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Bacterial distribution and their decomposing activity in a
intertidal sandy beach at the mouth of Uranouchi Bay

Katumi SHIBATA, Asuka GOTO, and Hideo MIvOSHI
Usa Marine Biological Institute, Kochi University, Usa-cho, Tosa, Kochi 781-11, japan

Abstract : To elucidate the mechanisms of bacterial attack of organic matier in a intertidal sandy beach, bacterial
distribution, ¢z situ decomposing activities and several environmental factors were investigated in Uranouchi Bay,
Kochi Prefecture, Japan. In the beach viable bacteria were more abundant at the surface and decreased with in-
creasing core depth, but seasonal variation of bacterial numbers was not clear. The same distribution pattern de-
scribed above was observed for proteolytic and amylolytic groups of bacteria but in sifu proteolytic and amyloly-
tic activities in the beach are declined markedly with increasing depth and toward winter. Electron transport sys-
tem (ETS) activity was also low in winter. In addition, low COD values and low ratios of total amino acids to tot-
al carbohydrates in the beach sands were observed. These facts strongly suggested that the biodegradation of
particulate matter on and in the sand occurs in the early stage after deposition and controlled by ambient termper-
ature rather than by microbial biomass.
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Fig. 1. Map showing the present survey was carried out.
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Table 1. Seasonal and vertical distribution of viable bacteria in the beach sands and overlying water

Core Viable bacteria
Sample Station depth (cfu/ g wet sand or ml water)
(cm) Aug.7 Oct.28. Dec.10 Feb.24
0-1 1.7x10° 8.1x10° 1.3x10° 8.5X10°
) 5-6 — 4.9%10° 4.8X10° 1.4%x10°
10-11 8.1x10* 1.1X10° 2.6X10° 6.6X10°
20-21 1.5X10° 4.5%X10° 4.6X10° 1.0X10°
0-1 4.9%X10° 9.5%10° 4.7x10° 3.6x10°
5-6 — 2.1X10° 3.8 10* 3.4x10°
Sand 2 " - 4 4
10-11 3.0X10 4.3%10 5.3%X10 5.1X10
20-21 5.0 10* 9.0x10* 1.8x10* 1.4x10*
0-1 2.0 10° 4.5X10° 1.9%10° 3.2X10° .
5-6 — 2.0x10° 6.0X10° 1.8%X10°
3 10-11 1.4X 108 1.0X10° 1.9X10° 9.0 10*
20-21 1.5x10° 4.5%10* 4.0%x10* 9.1x10*
Water 3 — 3.0x10° 1.6X10° —
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Table 2. Numbers of viable bacteria having several hydrolytic abilities in the beach sands and overlying seawater

Core Caseinolytic Amylolytic Cellulolytic
Date Sample Station depth bacteria bacteria bacteria
(cm) (cfu/g or mil) (cfu/gorm) (MPN/gor ml)
0-1 4.3x10° 7.4 10° 9.0X10
5-6 1.5%10° 1.2x10° 7.5X10%
1 10-11 2.6x10* 2.4x10* 4.0X10
20-21 1.3x10° 6.6X10* 4.3%10%
0-1 1.7X10° 2.8%10° 9.3X10
Oct.28, 5-6 3.1x10* 2.5%x10* 1.5X10
Sand 2 5 5
1988 10-11 1.0X10 1.4X 10 9.0
20-21 7.9X10° 2.6X10° 9.0
0-1 2.0x10° 2.0%10° 2.4X10°
3 5-6 1.2X10° 5.3%10* 2.4%x10°
10-11 1.3%10° 1.9x10* 9.3Xx10%
20-21 — 4.2X10° 9.0X 10
Water 3 5.3x10* 1.5X10° 4.3
0-1 3.0x10* 1.0X10° 4.3X107
56 3.0%x10* 4.0%x10° 9.3X10?
1 10-11 1.4x10* 4.0X10° 4.3%10%
20-21 2.6X10* 1.2X10° 7.5X 10
0-1 3.0x10* 3.0x10° 6.4X102
Dec. 10, 5-6 3.0x10° 2.0X10* 9.0%10
1988 Sand 2 10-11 — 1.4x10* 1.5%10?
20-21 2.0 10° 1.4X10* 4.0%X10
0-1 9.0x10* 7.5%10° 4.6X10°
3 5-6 5.0x10° 2.5X10° 3.9%10%
10-11 1.0x10° 1.0x10* 2.1X10%
20-21 3.0x10° 2.0X10* 9.0X10
Water 3 1.0x10* 2.5%10% 4.6X10

Table 3. Chemical oxygen demand and water content of beach sand

Sampling date in 1988 - 1989

. Core Aug. 7 Oct. 28 Dec. 10 Feb. 24

Station depth Water Water Water Water
(cm) COD* COD* COD* COD* .
content** content™** content®* content™*

0-1 0.54 11.1 0.71 2.0 0.42 3.5 0.39 9.7

5-6 — —_— 0.89 6.2 0.22 2.5 0.32 6.8

1 10-11 0.38 9.7 0.72 4.5 0.38 6.3 0.37 11.4

20-21 0.32 10.4 0.68 4.8 0.30 4.3 0.23 11.0

0-1 0.65 20.9 0.47 21.6 0.24 17.5 0.16 7.2

5-6 —_— 0.35 20.1 0.10 15.8 0.36 15.7

2 10-11 0.51 22.8 0.14 19.2 0.11 15.5 0.29 18.5

20-21 0.42 21.6 0.14 19.6 0.45 19.2 0.69 20.5

0-1 0.70 20.9 0.46 20.3 0.62 21.6 0.49 21.0

5-6 — — 0.64 22.3 0.61 21.9 0.46 21.1

3 10-11 0.74 21.4 0.70 22.5 0.37 20.4 0.36 21.6

20-21 0.73 22.5 0:40 21.0 0.25 17.0 0.43 21.3
* mg Os/g wet sand
*%
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Table 4. Content of total amino acids and total carbohydrates in the beach sands

Sampling date
) Aug.7,1988 Oct.28,1988 Dec.10,1988 Feb. 24,1989
Station Core
Total Total Total Total Total Total Total Total
depth aming  carbo- /b amino  carbo- a/b aming _ carbo- ab  amino ~ carbo- a/b
acids™ hydrates** acids™ hydrates™* acds* hydrates™* acids* hydrates™*
(cm) (@) (b) @ (b) (@ (b) (@ (b)
0-1 1.38 1.68 0.82 1.66 4.05 0.41 1.29 2.50 0.52  0.89 2.15 0.41
5-6 — — — 1.78 2.67 0.67 1.14 2.23 0.51 0.72 1.42 0.50

—

10-11 111 1.20 0.93 1.25 2.17 0.58  0.81 1.54 0.53 0.77 1.52 0.51
20-21  0.92 1.15 0.80 1.41 2.60 0.54 0.80 1.97 0.44 0.52 1.26 0.41
0-1 1.04 1.356 0.77 116 2.52 0.46 0.83 1.75 0.50 0.53 0.62 0.85
5-6 — — — 081 2.28 0.36  0.55 116 0.47 0.53 1.00 0.53

2 10-11  1.53 1.67 0.92  0.55 1.47 0.37  0.48 1.23 0.39 0.58 1.31 0.44
20-21  1.67 1.55 1.08  0.64 1.55 0.41 1.24 1.64 0.35 0.74 1.45 0.51

0-1 1.39 1.63 0.85 1.57 2.67 0.59 1.33 2.05 0.65 0.79 1.40 0.56

3 5-6 - — — 142 2.53 0.56 1.57 1.82 0.86 0.58 1.39 0.42

10-11  1.49 1.58 0.94 1.58 2.57 0.61 1.44 1.87 0.77 0.52 1.61 0.32
20-21 1.51 1.70 0.89 0.88 2.29 0.38 1.37 1.98 0.77 0.47 1.62 0.29
* Expressed as mg glutamic acid equivalent/g dry sand.
* % Expressed as mg glucose equivalent /g dry sand.

BBT—F AL, RAEFRBEELEOSH»OMEMEILCOD, RKIUWER, 73/ BEE, &
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Table 5. In situ proteolytic and amylolytic activities per unit gram of sand or ml of water.

Sep. 26~0ct. 3 Sep. 26~0ct. 10 Dec. 1~Dec. 8 Dec. 1~Dec. 15

Sample Station Depth Proteolytic Amylolytic Proteolytic Amylolytic
activity activity activity activity
(mg/day) (mg/day) (mg/day) (mg/day)
1 0-5 cm 1.43 0.52 0.51 0.12
20-25cm 1.40 0.51 0.63 0.02
Sand core
9 0-5 cm 1.41 0.49 0.87 0.06
20-25¢cm 1.37 0.41 0.80 0.03
Overlying Surface 1.34 0.22 — —

o~

water Bottom 1.41 0.40 — —
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Table 6. Effect of increasing weight of sand employed for the determination of ETS activity
Sample Volume of Apparent ETS activity at 35°C
weight phosphate
(g wet sand) buffer(ml) (1 g02/h) (1£g02/g/h)

0.5 5 2.78 5.56

1.0 5 5.52 5.52

2.5 5 10.80 4.32

5.0 5 16.66 3.33
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Fig. 3. Changes of apparent ETS activity in the
course of storage at 4T or -20C . The

Core depth (gm)

Fig. 4. Increase of INT-formazan in the course of
incubation with unit gram of wet sand and

activity was monitored at 35C . Symbols : INT at 35C.
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Fig. 5. Vertical profiles of viable bacteria and ETS activity in the beach sands. Symbols :

Viable bacteria (cfu/g wet sand)

ETS activity(ug 0,/g wet sand/h)

on Aug. 7, 1988 ; O , collected on Feb. 24,1989.

W, collected
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JBREBHRVIIREKIER L L EABELRHERRER DD TH S . FAELEMIEEOREICL R
5h. (Pugh et al., 1974 ; Meyer—Leil et al. 1978 ; Anderson et al. 1981).
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Ee” felectron) b, e BZAETROBBEOHMIIENE ZAHAIIHIBLETEMNO L Y EW
BEFEERNENERBEIL, 2T ) —EOBET(5ESR (clectron transport system, ETS) ##&T, &
BHNESTFIRBERE 2 BITT A, CORRGRUCIIIHELTH M) wAd d iy 7o b o 25EgE o8
WZHER S, U F Y924 Sz 7o r C OBBENEREYBET L7012, FRFROALF DK
HNNOFRADTREE D, FOREULLINVF—0MEWIILCHBAEINE E SN T,

Maw, BICHLTRIET G, BREWLETZEMRICIIIEER, WMER2 2085700, BIZETSTH
PEDSERRALIE M & FIZRFE & RS RS, COREET - CBHED X 5 ICBLI S BREE 0S8+ 5 BT T,
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IS OREHER BT 2 CGUELAET SHEME, FEHOIIHMEREINEC R, SEMISERBRET
KEHCKREL R ERP/ RO SN

ETSHEESHENIIRTEBR TEC 2L I)MEEEOL2H B, (Wieser & Zech 1976, Vosjan &
Olanczuk —Neyman 1977, #K 1979, Jones 1979b). TN 6 DOMETITERBIH THLE L, EI2HIICD
NTEBLTWA, T/, KEEIIITHIGEVIEISET SIERITEVWEWIRESH S HR1979). HD
NBEOHTHONCHELROMEN L, Tho OBEOWIFERERO L L & EHMBEIZIZERSE S5 525
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B LICHOPEBEOHTE, SRUMIICRHELE L T A KIBDEEIRE (b, BB IIx$
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THEWVHEMW LRI Y, CNFPBOERIMERE - ERBEOBIE A LI b EHEZT
BhASS.
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