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Benthic Communities in Brackish Lakes in Hokkaido, with Special Refer-
ence to Relationships between Series of Community Types
and Environmental Factors

Yuan Shan Li* and Shigeru Nakao**

Abstract

Pankenuma and Poronuma are small brackish lakes. The former is located on the Japan
Sea coast and the latter on the Okhotsk Sea coast in northern Hokkaido. Mokotoko is a
similar lake located on the north coast of Shiretoko Peninsula in eastern Hokkaido. A
survey of bottom fauna and bottom environmental factors of these lakes was carried out in
July and August 1983. Macro benthos were collected using a small Smith-McIntyre’s bottom
sampler with an opening of 1/20 sq. meters. Sampling was repeated twice and benthos in
an area of about 1/10 sq. meters were obtained at each station.

Based upon the findings of a Cluster Analysis, two different communities are distin-
guished in Poronuma and three in Pankenuma and Mokotoko respectively. In Pankenuma
and Poronuma, with a gentle environmental gradient, the benthic communities are continu-
ous but in Mokotoko, with a steep environmental gradient, the communities are distinctly
discontinuous. One community is restricted to the central part (muddy bottom with a
higher proportion of sedimentological variables) and the other two similar communities are
detected in the shallow coastal area (sandy bottom with a lower proportion of
sedimentological variables). The benthic communities of the three above-mentioned brack-
ish lakes are divided into six types according to the results of the Cluster Analysis. These
six community types are arranged according to the contents of interstitial water chlorinity
but the distributions of these community types scarcely run parallel with those of bottom
water chlorinity and sedimentological variables.
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NBE, BesKBrswibR—KIKCTROhB EFET L 5 i GBIRARD S h, WL Dh
DEShhEY b ORINCELDLRBZEXBALMT LI, UL, b5 (1967 wih
W, ERKEZRRECKERENLVCEEF W D oBREEVTL 3-0RER AR5 h, HE
oA+ 1 >0FERIA (1954) B8FE (T A) 0RO LORFIME 4 2o #BO
FA—ERBKEREEZ I OKBROLOBELINELEVELT VB, ¥, BEMXKROKEES
YR L DBEEBELEHNCKESETHELRD D, BHLLIHERT IEEBHERO v <

FAEABERERT 5 EER Prionospio japonicus ¥ < b A A REKE D HEF CEEKEM
PRTREN LB TH D (Nakao, 1979,1982) = L b, Bich KBOELSYY BT 5848,
EFHOERLEZRICVhALBEIDHA 50, KEKEREOATESHKEOEABWREYR
FTHbFRRVHIAEWEL S TH B, —F, Nakao (1982)13, BHREF=Hic k- CELSYRE
OGN L BEERYRERHCHE L L, EERBRAERENEETMRED I E L <
RGBT AL LI 2L, Jaramillo & (1984) 115V —EBROESEF niRCELSYDE
RECEENECHRYYL AL, DERCKAAEY, RERCHEBYRENRS L),
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DFRFN2WT, HBEER: BRI LM LI,
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Fig. 1. Map of investigated areas showing research station sites.
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Table 1.

and 3th, 1983) and in Lake Mokotoko (August 6th, 1983).

Limnological observations at research stations in Lake Pankenuma (July 30th and 31th, 1983), in Lake Poronuma (August 2th

Sation Depth (m) fgﬁiggegazf%fﬁ;{; Mud temp. (C)
Pankenuma | Poronuma Mokotoko | Pankenumsa | Poronuma Mokotoko | Pankenuma | Poronuma Mokotoko

1 1.45 0.40 0.60 — 8.12 — 20.3 20.9 21.0
2 1.45 0.35 0.60 — 8.08 6.00 20.5 22.1 21.0
3 1.30 0.30 0.35 —_ 9.68 4.70 19.6 21.0 20.0
4 1.65 0.30 0.55 — 8.87 4.53 20.0 21.5 215
5 1.70 0.35 0.50 — 9.79 5.37 20.5 21.1 22.0
6 1.55 0.20 0.40 — 8.72 5.43 204 22.3 22.3
7 1.55 0.52 0.60 5.45 7.90 4.59 19.6 21.0 20.8
8 1.70 0.55 2.50 — 6.52 4.46 19.9 20.7 15.2
9 1.75 0.53 3.10 5.77 6.09 3.62 20.3 20.2 14.0

10 1.58 0.50 0.50 — 7.14 6.16 20.8 19.6 22.6

11 1.40 0.48 0.50 5.656 6.43 6.42 21.3 19.7 22.2

12 1.65 0.40 4.20 — 5.79 2.17 20.5 19.2 12.5

13 1.70 0.30 0.50 - 5.19 4.92 20.1 19.5 21.0

14 1.75 0.70 1.90 —- 5.73 5.04 20.2 17.1 16.0

15 1.70 0.70 0.90 — 7.16 5.28 19.7 15.8 19.5

16 1.50 0.80 0.40 — 7.37 5.73 19.5 16.9 22.1

17 1.50 0.75 0.55 4.94 8.69 5.75 20.0 18.4 22.4

18 1.70 0.65 3.00 — 5.86 2.91 19.9 18.8 13.0

19 1.75 0.55 0.70 5.69 6.53 6.50 19.6 19.7 22.5

20 1.70 0.50 0.60 — 6.57 6.50 19.8 19.6 22.5

21 1.50 0.40 0.75 6.17 10.87 5.82 19.5 21.0 20.5

22 1.50 0.50 0.35 6.34 10.24 5.50 19.3 21.3 19.8

23 1.60 0.50 — 10.35 19.2 214

24 1.50 0.48 5.17 797 19.5 21.5

25 1.45 0.40 — 10.70 19.5 21.3

26 1.30 0.35 5.39 7.23 19.2 225

27 1.30 0.30 — 10.03 19.7 22.5

28 1.05 — 20.2

29 0.95 — 20.2

30 1.40 - 19.7

BFREEFIOENL  Hd - %
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Fig. 2. Cumulative curves of the various
size grades in particle composition at
each station. See the text for A-D.

Fig. 3. Spatial distribution of sediment
types according to cumulative cur-
vilinear major textural classes. See Fig.
2 for A-D. 1: Lake Pankenuma, 2:
Lake Poronuma, 3 : Lake Mokotoko.

Tatal carbon %, Tatal nitragen %, Tatal sultide %,

Fig. 4. Map showing the distributions of total carbon (%,) total nitrogen (%,) and total
sulfide (%) contents in surface sediments. See Fig. 3 for 1-3.
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WREERMoMITISL EX/RL, BHIRRED 109 L L& RTHm 1 Tk C/N At 20.6
ElroTnB e, BREBETSEBYOS W2 EE2TRTIOTHA S5, —H, &5ty
BEOSAR AL L, BFEPPRELERL EZFEWMB LD 0.1% L TERTABAIARS & LD, B
AV S BTHFOBEMEVCONRERE SRS, AvrBeReBlt OCBREHLRO - 0LWiLY
BEORVGKER, KEBEL, LEB-TEBKCBETIBREVKRISFETLHZLEEGED, £
DD EE2em BTRETREBIZEICS W ENFOBHATHA 5,

BEH PR, Pl LLEFOERBAKBEEIBED AL (ED, BVWAEBHELS
bR E L BVCBTTREIEA TV EBbhd, Bici g 8 g 4%0 U LD 28
ILHEIFHL, ZOEREEBHOLERE LA T AE (Nakao, 1978) i\ & Bbh 5,

SHAOSMRBIEZFICE - TRBFRTETEL, FRBCEV-EWIHF L ER AL
bhoorxl, v7rBLArBTRIREELERELA—ENLTT—F, £twEr:
NOOSMER &G EAERIGELTUH L,

EEKEHEFEKNMERE ERKEZBOTMERS E(RDB), v rBizEDTE: 2% i
BTHHOKML, ReBTREBONLBRICATTHRAMEL b 2235 10%0 L E DKk A
BHRRFECEN->TB, —F, 3200BBROIbLRIBVERBKEREY L EEWMTIL10
%o U EFRTABYAABGZ G0, HrBosbBHRIBCiL 15% L EEEL kT, WLE
TREBIEARKEELWERTFELTCVWA, AV BoBEREINGEILLOEVER, THXR
B X v oofll, PEKAFEOKENPKABROKEL W BHIEL bk, MATHEAID
el tE L2 bR, VBB 20o0WER, BHrLoEE E»L, EBKERERL
R R Y KERBILE R T L0 LB b,

R KERER (R5), v rBTEBKEREL »LOEL, BOrLBRIZA N » THA
CEL g Twb, Zhil~ ERKERENRBVReBik\\Th, HBKERE TRV

Fig. 5. Distributions of bottom water chlorinity (%) (left) and interstitial water chlor-
inity (%) (right). See Fig. 3 for 1-3.
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Fig. 6 Cluster dendrogram of sampling points by nearest neighbour
method (upper) and the spatial distribution of two environmen-
tal types (under) in Lake Pankenuma.
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Fig. 8. Cluster dendrogram of sampling
points by nearest neighbour method
(upper) and the spatial distribution of
three environmental types (under) in
Lake Mokotoko.

Fig. 7. Cluster dendrogram of sampling
points by nearest neighbour method
(upper) and the spatial distribution of
three environmental types (under) in
Lake Poronuma.

FRBEKERERNEL, BIF4% LT ERTWADRERTRESETH S, BEHIZHT
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TR, R 10%0 A ETHEDIR L, BEWTH 5%, BOFETER I hR2REL
Tt T b,
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ErRTo it s,

ERRSEERORKEDOFMEEAIcH b s, ZhAETHRRTELLS>KRALABENTLL LT
DR STWD, £TTC, ZHECRALBEERY L TKEOBMY 251D, KFHER
BTHIEARO=—27 ) » FE#EYRD, PHEEE CHARRHOBELUEY F v Ve 74451
THRTERE B8 &3,

SN rETAEBYESERICE VIS 29 #BR< FBIESEABRD TEULAKEBRIECH
5LE2BA(E6E), OB ArBEBTHAKIEHTE (XD, BE ST 505 14
PR &, BRBRI—K LAV 2ARENEROSAHELELLL 2 o0 KBRS TE, L
LHEAAKBOBELMIBD CECEE 25, BEW T, NEAR, EGOIFAERE L OB
KEZRENHFRTEHET CTRELARKELRD 20D KBESTE, Lihs THAEOE
BRECHOLACEHLBIIZ L (M8), Tihbb, v rELH#eBTRBERORENRIIE
DHTESLHTHIOILHL, BEWMTRIANRATHIBHLEELSD,

E £ B %

BESKCEEBYIA YV rBRUTRE, XeBrdE, BEEHNLTEBTHS,
NBTE, BEHO 1 BVEGEIRALILE 379 L& L& <, %k T Corbicula japonica v
< b 3 (254%,), Notomastus latericeus ~ £ v A4 + = #14 (16%,), Neanthes japonica = # A
(15.8%)23%\, Zhbh 4 BOHMBRER T0% U ETHEAREL Sfrabh, HeEEED 1
BLv LA I BLHELBBLRATVS, 2 DM TIE, N&EROD Stenothyra edogawaensis

Table 2. Number and frequency (F: at the stations (30)) of occurring species of
Polychaeta (P), Bivalvia (B), Amphipoda (A), Gastropoda (G), Diptera (D),
Cumacea (C), Isopoda (I), Oligochaeta (O), Nemertinea (N), and Brachyura
(Br) in Lake Pankenuma. + =values under 0.19%,.

Species Taxon Number % F %
1. Oligochaeta sp. 0 1046 370 | 30 100
2. Corbicula japonica B 716 25.4 29 96.7
3. Notomastus latericeus P 452 16.0 30 100
4. Neanthes japonica P 447 158 | 21 70.0
5. Stenothyra edogawaensis G 71 25 | 22 73.3
6. Kamaka sp. A 41 1.5 6 20.0
7. Nemertinea N 15 0.5 5 16.7
8. Chironomidae A D 11 0.4 5 16.7
9. Chironomidae B D 7 0.2 3 10.0
10.  Prionospio japonicus P 6 0.2 4 13.3
11. Assiminea lutea japonica G 4 0.1 2 6.7
12.  Melita sp. A 3 0.1 2 6.7
13. Cumacea C 1 + 1 3.3
14.  Anisogammarus kygi A 1 + 1 3.3
15. Gnorimosphaeroma oregonensis I 1 + 1 33
16. Caprella aequilibra A 1 + 1 3.3
17. Brachyura Br. 1 + 1 3.3
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ZFH T I XD = Y KNRELRIEGD (25%), HMBHEE 133% ¥ RLTALSHLT3
(&2,

ROBTIE, LV I h 4 OEGENE L GRELEX53.6%), COBLBIITM/LTW5,
RTREED 1 18, Assiminea lutea japonica 3 7 v a v HA, TH414NBThEh#10% O
REHEE 96% L Lo HBEHERRL TV 5, BERIIDRE GREIEER 1~3%) HEEEH
#60% L LA BAFT A E LTIY, %D 2% Bteone longa v 31 ¥k, Prionospio
japonious ¥ < + A ¥ A, “HED 2, Maomasp. ¥ 7+ Y HFAD 1LY <Y, aa=
CHED 2, Anisogammarus kygi b 44 =3 2= L Corophium sp. Fr 7 £ 42D 1EEIV
Grorimosphaeroma oregoensis 4 ¥ =Y 7 a3 & 7 =8O 1@ ERBTFLID (EI),

BEM T\ T, Macoma sp. » 7 b ) HA D LEIRALE (37.5%), HBHE (86.4%)
EAMIAT, RCHREALE TR 24T% O Fu A b 374 FBREE . COMEEFDOY
= FREFRT A, ZHWBDY < b2 3, Nuttallia olivacea 1 v < 3, Musculus senhousia
b b F RS A T EDREHERY 4% Ll b L HREOESR O S BT, HBEBED 60% kLK

Table 3. Number and frequency (F: at the stations (27)) of ocourring species of
Polychaeta (P), Bivalvia (B), Amphipoda (A), Gastropoda (G), Diptera (D),
Cumacea (C), Isopoda (I), Oligochaeta (O), Nemertinea (N), and Macrura (M)
in Lake Poronuma. + =values under 0.1%,.

Species Taxon Number % F %
1. Notomastus latericeus P 6594 53.6 27 100
2. Oligochaeta sp. (6] 1381 112 | 26 96.3
3. Assiminea lutea japonica G 1161 94 | 27 100
4. Neanthes japonica P 1016 83 | 27 100
5. Eteone longa P 445 36 | 26 96.3
6. Prionospio japonicus P 376 3.1 21 718
7. Macoma sp. B 334 2.7 | 26 96.3
8. Corbicula japonica B 200 16 | 27 100
9. Anisogammarus kygi A 186 1.5 23 85.2
10.  Corophium sp. A 158 13 17 63.0
11. Cumacea sp. C 144 12 22 81.5
12.  Gnortmosphaeroma oregonensis I 142 12 16 59.3
13. Kamaka sp. A 116 0.9 10 37.0
14. Corophium uenoi A 14 0.1 9 33.3
15. Chironomidae A D 10 + 4 14.8
16. Nemertinea N 5 + 4 14.8
17. Grandidierella japonica A 5 + 3 111
18. Tharyx sp. P 4 + 1 3.7
19. Spionidae P 1 + 1 37
20. Capitellidae P 1 + 1 3.7
21. Euchone sp. P 1 + 1 3.7
22. Chironomidae B D 1 + 1 3.7
23. Lysianassidae A 1 + 1 3.7
24. Macrura M 1 + 1 3.7

I
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Table 4. Number and frequency (F: at the stations (22)) of occurring species of
Polychaeta (P), Bivalvia (B), Amphipoda (A), Gastropoda (G), Isopoda (I),
Oligochaeta (O), and Nemertinea (N) in Lake Mokotoko. + =values under

0.1%,

Species Taxon | Number % F %
1. Macoma sp. B 2568 37.5 19 86.4
2. Notomastus latericeus P 1690 24.7 15 68.2
3. Prionospio japonicus P 551 8.0 18 81.8
4. Corbicula japonica B 461 67 | 14 636
5. Nuttallia olivacea B 345 5.0 14 63.6
6. Musculus senhousia B 336 4.9 15 682
7. Capitella caprtata P 325 4.7 5 227
8. Neanthes japonica P 259 38 17 713
9. Eteone longa P 63 0.9 14 63.6

10. Batillaria cumingii G 57 0.8 7 318

11. Nemertinea N 35 0.5 12 54.5

12. Grandidierella japonica A 34 0.5 9 409

13.  Glycinde sp. P 33 0.5 4 18.2

14. Mya arenaria B 18 0.3 1 50.0

15. Abarenicola pacifica P 15 0.2 2 9.1

16. Assiminea lutea japonica G 14 02 | 3 138

17. Laternula limicola B 9 0.1 5 227

18. Stenothyra edogawaensis G 8 0.1 3 13.6

19. Capitellidae P 8 0.1 1 4.5

20. Prionospio sp. P 4 + 4 18.2

21. Gammaridae A 4 + 1 45

22. Anisogammarus kyg A 3 + 3 136

23. Oligochaeta sp. 0 2 + 2 9.1

24. Gnorumosphaeroma oregonesis I 2 + 1 4.5

25. Sigambra tentaculata P 2 + 1 4.5

26. Melita sp. A 1 + 1 4.5

27.  Harmothoe imbricata P 1 + 1 4.5

WO E b0, HEREGERLE (4.7%) =T Capitella capitata 1 + = 5 1 (X H AR
22.7% L1EL, HAEAR O T 5, BICHRALERIZE 23 50% L Lo MBHAE R L THE
HIE ARy G ARIZ K Y 3923, Mya arenaria A+ 7 1235 6h 5 (F4),

FWMBCRTIELEBYO 5L AD L, Thfhoicl v ZogmEROFLIP LT
R b EALBEHEL IS —EDOIHERYEDTVWB L3 TH B, FlrEEBMBOLI3ED
SFHERTERIDI Sl ), HERO 1 BRIV BelBREFLEERBOREE I T£L,
ReBThLi0BORHORLEEFICDD, v ALV I H MY riBE R BT
ZHEBHEL 5L, BEEWCRRBEOWREAMOFPLED B, v rBor <t itz
DEOEEFED 1 BLEHTHHMER LY EHTB L5 THD, KeBDhTHF Vv aviA
BEANSIRCATTCEOSMIALLRE->TH Y, BEHO Y~ 2+ 3 ¥I0 & HdR
BB EROWRKBRCGMOFLIABRLA TV,

— 921 —
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Natomastus latericeus

Notomastus latericeus Assiminea lutea japonica Prignospio japonicus

Fig. 9. Map showing the spatial distributions of number of individuals (no./
0.1 m?) of three common benthic fauna in each area investigated. 1:
Lake Pankenuma, 2: Lake Poronuma, 3 : Lake Mokotoko.

IDXOK, BHAKBOEEFYWIEFRFhOABEFRCKE L TCEhZLhoSHEELYSH L
T2, BEHHOZ LI AbEABYEROZMSCALh HBHER L BEEOERT, £
DBDBEY, BENEBEORME AT LN TE, LrbEROEIFEL, Thihd
L% 5 BEAHRYERT S L4, $PORBERTI LR LhOBHRERTIRIESRMFLY
b, £ C, MAROBAR & BEKICH B SELIHE S Morisita (1959) DHLIE
P TR D, PEBEIC L > TEPEOBE VSRS TORELEI L ERER 10 225
K12ThH5,

NoTB ABERZOBOHRFISHTHL0T, ELLBEROSC-BIZRY HRVH,
N. latericeus > # L A + = # 1 & Oligochaeta BEFHED 1 EHFHL TEL, KT N. japonica
=hHABE,

BREEZABETILRE T H A0 L, O japonica ¥~ b > I NEBFE e B HTRE
B2, QODBEOELEIL0.63 LB, BEBI/HT 5,

CRET LT IBELIPRERY, BEFO 1B LY = b &2  OAGEIEE L, KW
Ty FVA LN ETHADE, BOLBREOEFICFMBALIRD,

WFRIELTh ZDBD 3 O0RER, HER 059 OBLUERBERLTISEMUL-HEL
x5 (K10),

HROB: ARERZOBREPES BB IBETCIID, v Fv1 bIn A B3RS CEERYS
B, =hA, EEED 1, Assiminea lutea japonica H 7 ¥ v a v H A BEEBRE &> T
WB,

BREIH S8 & 26 X RLICES TRGEBICOML, » 75V a9 i 4 H 28~649 OFF
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Fig. 10. Dendrogram produced by cluster Fig. 11. Dendrogram produced by cluster
analysis with Morisita’s similarity index analysis with Morisita’s similarity index
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(upper) and the spatial distribution of
three community types (under) in Lake
Mokotoko. See the text for A-C.
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REREUEOEVHAFELILT L —H L Th bbb Tikioy, ZhidESH A -BE
EHOFTTRGLTERELY BT L, RDAEBE4ORBEERN TN LB L TEERYC L - T
BECHHERBRLARVCZ ERELXERThEILEROERLEE LI,

BHERT L BUE

ChETRNTCEL 3 DOWBORABYHEEY —E L CRA—-FETHLORLELRD, 7
VIERrZFALLTRLEDNRRIZ TH B,

RYrBORE, RVIBAREI A eBARERIUVEEHBEEOIHE, ~v/y#EB
BE, #eoBBRE BEHCORE EEWARLEO62LFILA, AV BCHENLAR
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Mot, ChbDOEEBREERCERKEREDO SMER EFHERF OB I E CHEBS
RicX 57l Skt nBR (IUA, 1954; %5 « 45, 1967, Jaramillo &, 1984) 3@bdH R
Tsuo,
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DEHFRFRERILSHIGL TV B,

Redeke (1936) 234 5 v # OE KL IEREH SEHBME (0.1-1.0 C1%0), a-FEEt: (1.0-5.5 Cl
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R LTWAZ EXIBR LT3, Kikuchi (1964) L EEMCTRABOERNALIS L5,
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BB B, FhE DRSS -t KD S h, BEVIEREL D, ZORERTIN
EASYBRERTIERMG LAV LT TIRABNLRD TH 5,

it &th (1967) AEBRIVEBAERENS - PEEFCH TR ES L L2, T2t
SOEEBYHEYEIL, HESOBEINNED IIL II, I LEERBEO IT QLUAK, 1954), K
EBHRELD a-FME0RE (Kikuchi, 1964) R0 DOTHH > LIEHT 5 —77, BERD
BENREE S-PEMEOBREL 2 B TWAB I ERIERL W5, X, ZoBEBHMERD
et BhM B A BB 5 XM Prionospio japonicus ¥ < b A v BEHNEEBNAETVETH
5. Pl EBEHRETEMCE W TREELSEFCHTUEGRNEHML T, EEBYHEORE
BEDIL, COBIKBLHELNLII LI -TEFORER N LOMOFEMEIELIRRD
Z s htyvb (Nakao, 1979, 1982), L7dioC, BEOBEFMHEL L TOBEEMY < A Y
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55k

BEOEEEGYIC L »TEBKERE Y » bEBRAEZENEERBEER: k52 3o h
FTWL O OBWETHS RT3 (Smith, 1956 ; Capstick, 1959), 7%, = OWIETREI R
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CEEBERETA LRIV HRVES S, ZoWRORKEER FELo Smith (1956) b oL, H
%\~ Corbicula japonica v <= + > 2 § BERBKEREOE/L % BRRE L TV 5 R AER
BTHETS Z L2R% L Fuji (1957) OEEREHHL, BBEKEEENBAEEESYE
EOGMEBE Db YELEDOTHHIZ LR, BHEIRDEZATHD,
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BEROS MM T 2 L REREER EEBKEZE L OB Z TR HHAB S FTE
BHblen, HEKEEZER S ORI LA RIENRRD Shl,
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