDAY 1934), the crude protein is present 56.6% in the mixed 

Entomostraca, 51.2% in blue-gr明nalgre and 44% in diatoms. It seems natural 

that 47% of the crude protein is present in the surface plankton of .Akan-ko 

which consists of a rather large amount of mixed species of the Entomostraca, 

dino:flagellates, blue-green algre and diatoms. 

BIRGE and JunAY (1926) called the nitrogen from the residues of the lake-

water“dissolved，’， and noticed that the nitrogen of this form is from three to 
six times as great as that of the plankton, i.e.“plankton nitrogen，’. The dis-
solved nitrogen of the lakes studied was estimated by Mr. YosHIMURA colori司

metrically but not from the residues. .According to his findings, its quantity 

is the largest in .Akan-ko (aver. 0.332 mg/L) and that is followed by Penke-ko 

(aver. 0.16 mg/L). Panke-ko contained the smallest amount (aver. 0.077 mg/L). 

Ill. Remαrks on the Lake Type 

It is of great interest that in the .Akan,lake group different types of water 

and of biocoenosis are seen. With regard to the plankton no marked differences 

are dis巴ernible,water-bloom appearing only in .Akan司ko. The bottom fauna 

shows, however, some marked differences among the lakes. Panke-ko, Penke主o

and Ziro・kobelong to the Sergentiαtype, . while .Akan-ko and Taro-ko are 

Sergenh・αand m明otrophicPluma.ms type (sestt MIYADI 1933). .Akan幽kois 
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characterized by the occurrence of both Chaoboru.~ and Pisidiu側 inthe deeper 
bottom; in this lake and in Taro-ko the pre関neeof Vαlvata is al輯onoticed. 

Akan-ko belong自toan exceptional lake type, not referable to VιL豆、盛明otrophic

Pis低叫例－Corethraor Pisid切符4・Sergent協 typ開（VALLE1921, p. 155). 
LUNDBECK (1926) and DECKSBACH (1929) have shown that the succession of 

lake types from oligotrophic to eutrophic is well represented by chironomid 

species inhabiting them. A巴巴ordingto this, Panke-ko, Penke-ko and Ziro・koare 

in the oligotrophic or less advanced mesotrophic eo担ditions,and Akan-ko and 

Taro-ko seem to belong to the somewhat advanced mesotrophie, of which the 

former is partly eutrophic and thus produces water-bloom. The chemical nature 

of the waters and the plankton-proau巴tioncoincide rather well with the above 

types. 

Summary 

1. The bottom and pelagic fauna of nine lakes and lakelets in the Akan 

district of Hokkaido were studied in the first half of September, 1935. 

2. The largest lake, Akan-ko, is the richest in the species of the bottom 

animals, but rank田these巴ondin the abundance of the bottom population. The 

most important component of the bottom faunre of the lakes studied is the 

larva of the chironomid genus Sergentiα． 
3. The bottom faunre. of the large and deep lakes are markedly similar, 

particularly in deep water. They are somewhat different in each of the small 

and shallow lakes. None of the bottom fauna was found in a small lake, in th。
deep water of which the dissolved oxygen was entirely absent. 

4. The depth distribution of the bottom population seems to be influenced 

not only by the complex effect of the physi巴aland chemical factors but also by 

the condition of the mud deposits, which are largely affected by the slope of 

the lake-floor. 

5. The net-plankton is composed chiefly of rotifers and cladocerans, among 

which Co仰 chilus,Kerαtell岱 andDaphniαare the important component哩ofthat 

season. 

6. The data obtained in Akan-ko demonstrate the striking fact that all of 

the zooplankters occur chiefly in the epilimnion, below wluch they are found in 

very small numbers. This is the II¥ost important difference in the vertical 

distribution of the zooplankters between the lake母 ofHokkaido and those of 

Middle Japan. 

7. The rough volume of the plankton is the largest in the lake which 

produ巴esluxuriant crustacean plankton especially large Dαphnia. The largest 
dry weight is, however司 obtainedin the lake having various kinds of plankton 



224 ・ TRANSACTIONSOF THE SAPPORO NATURAL HISTORY SOCIETY 

organisms especially of rich production of the algal plankton. 

8. The plankton nitrogen was estimated by the mikro・Kjeldahlprocedure 

for the fir叫 timein the Japanese lakes. The largest amount of crude protein of 

47% was obtained in Akan-ko where an enormous water-bloom was present. 
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Ex:planation of Plate VII 

Fig. 1. Akan-ko. View from Senhoku-toge looking SE. The mountain at the left of the 

lake is Vole加。 Oakan-dake.(UENO photo). 

Fig. 2. View over part of Akan-ko, from the north shore looking south. (UENO photo). 

Fig. 3. Panke-ko, from the western end of the lake looking east. (Photo Prof. Yaichiro 

OK血，A).

Fig. 4. Penke-ko. (Photo Prof. OK油 A).

Fig. 5. Ziro-ko. (U重NOphoto). 

Fig. 6. Taro-ko. (U重NOphoto). 

Fig. 7. Hyotan-numa. From the no主~th shore looking SW: eype1・aceous plants cover the 

littoral region. (U孟NOphoto). 


