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THE _ITICRODIAL POFULATIONS OF THD TIDERTIDAL Z0NE

OF 0 SAIDY BUACHES

fx&ﬁ'ﬁiﬂ Eﬁ!;’. ':: E}?C’.m Fa}f.i:i.lx.sw Lc I.Eielc

Abmtract:
This study was bnsed on an examinedion of fhe boctorial mmd Tungel

populations in the intertidal sone of 4o sondy beachss, The two boaches

o

e

were noar faritlepool, Clevelsnd, snd one was seleeted &g boing heavily
polluted by o major sewnge outfall whilst the other anpeared to be rolne
tively unpolluted, Several physical and chemieal charecterisiics of the
.
tvo beaches wvere alzo assessed,
The results shov that there were resident populntions of hetero-

trophic backeria preaont in both beaches. These populations consisied

principlly of species of Pgoudomenng, Tungd were also ioolated from
both :aii:aé. ost of the genera recorded are namtzliy rogirded og
torroptial, There was en inverse corvelation belweon the numbera of
bacterin and fungi in both beoachos, m major qualitative or quantitae
ive difference was found betuween the :aici-abiology of the pollubed and |
the non~polluted beach, Human feccal ?}:m%:ei'ia wore not found in cithor
gedinent, |
Brperinments carried out on the effccte of adsorption in these ine-
tertidal sands exphasized the imporiance of this phenomenon in the
microbial ecology of these substrates., Desiceation was chown to pro-
foundly change the bactorial Tlora of sand but water 1053 wag considered

Lo be mininal in the sones subjeet fo tirice daily inundation,
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in geeordanco with Schedule M, %o the General hopulctions of the
Cpen Undversity 1 declave thal no pard of the materiel offered within
this {hesis has provioualy beon ﬁﬁﬁi‘&t@ﬁ by no for o degrec or other
gquaiification, to the (Qpon Univeraity or to any other wuniversiiy or
Cinstitution.

I aloo state thot I oo willing that this work nay be nade availsble
and/ox photecopied ot the discrcbion of $he ldbrarian of the Upon
University, I feasi

conld Lo nobificd 1o uo.
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fe ITHRRODUCTION

The cdge of any body of wn ter hag slways been e gource of attraction
to man, It mpresan{;s & line of demarcation bedweon his ovm environnend
and one that appears foreign &c hin. Woter movomont, caused by currents,

vrface disturbance by wind, ond $idal offocts, acts as a means of
transport for enything that enters or existo in it. 7This movement aloo
deposite an infinito variety of moteriels nlong the vater's edge.

In the ease of ithe sen mants foscination is ot dts greatesty it hao

the conshbaont movemord of fthe waves, it ic viswily limitleos and the
noterinis doposited along its ofge nay hove travelled many thousands of
ilometres, This Jotsan hm alvaye provided coastel man with moberinls
he needed to exist and has gwen rige 40 the ase-0ld oceupation of boach-
combing,

whe edge of the sea is, for simdilar reasons, an area of greal bio-

lomienl dnterent. It ropresemts the ling at vhich there is & chonge
fron the aguabic 4o the torrestisl and from the saline to the non~saline
and, therefore, physically ropresento thob point at which o Tundomontal
evolubionary chanpge io bolieved Yo have ooeurraed,

Thip line is not, of cowrse, 2 stabic one, The senmi-diurnsl rice
and £21l of the %$ide rosults in the perdodic enersion and svbmersion of
on intertidal zone, the widih of which depends upon & varicty of factors
ineluding the slope of the shore ond the extent of {he ise end fall of
the Yides. The phyziecal features of such o zone are immeonsely complex
ond vary not only fron const to const but olse within comparatively
aradl distances on any one shore (Fewell, 1970).

The dnteriidal sons moy b either rooly or sedimentary. On the

rociy chore any deposited matorisl is swopt avay by ebbing tides, leaving

only thet tropped in crocks and fissurcs in the roske In this situnticn

the rocky cdge of the land may be brokoen dovn by nardine erosion to fom
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i

on o sedinentnyy shore particulate moterdinl io deposited and much
of 1% rennins when ouecceosive tides recsde. furrent chmnges, dredging
znd other factors can mp:f.ély convert o sedirentsry shore to o rochy one
and vice Versg. However, even on a 'poroanentt sedimentary chore &
dyanmic state cxists and Banvell {3972) has pointed out ﬁmﬁ: under roli-
abively caln condidions the level of the shore nay alter by as nuch g

«3 1 within as 1ittle as 12 b

Tanredl (1972) boo alse stated that tho prineipal gource of in-
organic cedinont on ouch shores iz the eerial or mavine orosion of the
iand surface (and to a lesmer exbent the cea bed) mainly during porieds
of high wind or heavy rainfall; subsequent deposition of this material
peourying in enlm weather conditions.

e noture of the deposited materiel will depend upon its wWltimntle

i

sourece, For ezample, in Fritain to the Horth mnd West of a line fror
The Toes o the Exe hard rocks prodominaio and this is refleeted in thoe
predeninanee of coarse sedinents vhich form a diseonbinuous band of
' higimens ond width alons the shore line of thiz region,
Yovover, where the source of sediment is soft rock, soil or clay

then o muddy shore nay resuli and, where the physieal fecburecs of the
thore ave approprinte, mud-Tlets and sali morshes ore formed, Such
gonditionz will ofdfon occur around an cotunry,.

- The inorganic moteriel doposited in the dintortidal zone is most

ofien the loose, non-cohesive, granvlaer material whieh wo c2ll pand.

The size linits, vhich define sand, vary according to differcont suthors
bt Michie and lnther {1959) have given a renge of 100 pun to 1100 um.

Such gand do weuslly of mixed geologicol origin and may b2 guaris,

earbonste, or olitic sand but the most common sand ic wiliceous (Pettijohn,

vottor ond Sicver, 1972).

» » &

Thooe intertidel scdiments bhave been otudied vith some thorouthness
by geolosinto, ocoancsraphers and zoologisis bubt hhwve beon relatively

»

woleeted by nicrobiologiots., Tho study of {heir microbiologzy obviously
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roquired knowledge of morine microbiolosy and this subject was neglected,
wikil relotively reeently, by 0ll bui o devoied Tew, Indeed Zobell, who

an parhaps bo deseribed as the *father' of morine bacterioleosy felt the
nood, only thirty yonrs ago, to apnesl fo bacteriologiots do 2o an
snborost in the sea (Zobell, 1946). Jince that time there han been en
cxponential incraase in tho vorls beingy corricd oub by picrobiologints in
the moring nilieu, Thig is, in part, a reflcction of the general dnerense
in the muber of scientists but die elso due $0 o groving rvealisation of
the blolorie2l and economice importance of the sca.

The najoriby of the microbiologicenl work that has been carricd oub
s bhoon on scoweber itoell: less hon boon done on the morine sodinento
and very 1ittle on tho relationships betucen the microbisl florz of the
voater and the pedino ;ts.
Tho pediments deposited slong the odre of the sea have been

ctudicd microbiologicnlly by very fow workera, Some of these hove beon
soolozints trying to find the answers $0 probloms concerning the nutri-
fion ond sottlonent of the enimnls present in the intortidsl some (e.s.
Teadoun, 1954; Wilson, 1948 - 1955: Gray, 1956). The noglect hy
baoteriologists and myeolozints is s%rm{;e beenuse theso intertidal
deponits are easily oompled and an ewamination of {heir microbizl pop-
wlations could woll provide information of great value to ¢$he genoral

unlorstanding of sediment/untor relstionships.
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B, PREVIOVUS WORXK

o of $ho oorliest napors on the bagberinl pomulaticns of sond fvron

2 20 s A DTS - ’ o~ e -
vhe dntortidal zove was fthat of Ioarse, Tum and Vharbon (1942) vho
g
5 . 4 4 3 wop R T 3
choerved by divect ezaxinntion that bootorio mppeared $o bo firaly fixed

o the gurface of the sand groins, and then, wsing vieble counting

o1
3]
L

hods they estimabed thot the bacterial population varied fron 5 =
107 - 2250 z 107/ vot sand,  Their mean value for mid-bide lins samplos
von 1310 = 3,03/ g vt cand and the highest cownds they oblzined were from
4ho *eﬁcmmtﬁ.w £ilm' of the eurface sand (5 = 0% - 5o 106/5; wot oand).
Stimddated by some eaxlier worl: on substmabe seleection by Coronhium
Heodous opd Mnderson (1%%3} carricd oult sone interesting vork on th
coloniuntion of sand particles by bacterin and they were oble to produce
oxeellent photographs shoving bachoris stlached $o the grains, Vigorous

-~ &

agitation of the pond in vorious ooludlions removed varying munbers of

thooe bocterdsz from the grains (Anderson and Meadows 19565, 1959).

Counting the releszeld backerin directly in o hacmoeybomoter ehunber they

o

obtained very high reonlts ranging fron M0 = 107 « 1163 = 106;’{; dryy
washed sand ond they elninsd that sinilor roculis could be obboined by
meosurlng the opbicsl dencity of their supornntants sp a nossure of
bacborinl mmbers. Purther enleuiabions shoved £hatf bactorisl mumbors
could bo as hich on 250 z iogfmg purfoce aren of oand groing. Vinble
counbs pove figures verying from 2.6 © mfj - 241 =% 1{;3/@ dry, washed
sand vhich they convorted to 0.2 = %/mg surface ared. Thus ’?33; uzling
diveetr nethods they estimnted the bactorisl population to bo up to G5
% 107 tines greater than that indiested by z culburel method, In {hene
studics sarples were talron ab randen £ron 12 boaches with particle sizes
varying from 180 = 520 um bub no reletionship wes found botveon pardicle
slize and oeteriel count.

Croy (1956), in laboratery cxperiments, fownd that sterile sand

Inoculated with natural sand could support baclerial popviotions,
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. - 6 .
eshinnied by vicble county, oo high oo 10 = 107/ sand. Do wam also

3 3

able Lo show fthot many boeterin were sble Uo survive in web oand a2t 407°C

, vy o ves o
but were killed =% 5070, Iis findings suggosted that cand was stireetive

Yo Zrotodrilus sysbioiicus not beczuse of the prosence of bacterin oo such,

the orgonic filnm these baetoria sroduecsd on the grains.
Thiyame and Daencon (1975) have emumorated smnd beach bacloria

*

wing both direect and vicble counds. The nunbor of boclteriz estimated
by the dircet method was one thousand dines grester thon the nucbers growm
con cuwliure medin.,  Vioble counts carried oul on dictilled wzter buzeld

e s
nediug gave resulds renging fron 0,7 x 107 - 2.7 = 103, and on seosuator

Ny

nedivw: the ronge 1vas 7.8 2 107 =~ 4.0 = lﬁ)é" por ooof wet sand, They
aioo curried out a seriez of biochonienl tests on over 550 igolates and
found that aboub 707 vere. gram nogotive rods and thot about 0% of these
vere non~fexmentative, Over half their isolates were indole~positive and
they ougsesied that ferwentative ability togother with indele production
inlicaied o syublotic nuoceiation with n:v’-ﬂ"a ms resident in the sund.

Ty ™ PR S N P F X 2 a Y N g B .9, 2 - .
nale {1974) bas made a stuly of the factors alffecting the distritu-

. . SPRU S SN SO SR I B *,‘v s v ey o redepanad o o e
tion of Imclerin in dnbordidal sodiments. ¥e separated bocitorin from sond
ot oy e Fal S N z P P S S p. E2S 2
particles by hrrma':zz::,:,ﬁwn and after filiering, stecined the boctoris

SOR . - S . . I S QPP L s g,
rith geridine orange and counted theos by flueorcscent microscopy. Vith

g o
s ranging from 3,77 = 107 - 9,07 = 10 /{;

“

P P, . -4 - a ' PN ¢ iy
¢ showed o clear invorse relationship botwesn nunbeors

of Cry scdimont.

3 . < LY 1 L AP 4 % urmpn . oy vyt
and grain size and alvo feund a sfrong corrvelation helucon carbon nxd

i1

nitrogen lovels and bocterdal pusbors end pean grain size. o swnosicd,
thercfore, thet there were good reasons for eonsiderinz the arca avallable
on particle surfaces 2o the I:é s szf-opaz*%s? affocting both boctorial nunbors
and the lovels of ormanie carbon ond nitrogen. |

Theimheinor (1974) stated that the highest numbors of buctoriz ond

-

fimgt ere alnest alwvays found on the beaech surface and thet below the

vf,

T AT 1 e o' « . ¢ D errr e . SRR (P
gurfoese these nunbers noy be reduced to o fow por cont of the suricco

.1

total. e coneluded that candy beachos sre colonized by soveral hundred



thousand or millions boetoria per on’ ond thad uwnder jetsanm

»

may rise to more than 20 million,

Yeriving (1574) in studien of the Pirth of Clyde ond ef {he nands

~

Horey, Imvernpoo-shirs shoved sonderrains o

blug-rreen alene and diatons, Uo osserted thot the

nicrobicl flora

plicer only olightly Yo depthn of 185c¢n bolowr the cediment o

e eolonized by

thoeir numbers
p
w4y 3 Q{'
baeboris,
bicels

purface or

ooy ehanse witidn o fey millimetrose ¥Fe aloo found that whilst 4ho

Tlora wng oaparse tovards high-vater veriz Lhere woo 1ittle differecnco

betveen the eonds of the lower shore snd the sub-littoral,

Pugh, Amdrews, Gibbs, Davis ond Ploodpate (1674) eowntiod the

hagterio in twe beachen in Dorth Wales and found the

2% on one noon nuabon

> vieble baeterial wits durdng o two yeor period in the O -~ 1 on

"

the zecond beach gave counts ranzing from 195 z z 107 -

horison varied from 606 & m“ /ml w G5 x 10 /ml oi‘ agaocinted wnbor vhilst

g x 10%m, e

overall pabtern showm by *thm.:;: Tigeres choved that mumbers decroasoed

depth and alzo doun ihe ﬂnter%idm 7o

Indrevs, Floodgabe ond Turh (19’?6) ¢ uoing a nodel beach, wore

vith

able

to demonstrate that bacteriel numbers vore hignm:zi; near the hish and lov

vater moris and reached & minimun in botweon on the beach slopa.

minbers deereased vith depth in their sand profile and

-,

-

igolotes, They found §

fentatively ddentified 16 of them as Jgewdomonss.,

Although there have been several reporis of dsolatio:

r3§

nand dunes {e.g. Webley, Fanbwosd, Giminghew, 1052

.

Hent, 1972) ard from eald mrshes {e.g.  Tiliotd

het the majorily wore granm neso

s 1930

tins. These workers also eramined the elonrocteristics of 42 of &

five rods and

o
saito, 195

The

1 varied 1ittle with

heiy

iugh, 1952) there has boen vory litile work done on rovovering Tuini from

the dnterbidel sone of enandy benehes. Some studies
by frown (1957, 1956 o, b) ard IJcot {1958 a, ¢) as
gavd dunes,  Drom isolated fungi fron eress of the

Ject fo regular inundaliion by the son bub tho use of

bve

Tar e
Doon

guyricd

out

part of siudies of

Leach

%
Y

ich were

the term ‘Yopen sandt
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prives it uncoriain exectly from vhore hor szaplen weore collecbed.
oot isolated fungd Lrom the uppor pavrd of the bonch vhich wes subjoct
o the offecto of walt opray op dmmersion by {the very bighest tides.

Both Hvowa ond Hieot Tound that fungl woere sconty in ihe inberbidal sone.
o {1958 b) reported £ 610 of her soll plates fron the Topon sond
of the foreshore! were sierile bul cho found mmell Toansut whove fungl
ware prosent which wore coineident with podiels of organic muborial.
“he post common gonora she mslaif;& from opon sand were Penfeilliivn and

Pod P -y o
Gladozporivn,
L )



(1) 1% was thoushd $hat the reporting of microbiolosical Tindingo

slone vould haye much loos valup no inforantion wno ryeoented on the
phrsienl nd chenicenl charactoristics of smubstrate. 4 subsidiary

einm hns, therefore, boen {0 provide {hic Infoxuntion.

{2) iz alvondy steted, the intertidal zone may consist of deposits
which vary fron larpe pebbles do fige nude. Thio study oo been resiric—
tod to the cxamination of the Yoandt beachosn,

(3) “he main sin of the work has bean to exanine tho populations
of bactorin end fungl In indertidel sones and vhere possible to intorre-
loke the findincs on both, This doos nok scen o hove boon attompied

r"&’p

hefore,

{4) 1Peologists gensrally have chovm $het population size mors or
flects {he nubritional state of zn omwvirommernt. However, &o
iamre (1975) hog pointed oud $he microbisl ecolozist cannot ensily draw
puch o eonclunion bocause of the cnormous versatility of picrobes in
producing dormant stoges vhenever cnvivonmantsl otages ore unfavourable.
In this work this fact hno becn kept conslantly in mind azd obteps hove
boon token to rostriet the sivdy, ns far ao {hin wao possible, do those

orgpanicmy actuwnlly groving in the annd of the Yinme the szmpleos were

et

colloctod,
(5) rost previous workers have examined henches which were appuvent-
1y fove fron polivtion, 4 doliborate deeision vas made to woleel, oo

"

e of the Ywo boendhios do be samplod for fthis woric, o beach that was
grossly poliuvted,

4 pocond objectivoe haw, thovoefore, bosn o nssess the offccts of
pollution on the microbiology of sardy sedinmentz by couniing both bac-

N
7

serin end fungi, on coveral cccasions, from sawples of sand colleched

within the intertidnl cone of the twe bouches. Doth dirset ond vinbtle

counting methols have beon attenpbed,



(s}
-
A qualita *tme apsesoment of the rderebial popvlistions wos 2iso

-

rinde end the gignifieance of fhe findings have been aszesood in the
Mght of the information prined sboub the interhidal aonples emamined,
Both bezches were examined for the preocnes of Inmon focenl flora

in orlor o eotimnte the extent to vhich theze murvived in $he onvirone

(6) Tt mocome obvious during the cardy work thet adsorsdion
miorohes to portieles woz wrobably of enrdinal dmnoriorce in $ho
ceology of boachen, Brxperdiments wore, therefore, dovised {o elnrify
this »hencmenon.

{7) Toving achieved th ::a ohjoctives the ain has boon $0 corrolado

4

the findings with fthose of other wovlara end 4o thus provide z description

f the microbisl ecolozy of eandy boschos
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o bezchec vexe chocen for campling, boih of which are within

4

cooy rench of {he lusce leboraiory, which is in {ho town of Harklopool,

T - =~

‘evelnnd, in Yorth Losl Englond. This mefe it possible for sanples o

Jo " x k-4 o N JUNEN < g o 'S z )
Lo tmaruported quickly for imnedinie exasinstion. One bese 1y ot Cxdnden,

- kol

»% v Ty I RV AT S 4 L. | A H T 0 7 alerdads P
i oboub 4 Xm Torll of Zardlepool {nt. Cid. Fef. 12 489370) and tho

- e = - 2 Hal » - T 3 O
othor, leoton Cavew, iz on the Soulhnra edse of the toun {tiot, Goid, 7of,

» -

heoehos Taes onio the ».ce. reh Do ord ave within 15 Im of the

s e £l b 2 P EE 2
atiany of the River Tees which dischnrges inho Havblepool Iay and ds

.
-1

ed rivera in Snglaond. The Thizd Report of the

L5

JO S gy it Y.
oz of The mast polln

-

= wm FY . . % . N Ty 1hios EX L A e
Ioyal Comaizsicn on Dywirermontel Polluticn (1972) stated thet 4 = 10

Vo B 4 E LI AR - o 4 33 -} S N o F .
godlons of (e wastes wers boing dincharged daily dnto the Wees and
W 3 e o o vy Al EA I R s 2 $ v ] 5 e
itto eotunry, el of fhic cwme maindy feon the ohomieal indus Ly ond

1 ves in the fora of coolding wator., On ihds strebel of coontiine
Se 307 gullons of wtrented sounge wero beiny discharged deily into
ihe wea, 01T of ihds being of trode ovigine. Iorkh of those beaches 2.5
2 107 toun of collicry wasle vere being bipped dircebly into the coa.
Sulideient of {he conl frection of thic wanbe is washed buck onto beuchas
n the Horllepool eree $o ouppord o omell, bub thriving, indusiry of
pereonl-gabhierers.

Fhe Crindon boooh is, howover, on seothobically » lc:m;:n one, with
& Siight dmond ewrve apd o woderately oieop wlope. It is backed by an
ey donn gyslen ond then
105 moond o compozed of boulder elsy ond Limootone. Some 50 « 40 n of

-

whie Wooeh ave above high AT the Scuthern ond o tdeac!

atetts onto the boaeh (zz‘ den? in the logal nome fov o wooled valley

- - - 3. - & I, - . £ . P4 Y £ '
no fron woldl indond $o the son) oomd o freshunser obroan mummdsyy fres
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23 erogssoen thn honeh in o Iovr elinnand,  Tho olifd

oognravan ey ond in oaoreer tho beaeh hoo mony Dumen

[RE DR

W R topede g RO : vy e e e Tupnes .
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P a9 T 2
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§ 2 FI + e .ﬂ o, e AT} "
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vy e : e - Ao . . 2 o 2 K] e
pubfell zong 100 nnooud o gon ond o storn rain dloechnreon

pntig 2

outo tho beach.  Tho owdfoll dischnipes O50 domesiie sows

o P O ] ain ' roads o 0 S R y » Ea > y Lo -, g vy g dm - "
vhieh Lo untrenist apard frow lnypo-nneh :».ux.{,m“'* o sexcon cub lnooor

6 ' 69&@
W S e ah A e X T e - " oy A 2.9,
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B

el gy e D . i e - e
{cotinatod Tipvre from lobal untsr cuthority)

2 e 5 . Tyl Frep e g
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Lomloping U2 o bdch defones uwnll boeln the beaeh apd

v arh o ER2
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~
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A % %3 Lo "*"! S e . oy oo
(£ir. 2) {eindon s 200 v from ohroan thet

3 A 4%, A Ead B - o
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fa
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e
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e
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Iadter course vns ohonen ond

»

na, ezeept
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Tk e et

4 I P2 S P o A2,
Fetidie ldine wap unoovercd ot o fine

cos o b eorried oub dmredistely.

ewbom %y i Al emila » e 4 2o

rore, however, aluvoys seeh het e nidefide Line foll within
v % e - A b3 V- S 4
wvos Vintortidedld whon thot tors 3o doeflined oo on ares of

ey A kA 2. mwryeen P3P % D 0]
by the con ot leset onee in every 24 b throvshoub

tely oiyplezl compling poinio vore sveided o.o. uwhere thore

NS g 45 N = Y ey s dim v
inl Oriid of zopencnl or conleyup coous

Yperrt Blarorm S e mu* ft ~—\~- o
EUL UDCTC 200N PUDYTLYIL

" L S Y. d »

n disturbones of the conpling oven sinne
A% 1ok b . o TEa o, t 4 o1 . - 3 S

tho $ide Ind roeeded, Tao Urimdon site hnd beon chogen boeause 4% s
NV > B APy ¥ gy X - et - - 2 RO JE S o .

come diobance Lrom the aececos oiops cromd vhich vigitors concresate,

ey o r RPN 3 . s ey - SN TR | y 142 g
oo oorpline viedd 4o Iovtaom selncideld widh i cctiviiics of ¢he soo-

* - ; ay
y »xru» Vi A eyeneaan ] o g e symire Ty T s
eool petherers and eangling was pestroned,

52 gy gy Ao o vrom T . . IO S W, .a. Lo o e s
opoler nomplies wore eoilocted fron the brester sone by vading
3
[ ] SR T B U %o B SRS Ea o - ey
out and Wnif-0iiling, Yy ouvhmovoion, o asiorile, glnoz, 000 oen” hottle,
L By o - - . - - -y ) aand * - ;
Theot somples slunys contoined porticuiste debreis ineluvling fine pand,
s k“' d x v ow % - el ~ - 3
~fyoe peo-conl somplen wore colleotod o honwy dri
. 5a
o zherile spufulz.
riorx 4 YT 8 oy PN o 1 s 3 s F. e S e
2% Yewburn, din opite of lorge volumes of gowpge bolng discharged
BT TR ¥ e e <4, L3 ’ e " EX SN | L PO, } - ,
near $o the ponpling oite, thore were only {hroo occoclions when indnoge

Fod iy AR en e 2 g K K N Nk d 42 " .
Lilon ghouesd recosnioalle Lfocenl depesits. (o these oceacions a single
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Sh.  FITESTCAL ATATYSIS

2. Hoker Feloinine Conaoity

5:; of gir-iricd sand wero firaly pached into the boarrol of 2

k:! Yy

: A4 A

a0 (:" polypy e opyiens syringe (Boeton-liciinoon Plagtipzl) in the booc

TR JE R TR SO | . . N s 3% S EX PR, .
uiidel hod boca placsd o pingle 1* yor of collen gouze Yo provent gand

- ' “ he) .
5 ownrcegh the noszle.  Cotten wool ond glase wool hod aluo boen

L
Dor this purpose bub, unlilke tho cobton mouze, intovfored writh

ey b VT
SRLEY LAl

A T Eeeninin sl pe gy ery Lo 2 LS. S PR . " LI ) .
TLiored seovater vse then dripsed slovly inbo she mweinse froo o
&
"
10 oo’ pirette wndil tho eand was cafurated, zo indicntzd by o drop
¥ ("3 £S
";

L0liing dyvoa the noasle of the ayringe. AL thds end-nsint fhe voluns

D0 ey degawn 4l Y i .. .
o tater widel hed boen sfled woo noted.
L

.ol . E APy 1 X A T S R A . [ QT £ pp
cut & e’ of air ware thon forecd throvgh the sand vaing ihe
,«w-«yu e ¥ 1 18 YT o e sy B T N I T Faem wepseyevgruneg? eegn g %GJf‘ﬂ""!
b o ey u"*‘ _‘;3 L-,.,,_;L-. » WEZ VOLRID o4 Vs Srds (f..i'fnﬂ....,-«\" CH PRSI SR AR R A e asled WA e

o ‘a4 2 s
(bee Dige 32 for Giagran of cppavatuc).

4 wet canple of cand was ollowed to otand in & scrpwecippod cone

SR | 24 iy L & ata s I3 2 1en o B 3 1P
toinsy in the refrigerator overniziite Jny supernaiond waler was $len

off oo complelely oo popsible and & 25 g cliguot was »lacsd inbo

. e, . v . { s
to siand ab room tompovature (22 -

ot

. . ~, ey & m - e Y
@ open peird dish, Taio was allove

Lo conc wao dry os Judged by tho capacity of {he individual
wains T nove enuily wien pourcd.,  The aliguel was roveished and th

difforonne noted.

b g oof aiv-iried cand were pechod inbo & oyringe ac doseribed in
e
-

2. N < .’) .f" o) - e . > - 7w
itene 30 em” of filtered seawator wore then pinetied auickly inte ths

- - -

mescnt on wnobserved stopmaieh stasrted., The

o
ﬁl:lf“? O @v e
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Fig. 3a APPARATUS FOR ESTIMATING WATER RETAINING CAPACITY
A -
~—— o
— G
_ \b
B AR
“‘-\\\ﬁa“.f”.451 D
C L _~' ‘:“. ‘{l.
— . .t L.
'\- . . “‘.-'.‘
D , E\
E .
—» A, Syringe
B. Terry clip
F C. Sand
~\§-“‘7L D. Cotton gauze
: E. Heavy wooden block
F. Catchpot
G. Syringe plunger
H. Heavy rubber tip

Fig. 3b METHOD USED FOR EXAMINING SAND GRATKS

(From Gray and Parkinson, 1968)

\\\;D;\,p-t§;;>‘:>x T ]

Mieroscope slide

B) Varnish seal

D) Sand grain E) Agar layer

C) Coverslip
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vabey wopidly o the O ron Ync nounsle. A5 b
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noveds  Thin proved Yo be o reliable and clecr-cut endpoint, Using the
pane colwm addition of 10 mg TOIROs TRs 18]
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under the coverslip of & microscopic proparation and any meaction was

noted,

idf. CHEMICAL ANALYSIS

(2 ﬁalimtg

Heogurenents were corriod ocub on the suporantant water vesulting
from allowing samples, collected soon afber the $ide hnd ebbed, to ntand
overnight at 4 « 6%. fho supernatant was renoved ard conbrifuged until
cloar, Three volumes of delonized voeter wore then andded 4o one volwme
ni‘? pupernatent and the sodium, potasoiwr snd chlcride levels were measwed

»

wiing the Technicon avboannlyser. %hic is s ﬁaixtinuaw flov syston and
ihe annlytical methods wused were flame photometry for sodiuwm end potnssium
nnd Skegs's modification of iho method of Jall, Pisher and Govner (1956)
for ehloride. The hoight of the poaks recorded for the test samplen wus
weasured and ecompared with g;am'&zvhﬁigzrm given by a range of combined
s*!;w&xis tesbed st thoe pame timos Resulis wove expressed in rmol/ls
Tosts for biecarbonste and wrea wore carricd oul alb {he some $ine

uwsing the methole of oggs (1960) end Marsh, Fingerlmd and Hiller (1865)

b, Organic Corbon

S

©ho method dovised by ¥alkley and Black and modificd by Baker (1976)
was useds Tho probe colovimster, however, was replucod by an £250 longe

%o

coll aidorptioneter,

e

3 L v e 75 prf 3 e, ;
10z of alr-dried send were placed indo o 200 e’ Fyrox Erlennmeyer
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-y

fiack ani 10 e’ of approzinatoly moler peleosium dichromete odded.s The
Linck oo swivled thoroushly to vnifornly wet the sample, Then 20 x:::zz3
of concontrated 4.0, sulvhuric acid wore addod and the flaghk contento
mived woll end 1ol to cool for 1 h, 60 m3 of delionined woater woro
poured in ard pized thoroushly bofore an aliquot vas removed ond conipvie-
fused ot 2500 repen, for 15 min, The optical demsity of {he supsrmatbant
lger and a 1 am eoll, The control contained
reapents only.

The control resding was subtracted from those of the snmples ow
thase srere thon converted o nn € winy 2 calibration curve preopared

Tron staniard A.H. suerose selutions. Xesulis wers expressed ss mofke

and,
£, JBirozen

The sonieciero ¥Hjeldehl titration method wne used, Tive sonples
of pir-dried sand from each bench vere firely grownd and approximately
0.5 ¢ aliguots weighed into Ejeldshl Tlacks, The sand wms moistoned with

1 o of distilled wader end then 10 en” of concentrated sulphuric ncid

and o catalyst tablet tere sdded. This digestion minture was brought
olowly to boiling point and, vhen clear, bhoiled for o further 2 h.

Lfter cooling, distillied waber was cé.uticualy ndded in sypproximately

3

20 e’ aliguots, gontly mized with tho sediment ond decanted, after

pettling, into o 100 amﬁ volunetric flask, The volume voo finnily made

up accurately o 100 e
Distillation of this digest wma carricd oul in o Buehi distilletion
apparatus, in 10 pl alicuots, afber addition of 10 ml of 59 sodiwm

hydroxzide solution. The dietiliate wap passed indo 10 nl of borice acid

-

o

viieatox.

i

with
Titretion vas corried out against 0,01 i hydrochloric geid and the

level of nitrogen coleulated delinz into account the seid-foebor mmd the



e
o

paomdt of o blaydk titration,

iv, MICROBIOLOGICAL ANALYSIS

oy Divoet Obsorvation

(1) _Tized and unfized preperations

The wnfized proparations used for the differential coumts of sand

pardicles wore cxanined, using phate contrast, with o hipgh pover, dry

oujeotive. o gquanditative sascsonent of baectoric or funsi was abtempied
&

et this stoge.

i"'\iwt‘% oan ]

4 wae then fixed. Tecdows and Andercon (1958) had used
Souints fixative and post-~fizaiion with oomic celd subseauently otozming

tho Pized eand in formalin, /o complep fized with formalesaline proved

2o,

coually onbisfachory this rethold was weed {hroushout.

4 knifowpoint of the fixed sand vwes sdded Yo about 2 cz; of the

S . P e . J -1 ] -5 N ot gy o8 <4 . ¥ 5 e 3
staining solubion and alloved 4o otain {5 - 5 min for bachboring 1 h for

\ x g spert ammayyiesd D A2 4 A .
Tengize The stain wes pourcd off the sodinmentced grains and they wero
A% pie em it — . - - Ry,
then woeshed several times in water apd mounted by ihe mothol of Gray and

Partzinoon (1968).  Uhore more permanead proparotions wore reguired the
graing wore dolyldvated guickly in ethomol, »insed in xylene and mounied
in o large enough volume of o rocin moumimnt (Styrolite - Raymond 4
Tamb) to ensure o layor thick cnough 4o enbed? {he largest grains,

L

Moy hoedening, these prepoxretions could bo exonined with high pover,
oll~immeroion objoelbive.
Several staining solutions were $ried includins mathylone blus,

Sy X AP JPIT CINS. B A . - aen 2 ’ . ., s
melhyd viclot and Tiehlelocloon's carbol - fushisin colubtion Por bacterio

4] Y N L K e Pusrrend it
and phonelic aniline bive fov funsd and broteris,
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{2} Aoy blog: prensrations

Sond wns sprinkled onto the surlece of o prepzrod plnie of culturo
rodive and then from soloebed orens of the plate, vhere groins vwere well
spaced, cquores of medium were eub oul and mounted on o stowrile nmicrescope
slide, 4 storile coverslip wag suptrinposed ond pressure applied fo
forco the graing into the sger. Thic proparvation wms placed indo 2 molst
charbor (propaved frem a storile potri dich copbaining o pledpet of noist

cobton wool) and incubated. Thoe enbedded grains wore czamingd micro-

o

=
;

o,
13
:

scopically cvery A0 h for 2 -

(3)  Dircet counts

Atenplo vere node to enumerate buetorin end fungi using two toche
pigues, The first was thod of Jones and Follison (1948). The sand was
ropentedly grownd in g postle and mordar with & knowm volume of 370
poliwm chloride solubion. 1,57 npar-sgor solulion was added to the
resuliont swopension and {he minbure pipetited into o hnenocybomoter
chanbor and elloved to set to fom m eper £iin of novm thidonoon,

this film wap repoved; Tlosted onto a microscops slide; allowed to dry

end gleined, he organismg prosont in definsd eroas wore counbed and

the mmber per g of poll enleulnted.

The second mothod dried was thet described by Paririncon, Groy and

villioms (1971), Hexe 2 film of & suspension obtained by blending

ke

el

o .
sprend over & 1 orea of the slide and, effer hest fixation, wao

suliably steined pnd the numbor of organicms in dofinsd srean were

eounbed.

ba . Culturnd Tochniguon

{1)_ Proporetion of puspenzion

The firgt problen oncountered involved romoval of orgmniszs from

the poriicles, Incculation of media with sond grains gove profuse and
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P

mized colonies clome to the grains. Hixing grains with 97 soddum
chileride zoludlon folloved Yy »iating of fthe supcrnntont gove rise o
only o fov colonica,

ot have boon used to obiain

54.

The literziure gives sceveral methods
mozimun colony counts fron sand, cuch anse )
Tiporous agitation of pand in 2 diluend using o reciprocating thoker

(inlevson ond Fecfows, 1959)
Uso of detergent molution en dilvent (Groy, 1656, inderson and Hoadous,
1969)
oo of glyeorol or sucrose solubion as diluwent (eadows, 1954)
Tae of distilled wader as iluent (ieadous, 1654).

Ao addition of detergent, sucrose or plycerol did not glive apprec-
1obly better counts vigorovs mizing was the only dechnigque used throughe
oul the study to increase the munber of coloniern disolnted, Addition of

*

potontial nubricnts or inhibitors fo oun izolating mediun chould be

i»-'

“
A

swodided when poosible and thic wan en extra reazon for nob uwsing additives.
Variouws diluents wvore considered. Zobell (1946) edvised nubocloved

scavater 1 in 3 with distilled water; Kyiss (1055) mercly recommended o

Lighily 2lkaline solubion nte ml:z, sed by Tiltrsticn; Collips, Jonos,
Hondvie, Shevan, Uyme-fillisns, and Rhodes (3073) sugmested 37 sodiumm

chioride solution. The laotbor lad Loon uwsed in 'L} early trisls ond it
ros decided o pontimue it's use. IF wos storilised by cutocloving at
121% for 15 unin.

n Abomiz Isboretory bLlender waz uszed to obleoin the vigorous mixing
of sand and diluent and following iniiinl good resulis o cheek on the
jechnigus woe nade Yo find the optimun fine Tor mixing. Wests wers
earvied out by biending susps malons of sand in 3. sodiwz chloride
golution for i, 2, J, &, 5 snd 10 minuics and cavryying out vindle counis
on the supernotonts obieined, The mean comts froz five plates inosulated

- Iy - -y A
aftor cach time-intorval were plotied oo o graph (3:“15;. 57
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This rosull io supported by {the rocently publinhed woziz of Ieo and

{1976}, In a vYaring blender, opbimal blending fime was 4 min,

‘-tp

Undeott

-}

e ond Caleodt osiimeted that they vwere able Lo rocover 920 of the po~

D‘

tential colony feorming units present in suspensions freateld in this way
- the rezaindng 87 moy have beon Gezd ob the cliavd or demaped by the
lending precess. Dalo {1974) eloo voed houo ozenication to seperate

neteria Tron sand bud usad o tive of 5 pin,

Dotorminotion of the moot appropriste teochmigue for rolessing
bocteria lod to o study of cdoorpbion of bacteria o surlaces.

He single fomporature is likely to bo suiicble for the growlh of

21l bacteris progont in sond.  IY seoms foolish to give an opbisunm

grouth £ roture for marine bacterin ac was done by both Zobell (1946)
el Krios (.;. 63}, Lor the minimum grovih fenperature for sone is ze lov

ao =770 aod the manimm growth teaporature for obhers is oo hifh as 4508.

£,

Hosever, it i custooary Yo maintain cuwifures at o stoble temperature

thnot will yield moximum numbers of the maximrs musbor of species and

nost vedlers isolating nicro-orponimas fron oarine enviroments have

chiooon & tempersture between 16 and 2«%0{3. Vhen frving to culiivate only
Lhoso orpaniems acbive in o cubsirabe it would ssen lopiesl to maintain

the tenperature ab o value approwiste to the substrate i.¢, in this cnsno,

Lho beach femporabure.

It was therefore decided o ‘incubabe' all culiures ab exbornal

cabient temperature by using an unheated outside shoreroom as incubator.

In thds building, the tomperabture voried uith thet oubnlde exceplt thoi,
oo gunticht was exeluded, the tewmpersture was shade tomperature, A
mewimys and nindron theraoneter was uscd to record the range to vhich
the evliures were subjected.

The cholies of a varying temperabure complicated the decision about

the length of incubation poricd. I wos decided nol to atlezpt to relate



.
29

-h = i -3 I < --: T ROt e Y
he dneubatlion period to tenperatume,  Instond, o stondard fixed

-

g I o o 2 &g 2. 2 Lis 0TS e PR ST N - PR, PO,
pordled of tvo vwodts wog used for backaria., This wos, at firet, ortonded
EA g e e » o ‘:;!. ,. Fad A Ay AN A

ko Biw s;:m.: cr el bub it vao found $hat, with thic length of Tinn,

o . 4 ¢ g o g e . Al y -~ e -~ P-4 .\ -
fast-zrowing colonies oversronr the more slewly doveloping onos and now

T g o . IV, - ’ , 2% e 2. . copy i 2o T oy
eolonden develoned fron spores shed by fhe pricary grovth.  Pour

- l‘u- o Fo g 2 R § *
erefore vaod ag slandnnd for fungi.

-

pa e & 2 e ; add X & J. Su « v r S
Sonsiforation hod Yo be given to whether o atismpt Lo doolale

abie Luetorin,  If $ho fop loyers of cand could be considersd fo be
yell-noretnd it wos vrobable that ancerobes wore not osbive thore. Uebb

»

(1250} has shown thad blackening of tho sand is & relisble indiczbor of
:

anserobic conditions and the block loyer in the beaches bLeing sanple

nuoh deoper ‘*m} tho O = 1 on horison. 1% weo therefore docided o

sosbriot the crandintion Lo aorohod.

]

The sand couwld be cxpocted (o contain o owizture of heteroirophic
& outobvophie (includins pholooyathelic) bacteria. To abtompt fo
imolute all of {hoese would have roguired o lsvge range of different

- > -

Y e P T Ay * g A oy Peal pmn e o s ey o ogn o »
modin onling the investisaticn Inpossibly cumbersone., It wns inposcible

{o sinte vhich {'rmm of orgn vas nost Timportaontts, Since photosyie

-~

s “ -

i3 2 3 e 4 ' 2 5 naedd s X i =1 i
thiotic bagterda ere Qifflovlt $o isolate and cinec fhore io no single

hich yiolds o wide wonge of othor autobropls it wao deeided Yo

conzentrate upon $he hoberotropho vhich, 4n any cone, wore more likely

A mmbor o‘%? nodis bove boon wsed o culiivate porine heterobronhs

- el PR P 4 ‘o pingd > | . | e sta, o v gy oo, sy e
'vr;,r of thsn belng baced upon toged! scoowalor or o

- Com K Vo K fapinn X g 2
The boot Imom of the isttey i o forsuls dovised

wstd by nany ol rith good mepults. This mofium io pro-

. A

single bateh of o delgdeated sedivm, ouch o dhis, o of

.
great help in

Tile gy & S vy 2 g B e wp i E3 P B . .
(}s}y'}.}l:\.ﬁ{” COTLL WO TODLSE Ly wal dCCQL}.{nL Lo uge thic »?..x &:'Jf‘x;,

D
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wi pusenasfally 4% io umwelly oo

y ndng ovesent in

v, or ivhibit the
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Ty tho
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e

he dye
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2 »
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P

in

snd chlormmpherdeol hoth singly and in conbinaticon. Thoy to0 reeoy

the use of chloramphonieol buk st o strenghh of 100 my/t, 702 {1576

hed foun? this lovel fosufficiont smd gusiod ¢ popsenal coooumdiention

#

foon Sadk vho reported $hat lovels up do 300 ’&x{} m/1 wore nocoonary b9

inhdbit opuntie bacterie) concentrations of wp do 1000 /1 hnd not Loon

Sw ¢ n?@f wwwb vvos ’; %é& Qfﬁf&ﬁ%*

T & s . s % . pinond? e
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x
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0y

vould dnclule elements from the pewage. Bxeepd for the strondline, vhich

w3

vas excluded fron oy sompling avea, this litber is almest always in the

fore of amall pordicles., In pddition, dissolved maborinl may be phesent

in the filn of watsy surrounding grains, or, poscibly, precipitated upon

Gonsequently three media verc vsedse
Scaweier spar - pmode fvom aged oonwatoer, c&llgste& from the appro-
vrinte beach, and £ilteored through Yhatmon ¥o. 1
filter papor immeldiabely before uwse, 20 agar-ager
owder wan added.  Affer ascorisininz thot the
pgar-ogar did not alter the pH, no attempt wns
made to adjust it,

Sooveed apar - this contained 100 g of fiﬁélymima&, {resh Tucus
in each litro of égeﬁ; unfiltered seawnter, 27
agar-ngay porder vas added and sgain no abtenpt wag
nede 0 adjust pi.

Corn Mool ezer  {Ozoid, € 103) « this was soleocted as a standord,
sinple medivm. I ebtenpt was made fo increase its
oalindty,

Fungal dsoletes vere maintained on nlopes of malt extraoct amar

{ox03d ©7 59).
It was oloo deeided b0 try 4o izolate human .i‘«raczcél bacteria from

s

both benches. HeConkey's agnr (Ozeid O 7) was used. Tncubation Tor

thin purpoze vas for 48 h ad 37%.

The samples of facces vore cultured on desoxycholate citrate agor
. , . ; 0.
end on 10- horaeblood nubrient ager and were also incubated ot 37 C for

48 h,

E11 medin were chorilized by nutoclaving ot 121°% for 15 min.

(4) _Vvieble counts

Zach beach wnn sampled on three occasions for counting purposes
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with 5 panples being collected on each oceasion. On fhe first oceasion
10 ploteos of onch mediun were incewlaboed f‘z‘e poch ganples For subscquont
Cpomplinge this number wos reduced to 7. By tricl it was found thet & 1
dron inoam T (50 Grops = 3 1 e Y of & 1 in 667 dilubion of the sand,
gove bockorinl platos vhich could be counbed quickly and accurstely end
alleved the colony count {o be muliiplied By the comvenicni figure of
2= 3,&*’ to oblein the number growm feom 1 g of sand,

Tor ﬂmg*»l counts & similor 1 drop incoulun wac used but the dilution
of cand was 1 in 33 givirg o Tockor of = 10° for calculating the numbor:
of coloniop obzined Irom 1 ¢ of sand,

Hith 311 hatches of culbures en wminsculsied plate was aloo incu-
ated to ched: Tfor airborne conbominabion,

4 choice had o be nede bebvoen the elassiesl fpour-plate! and
Vopmondw-plate! nethods. A nunbor of authora {c.z. Buck and Cloverdon,
1850} have demonoizated theb dhe sprond-pinte nebhed yiclds the highest
counts of oarine bacterda: Thio is {o be ozperted sinece for the poure
pinte the dect material has o bo edded 4o Phe ogor while it is still

molieny ot o fenperaturs of éﬁ%; oid thiz onproaches or oxcoeds the
thopanl desth peint of mopy morine organions: This nwsthod, however;
doos give pore disercie colonies and digscoursges oprosding organisns.
f%or suze exporipentoy it was decided thet tho oproad-plate was most
in proctice there were fovw problens with sprecding organioms,
<

Incoculation wan earvied ovt with o standardised dropping pipetie and

. 3 .
oos nrresders.

(5) Tdertification

Tor o singie-hznded srerizor with relntively linditcd rosources

At » »

Phe probleons fneed in ddenlifying o lorpe mumber icoleten of navine
2 » -

boeteris wore daonting, I was decided that the only practicable woy

of $ackling tho $a8k vos do covedsly limit tho numbor of isolates fo be
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i&mﬁfﬁ.eﬁ; to use vethods which would glive povinmun infornation fron
minimum expenditure of resouvces ond dime, and to Iimit identificationy
in nost coses, to gencric lovel,

Colonies for ddentification were obtained from the visble count
platos. A nmumbered grid wos plasced behind the plete and using & randon
muzbers table o oguare or cguares vere sclected, The colony nearest to
the geometric conbre of the oguare was examined, through £ hand lens,
and ito description recorded. | Spocisl mﬁ%e of pigmontation was mede nt
{his sioge since secondary cultures of bucteria often show loss or
change of pigeontation {Zrown, 1855). Any offects upon the surrounding
culture medivm were also noted, Colonies were then picked off, sube
culivred onto 220%11*3 agor and incubated at room tempersture (24 - ?.Goc}.
Good growth generally cceurred within one weel.

Zach oubculiure was exsmined cavefully, undor the hond lens, for

. ey %

uniformity oo judged by the shoonee of morphologicnlly differing colonies.
A pingle colony wos picked offy o smenr vas prepared in 370 sodium chloride
usolubion, fiwed by heat ond stained by Eiap::elaff end Doeromants modificstion
of Gran's stain in vhich Zichi~Yeeloen's carbolfuchsin, diluted 1 pord
to O parts of wator, was substifubed for the recomsended basic fuchein
solution. This proved ncceasoary beenusc sone baetoria sbained very
viesicly.

vhon the graz<roaction of an organism was uncertain the stain wap
:cezma%e& uging o caear of a2 Faeillus op., on the same slide as control.
Stophylococei are usuelly recommended as o control of decolourisation
bud Beeillus is nore eusily decolourised ant thus provides & better
coatrol, | ‘

Holility wos chocked by prepaving o dilube suspension of the boc-
tordwn in 30 codiun chlorife and cramiming this microscopieslly in a
hanging~-drep preporction,

-
&‘;-‘»

10

3
Ll

soloton vwere chocked for {heir sbility fo grovw avcerobically

by subtulburing onto two Zebellls apar plates, incubating one as a con-
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tmol ond the other anserobieally using the Beclon Diclkinson Gagpalr syoten.
Gram nogative baeilli were $hen dnoculated into 20 dest substraber

»

conbained within o get of wells in a specinlly moulded plastic strin,

This 4o o coumercinlly prodused identifiention syotenm manuvfaciured

by &I Isborabory Proluets Iid.. $he methololopy for the fests iz doo-

fel

cribed din debail in the 'profile recognition rogistort supplicd by the
iz,

03

Driefly, the systen consicts of o range of resgenis driecd info wolls

b’
HISTT NCCCLEe

$o which 2 susponsion of the bacteric wnder test io edded.
ary 4$he well is sealed with sterile nmineral oiles The strip ic then
nlaced in a sealable plastic tray contmining a szell cmount of water,
which nots ap a moish chasber, &ffer incubntion rooulis ore read by
notine colour change of indiecators, bregk-un of gelatinized charceal,
or by the resction 4o resgenis addod ofter ineubation (see photograph
-~ g, 6). |

The test rooulls ore comverted to a pot of fimures, vhich are des-
cribed a3 & numericnl profile. This profile moy be equated with an
identity or mmi:iz.m altormtive identities, Vhen profiles occur vwhich
arve not identifinble the Tirm provides & 'phone-in'! service and will
rrocozs dats on the wilmown throvsh o aﬁzﬁ;::izter in an ottenpt to produce
an identity. The systen is baped, of course, on Adansonian nuaeriecal
tamonony.

The particulsr syotem used was the '4.7,I. 208 vhich is designed
Tor the identifiaitian of onicrobacteriz bubt which it vas hoped would
provide sufficient ivformation for the identification of many gran
nogative nmavine bacteris to at leost gonus level.

vice fron the firn's vesearch departnent wan thoet when using the
syoten for bocteria of non-mammalian origin incubation ghould be ol roun
temperabure for 46 I,  This aodvice was Tollowed.

The puspension with which the systenz is incculnbted is normally pro-

pared in storile dislilled water, For oxidase~positive orgonicms, howe
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test rongents, For these investigstions physiologienl saline was used
t¢ suspend oll bacbkerin.
The tecis ceorried out by theso means weros-

Production of bota-zalmctosidase (01g)

# " preinine dihydrolase
* " lvsine decarboxylase
« #  eraithine decarbosylass

L.

Citrate assinilation

Hydrogen suiphide produciion

Trypbophane deaxinotion
Indole produvetion
Test for acetoin {Vr)
Geolotin liquefoction
Teats for Lornontation of glucese, orawilol,

3

inositel, sorbitol, rhammose, Suerose, neliblic

;

amygaaiine, arabinose,

To thope were added toods for oxidame production and nitrate

he fdentification of fungl is beovily dependent upon ezaminabion
of roproductive morphology, Vhore Ysterilel? colonien vere iselated they
vere oubsultured to voriousn medin and incnbated ot room foemporature in
an obtenpt Lo induece spore forontion.
On The Tivct bateh of counto fron ench beach every colony wos o
gomined and identificoiion ctbompied, On subseouent counts only the wmosi
cquently cocovrring colonies were oxanined and identified, en approach

suzgestod by Dickinoon ond Henb (1072).
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v,  STUDIES O ADSORUTION

The nechanien by which bacteria are adsorbod 4o the sand grains and
the eireunstonees wnder vhich they avre sdsorbed or relessed would seom
40 be factors of prime importence vhen studying the microbisl ccolegy of

bonchen, The following ezperiments wore carried out to exemine these

a) Fmaotly equol weights of sand from frechly colleeted saaples
wore packed into plastic syringes with o cotton gauze filter, os pre-
viously deseribed. 4 10 crz? volune of Treshly collected scauwator wae
run through exch coiwn to sebtle the sand, The weight of cond chosen
was puch that the soitled colums were 10 o long,

8x 10 cr:ag volumes of sterile seawater wore then run through one
coluzn and 8 x 10 cm3 volumes of sterile deionized water through the
other. The last throe aliquots were collected and, ofter dilution,
counts of hacterin and fungl in each were carried out. 10 samples were

tected in this way,

b} Ixactly equsl weights of sand, steorilised by gurmn méiﬁ‘kiem,
were prepored in 10 x 10 on colunne as doseribed above but in this cuse
waing sterile ceavator to setile the coluwmns, 10 c:z? of freshly collec~
Lod seownter were then run through esch column. Counts of bacteris
wore carried out in duplicaic on coch aliguot and on the original cec-

water, after dilubtion.

e} & dilute suspension of the following org:mmzs wore propared in
sterile seomter:~
Tocviononag (two different species, A & B)
Boeillug

Corynobaeterium




Ul
ar]

Herogoceus
10 e of thomo susponsions were run fhrough 10 en columns of gomno-
irradinted sond prepared as above, Duplicate counts of the suspensions

were coryivd out beofore nrd after possing throvgh the colusm.

d4) 10 aliguots of freshly - collecied sand weve placod in sterils,
plosg, serew-capned bobiles and vere mined with 5 ms of sterile senwaber
on & Mobary piver, 2b 15 rop.ne for 10 min, Duplicat? counls of bacteria
woro ¢eoyried oud on the samples frem the supermatanis,

The soms miztures wore then shelion wigorously for 10 min and aguin
cuplicate counts vore carpied oud on tho mg:m*mf:m%s.

The mizfures wore then nllowed to stand ol externnl tenporaturs for
2 1 and the counts wore repented,

The vigorows nizing wmes repeated, followed by counts, end the gentlo

nizing wvas also repented, followed by countn.

o) 5 x 6 sliguots of freshly colleected sand were oach washed in
10 = 100 ems volumos of sterile seayater and then bocterial and fungal
coumbe wore carricd oub on the washed aliquois of cand after blending
{cce p. 26).

A% The same $ime counts vore carried out on § = 6 ¢ volumos of

wrmehed gand fron the same cample.

vie DIUDING O DRIICCATION

When surfoce sand is uncovered by the receding tide orgonisms nay
be cxposed to progrossive loss of woter due to drainase ond ovaporation.

This, presuncbly, would be accompanicd by a propressive increcse in oale
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inity vhich theoreticnlly could reach & point vhore there is no water

-

left and the saltn ave present in crysinliline form. It is importont o
Lo %c» vhat extent the organisms could purvive this procesa,

To ‘oot this, exackly equal weights of frechly collected wob samd
vore placed on & soriens of wabch gleasses vhich were thon placed into
sterdio peotri dishes vhich hnd boon holfwfilled with conroe, solif-

2, -

indieabing gremides of siliea gel (RUDJH.). e dishes wore cerofully
pozled with sellotape ond sods of desiceant diches wore ndored at {hreo
ucﬁgcmiﬂms vizs:? & 60{3, 24w 2670, 36 - 3070,
1% dntoreals 2 potrd dish from each oot wos oponed wnd the viebilidy
¢l the boetoreia sne tested,
Thic van dene by pprinkling o fov grains of oond on fhe surface of

o Zobell's ogur plate and at 4he same {ine viable counts wore carriod

out using the standaxd pethod,

vile Sﬁ,&%mxﬂ \ 11 f‘ﬁﬁjjgé&s

Stutistical anolynis of the dato obinined from viable counis imo
eorried oub, with $the aid of a compuber, by Ir. L,A. Boese, Bul., MO0
of the University of Sheffiecld Computing Serwices., &ho backorinl and
fungal data vore compared by site, z‘ia.i:é end gannle uiiny poromodriec and
noneparapetric teats, |

Correlation of the bacterinl and fungnl dota wvas aloo afdompbed,

voding the Spennman mankecorrelation cocfficiont test.
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P BESULTS

S, DIISTIONL AUALNSIS

& tntor Beteinins Capacily

Tonts of water retaining capacilty ave wunlly exprozsed simply as

volumo of water retnined by o wnit of send: often mecsured by weighing

‘e{:

bofore and after drying. %o do this diomdses the facld {ast the obilily

Ly

of sand o rotain water is govorzmed by a complow of Lactors and is no

cinply o matier of pore space., The sand pgraine thenszelves have bhyoro-

7

k3

ropordics ond any organic pariticles present may be able fo

o
o
2
el
e
2

Pable 1 shous the results of welght luss measurenenis ond the reculis
of woter saturetlon teats, These indicate thot the sedinments froam ihe
{wo beaches could welain 30 = 3370 of their owm woight of water. However,
if it is occopted that i;an pasnage of 5 ml of alr, wder pressure, woad
gufficient to cnpty the copdiliary spaces then it con bo szen thoet only
aboul one thivd of {his wmior was iuterstitisly dwo thirds vas robained
by the scdiment pariieles, presumebly ng surfece £ilnm, and/or held in

the cracks ond fissures in the pardicles! surdfaces,

be  Flou finte

&

The mean flow-rale fhrough Crizdon swrfoce oand was 59 o for soow
wator and 60 g Lfor deionized water and st Hovburn the means were 74 o
and 75 6 roopectively (Table 2). The flov robe ab Hewburn woo, thore-
fore, 25, siower thnn that ot Crimdon. This was probably due to fhe
Bighor proportion of fine sand (ger gradn-size rosults) and possidbly
also Yo the higher proportion of orgenie parkiclos (see merpholosy of

greding) in the Fewburn sand,
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Tere yas no significant difforonet bofreen the flowrrateos of sune
vabor and deionizod wator. This Linding secns to sonflict divecily
with thet of sndercon and ikeadows (1069) vho noted fhnt ihe flowe-reto
of deionized uyntor decreosed by about DOv and that of scawster by only
100 when run through long colwms of wached sand which had boen plusped
with glass wool,  Glass wool was tzicd oo o plugging deviee in this work
bat wns i‘mmi o interfere with flow-rato in an inconsistendt nosnsr ol
it is thus poszible that thin fecltor affeceted anderooo on? Meodows? row

suldy,

¢ Yator Contont

e tosts of water content wore earried cut on o doy vhen axbient
niz tomperatures vere 22 - 24%C.  In theme conditions the moan waber
conbent of surfzce sand feon five sonpling points in the intortidal
none of Hewburn beach was 33.0 vols, vater/vol. wet mand, dmmedistoly
elfer crnersion. This figure foll stendily during the perioed the sand
wes exposed to a level of 17.4 vols, wader/vol, wet sand, Just prior do
the dincoming tide covering vhe conpling points the figure rose shorply
Yo the point just bolow ite original lovel (Wze 7).

Tho gorrespording resvifs from Crindon beach wers alnoat identical
with the immedinte pootecmersion figures piving o maan of 33.2 voln,
wator/vol. weob pand reducing to 15.6 vols. wober during he emersion

_—
Z::;‘Z’S.Qﬁy

4., Grain Siso

The pedien perticle sine vas elmost the eome for ench aite (Crindon

o)
AJ
i
-
Lt
5
e
feett
]
S
i
H
EaS
3
[
~

and both broaches hove o mejority of parbiecleos in
the 425 = 500 pn {i.e, wodimm) class (feble 3.), Iowowrer, as the ccoooe
panying Mistogrome show (Vim. 8.), the fwo sodiments ove othowrise quite

different.
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e B smalvoon off voxbiele eire of four aliouots of sofiment bnllnd
Tres 10 sremles

T rTTTIY

S S AN

Pl N
Size monge

3 1y 2y 4y
LEe Tange
(im‘

weight {g) Tl veight (g)

Somie 1 <300 36.58 Sample 2 <300 33,97
300 - 355 0.68 300 -~ 555 2,62
355 = 425 2,35 355 = 425 1.49

L2ageny 4
».&_.MY’IQ &

3295

Samole 4

425 »~ 500
500 - 730
>750

<500

1.24 300 =~ 355
355 - 425
425 - 500
500 = 730

>730

1.34
A7.07
B 04
iz.27

lozan veleht (g) g

- <300 37473 31.49

1.7 1,46

GG - 425 1,50 1.54
425 - 500 50,00 49,90
500 = T30 T.37 £,23

>7350 11,31

H!

fiodian partiecle sice 450 pm



CRIHDON

Sormle 1
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Trable 3 (cont, )

< 300 16,33 Sgmnle 2
300 - 355 6.52
355 = 425 4.78
425 « 500 T7.07
500 = 750 12,33
>750 0.32
< 300 16.08 Sample 4
300 ~ 355 425
355 - 425 16,17
425 - 500 79.02
500 = 730 1937
>T50 0.2¢9
&W‘;ﬁm veight {g) o
<300 18,91 14,11
300 = 355 5.36 £400
355 = 425 10.48 7.62
425 - 500 84.84 63,32
500 «~ 730 14,16 10,57
>730 0.25 0,17

Fediazn portiele sise

veight (g)

= 450 un

‘Gize ronge

(1)

<300
300 = 355
555 - 425
425 - 500

<300
300 = 355
355 = 425
425 = 500
500 ~ 750

>730

veight (o)

7.7
3,02
12,13
85.81
10,66
0.12

25.52
7.65
8.84

97. 46

14.28
0,18
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surface of sand groins and susgested that this could be an organic gubw
sionce, possibly extracelliuvlar products of buoterin. Another posoibility
grould be that it wan some sord of Yhnmict doposit. Attempts to dissolve
the deposit in groded strengthe of ailmli ab demperatures up to 60°C
vere unsuecessful, sugpesting it was not humus.  Sindler desto with aeid
solutions oloo failed 4o dissolve the muterial but did cauvse wigorous
production of pas, presunably carbon dioride, from chell fragmondsa.
Occasionnlly, particles vhich were apparently organic also showed scanty
gne production dndicating the prosence of ealeium eavbonate deponits
within the porticle.

Floodgate (1955) hns suggested that bactoria may precipiiato ealciun

-

corbonate in pitu from seswater by a loeal pd chuonge, and it iz possible

these depoaits were produced in this way. It is egually pozsible, howe
Cever, that these particles werc deeaying enimsl remains containing
greletal fropgments,

It in thus not cleay vhether the roddish-browm deposits ceen hove
were the came s those seen by Feadows and Anderson (1958) but careful
ozonination 4id not roveal any iron~negative ;zmmi@itates exeept whore
the doposit wos cnbodded within the grain ond, therefore, inaccessible

to the reagont.

die  CIEIICA, ANATLYSTS

&

B, Salini
The sediun and chloride levels in the sond wers highor at Crindon
vhilst potassiun levels were highor at Newvburn (Table 5a). Iowever,

variebility between somples was thres dimes grestor ol the Orimdon beach.
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galeulotion of the solinity by multiplying {he moan chlorinity by
1.80655, as recomended by Veriding (1974), gives 2 result of 3.547
(53.4 g/in) at Crindon and 3.53° (35.9 g/ks) at Fowburn.

Tobinetes of bicorbonste (incinding dissolved CGZ} and of won (the
nethed 46 nob affocted by mrmonie) all gove results of <2 mmol/l.

The reoults obiained in these tests are actunlly those for 'Yresting
wobert, oo the sanples wore, of nocossity, collected while ¢he surfoce
pand was 56111 vieibly wot from the recoding tide. It was empocted,
therefore, that they would mot differ groetly from those of seawvator.
However, as shown in Table 5b the salinity of the surfoce seawater from
Harblepool Ray was 0,137 less than thot st Crimdon heach znd 0,580 less
then af Newburn, In addition, the beach salinitics muy have boon reduced
from an oven higher level by capillary xise of {roche-water oviginating
fron land dvainnge ond more marticulerly fron the freshwatsr sirean ot
Crindon and the storm drain nt Howburn,

The inhorent varinbility of the chloride meothod is apprcxim‘m};& 1l
It can, thorefore, be stated thuet there was truc varistion from sanplie
to sample, of both sites, this being significantly groater ot Crimdon.

It was thousht possidble thet the 'bhicorbonste! rosulds were low
beeause of 0(}2 loss in the setlling poriol of 18 « 20 he  They wers,
therefore, repeated on resting waber messured oub of freshly collected
sond panples and tested within one hour without dilution. A level of
2 pnolf/l wns obtained fron 5 sanples £roz each site with no varinbion.

There wai no variztion in mognosivnm lovels bub the frindon levelo

vere slightly lower than those of Hewdurn.

b, Organie Carbon

The meon eontent of lowburn oand vas 220 preater than that of the
Crimden matorinl (Teble 6). Voriability as cxiressed by the co-efficient

of variotion wus 6.6 higher at Crindon.
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Pable Sa.  Ievels (mmol/1) of marmesiun, soddws, nobopgivs and ehloride

arecent in ponoles of frestine wator! fren surfsce cond

CRTIDON RS
e I r g1 e Ta 14 c1
50 476 10,08 548 47.5  2640L  10.0 548
50 472 10,0 548 47.5 468 10,0 560
50 a4z 8.8 492 47,5  4E0 10,0 564
50 468 946 540 &5 468 10,0 558
50 440 Q2 520 475 &k 10,0 558
468 10,0 552 a72 10,0 560
465 9.6 548 454 9.6 552
42 8.8 484 464 9.6 556
468 9.6 544 472 1040 564
432 8.8 508 463 10,0 550
4805 10,0  S60H 452 9.6 540
460 9.6 536 462 9,6 552
408 8.8 492 468 10,0 555
460 9.6 540 464 10.0 552
452 8.8 508 464 0.0 560
&2 10,0 548 464 0.4 560
404 3.4 272 265 10,0 565
5921 2,0 452% 468 0.0 564
456 9.6 528 4658 10,0 560
456 9.2 508 464 10,0 554
412 10,0 548 432L  9.2L 5241
396 B.L0L 456 '
464 9.6 540
4560 9,6 536
fiean 50 448, 8.3 521 4.5 465 9.9, 5L
S0, W1 34,36 0.686  33%.48 T4l 9,86 0,250 10,50
C.¥. W1 700 7,300 6.427 M1 21270 2,550 1.88°
SALINITY | 334 3o 5

(& = migheot lovel; & = lowest resulbs OL = result congidercd s oublier
and not included for calculntion of Heans 3.0, or C.V.)
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Pable Sh.  Ievels (mool/1) of codiws, wnobaosivn and chleride $n 5

popplen of surfsec senwater from Hardienool Hiy

495 10,6 502
502 1.8 5072
504 11,0 496
500 10.6 453
496 10,8 502

Hean 500 10,8 500

- " o
SALIEITY » Becli:



Table 6. Orsenic earbon content (me/ie) in surfoce sonds 10 samnlos

collocked from ihe nid-tide Jine of cach boaeh on the seme day

730 510
840 610
1000 v 630
920 700
£ao 840
00 800

800 Bo0
MR 59 731

3eDe 5.0 116
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The higker lcvels of organic corbon ot Toewburn were anticipated
boeause of the lavpoer peresniage of orpanic frogments counted there,
Tonover, firveet correlation of the percertzge of orgonie i’mgmnts in
the pand with meen reas wed orgonie carbon infieatel thet the nean of

the Towburn rs*ov}ts hould have been plmoat 507 grester than that of

Crindon ingtend ai‘ the ecetued 227 It was posaible, therefore, either

“hat of Orin 'ic Lhomne 2as ooogures »:}**” curbon, other $hon dhe framento,

s

-

A

which narroved the differenc thet a differsnee in size or npeeific

provity of the orponde parbicles wnp sufficiont ‘al‘ necount for Lok of

4 coapiicating foctor was the mraesence of coal particles at both
sites which night hove boon included in $he carbon neoswred (sce
Soutiword, 2952). Somples of driffod sea-conl troated in {he same way
as the sond semples gove results of lese than 2 mefiny carbon in sea-cozl,

Thin l«::r: wit uzs presumed fo be due to the rosistonce of the cosl
mrticles to ceid-digontion, Tovever, the cool parbicles in drifts ore
uugh larger %.*mw thoae found gonerally distributed in 4he sand so tosis
wers ropeated using Grifi-conl grownd to a i“in.-:z porder. In ¥his cnoe the

nothod povo o result of 10 000 npfies sen-gonl; in ofher words 17 of the
sea-cosl w2n being mossured as organic f:sar‘acm by the neihod,

4o found by Southward (1952), there proved to be no way of removing
aooe~conl from $he sand without alco yomovine othor organic pardicles,

CItto condribubion Yo the mesn organic eorbon resuli, ﬁmmf@m, had $o
ba caleulnted assuning thet the porceninge of counted porticles provided
o ronsornbly accurato guide Yo the volume of sea-conl present.  This
crleulation gave Sisures of 0.44 np (Crindon) snd 0.4% nyp (Wowburn) as
the contribution of soa~conl to the mean eoaiimated organic enrbon. Theze

woulls cannot bs considored as accurate bt are sulficiently oo To

¥

W'

dicabe that such o contribution ean be igpored in concidering the

overall organie ¢orbon levels,
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¢,  Tiiraren

- b 4 A} )
ghowad ot P

fmnlyoic of nilrogen in five vamples fron ench gite

meon rosult Trom lewlurn sond was hirhor thon that of Srimion {Table 7).

slthoush the numbers of sanples ave too snwll for siatisticsl analdysis

-
&

id

i

the results are grouped closely ono f;:: 1 S0 gooume woe of o noan do va
andl 2% appecrs int varintion was asain probobly prenter ab Crindon.
fowoll (1970} bas sungesked $hnl orsnic esrbon reprasents about
507 of the orgenic patier presont in nerdno fononils, and, thod nidrogen
wagresonts 7.5% Using $hose figures it io posoible to derive empectoed
Pipures Tor nitrogen frow the organie carbon mwounlis visi- HNevburn
135 ngflzg ond Crindon 109 ma/iz. I Newoll's fachors ore accepiod
there appoars 0 be en additional source of nitrozen ol both aibos, bub
savticulardy at Hewburn, It 4o probable thnat these sources ave the
aevane ouiled ot Hewburn m’m o freshwater otream at Crindon.

The earbon/nitrvogen (C/6) maiics eslenloted £om tho meons sre
flewburn = 3.7;  Crindon = 5.63 these are nuch lower then thoe figores
zecorded by Longbotton (1968) for codiments from the intoriidal o
of $ho north Tont coost vhich sveraged 6.0, Since organic moeterinl of
aleal or plant ordgin could de oxpected to incrense the G/ fipure it
ig probable thet additional nitrogen was boing contributed ot both
ai%a:s in the form of niiwitos or nmitrates vith, porbaps, the addition

»

of awmonia et Hewburn.



Table T, Tobal pitroren content (n+/ln) of five somwlen of siv-dried,

Hovhurn (irindon
260 120

L i O
e ey g
Poon 238 150

S N



dii  TICROBICTOGICAL ANALYSHS

r., . Direet Chocrvation

Dromination of the uastained, unfized cond proparations showed the

prasenee of oncasionsd dintos and flngellntes. meo of the diatons

24

appoared to be Lirmly atiached Yo sapd porticlss which fits with the
Pindines of Colocoloff nrd Colocoloff (1072} vwhe in thedr studics of
doon gond primery production found that {hoy neoded o wie uliracsonic
erdagiong $o ceparabe dictors from cond.

Fangnl hyphae conld e elenrly seen forndny o nycoliun within nn
of the organic pardiclos (ses photosr aph, Tig. 9) end also e fov of the
chell fragmentu,  An occasionnd siliceous parbiele ziso shoved ihe

oresence of fungal hyphae altached 4o the surinee.

aeteris wore alpo prosent: oany of thon baing very short motile

jas)

heedllll with o guiel, dnrding forn of nobility. There were nluo lonmor

3

odo which showed o slower, steoodicor move hz:::'i,. The ohorl meilli wore

S

L3

T

often coen in the immedinte vicinity of the pariicles,

1%

ou

Stained preparations confirmcd the presence of fungel hyphae within
suze pariiclos and occcaslonal free eporss wore also seen. These proporo-
tiono nlso choved bocteris attachcod to the swface of the sand groins.
then fixed and stained 4t wzs offen difficult to idontify these oo

bacteoria, with corbainty, particwlarly vhon they wore oiiached {o heoovily

%)

ohched or pigmented owrfacez, The siaining was often vory wenk and the
hoctoria very small. This confirms tho expericnce of Dheinkeinmer (1674)
who found that direet counte were very difficult on marine orpanicaz in
sodimento due to the foot that the bacteris were Totuntedt, On the
surfnee of oone particles much Inrger rod-lilke orpanisnms, which sinined
ere neavily, wore present anongst the chord beeilld, I v wmeertain

whether these were boeteria or blue-gveon sigze.
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GO
Microsconic cxamination of the ogor blochk cultures, as they grod,
choted dhot in the early stnoos of grovdh, bocbtoris multiplicd papidly

e
bea

Yae interface bobuwoon the particles snd $he medivm ond & suwfoce

&7

Somn of these baeilli choved tho sirange frropoller~lile' or {urbling
nobion deseribod by lMarshall, Stout ond Hitchedl (3971).  Some lavgor
b2eilli, however, behoved differently. Thoy were froc in the medius
and appeared to meke ropested otbonpts to approach o particle only to bo
rapeiled nt & cortain distonce, ag If by an imscen borriers  Thio bew
nviour wns seen ofben ehoush for it to be connideorod more than o charce
phenonenen,

thore the agar-blocl: euliures were carried out on chioramphenicol-

R
o d

sroated medium the grouth of fungal hyphee cowdd be clenrly obocrved and

uhen this myecliue reached the odge of fhe agar block sporing cccurred,

It was not alueys possible to identify Lhe origin of srowth and in {hese
3

3 L S P UV I % AN y " & LIP3 .
eoscs it is assumed that the geowth originsted fron on wnpoeon spore.

Tiowover, in ocome eascs crovth definitely originated from the hyphao teen

3

withdn an organde particle proving thet such hyplwe were viable.

¢

Direst cownbing by boith methods deseribed proved to bo technienlly
gifficuls and time-concuming,. Uith the Jones snd Follison teclmigue,
the preporved films were very frisble due to ihe tiny fragmonts of cand
present cad dhey weve easily fragmented vwhilst being romoved Iros the
| chamber ond flooted ondo the slide., Increasing the concentration of agar
was of some help in proventing this. Using the mothod '»:'z@m::'ise& by
Taridinson, Groy and Willlems (1971) {here wos uneven Crying of the films
resulting in local concontrztions of orgonisms on paviiculer poris of the
olide. 40 the nuthors poini; out, thic means thot ¢he vhole suenr must
bo cownted if pross inccowracies are to be avoided, Again the veal
staining anl omall sise of the boeboria ofton mode then difficult to

dishinsuich from the sond detritus,
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counts were carricd oulb uvoing tho methods of bolh

BNt NOASR I A X

Jonnn and dollison (1940) and Zoxicincon et al. (19731) ond the eshimoted

[}

musber of bactorin presont varied fros J = 1435 - 20 x 107 /g of dvy sand
{mavie 8).

These resulis wore very mueh lower thun {those obteinod by th
girect cowbing mothods vaed by snderson and Feadows {(1962)., Thoy ob-

) S i, £ - » A ” g om 6 * v * » P oo,
Painod covnbe of from 140 £ 107 « 1383 = 107 Jp of dry cand, o ronge

much highor than those roportoed by other workers.

=

A

LI D 5 N EX) 3 - A BN S s 2 Py ay e 3
Avteupto o acasure the biomens of fungal myeelium vowve also mude

but the mumber of byphoe seon wao oo gnell that this wos not possible.
“hiz neeords with the oxperience of Rrowm (1958:) who found thet ny-
coliun was virtually aboent' from Ler Jones and Hollisom preporations,
e svgoosted thet $hio won due Yo loos of cozrse pariticle fractions o
which tho hyphae hied been clomely sdherent,

in view of the uwnsabisfoctory resulio oblnined by these meltheds it

wvag decided that they did not provide 2n secwrate means of esbinstbing

aclorial or funpel blomsos.

Hd

fuentitative Studies
Bacteris

Sediment sanmplos from the surfece sand of Howburn bozeh gave vieble
counts vhich varied from 1.35 = 10° - Ted0 = 10° /g wet sand, vwhilst
mmpiezz from Crimdon gave o range of 009 = 1@5 w 11,87 = 1&5 [e vet
sand (Teble Ga).

Thore wes some indication thet the viable count of bacltoria wes
affected by temperature - either the temporature of the sodiment at the
timo of sampling or fhe subsequent temporature of incwbation (Pable 9b

ond Pigz. 10 a8, b, ¢ ond &)

It ghould be nobted that all these cultures were set up from frechly
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Tehlo 0,

ofimated mmber of bootorie (s 1{76/ g drr oand) areoent in B

samples of levbuwrn swrface sond usine tve dirvect eounting techniguen

iy e g
owinle

e

WM g

W

Jones & iollicon Texkinzon, Gray &
nethod ; (il iians mothod

842 4.2
X | 5.0
4,6 3.

10.0 6.8

Sult | 4t



Tabie Oo. Teans of 7 reniientos (30 dn the cose of owburn - 25.33.7%)

of Inechorinl counts {2 3.(}61' roued r:*zw} Prom B gomoles of ooand
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Bacterisgl Humbers/Sand Tempereture at time of sampling

Fig, 10=.

Bact.
Count

x 106/g
wet
sand

!

0 5 10

Temperature °c
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Fig, 10b. Becterisl Numbers/Fean Dzilv Incubastion Temperstiure
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Fig. 10c DBackterial Fumbers/Fonih of Sempling Visit




Fig. 10d. FRenge of Becieriel Counts from six szmples/Rense

of Temperature of Incubztion (= Ambient Shsde

Temperature)
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collected wot camples of nand and they, thorefors, include organisms
from both the surface of the grains and the dnterstitial water, Coung~
ing of only those orzanisas stinched to the groins wog considered but it
ven folt that cstim_,;tiaﬁ of total mumbers of visble organisnms presont
was nore appropriate for this investigation., Yowever, a smoller series
of tests wan made $o a::tim"af;. the proportion of organiaonz olizchod to the
grodns and these ore reported later (Table 19).

It will bo soen from the detniled results (Appendixz I) that of the
225 plates wsed for bactorial counts only 3 wore Yopoiled* by aproading
orgomisns,  Sample 4 from Crimdon on 11.5.76 gave counta which were
over the countable figure {i.e.20= lcsf ¢ of wet sand),

This wos not due to a spreading organisn but to very large nwabors
of tiny colonics ani the probable explanation was an unseen pacﬁzet of

organic matfer close to the sanpling point,

The nean number of colonies on neven plates of ench of four
difforent nediz from sauplec of Yovburn pand varied from 32 « 111s at
Crimdon the figures were 83 - 857 (Table 10a). Thore was no clonm
rolotionship betvoon temverature of sodiment ot tinme of sompling {am3/

or incubabion temperatures) and the mumber of fungl culiured nlihoush

col 6y counbs cre chovn in Appendirx 17,

It should be noted that the totol-number of colonies given in
Table 102 includes those coleonies which were grovn on the lebellt's
medivm vhich vas alzgo used to isolzste bactorine The dilution used to
inoculate theose plates vwag thus 20 x greoater thnn those used for the

Tungal plates. Sinen the figures for fungi isolated are not to bo

regarded as Yoboolube nunborst of fungd present in the sand it wos decided
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4o ineluvde these figures os they stood for recording and statistical

Howoyer, L0 compare the mmbey of Dungl grown on the different
sedin 1t is necoouory to multinly the numbors grown on Moboll's
factor of 20, Uhen thic is done 1% oppeavs that ‘r:: mediwn, degigned
for bacborie ond on which baeteriazl eclonies were present yielded sic-

0

nificently higher mmbers than the other fhree (foble 10c).

c. . Statistical Analysis

Bnetorin

The data presented o tho computer can be deseribed no hoving e
hierarehical stirmctbure:~

2 pites

3 dates at eoch site

pamplies on each dete

10 or 7 piates for oach sanple,

The first {fanh was o defornine the probsble fype of distribubtion
of thn bucterial data, The most commonly Tomd distribubion is the
Goussinn or "norzal?! distribution, in vwhich cach of 2 cob of neasurcnent
io an opprovimntion do the sane wvelue with o random error term added,

This hypothesis was tosted for ito vl idity by opplying fo cach
sanple the Xolmogorov-lnirnov goodness of 1Y tost. For none of the
thizty san n.‘es vag this hypothesio rometoly near rejection., Typleal
ket uwilm probebility resulis varied hetween 0.9962 and 0,9462. This
swzponta that the azsunpiion of o nornel distribubion was accepiable,.

Por comparioon, the some test was corrzied ovd wsing the hypothesis
that the distribubion wno wniform and in thic case probebilities were
consistently lowor ond in one eazse the hypolhesis wao rejected st the

-

5. lewvel,
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The 5 pamples for each site and date were then compared bodween
thezoelves uoing the Eruskal~Y2llis ons-wny analysic of variance; 4his
ic o nomeparanctric test ced thuz doss not depend upon any assumption
aboub the distribution of the populaticn. In 21l siz caces an hypothesis
of no differcnce between the camples was rejected at the 57 level, nnd
with the exception of lewburn on 23.11.75, also at the 1 level,

Por Fevburn, 7,11,76 and Crindon, 11.8.76 some rosulis were ob-
viousliy outliers but even {:e.?,{:ss carried oul after their exclusion ro-
sulted in the rajection of the no differcance hypothesis,

A paremetric analysis of variance (ﬁf?é‘m) vas then used to oxanmine
the bacterinl populations ot each site separately.

It was apparent fron the results (Table 11) that the hypothesis
that the populations were difforent on the different dates was not
sccepbable ob Nevburn (p»57) but ab Crimion there was pignificant ovie
denee of difference (p <1}, The probabiliiy that the populations in
the different samples were diffcrgnt was aceeplnble at both sites, with
& higher degree of signifieonce ot Crimton (p «€0.57). If the possible
effects of season and temperature are ignored these findinges sugmest a
rore stable population at Yevburn end if +this is zo it may well be re-
inted to fthe continuous supply of nulrienls from the sowage outfell,

Ify, hovever, seacon snd ‘enpereiure amwe tasben into sceount, it
should be noted that, by chance, the lovburn zite wg only smpled in
lote cubuon ot femporatures betuween 4.0 ~ 5,97°C vhilst Crisdon oo
sanpled on {wo ocenzions in syring end onee in ower, the temporafuvres
et tine of sonpling varving betwesn 6,5 - M.?GC. Thus 4t is difficvly
Yo conpare the two oites.

The informetion thnt these snslyoes of the bacterinl counto yield
can be cumamariced asie

(1) the oample estinnte of bacterial population was very probably

of Wnormalt distribution.

(2) malring 21l samples (fron both sites) into sccount thore was
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Yruo variction botwoon the foamples,

(3) uhot the isolotion mothod was sabicfoebory ond ihe guobshion

Ul

of o mean for the replicaics io valid,

{4) Thuet ihe popalations varied sipnificontly on &ifferent dates
at Crixéon bubt not et Ferbarn.

(57 Althoush the cxperimeninl esproach of sampling the fwe boaches

qkuﬁ -

on different daton fzafsmc‘; that the boaches were mampled in
different sessone of $he year and ab widely different fompore
aturen, Pable Yo mokes guite clear that there was no mavized
difference in the mumbors of booteris eounted fron the dw
sitos, The mean of the overall peoans for each date was 3.65

& . - I
= 107/ £ wot sond for Tewburn and 3,30 x 107/ ¢ wel sand fren

Crimdon., These Tiguron sve reosavinbly close.

Tho @ilution woed for $he fungal ioolation plabosn wms such thot 2boud

300 of the plates ¢id nob yield cny colonics, The wse of means for coch
pople s dhorefore not valid; inatead figures are given Tor the toiol
mmber of colonies for coeh oot of plates of cach modiw.

Bacause fhore vas thus no replication and given the constraints
thot the mumbors ave indegors chowing wide differonces only non-pars
votric tosts were wsed., The principsl test wsed was the Hruslal-iallis
ontewoy pualysis of variance. In 1571, Hond zeportoed o delailed stntice
tieal onelysio of Sungal dotz, vwhich wag also leter published, with

viologicel impliczbions, by Dickinson end Hent {(1972), Xent %ricd z

pories of both poranctric end nop-parsmeirde tosis and concluled, Loz

similer reouons, thot poranebric tesits wors wmsunitable but that the
tfenl~ilio teot was valuible. |

oo detn vere fivet anzlyoed to test 4T thero was o significant

girference bobween $he populations from different canples or on Jifforwe
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wrer M e Al e BV eemd g % ey -
yeo Hich the mumbor of Tungi grown vas lov ond vice-versn.
P o 4 454 P o s L YN 4 Fadd - e
(nudod correlation coefliciont o minus 0.5010; sigmificonce 0,007 ).
.
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Thic rolationchin iu alse ghoun clenrly 1T & secttergren of dhe values
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iverse rel ctionship bodweon the mmbers of bueleric and the numbers of

d. fualitative Stulies

A fobal of 225 Helonkey sgor plates had been imoculnted Iron the
sampies and incubated al '5’;701".5 Tor 45 hours. The number of bacterin
—oun by this method wes very much smaller fhen the mmber gréun on
Sobellls meddun and only absut 57 of {hoze were pim: colonlez and fheve-

£ gy s g, 4 B - N % LA e gy S
fore asouzed to bo lactose formounbters. Thooe were tosted by the smethods

csciibod on pe 34 end none of $hen proved to be Igeherielis coli {ore

'

vahle 312).  Ho other husan facesl backerium was idendified. Three
ebaiells vore obbaingd but thess wore identificd ns

x

Wichzicllia cerorcnes ond were robably of nop~Inmon ordgin.
whestin . o L

"

instion of 1he i‘&ec‘a stoslis cc;.lc“ 22 shewed Yhot sanplon foom

tho oubside surfuce of the stool vhen cultured on hierse blood nubrien
. r 3. . Ll 0 > o g . -
tgor pnd desozycholste - citrate ager st 37 € yielded no boclorial groulth.

wiles fros inside the stool, however, yiclded o heavy {;1 wih of typleal

iwpan faccal flora ireluding the delicnte fnclercides penus,

% io proboble, therefore, that contuet with peovator is lethal o

the fopeal boeterio and it is likely thol, 47 this ic e miesnd eifect,
iho oifects of tho nore concenbrated reosting woaler of the boceh will be

creater thon that of voswaber itoelf,

% Eoyerd dyed , - bR T g
o foet thet faccos wes not scon more comnonly ab the Uowbura sido

a el T N T T S . . Py -
vos swrprising bub it wog noted {that wieon coon there bad clwoys boen o
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o1 bo thte hoeach,

o Fector affecting the eonbanineticn of the booeh with lfacces,

axied s A DR .2 a8 . Y PN - * 2 £ B AL A LY e
Vlidel o nod soentioned in the literature io 4he lToeding habids of oo

-

3 e i o
sonbinds, In seme poriedn of $he gpeoor the oulfall voo suwrrowmyed oon-—
& e - L gemn e
gulls, vhich wore obriously

sared ainest coriain

~

Pt these birds vore fooding, ot Jesot in purd, on fnecos and thelwr

R g pe 5 e g A P o SRR N » L2 4 ” s
numbors sore oufficient Yo onoure $hat nny visible, flootking froguenio
- L \
veres eonsuned vithin o fer mobres of the outfnll orifice, ono blrds,
- SO 5 P S J N . “ . ey o .
vhen prosend, thoo provided an efficient ooong of £8ltoring~out any

lavge porticles of orgonie wubricnt redber inoving from the oullet.

Othor Pacterds

Dromination of $he platon of Zobell'o

LB A 3 o] X 8 g g e n Ao g i oy
of the eolondes vere TAOENUELGY WONC oEnnye
&

WODC OXRITG,

.
e o o ; - K el . . b B J-
O oyers rod,  Phove wore aloo ceonnlonsl ol eolonies, usunlly Liny,
I . 1 orah o o ol
onld g Yoy Iavso groocn-yollow dridescoal golondes, S e)
T
FEPRA S
vith Eovaen rongent

3 s Tymdriseney DY sl
choned that botugen €0 and

4 ? 4 e A2 2
of the colonies rove o positive oxidano

.
moanhlon,

ran

o1 o Lotal of 300 rondonly scleoted

an 2 2 ST X DO X SV TN ¥ . P .3 - oY
colonien indicnted $hnt 707 of the boolorin were granenepolive rofio ond

nozt of theoo were

o LSRR

L

5 lons) ard sisined C’flitl‘

a e 2.
The neoond mont common

™
L

ore 107 " BOYpNO

ofesl Torn von o
olenier, shord granmeponitive rold, sone of vhich ghowed the "Chinozs

et du o ey S, I & P ] L 2.4,
witingt ool polisede groupings dypienl of formmebnotoriym whilal others

oy e eape, K loe - - 2 T Mo
opore ferambion.  Adoo present vere pron-posidive cocel end o Tow

3 .. -._.’* SO o i Ca o'’ oo i
et datatond P A Lo roat % o [ R ) A

pganions vhich shored only fohantt eollo ond eppovently lysed fornz
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Table 15, IDacterinl gonero identificd from surface send of two hooches

(samabers ere records oub of 20)

23,1375 31.10.76 271170 {3:2};%2

B ] e

Peeudomonns 5 12 12 37
Fiavobaekoriun 2 1 i 4
Corynebagterd 1un 1 " 1 2
Chromobreteris i - - 1
Fikrio 1 2 3 6
Hierocooeug - 1 1 2
Zrnthononag - - 1 1
Pocidlus - 1 - ' 1

rehvomshneken - 1 - 1

A%
td
LS

Unimowm 1

AR S I 7 TR Tt AV

fopplononas 15 18 14 41
Tlevohnctoriun 1 g 1 &
Commebnotezivy I o 1 2
:: t ’?:z f} ’,5 1 2 {5
Hlezoruesus 1 k] - 2
Teabhomonng - "L - 1
W I A o A
Debsiells - o 1 1
rehvemalnehor - I P 1
e it itnnd - - 1 1

1

* -
Yoot

$od
4
H
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Tavobaetoriun i o voguely defined gonus and 3% is possidle that

somo of thooe dsolatos should be ealled Cybonknm.

Cormmebactoria ivolates could possibly hove been clusnified as

Arthrobacier.

Although only one Baeillns was prosent in $he rondomly seloched

1320 inolatos the froquoncy of the goms was probadbly groabter thon $his.

Fund

(n the first sompling frem cuch site overy colony grovm wog oxonined
and on attospt made 4o ddentify it $o orecien lovel, Yovburn showed fhe
nore diverse florn, yiclding 22 genera as coopared with the 7 fron
Crindon (Table 14).

The colonies isolzated fron subseguent samplings were not individually
cramined but reyresentatives of the nost commonly cccurring colonies

3 3,

wore identified ond estimntes mnde of thelr prevelence, Opecies of

fundceillivn, Gladesnoriws, JAsperpillus and o black unidentified hypho-

-

mycote proved te bo the most commonly iseclated genera fron both sites,
2V &

-

with Jeresonium and ihoms also being vory commons The majority of fungi

wvere, thoroefore, yphonyecte gonora normally considered 4o be Yhervestiall,
0f opeeifie iﬁt&mw ves the imolation of {the basidiomyecte Jistrolivema

and the i“imaﬁwm yeast Tilletionsise

The resulis as o vhole confirm the findings of provious work on

sinmilor hebitato, Cladooporive, Shomphvliun and Alternnria vore

Y

commonly icolated from sandy boaches subjecet to ool spray or immorsion
by hish tide vobors by Ficot (1958n,¢) vhose published 1ist chous ono
aszeonyecte, 36 specics of Fungl Imporfeeti end two otorile specics.

orowm (1958b) froguently isolated Fonieillium, Clndosnoriws nnd Verdscile

Jiug from the 'open sande' of tide-wmshed beaches,
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vore webained wnder noavine conditions than wier limnic conditions.

{b) 10 roplica be viable counto fyom & Creshly collecied seawnbor

1

. . 3 7 .
somple gave & mean bactoviel eount of 554 = 107/ en’.  In all coses
thin cound vas significantly redvecd by passope Phrous® o 30 e oolumnm

of sherile sand (Pable 16),

.

i 21
The nean eount afbor progage throuzh thoese colums wae 220 = 107/

e’ and these reovlis, thersfore, chow thet 607 of bactorin from iho
nereolating geawnter were retnined, preswumably by edsorption to poriicles,

by o 10 e dayor of surfoco bench pand,

{¢) 7This exnorvipent wao degignsd to ohiow vhother $he reduction in

4

paseoge throwgh a eolomn of soand, denonstrated in

S

ot

cetenial cown nt oftor
experinent (b)), uns o gonerolized roduction or whelheor Ailforent avocies
vave affected dilforontly.

Tho dotz ghowel $hat the fwo opecies of Fsewlenonns wore almoch
tobally aduorbed on the sand columm, with the cound boing reduced 4o
leas than 057 of the origiml (Table 17).
| The Ineillus species pasocd through eosily and the count wos only
morcinedly reduced i.0. nob more then could be expected from diludion
with the inderstitinl wnter,

Comymobacterdwn and Iierosoceus were both reduced in count $0 Jono

then 207 of the origined (187 and 127 respoctively).
{2) £ 2 norsnl tide is observed it vill be scen thak, unless 4ho

bonch in very oteep, the sand io first coversd by ihin Inyera of w

virieh disturb it vory Titile. Zome of $he witer seoxin inbe fhe sand,
drivin: alr oubs come refroats to fthe sntors edge pordly cuirling the

cond as it doos ce. The zand is then pouried hoavily by wave action

until the brealors pros the obsorved point, vhen, uniil 4ho obd tide,

PR Y 2 o gy oy oy e S 2. . X PR 3 ) 2.3,
the canl ic coversd by comperotively still wmaters /o the {ide ebbs {he
~ o i . Ex LI . & .oy o Lo
mroness do roverzd and heavy pounding of the sond is felloved by pontic

- 3 *

Tide erperiment woo devised o imilnte this fide ecyele. The wonulis



Zeble 15, Teoan mumbor of colonies culbured from the lost 3 of B

aliguots of 20 en’ of somwater or deionized waber affer passare throweh

ton 10 en long coluwmms of freshly coliceted gand

Oond Samnle 12 3% 4 5 6 T 8 9 10 0‘%;@%1
Deionized wator 62 64 56 BL 68 T2 B0 67 62 T3 €3
Senwaber 44 48 45 39 356 S1 42 40 34 49 43

Tablo 16,  Boctoriel counta amplon affor npassace throush

gond colwms and the percontnre reduetion in count fronm the

sricinal ficure

Sond somnlo 1 2 3 4 5
count 138 156
Poduction () 75,5 7,3 553  3L9 50,0

se2 x 107/ mi

8
BV
Wi
o
&

Sond gammle 6 7 8 9 10
Count 162 1AL IED 246 208 = 107/ w1

Teoduetion (1) £5.9 7445 68,1 56,4 50.6



counts of saline suspensions of five baeteriosl

gpeeies bofore ond after pagsare throush o 10 o colusn of

ol

gierile wet sand

Count alfer possase

Original Count throush colwm
Poovdononas () , 218 0
Poeudononns {B) 180 1
Boeillus 232 ‘ 91
215 38

Hderococous 156 24



90

{Zablo 186) showed thud $he first gentle mixiag of and water roleased
only pmall numbers of bacheric sod that ks nomber dincrcased shorply

with pore vigorous mixing.
A buo hour poriod of sianding did not reduce these mumbers vhich
ﬁ R

indicabed {that thore vas o gobtldng of the oxganisrs,

w2 gocond vigorous mym:;, equivalont to the obb fide, shoved no

significont chnnge in munbers of backeriz end the finni gontle mix
showed 10 significant change in levels., It bed boen thougal possible

dhat thore wight Lo some roadoorpbion of boctoris dn this phose but

i.

Choro wias no evidence of fthdo,

-

{¢) wie Locterin presont in wed sand are e

dnforotidicd wn ui}"” or axo atiached to the sand groains, Hhiyenn ond

v

pes]

>

Holzemson (l"‘?"}) Tound thnt the nwiber of bachkoria per cm’ of inter-

Litdnl wober accountod for 22 - A5 of the total mwbar of bactorin in

I‘}

cach ¢ of wot mand. This nannoer of exprossing the Pacts gives o false
mprosoion of the muber of unatiachad bactoria since the volume of
woter present Lo only sboud one thind of {he fobal voluse of wet sand,

N

arabers of bacterin prosent in wol sand somples aro

&

1

BF

if +he tob
gounted and {the sawe saaples are thon fhoroughly wached in oterile soa-—
waber Yo roaove Anterstitiel bacberdz and fhue counts rupeated the
dilference in the nuabors por p of wob oand gives w estimte of the
soreontase of bactorin atinchod as capared with those free {Toble 19).

The data é adined in this cxporinent dvdicabed thai, on this
praasion, aboud 75 of the bastevis present were altached to the groins
Ioaving !25;’: rae du Pho dnterctitial waten,

IL Yhoge Tesndit oo expressed din The nonnor used by Bldymmu and

e
¥y

-

-~ o “‘ - o s - " " N L J
Tatengon (1973) they would indi that the mumbor of bactoris per om

of intorotitial wator wore about 79 of {he tolnl musber of bacteric in
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Yo  STDIRS O  DESTCCATION

The number of viable bacteria foll quickly in the first 5 & of
desicention but ﬂmn reached o lovel which diminiched only slm%ly orer
the next 23 @ (Pig. 12). 4% the end of this poried there were sill an
apprecinble nunber of viable bactordiz, This poatbtern was the came ot 2ll
three temperatures (4%, 20° and 57%) but the mwbor of bactoris sur-
viving varied inversely sith the tomperature,

Cram staining and coloninl aoppearcnce of those organisng groving on
the finnl {28 4) plates indieated that the desicention process hnd sele
ceted ot losst sizteen opeciez snd that those vere gran positive oporo-
hooring vois and gran positive cocel. The only gran nogativé rod
surviving vas a lorge one which was grossly pleoomorphic and which ine
cluded forms which could possibly have beon spores.

Although the gelf-indicating silice gel retoined ites blue colour
throwghout the exporiment, indicating sdequate sealing of the desicoant
diches and an anple reserve of Yirying-povert, it wos thought possible
that water cowld hove beon rotained in 4he crocks snd fissures of dhe
suxface of the sond grains.

To checkt $his, five sanples wore accurately weighod after 28 &

desicestion ot 37°C, They were then placed in a hot alr oven ot 102%

2

for 18 h end, after cooling, roweighed. 411 the weighis were slightly

t

reduced by this process with the mean roduchion in weight being 0,106),

1t i3 assumed, thorefore, that thoe sond hod retoined ;gg_. 0.1% of
its oun veight of water after 28 4 drying ot 57(}0-

These yesulis ouggest thot if 'L}zc currounding cir is conpletoly
gry it will rosult 4in death of the large mojority of gram nepative
'bacilli in sand within 5 d.  The sand will, hovever, retein a cnall
enount of molatuxe for at least 28 d ot '5700 cndl this is accompomied
by {the survivel of & population of spore-beering daeilli and gram posi-

Live cocei,
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G, DISCUSESION

Thaeoe ctvdico of the microbizl populations of the intertidal szone

-

of two condy beaches on the Fordheinst Cocet of Inziond wore initinted

-

with the intention of chowing vhat offeels, if ony, the dircet pollubis
of o eondy beach with sowepge hed upon the nicrebicl flors of thni boach.
wbien beach ven chosen as o good cvanple of o grozsly pollubed booch

Crinieon e a bouch which wos appovontly cosentinlly similsy bud

fa

which wan net directly poiluted., Ierly morusal of the literature, how-
& WX | ]

information on the nigro-

%‘:,

cvow, indieated thet there was o shordase
biel flore to be cupectod in the inbexdidal zome of pandy bonches and
therefore Yhe primry oinm bocoms that of establiching whob were the
choracteristics of the bocbericl axd funsel populotions prosent in this
zone ond of demonstvating eny xnl:,,imnsl.m thnt ericted bobtucen the two.

it wan hoped thet these ptudics would elso then revenl either that thore

)

b vis oo

oo difforonces men $he $wo boachoo attribubeble to pollubion by

,.4

peiage or thet cuch pollution had no approciable effoceis.

1 m IG&“&.L z’ifi) ﬁifwﬁﬁ% f‘gﬁ; SI

-

It was first neceosory to otudy the physiesl and chemienl aspoots
of the twe sites, th boaches proved to be sodinments of nainly medium
sized grains of siliceous sand. The grain-size distribution confirumed
The vioual ovidenee thul Hewburn hod beon o baach of Cine sond feom
viich the finer grains vere being loot, whilst Crindon, as indiented by
its olope, had been o boach of sosevhat coavser sand upon which Siner

graing wvere boing deposited.

The tt:o nost comprehensive sindies of $he physical chinracteristic
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of bozeh mand vero corricd out some deesdes opo.  Bruce (1928) showed
thet the oize of gproins ond the degres of their sorting ere directly
reloted $o the wobtor relainiveg copaeity of capd. Using graded sands he
voportod retontion figures of 35.8 voln, « 44,7 vols, of zmvtm*/l{ls vols.
of wot sand with the volune of wobor yelsined inersasing se the grein
pice imoronned, However, in o short sericc of tests on mburnl {4.c.
wirraded ) sand he Pomd the volune of water reizined to be only 59 vols.
1.6, looo then the yolums xolained by the fipest grade of sand, Bruce
hed ealenlated thot the theoretieal gmi*e gpaco of the groded eand was

26/ and explained measured values over 107" higher than this by stobing

e

st Ysand grains do nob resdily fall dinbto the position of closest con-
toet but rather into stable areades”,

vebb (1958) slso discussed the ezleulstion of pore spece ond fhe
measurencnt of wotor rotention of cand 2t grost lengthe He pointed out
thet the porosity of sond depends not only upon the sise of the grains
b alzo upon their shape. Iarger praing vare shown to be more angular
than gp2ld ones ood he, $o0, wan able to show thoet o nixture of @a&cé
rebained leos water then e single grode of sand of cven the omallest
grain sive,

In thoir discuszion of this problen neither Bruce (1928) nor Vobd
(1952} fook account of the numorous crovices and fissures in the surface
of o proin vhich must significantly ineresse the epnce availeble for
wvater,

mbo

c
L
4

ok

The first methed used for estinsting etenticn in this work
was o meagure the volume of water neceasary 4o saturate o given volume
of dry cond end Yobb {(1953) han stated that thic is aloo the most
servrate means of deternining pore opace.

The measurenents ecareiod ovt have shown thet dry surfeoce sand fron
theoe two bosehes could pbosord approxzimately 30 cr33 of wnter/100 & sand
and eould redxin this ogoinst the foree of graviity (bub not necessurily

ogodnst the foree of capillary attraction). Inturelly wob sand, affer
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overnight sebiling, contained 35 en” of wator/i00 g, this higher figure

probably being due to the fact thot $he method did not allow drainage to

*,

pocour,  Yhon ir vas ferced throush the sand coluxns only sboub one
Lhirg of this water wop romoved and it is conbondod thel only this ro-
nmovable wober vas frect to drain into the deepor layors with the rost
bedng held as s £l on the surface of tho groins where it could only bo
lost by evaporation,

pwaporation was not neasured in this work bub Brace (1928) and
Hobb {153*58) both founi that the oveporation rate at o sand surfoee was
ohoud the sone as that from & free water swrface, However, Druee (1908)
postulated that the internal surfoce of {hs pand contributed 1ittle to
tobsl evaporation loss, tho nelusl esespe of water moleoules being
1imited by the rate of diffusion $hwousgh the interstices, Both these
vorkors found that it took 30 - }4,8 hioraben layer of sand o lose
it woter by evaporation and Vebb (1955) showed thet e mized grade sand
S would hold 7.5 of ibs water for st least ihic periud. Bruce stabed
$hat ovaporation rofo vas waffected by ‘gm:‘m size bul Yebbh dimagrecd
sinee be found there vere significent differonces betwoen different grades
vcﬁ' soend yhieh mﬁly bocome obvious during the 24 - 48 b poriod of exposure
L0 oire

Phe {low-rate vesulis (fable 2) show that water flown rapidly
throuzh the top B - 10 em of sond, igein 4% iz proboble thet the emact
rate ie debereined by the grain size, shape aund sorting i.e. the por-
voity of the sand. ‘:‘m looo @»;éli sorbed the zand the slower the flor-
roto, probubly dve to the tPordoonityt fector, Yo sipnificont difference

-

n $he mate of fiow of setvobor and distilled water was denmonstirated and

odhe Dindings of Reuee {1998) who could show no difference

~ -

botwenn the capillawy xice of fresh and semunter through gand.

fe

Thoue Dactors retontion, eveporotion and flow, will directly effcct
the woter content of ourfzce sand betwecn tide eyecles and the exporinents

on water content show that vwhen surleee sand ig immerced duwice daily thoe
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lose of waber during the period of omersion is minimnl, even at relo-

tively hich temporsturos

~ 3

. ” $gnd A Kol XY S04 v £ 4 * 3. =
oo sulindty of the interctitinl walber of {he oswrlace sand, wan

ST3rTebTer Tl mhiam AT
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Sigasly Dighor thon thot of the adjecent opon sta, Thsse samples wero

e -

e 4 . o o3 Je oo e W& ’ | P o 4, - e =1 " ; ~
oo drmedictely z:g:tc:;r no vide hod uncovared the beoach and according

o Amwse {1808) c:"‘u.njw is moaxizel o $hic dioo. He chowsd had i%

then grogressively fell, due {0 eapillary rise of fresh water, wnbil

.
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Juzt vefore dthe munpling point wes inmePnsd agadn, when it vose to ooo-
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Johnzen {1967} found thaf intorciitial calinitdes renusined fairly

e
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constant in the upper Inyoers of booeh sand during the suawer, High on

t

. .
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tho bonch evaporation could dncrenzse dnferstitinl selinitics duping oo~

P
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vovintilon ot bosch elovaiions chove 2 Boleor thic olovaliion saiindiien

-

Jhere uwas true varistion in the salinitics measwred in this works
*’5‘2::'* s mindnsl ab Movburn, o flat booeh, bub was ooro marized ad Crimdon
z:éﬁc}’z'ms & slope. The verintion muy thus have beenrelated Lo the
glevation at vhich the sampleos vere {skon.

Solinity chould be defined as tho porecestage of 4obal diosolved
:Q:%;z: in vabor., Yo calewlate it czachly, ihercfore, tho lovels of all

the mojor salts presont should be moosured., Sinse $his i laborious i%

hog woually boen measured by ostismating chilorido lovels snd then either

waltiplying by o foctor or roferring o tables sueh zz Fmpdsents taebloo.

. Py - Ty S X, 5. . A w5 o me 3y deaw A2
Uhe foraor methed has bown wsed dn d$his wvork to give o colinidy figuve.

-

Houever, eotinntion of sedivn ond pobuouivy bng also boen garricd oub ond

»

the verdntion in {heoe indientes that the use of chiorinity zlone is not

o trady cecurcie neanc of estimating celinity. For biological purposes

£

>3

it do often fhe osmobic e¢ffcet of ‘Yooiinidy?' that in inporiont and for

this purpese the peasurenent of ocsnmolality would be & wore accurate and

&
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srnall proportion of unattached organic matlier is important in the inver-
stitial food chains if it has a rapid turn over". They also noted the
presence of some weed debris in the sand and concluded that this was
"an indication of an external source for some of the unattached mat-
erial.”

Although none of these workers seem to have examined sands of »350
po diameter, if Newell's line relating organic carbon to parﬁicle sige

Tewell, 1970) is extrapolated to 450 um (Yhe median particle size at
Tewburn and Crimdon) then the corresPOQQing level of organic carbon
chould have been undetectable. Both Newell (1955) and Longbottom (1968)
showed that le#els similar to those found at Hewburn and Crimdon were
related to sand with a particle size of only 120 um., This indicates an
texcess' of carbon on both these beaches which must, therefore, come
fron an excess of bacteria (Héwells theory) or to'aﬁ excess of other or-
ganic matter (see Steel and Baird, 1956 and Dale, 1974).

At these sites it is likely thaf fhis"eééess' vas due to unattached
organic material derived frou sewage and the storm drain at Tewbwrn and
perhaps from detritus carried onbto the Crimdoun beach by the stream.

It is also possible that carbon was present in the form of highly
refractile humic acid compounds (see Dale, 1974).

The nitrogen levels féund_were sinmilarly higher than would be ex-
pected from the resulis of other workers and the low ¢/u ratios suggest
that this would be due to the presence of nitrates, nitrﬁtes and, in the

case of Newburn, possibly ammonia.



ot
0]
o

x
Fide
b

TCRONTAL  TOIULATIOND

C';?

1.
1

“ e w

It da ea&r % fron ny rosulbs {occhion I 4ii) and other work thod
the dntortidal mono of the sandy beaeh has e regident population of
backoria end that this pogulation i8 o diverse one, The mothods uoed
hore have een such that omly the hoterotrophic port of this popvlotion

boen exomined. dhe zesvlis of other worigers lave indicated, for
capuple, thet theve in, probably, & sindlarly diverse a‘somi ion of
aubobrorhic backeric present (e ‘.l{“z*.musm::z, 1871)e Cortoinly the
dnorponic substences these organions ubilize are prea@m; in nmore than
adeguate onounts.  dhether tho auxins or growih factor** that nre nooded
vy vany of thon (the awsobropns) sre £l50 present peeds o be oscertained,

0 » »
.

{nly the surdece layors of pand hove beon oxanmined cines the

»

pmajoxity of heterotrophs present are at the purfoce vhore orxpanic materia
iz deponited, However, there is no covidence €o chow that $he aulotrophs

Carve glallarly concenirated in the uwpper loyers, Indeod, as Dltringhon

-

(1971) bne pointed out, orgonioms such os the sulphur bocteris, which

-

play o giznificant pord in primary produchkiviiy, ocre concentrated in the

biack fouiphide! layer, vhich in rogulnrly disturbed candy beschea iz

-

ot zome depth,  Cdmilorly sirict cnnerobos will pmm&mbly be restricted
4o the des :;a non-zovated layors, Howsevor, Zoboll (2,9.';:3} s3l Yood
hat strict anserobos are rare dn the norine ernviron-
':;z;::':;:ri;.’

“he so-called highor bacteria (actinomyeebes nnd streptosyectos)
have oot boon specifically searched for eithsr, plihoush cone of the ore
gante frognents oxamined did ghow the prosence of branching crganisns

which sooned to be puch finer than the hyphse of fungi ond sennty colondes

5]

of a streptesyecte woera groum on the funrgnl medio, Tum and Sheplnrd
{1946) dsolated apar-digesting opeciva of ackinomyeectes from intertidal

&

sedinento ol Chopbers, z'zp indin and 4 ’z.ma:' (1956) showed that sobinouvecs

A‘

can Streplonyeos veore active in thic decomposition of casi-up seawecd.
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. NI boig D Y Tk 24 . 4 - S % be I
L io probable, fhomefore, thot they play sone pard in {the hweallosn of

ozadl soagood Tragments preosendt in the gand.

The mumbers of Lactoria presont in inteortidael sedimenls generally

*

peans to bo dirvecbly reloted vo the suwrlnce wroz of partieles availa

£y

Wi,

1

pither for colonisation andfor fer adsorphion of mutrients (sec c.g.

o

SN P T . srpa ) et I *
Toweldl, 1870, Margrave, 1972 anl Dzie, 15747 This surfaco aren ic
s - Lo . - vh o e )]
sovoraed by nosrbicle sise principnily bub o Do that moeens o hove

veen dgroved io the amount of scoring, oracing and ficsuring shom by

pordicle purfnces, This conld simificandly incrense the oswrlnce aren
PR, b 8 3 RV P P - mde i Ade o«
ol ocan Gy o menns be rogavded no o coustent sinee it will dopoud, o

o darge extond, on the bardncss on? Dritilencos of ihe parbiclesn vhich
will in $uwn depond vpon their peolozical sourec, The populoation siso
iz aloo bolicved gonerally fo bo releded o nutrient levels (sen Fowell,
1570, Foncui, 1973, and Dale, 1974) and thooe in bww ave generelly
related to pwizep area although wy resulis hnve dodicated fhnt the
vrosence of porbiculate orpanice debris con wpeet ihis relotionship {oee
yovicus discussion e 1@2)._ The calenlolod relotionshiy beluwten parte-
icle sise and bactorial munbors would indicote thet when the parbdicles
posch n levge oiue $hen bacterin sre no lonzor pegsent in oipmificont
sredbord.  Uhnt this io not so is indicated by the work of Zatoosingh and
wnt fhere are gipnilicant munbers of
netoris abisched $o the swilnee of fpaviicles?t ag lavge oo pobbles,
The statistical annlyasis of the bacberisl nunbors rocomded by me
hove chom thet thore ves variaetion bolween conples, iokon at the omne
Limz, ot gbations only 10 n apard bub that thore sino ne mericed 4iffer-
gnce in levelo fron zengon 4o ceason (feuporature o tomper-iure?).

.

Thore wag, ord thic would sogord with the zeosulis of ‘ndrous, Ploolzabs

end vogh (1976), some indicotion that murbers were lower wivm oarplos

This may be o dosicention eifect ov, and

R

o i oore likely, o roduwebion duve fo oxpooure to sunlichi,

$ofe
3

Comporicon of the musbers found with thouse of ethor woriiend
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Theot mrhors hove boon roloted to veolumo of dry sond and fo volume
of wet candy o weight, of dry or web sand: $o colenlated surfuse aros

of pavdicles and to volume of asooecianted wader, indrovs, Fleodgate nmd
wn pom Y & . . , i x. t, 2. s
Fush (19787 discusced dhis problon and conclule %;;:‘L tho nusber of

pactorial wiis vas boot rolated {o ml of Yassooialed woler! mainly on
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Ceoaparinen with the emwerntion of boelerie in the seamalor which is

o

norselly and medurelly cxpresced an buclewinl wnifo/ml.”

.;;x;fze::*fm:a'ani Deadows (1969), howover, had strong ely £ riud the
enprescion of baoterinl u:;:i: s/wnit surface aren of particies since thoy
ng nunbors fo volwue or woight of dry or wob sand could
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pive fuzisleadingt figurcs for the mumbers of teria precont. Thoy did
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net congidor <he node of czprecoion wsed by Andvews, Floodzado ond Tush
£ ] 5

(1975 )4

AR

I dleagrec with both of {theae views. The torm used by Andrews ond

his collesguen bag, as thoy sdmit, o moisture contont depsnicuco which,

Rilot not cousing problems on their model bouch, doen provent anmy cone

S Bk

wirison vwith roepovts c»i‘ othor vorkers wlegs thoue worioma eobinade
p2

e

vabor embot on coch soople of solinont T2oy which bactsris ave counted,

15V
Lowery lov water contont can nloo couse groos distortion of counts fron

’ + ol % . oy 3 iy o 2 o~ o e . Ead J..‘ X - Ao
w.wlf*‘ colliceted in the field oo io moon dn ob leasht ono of 2 posulis

[ERS Y Mne

srevious vork (Pugh ob nl, 1076).

Tho relntion of booterinl mmberz 4o swrface ares os recommenicd

vy imiercon and lezdows duvolver using o wail tho ealeuwlation of which
in based upon & supposition thet 1l the particles arce aphoraen, which

impeaiotely dntroiuses vhet could bo ¢ sipnificontly lorso error. It
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The oversll dmpression fron the findings of {hese worlers io thod
wunbers decrease dovn the dnterdidnl conon. levever, ¢his in on over-

2 o 3 gy du ” . ) ] ROV wae
cimpliticction. From moturcl booches Pugh g pi. (3I574) end fndersom

(1565) found bheir high

ent w

m (X}
™. R et L Ty - ST
boTs wod in the woper

e

53 £ <. 3 2 o TP Farg b St A
park of dhe beach; Terlvine (1574) siated i

s »

R T T ..,.
h/;i\, wrt g e 'i.l

dte caprhs trpe o
vt. b;‘..n.in ﬂﬁw} Lica ,,f:,‘ 3‘”

L7 *. - o
e oy iy 3 oty £ e v ey e g F ¥ ¢ ¥y o Y <5 AL el
ERREN Yocent 1o those 1w : i Y - {{} yilR ek A

R P T

RIS S 3R N
Mmoo . .
cieturbed,  Andrews, Wiy

pactoris found ot ¢ ostotion on The Jower purd of tholr moind

. P | 2. Aoy
vas due o the pro

ence of filue pardiculete organic motbor Dilning

unable $o gorvrelate boocterinl

F O] Fapinnpn gy
Abdian bl At

- AT N SRR 4 N 4 f"‘ s 4 [ P P
any of thelr chentesl Tindings; Ehelnhoinerts

P e
% grrd

36 ey L Sehed 4
P70 RV S

)
EERFR ST A hued H

A mpmnsy Fyesmdemend 0] en
STESN QACYDTALL 1




. Y A CENPT I B - 3 el St PRS- o
DY CLOTSO0T UO0DC LLTVDD ol E:_lm._»,,,&j_;; o
T TP RSy Lalad pn ey
:“Q »C& L dowodond it near
g «
SR ) * ey o 4 -
Sl 'I‘ ™ vwﬂ.u«, &

-+ > ey

3 By asyey dlees, T rh B 5 e - TIVIM o o~

defindds prodoendnnnes of Riletatal el
) o ¢
. ry e tarey
ey ARG

£ S obegm,

- Ky
oLate clanmifdention

- - * * »
gy oy BN ¥ 5 By 3 o o Jevvnre 2@ d el sveosen e ««»qu-;
pordne bactor oy wndeh snon very 1

SRR TR R

s
A TDITO

L5 -

I PR T S ] T klrg= % e 2 Y. a9 2. s e
piaeed Ly Yool (1065} into e feneribed thin proup

P it e de
TG ".-“’C‘r”" DIVE 8332

B

& Fepryiont
B NP PASEANN A N FORIR 3 A O50 N 01" CANLY

I-; PN J—««(«,vv TOTD DOT r’,i}:;— m@mmi’i}pﬂ .‘t@

yyre
JX L)

g L. X 5, T 1 3.4 .
ouppesied that this gonuo rddeoed $he gop bobuecon fhe 1

s...a?

4

L, - 1 e =, " ‘} oy, ’
i cozyncbhactoria, Friss (18953), howover, koo stabed

2 W27 ¥, %
ek in the Ioebh Seoovore

v PR 4. o e
o avpsors Yo b thot o

i

N - } , o 3

oy g o gy o aeyra st e . = s s o~y oy e < 2y gt} g e

Srowmfomors of nabo ! 3 e basenTio ore obnmuming
B e Ry P ey - 3"3" wnl e}
;_:.3.«;. CLOLLARYS Q‘";_, LG mATEAnL

S P 2t et . " 2 . e
nubrionta wiich ore ynhed back into the ana.

S I ovpondc moberinl wiing the Javge o
Y pafe e e T T i Y ety P 54 B LR s P -
CUDNTaNneDs avy A1 nmimoln the ohors, vhetber Jolpitusn o

Wit

Uhe hwetords moy cloo bove

»

Do ’:'0-» NYLOT

Pt
«

s
&
cr
P
1R
5
D
X
&
3
Qk
-
g d
¥
5
(2
pos]

ok Bant wHlon enn oo
- T S, | % I .
siinles,  ile ourncested doo thnt boctorisd S




R . aroipy S Ran a0l T qwam 4% on
movhods wed Au Uhio roris huve dno

Yoo »,-,-l- in EA T

PR Pabe ur Tt -\ [N

o 3 v AT R Jreges
7«3. nM‘w}qu &19) *\-) il.v{vwé."«.};, fd«:'w\:;;;‘

v gy el T Aty oy Y qaes wadrs B ey cvmeesiaeade 5oy ygndier 1rhd oty
uoion oll GOS, @ilVe DYCOLLRL WaD QLU0 PRGNCHT AN SLnis MLl

I e 3 S -
Lo to plorilo on eulturo.

Tag epoy i w i pags g oy . 4 5y T A ; ; L
: Toaltt doghndgues vwere woed iv thin vork and thorefore aguntic

Fio o g g e
.‘;(.uvu e Ap T

NPT T FX cam} .
e precont dn oo oond sasples had

7
T
Tty v T e i vy et g o g - ren o~ g
the major gpocics dzoloted vers theco Fhed huvo Mon cone
P T PR, e e ‘L‘m uht v sy A Ny g S oy e e
ooy dsoloted cilhmy voriora fron connbal walero
PR ; K] % 3 - 5 $. 1
G4 photed T leilidue ond were Cho Comuonssy

» i
SEY YT e =
2--.&. {m 3 ;‘9 £ »\ul)-ﬂ *

WP S PN ST
oo Gladosnay

3

G et yvr P s O T X "
1nted by Deoun {19506) wnd she ot the

P -1 5 .* B T AT i 2
ig o 2 oeontoniuint itz Droquoncy ond

e T R 2 - Low, e _— ’1 A
swil pintes strongly sugs ~% it was ono of the

PN Gnd
i L S

s i o K - » gt g v -
63 gave $ho following list of povesniase Frogusne

o & e

- %4 s ab 2. " 13 R N 3 oo ivd
cucrinn waisrose Clodospordvs OF;

s ins ,,:1.»..@:3 FEIEAY

oy «"*: bt -‘)}’ }:rnynn{dc\hwm

move boon doolateld Tvon Toosn oodimon

. e s T 4y gy vl an
to Do PELLIIALRLY

arrocbinlt fomis.

EP X I AP P 1] F sy - KPRV T T N B L e N
Smin toold-mnosh selen oand Yirong o pbobed dhot tho oold

3 3 xy T G L o 4 P S E

clco ocourved more froguoently o the B3

s - PR e 5 R 1
zone vhorens 1ho nore [eloletbeniiivd

3‘ p

s ey pany
- e uC‘:

- PN .. .
o p,s.w,. - v, o gt E e P 2 eri e i »,. O LT t A ‘«h L e
AW picined thie dfloronse oo Wing duwe o he B
@y o 3.4 ¥y g R £ S8 ~
o pmans oy S iy Brd . ey P oy 20 (™ napy v»-'v-u |
Trom o dhe Tond ond finling fPovoursbleo condidions for growth arons
LI ¥ APt a g 3 4R et - (s . -
Sl saret s et gt . e AT ey
who moneetpeeilic cobeibun lov on ihe s Bhonte)

4 v g - cam Y We wer s ES
cnlonlooed Lo Liso on polt ooenh plants.

e

.
R B L Y Y
Lt i ,'::u\un

{

{(1975) vhen ensuining

VS T | P
Ge'ni .,.\.« PRRAARD AR 44 .&.’.h [




109

2

Tuanrins,

sore Dunesl of the penore Cladonmorium, Tenieillimm on
Hawving confirned by furdther tosts thoi these funsi were nod conbaninanis
they opoculatod that sueh t{errcostinlt funcl ray hove an imporbones
groatoer then is gonerally aceentod.

The moat intorecting part of Teriringt hypothesis (1574) im 4he
idea that the Yeronsiento' find favourebleo conditions on the lowor chore,
Thic dimplics that these opeecies nre nob merely holotolerant but hnlow
philic.

4 conpiderable amount of work hino beon done {trying to anmrer the
gquection "hat is o narine Tunmumt ond the viewpoint of the variows

workors hos veried widely, Hovever, thore hno bheen o tondency o rooirict

the teorm Ymordine' to aguatic funci obliced ¢o live in saline conditions
and olhor funzi prosent in morine situations hove boon dismiosed an

tiorrestinl contaninontot. This viow ignores the obility of sono species

of puch genora oo Fonieillium, Agporgillus ond Clodosporiun not merely

to curvive in morine conditions bub to flourish., Jones (1975) has pub-
lished o table, culled from the repords of some dozon aukhors, which
indicates the rosponse of Yeerrvootial fungi %o oalinity. This fsble ghown
quite cleorly thot vhilst many spocies grov beglor in Xinmnic conditions
and obhers grov egually well in saline or limnie, thore are some opeaies

of Tenicillivm, Asversiilug, Yhomn, Cephalosnoriva, Fusaviun, Aurooe

P

bosidivn, Stenehrliuvm and Goomyvees which chow inerposod growth in somvntor.

This regponce Yo solindty v nob 2 oimpleo one and pay bo governed

by other foctors such oo the mutriento ovailable and the sabient terpor-
alburc,

Zitehie pointed oul dn 1950 thot some fungl, and ho gove Phon on
one oxample, could grow bobtter ot high salinity if the tonpersium s

" . - L) K . * > IR -~
bother of lor colinity if the fomneroture

s M - - ey T ey
high, ond sas Yo, This *Thomn

-“r

Fgad

mattern', as 4t hoo boen enlled sinee, indiestes that for come funsi ot
loast toptimm' solinity is o fluebtusiing value shifting oo tonpomiure

shifis and Rdtehie belioved thnt thic rolationohin botwoen temporature
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ond colinity wvas a fmwéicm of ommotic vresourc.

fueh a pottern could clesrly account for the appavent 'seasonall
incrense in nunbers of fungi indicated by this work.

Borut and Johnoon (1962) showed that 20 species isolated frox
eotunrine cedimonts were pot inhibited by azlinity provided the teapor-
plure wvas paintuined ot 2§°{} and he nlgo dononsirvated thot, ot 2 range
of temperatures, grovth was pever complotely inhdbited by calinity pro-
vided mudrients were available,

Grny, Pinto and Pathalr {1053) econducted experimonts that indiecabed

that 2 fzzmher of fungi converied ~:‘mbstm%§ ecarbon o $issue carbon moot
officientiy at the malinily of scawater and thoy adtributed this fo
papnosion condent, & suggestion vhich doss not appear to have boen
followod up. Ef:égézésiusa was gvailsblo in signmificant amounts ot both
Orindon ond Hewburne

However, Borut and Johmson (1952) also demonstrated that an unknown
constituent of scawntor could inhibift germination of some fungnl spores,
The fungl prom frow the beaches sanpled in tldo worl: grovw, sometinmes in
lewge nuzbers, on ceawater based medis and many of the colonies must have

oxisdinated from sporen: thoy 4id this ot the nobient temperature of the

o

beach end nob at sone artificislly stabiliged tenporabure gonerally bighor
than thot andiont, It iz therelore postulnted thet some species of the
gonera conmonly isolated from these beaches caon gerainate and grow, oven

at lovw tﬁ:a;gaemmms; ot the paliniiy of seouster. It is probable too
that thoy cém sporulete given sufficient coersion time,

& pemeralized viow nmust suvely be that Yiorrvestisl! (i.‘é. N0
anwabic) fungi reaet 4o oalinidy oo bacteria do to oxyeen in thoet thore
aro oblicate halophiles and obligate mw@mm with the majority of
opocies being, to 2 groater or lesser degrec, holobolerant.

the cloar inverss relationship befween backorinl mumbers and those
of the fungi which was rovealed by the sintiotlenl analysis of the dala

iz of grest interest and, to vy Imowledse hes not boon provicusly ro-
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porbedse The mumbors of fungi grovn from Sobcll's mediun were fron
culburoes on vhich boeteris were alpo groving end there dhus could have

bron sone fin vitro' antibiotic offect. Houvever, further cxaninotion of

2.1 b U N =% g go o & PR P ELREE XY ) r o, 2 o B 1
tho dato showed thot oxclusion of the muwmbers of fungdl prown on Jobollis

. .

2id not elicr the significant inverse rolationghip and conversely cone

parigsen of the mmbors of bacterin and fthe nubers of funeal colonien

13N

»

orovn on Lobellls choved no significont relationsbin.

It i poszible, therefore, thet thore was ‘izv.‘ vive! antibicnis
botwoon fungl and bocteria dn the mri:;aa sand.  Such antibiosis hao
wzeally becn rejected as an ceologicsl fachtor in the sea boecouse of the
vory large dilution fhat must occur. The situntion in the surfoco sand
of the beaeh is, houeveﬂ very different nnd it scoms ot least posscible
thot antibioois can occur,

I% counld, hovever, alse bo o coincident bub differont tomperature

effect. The higher teaperstures, vhich seem o aszist the grovth of

o1

these fungl in saline condibions may similianeously decreane, in oone

vayy the mumber of bactorie or may occur vhon rmaximun sunlichid is ine

Mibiting oultiplication of bacteria,

iil, CGEUTRAL TCOLOGY

From the results obboined in thic weork and fron o study of the

Iitoraturo an ecology of the sandy bonch can be poctulntedse

acmeny -

3 Pad

Thoe 15.%03::11' arcas of the con contoin o sicnificant anount of
orgonic debris, Some of this dotritus arices from the seo itscelf bub
the mojority originates from the lond; millions of dead leaves and
other plant fragments boing swept dnto the cea by every river and stream.

To this *natural! detritus is added tho very considernble contri-



Wubion frew mon and hic ac*i:zv:ats.cs, he nnjorily of vhich is Yooungoet.
This organic motior in cuspended in the soowstor ond behaves in
oovny thot fo diffeorent from that of diosolved cubsionees, Ag Fooimo
(1867} hos chowm, discolved motorials are $ronsporbsd froa regions of
iz cvncontrebion o regpions of lov ¢ noenbration whiileh suspended
podter bohaves in the roverse manney oad in uany types of onantal one
virennent Io froppeld nnd held near $he shore, ek of 4% 4o, ab ocoe

ologe, covzht in the brooker zone, vhere it is pounded by wave cetion

ond efficiently broboen dovm dndo smnlil perdicles, IZeeouso the mindimu

current veloeity nocded {0 resuspend thie motorial, afler deposition,
i woueally sisndficontly procter thon {hot recuired o Ieep it in
nobion after i% hos reathed the botiom water (Postma, 1057) nuch of it
10 1eft on the bonch vhon the tide rocedos.
The boach provides an ideal pubstrate for the rapid production of
hocteria vince for ito maos 3¢ has o hmc surface area wvideh, in the
intertidal zone, of this vork hos shoun, is conctantly moiot, and, o5
will be dimeuwspoed loter, ouch o ai&m’sz@n provides the hesis for ophi-
e swevivel end sultiplication,
Netorotrophic bacteric are thus ovailable to colonise porticlen of
orgorde patber and to convert itc substanse o soluble noterisls. If
ie pomzible that they are nittracted to theze particles by chenciacii
noanz (soe Bell ond Milchell, 1972) and it hew been shoun that the mavine

«

booteria, vhich are prodominantly present on 2 heach, do have the power

»

to comvert thooe orgenic moterisls (ooe e.py erkel, Praithwaite and

> N e ¥

itnler, 16613 teriel, Dricsbreh and Sicglor, 1975).

o

¥

Hovovor, woot bacberia do not Twve pront pemeirative power,
therofore, the populotion on the gurface of o porticle wlll reoch its

Tindt vhen the surlacp-nvaileble nubrients cre erlinusted., & fresh tide,

g'i"

.
ey

h 4o wvave oelion will, howover, foec theso purbicles to o large

grbent of thoir slsecrbed bactorisz ord by pounding dho matoriel with he

,_3 0¥, » R3 .3 » R
abrasive cond xovesl nev mwlaces, o the $ide roeodes much of he novly
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thomogenised? matoriel will be redeposifed and then recolonized by
meloria,

Tn this panner orpomic matier io contimuowly broben dowmn and
convertod by heborotrophic bactorin 4o soluble subotances vwhich are
transported, genorally, out to sez, The boach, thercefore, sols o o
contimwous conversion nochanisn changing orgenic =olids to moluble
matricnts. In thio way the breleria are nebing as the Yhorbivoros?
{cirietly detritivores) of the beach ond nlso as the primary producers.

CY

this process by other orgonicms,  The funpd of

ot

Thoy pre nided in &
prislenatel {concidered ac 'E.{:*mw‘c*s al) o timz&:%i‘seﬁ, fron the cir and Lfron
tho peawater, onbo tho beach surface and sone will adhore 4o orpanic
pariicles, Dome of the partielen moy alvesdy contnin proving funsl.
The spores of some gpecics will merminato end their byphoe will ponotroto
the porticles. This grovth can continue whiethor 4he purticle io lving
on the boach or has boon ms&.;spenﬁc& in seoater and the growving orgunism

wvill wbilice orgonic motoriesl, inelunding some forns porhaps noi svailable

C""
s,:
o
Y
,&;
i3
]
3

l-

vhese hyphao t?w nev curfaces ere again opened to

A

eboricl aeticon. The fungal myeoliwn ifoeldl fm*: 0130 be utilized op
matbrionts by some backorin (Niteholl and Wivaon, 1968). Althowsh tlose

Yiorrentinlt fungl do not appesy to hove the pazmr {o sporulate in woter

by

&
[%

e

s probeble that acne do so whilst lying on or near the beach surface

$-te

in the porieds betweon $ides.  In any ease nericl spores £ron o varioly
of sourcos provide a relotively constont new Yinoculunt for $he bonch.
Crogory ond Oreeramuln {1952) have shovn $hat the nir over oodunrics noy
contain very large mmboers of a veriety of fungnl spores.

Detritus feeding animnls Yiving in the bonch also fake pavrd in fhe
groton. It hno been shown ropontodly that $ho deponits on vwhich ther
Tood axe conswmd by many opecies in order $o viilize cifheor dthe baeloris
which are ndsorbed to the porilieles or their profucts prozent in the
gurloeo waber film, (seo cop, ilmen, 1054, Crioyn and Dyland, 1060,

Tiendous, 1064 and Geay, 19656).



114

The rooultnnt fecces has beon shoun to contain most of the eriginnl
organie materdnl and ﬁ*x faecees will o reconsumed when rocolonized by
bactordn. These aninale therefore have an effect simdilar $o wave action
in thot they continunlly rwovide nov curfaces for bacterinl atiach.

Sea birds feeding on the beach, in the surl cone or ot souage oub-
folls rorhaps sloo act in 2 way sizilar to bacterin by comcumning, in
tholir cooe, the largsr organic fragments ond converbing them o soluble
preducts or omoller parbicles.  Sueh produweds will conmonly be deposibed
en fhe land bub moy aloo be {transforred to the soa.

The guantitative copeets of this procens e.ge bacborial nusbors,
carion and nitromon levels secen to be invercely related to particle gisz
oy perhaps pore accurately, direetly related 4o total particle surface
nraz.  Whether 4% io the surface arca of all particles or only tho gure
nee area of the organic portion which is important neels further invege
tigotion. To quote from Dale (1974) "the relotionship bedween bactorial
munbers, carbon and nitrogen cannct be satisfretorily cuploined uniil
The nature of sedimonbary orgonic motior and the dynanies of 4%s uso by
microbes ore closoly ecxenined. The existonce of strons correlztion
sugpesto that sueh an exandination would bo worthvhile.? Certninly the
inorgenie poxdicles comnot be regurded ng Yimoelive' since they provide
surfzcos for odsorption of baeteriz and mutrients tat the purfuee of
oerganic mobericl open to baelerdinl altach oust surely o o majer Tactor
in ;,:,:‘faé‘mc‘aivi%;?. Hergrave (1572) exloulnted thzt thore were throe time
more bacheris on the surface of orponic porticles than on the surfaeo of
intrgpanic particles,  If this 35 so then o count of the percentage of
orguenie particlen is probably & more inmportant investisetion *i:hfm TSN
ment of corbon and nitrogen lovelu,

On the beach surfaes, in thet aren oubject to wove cetion, other
piero~flore and the nicro~fovns probebly do not play any greal pard.
dove netion and sodinont movernont limit tholr provth (Steol and Daird,

1965),  In pove otable sifustions, c.g. in cublittoral sediments, they
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individually identificd oo Zscherdchin eoli or Tirentococevs fovealis,

The single, simple nethod used in this work h:m failod to yield ideon-

ifinble coleonies of Hogheri chin coli but there is no doubt that a much

nore comprehensive imvestisntion would bo roguired to denonsirate the
vatbern of survivael of human feeoesl boetoris on sendy boaches,

It bas been poouible to ghovw thad sueh hocteris do survive when
proesent within the substonce of o foecal stool, The H.R.Ce zopord
(1959) did point out that comainudion of sewage wap desirable on health
grounds, oo well ez aesthetiecnily, "o reduce fthe chonces of contact
vith o heavy congentration of infoetive oxerotn from earviers {(of disense)
on@ to expose the diseese-producing crganisns to the diginfectant action
of tho peawaler”,

1% iz of interest to note fhat there hove been reports of the isola-
Fion of Folmonells froxm the facces of seagulls and although {thic hoo
hoon aosociated with their habit of feeding on rubbish tips it could
perhops more logicnily bo ascopinted with fecoding nt oewege oulfalls,

Soa eoal R prosent on both theoe beachos both as deifts of lsrger

-~

particles snd as finely porticulate cozl within the sand, Althoush the

cozl econtributed 1ittle to the mensured organice carbon levels this is

in oo way proof that its contribubion oo o nubricnt, in egually omeil,

indrews, Ploodmate and Pash (1976) hove denomstreted thet nony of the

bzeteris dsolated frem the beech are hydrocarbonoclastie and 1% is
foanible, therefore, that finely parbiculste sen cozl counld be utilizod.

Simdlinyly coze of the genera of fungi isolatod contnin sieies which

nyo Inovm hydrotarbonoelnnts,



Ve . TCORTANCE OF  ADSORPTION

o~

Lo carly as 1943 Zobell demonstrofed convineingly that the preserce
of colid psurfacen markedly increassed the sebivily of msrine bacteric.

e ghowed that thic waz, at least partly due to the foct that such oure

faces ndsorbed mubrientz. Up to 277 of the organic conbent of scawater

could bo adsorbed by o gluss purfoce and the mte of alind: on hydroear—
bons by booteoris was aceelerated 2 - 10 fold if those hyirocorbons wore

made aveilable on the extensive surface of adsorbonto such as cand,

Ee bolieved thot fthe majority of bacteriz in the zen vere otiached
+6 mrticles and he ﬁgmo&stm’ke»i that there vere %Eefinii:@ differencos
in the atbachmeont propertics of different bachoria vhich ware not rolated
o Grom-stoining properiies.

g demonsirated 4wo phases of sdsorpiion - initial cdsorption -
whon the orzanisns could bo washed off and, secondary (cccurring afbor
& Pow hours) when they conld not be romoved by washing.

Using ordinary light nmicroscopy he wao eble to obsorye, on glass
giides from which the adherent bacteris hnad boen vewmoved, Yfootprinlst,
that dip outlines of the bacterdin in some faintly staining materisl which
ho belioved wan ¢ socreted cementing substance.

Headows (1954), menoving bactoria fros sond with various solubions,
fournd that the supcrnatants contained mwmerous notile roda bul leadoun
and ‘nderson (1968) subsequently found thet coreful microscopical exnme
inotion of scond grains mealeﬁ that the nojority of attached bactoria
were cocei come of which wore embodded in 2 welledeveloped matriz which,
in oubling, appeared oo g huwp on tho sond grain surfncs,

Vorshell (1971) and Morchall, Stout and IMifchell (1971) eonfirned
moballts finding of two phases of hacterinl edsorpbion nnd colled the
Lirat troversible scorpbiont which they deseribed os an esuontially in-
stoanbancous attraction in vhich the bacteris are held weskly nesr the

surfoce sud preserve Brownion movement. They found thet in this phaseo
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the bocteria were readily removed by washing the surfsce with 2,57 sodiun
chicride, A second phage - irrprorsible sorpiion - uwng charsetoriszed
v Tirm ndhesion of the bacteris, no Brownian povenent, and feilurc to

.

wash off with 2.6 sodiun chlovide.

.

ioing o non~motile etrain of fAchromobacter they found that rovor-

gible sorpbion Yook place snd that this increased with incrossing cleew
{trolyte concentration. |

Jith o wolile strain of Psowlononns they chowed that thoush irrge
versible sorption ma nopligivle from sodinn chloride seolution it was

considerablo from ertificial semimber, Glucone stimuinted sorption

Becreasing clectrolyte concentrations resulited in an incresso iy
trepulsion onorgyt (desorpdion?) for both the reversidle sdsorption of

the Jchromoboeter and the irreversibie odcorption of the Fooulononns.

Hlechron microscopy of attached bacteris showed formntion of vory
fine, w:%mceliu}.m*, polyeenic Tibrils vwhich presunsbly vere eguivalent
to the comenting subsionce of Zobell since they too caused Yfooiprinist.

Stnlled bocteris have been described by o nunber of workers when
uzing Cholodny slides and Headeows and Zndorson {1%5.—‘3} gaw o fovr olbached
to soand grodins,  Jome bacterial finbrine are dnown to have atischzent
rropertios. |

ALY trese findings obviounly, hove profount significanece in the
study of the microbisology of norine sedimonts and cuplain nany of the
findingo.

It i5 clenr from oy ouwn experience of the difficulty of renoving
bachoria fron ocand (an:i that of othor workews) that the mnjoriity of
bacteria are tirreveraidly' adsorbed bub it da probable $hat this
oitvntion could be radienlly chonged if the interstitial wmbor contained

high levels of available mutrients. It io clso cleor that the removel



%
Gand

of broteorin by distilled unter {== froch water) denonstrabed by Vognoy

h) Lyt oyt oy . T I A 2 20 o -
and Schwmris (1051}, by lendown (1054} and confirmed in s worl io

e Lo Goeranzing clsetrolyie concentration or, possibly, dilution of
nutrients or ealeiws and mameciuvn more spocificnlly. It acems lilely,
thorefore, that a heavy roinstorn eould profoundly alter tho boeterial
popuiction of o beach by conking with frosh water from above mﬁ by
inereasing the Qégziilm‘;g rﬁ@f;oi‘ Lrosh woator fron bolow.

Ly ovn second adsorpbion oxueriment shows $het in norasl circwn-
stoncos oboub 600 of the bacterde present in seaveber will bo adsorbed
when the seawaber §§rcalates through the upper layers of boach gand,
The boach in those circumsianess is behaving in the same wpy an the
t{rictling £ilter? used in seunge purification and it do of intorest
thnt the boackerinl flore prosent :in the uppor leyers is sindilor to thot
of puoh a Tilter {ooe Bisrming & Bums, 1075). Iy subscguont oxmporimont
denonstrated that the adsorplion vas o characterictic atiributeble to
the orgunism end not do the purticles, and thic fito with {the findings

of zobell (1945).

porkant in the context of intertidel sediments. It could czplain dig-
crepancies bebvoon organic particle content end messwred nitrogen and
corbon izvels. 1t could explsin also the nelationship botween cuxlneo
arss and nubrient levels on those beaches with 4itle particulate orgonic
materisl ond it donds %o confirn the vioy of Sheel ond Baird (2958) wmnt
on sugh bezches the majority of arganic nubricents io adsorbed to tho sond.
vitoon (1953) found thak the majority of nitrozen could not be woshod off
intortidsl sedizent end apgouned it nust b pmsenﬁ in incolublie form ond
torganically bowndt.,  Adsorpiion ean thus explsin how teleant heoches

con rotein ouilicient nubrient matericd to rmaintain o nicrobinl populoe

o

tion in spite of diwrnnl inundation.
1% o appavent fron the $ide imitation ezperiment that the pounding

T 4he waven io sufficlent 1o romove even the Yivroversibly?! adsorbed



171
Drabaria fron the surloce sand end pince fhere wao no ovidence of o=
adporption the majority of thesé bactexdio must W swepd, in suiponsion,
dnte $he 1ittorsl sone. I this io frve then the populabtion must b

cubstantially reduced and the bozch must, therefore, have & kigh produc-
tivity to noinboin itn buetorial population lovels,

The fivel adsorption e waz*iz*g@nt indiented that, on thic cingle
Fotes -3’Lz,nf ooenoion, 750 of the Bacterin vere Yirrovers iblyt pdsorbed fo
'f:;m pand particles since only ?5 wore removed by washing, Hovovor,
a0 olready pointed out, the relationchip bhobwoon mﬁzﬁar ped boctoris nnd

those eithor roveroibly odeorbod or froe in the intorstitinl water io

almost cortainly not a comztant and may depond on nubricnt consontralion

&

in the intorstitisl woter,
I{ io vory vprobable that edoorption ds nlso imporiant in the cecolony
of fuarl on the sondy shore althoush there has boon ne oxporinentsl work

to devonstrate thet thic 3o oo, to oy ,m:laﬁw.

The most eignificont finding hos boen thod of Burges {1950) vho had

nobieed that thore seomed to bo some verdical sonstion of fungl dn cardy

soil, Yo, thorefore, tested the retention of spores fyom three gonorn -
¥ ¢ ey

Penieillius, Zysorrhvnchus end Oliomastis - by aolw:mzz of cand, Ik

fousd thet Jymorzhynchus end Gliomnatis vers 'R}ﬁh&@- readily through the
eolum by frech water, whoreas the Ponieilliuwn opores showed very little

movonent. Yo atdribuded thiz differsnce Yo the foot thel the sporen of

ES

LI

TPerdeillive heve a wary, non-volding co':‘c vhilst tho others hed o

guelingonoun, woetitoble coat.

Adihourh no formel ex ynr:ma% hos bhoon earried oud to fost edsorpe
tion of spores of fungi it hoo been noted thot fresh ;semaicr yielded o
noderate mmbar of colonies of fungd vhiletd the aame seovater hoving boon
paosed through & 10 o sand eolum yielded nomo.

NMreet obsorvotion of the sand grains showsd o fow hyphal frogmenio
and theoe apponred to be firaly ettached fo the surlfoee of the grain,

mrownt'o conments (1958a) that the failure of her direct covnts by the
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Joenes and Tollison pothed wowo due o ihe adkorence of hyphoe to the

Tmde MY P2 Sy Do s
coarse soll froctions aloo cugosois ihat the alhosion of bypliae to sand

Tho phenomenon of ndeorpiion ord odbe

once /mlersen ord Feadows (2965) surgosted
Cexplomntion Lo adoormbion and Mapshall, Slout and zfzii;?};f;}.}. {1271) =
nenblon electyostatic effosts, This suogootion would necord with the
arparerd connention with clectroiyte coneondration and the apporen
importance of caleiun ond magnosim vhich are Imoun $o bo inporbant
Tocbors in 'zofa pobonbinlt, The stimeiive forces of van der ual are
Imovn Yo be affectod by many foctors and the sudjeet ie oo amplez $hat
44 Torms o vhole branch of selonce on ito own. Purther swgestion thad
olootrosiotie foreos play sone purt io fhe finding of both Andercon and

T

ER SN S s ey KR ot 2PN S - VRN SR S ;
zenders (1960) and fmpobnll, Stoud and Michell (1971) $hat buctoris ree

eremmted Logethor, W

LR ki

e e wn 4 - Fal N .
poved fron surfecos, afber on dnterval

aber in the

5 - “a - & 2 - 23 .y Fand < & Y - P4 3 .4r.’~ 7 oo
obzeryved fo cecur with the bactoris susponded in nsbarsl oo

Hide « Inifstion enperinont earried out by no.
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. e . - y % Ed
o Luveatisotion of the mierobinl ceology of mandy boachon in
oy - e 7 -y o R, N
o211 o o lorge exbont in the oloeyvational otare and much morn dabn
oo roouized bhofors definitive oupo mhn con b dooiened and eorried

e linsl —#-n«\ »s“

VY e apmmy oy Ran wapswey 11 .,ml. n n‘i ™
Vovover, Mndrors, Tloodoste and Tuo

1 (1096) have wde 2 valusble
pboet with thelr worls cn model boochon and Sho worl corried out

wio thonis vhan vioved in the oonbext of 4he ronords of ofhor vorioes
rovenlo pono practieal steps that will holp fo elucidate the problons,

Tho ubiliostion of mudbrients by both bacborin and fwngi noods $o he

wandnad in deotail dn oxdor ¥o cxplain the epparent rolntioncshin bebwoor
$ho level of ergonie maberdnl, the surfaoes aren of particles mmd the

mmbars of buolorin, “I.*Em inverse relationnhip betuzon buctoericl and
fungmel numbers supaostod by oy data necds Yo bo s@z*‘fzm&c‘i ond emplained,

Thr 1Afe eyele of fungl din drndorbtidal subchrotes needn o b folioned
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. previde on execllent cubnirate $o @

¥ chowm whethor i}w Pemrd Aoolated fron the oond econ ond de

Ex

The offeets of pollution by nownme neelds to Bo horougaly fnveatisn.
tod to sher the patiorn of cvevivni of humnn fooend organioes in {hin
subsbrate and Yo confizm the musgestion thod ouch pollntion does not
robordally alier the levols of bacteris prosend, porhaps boosuss of the

roponted offocts of decorplion by wave action, The possibility that
ger conld noy 20t s o mubriont soures for bonch baeterisa needs o bo

- -
[ 6 Poterien] Eela iy

EXTERUS S TRETE
The phenonenon of ndsorption both of bactorin and fungi nselds

exanination in depth - its effeete on zonatieny ehanges of florn olter

'a

heavy rodn, chovros that could be counsed by poliuntion by dotergenteo and

many other osologleal sopeocts will depond upon 2 elarificntion of noans

.

by vhich micro~ovgrnisne adhere to pord

.,

tiglon,

A1) ouch voris wonld have dmplicstions for the ceslony of moring

[9 g



GNnCoe

,.
s

NAd

.
impo

ROV
3.
X

oo

o e

¥
PS

1
-

£
&

un oowld

03
i

<3
o
Fan
P
st
3 g
. Q
= £3
g ¢
v, 5
I
1~} £3
el 0
il =
P Q
2 9
ox
i -
2 12
<3 )
g 5
O b
3 L

Nax 3
e ES
subhairay



.. Corersunions

il vork has shom $hat thore was o diverse reaident populstion

ey A %

DU SPNPAIE P il Ly %, - o] Ty ey} . P 2 [=: e A ¥R

»oactoravrophlic bagloria on the sandy boxches ezanined, The mojority
LTS X S R y pary el . a i e prde  add AT » E JT SO S
oL These woere groa mogative redo ond mout of then could bo placcd inds

L P . - ” 'y v Sy K ey i de 2 oo 3 - -
she lpewiononns genus,  Fisvobneborive and Corynobacteriun spoeies wens
B LAY S A A il v .

bt E o e
QALY G0N,

. Fe R Tt anm pad oy e o
Thure were aloo fungl presont oand wont of %

" s . % 3.4 o AT ’
¥ woe geown by the mollboldn
Grm ] i mm oY 4 P ety .4 IR S Fyn SRR S ] 0y
caployed were fron gonera norpally described ao Ytorrestinlts.  Thene
P o gl » : Buprd . oot gt R S R . N TP g o
Tungl conld bo dnolabed of amblent Tesch $ouperciure on media which cone

h 5 512 < vy - oY on ot Pty - 2y iy bl - - . % oy
tained only those nubrients that vould noranlly be vroseondt on o hoseh
(% o i 4

nd vidch had 2 soowotcor baze, dndicabing the abilily of those gpeoien

b ]

o porainade end grov in theze conditions.

Shatisticsl analyeis of $he duta :s.nhcwic:i that mumbers of bactordia
- abeady throvshoul Yhe wear vith o posuible reduction in punbers in
thie hetbor pumior ponths.  The nwsbor of bgst&ﬁa voaricd sisniiicontly,
hovever, fron o spabinl point of view,

"aa

Tamber of fTwnzi prown wo, in eondrasi, covparctively urdfors
3 H ] g ¥ -

aspedbielly ond the date sugsested on inereace in rumbeors with higher

tomperavures.  Corvelation of buoterisl snd fungel dote shoved an ine

Stownpe contaninetion of one of the boschop appavontly resuliod in

only o rolotively smell dnercase in orgenic nubrient levels mnd fhere

wes no evidence of o conseguont incroase in the nuwibers of bioloris ox

fangi.  Uhere wes, hovever, o conzistently more diverse fungal flozd

Pt

-

in the presence of direet scunge eonbwxincbion.

’,

Attenpto to recovor Isghordchia coli fron the bezches wore not

pupcencfal,

it iz povtuloted thalt the phencmenon of adsorption in of prolound

”
-
s

eeoliozical siguificnnee on these boachos and thet it is unlikely thnt

dosicestion playo o osignificant pard in modifying the {lors of {he
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BACTERTAL _COUITS

6 e o]
211 counts exprossed as z 10°/g of wet sand, (5.7, Sand temperature
83 3

whon sampleds

Extrenes of ‘omporature to which cultures exposcd;

MDD, Hean of daily temperaturc recordings during incubation).

:’2':‘ .llw

Sample

toan

Overnll pean

51e30.76

Samplo

b5
jitole s

Ovorall moan

ST 4:8 T e e ’*3‘7 s 90{;

.‘“' E; Ru Gal e 9032 ‘:‘tr :ﬂnG}o’ fiz?
2 2 i 2

5.80 6,50 4.82 3,18

3,44 .04 5,96 5474
2,08 5,54 3454 4,16
5,00 5,06 6440 5,32
5420 4,52 5,50 5,38
1.74 3,40 5.66 7054
2,02 3,35 4,96 8.2
4,16 4,52 5.74 (20,00)
5,96 4,96 3.32 0.G.
2,94 5,00 6.66 0.C.

Sample rangoe: J.64 - 5,663 Plate range: §,08-8,5

1,07, 446

Z 2 4 2
1,93 2464 2.52 3495

2,06 4430 2480 Je52
1,52 2,80 2,20 24,04
2.40 3440 1,50 3,80
1.60 3470 2,60 3,25
2.24 2,60 2,92 4.52
1.90 .20 .44 4.20
1,96 3,40 2.57 3.90

Sanple range: 1,96 « 3,90; Flate ranres 1.50-4,52
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6.12
2.84
10,04
4eE0
G

i
ye]

L 4

ok

2

A%

* 40

3&0 £ ggo Qv? - { of—) ?C‘Z}-T. &15
2 2 4 3
19,60 .74 .02 1.60

1.79

Y

1,57 1.3

Sumple ronger  L.33%«7.40: Plate mange: 0.080-19,60

8.10
6ot
7042
6,60

%
sSonple range

1.02 »20,00) 1.E0

1.12 2,07




AL 8,76 e, 347 TeB,, 15,0 = 20.0 .0, 3T,
Somple i 2 2 4 5
2e42 0.58 .30 Ga B2 .28

iuﬁ’:’-.’:{ ,?} ,_‘,&r{%, 0- t:? /} 0»”3{} \ ’.‘ég 0:
Cvorall menn: 1,08 Somple ronge: 0.39=3.59; Flate range: 0.10-5,76
l‘;:’tt;b??. S.Ts 1;.3 r"‘:t‘sj‘ :1? "'9"{% é’i‘?}ué}u ﬁﬂs
ample A 2 2 & s
2e 46 6.42 1.05 3456 464
5.20 i0 1.36 3e32 hodi2
Y4 70i P Deida g e

345 2.72 0.95 3480 2

2:1':’ 4.36 108"} 022 3055
;'ﬂm'l ’:" » 15 ::S . ;:9 1 - 64‘ 2 » q :; - E)S
Crorall nean: 3,10 Domplo range: 1.65 - 3,003 Plate ranze: G.G5
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TUREAY,  Coums
- - Moo

211 figuren reprosent the fobal nunber of colonies provine
on T nla’i(ers of each mediun,

25.231.75 5.0, 5.0 B0, 0.1 -84 H. BT 4.6
. Total
SR L S
Zobellts 2 3 12 7 5 29
Corn Heal 39 8 5 0 57
Soawater B2 i 2 2 6 43
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