Further Investigations into Bacterial
and Algal Populations of Caves in South Wales

By M. Aws Masow Wineraust)

In 1938 a paper was publizhed which sutlined microbial populations
found in air, soil wod waler of caves in Sonth Wales, Grout. Britain
{Mason-Williams and Benzon-Evons, 1958, From thnse rezulias it was
ebvious Lhat the field coverrd in this initial paper was ton wide for
further and more detailed study. Thess subsequent investigations
have been eoncerned only with aspects of the microbial floras ol soils
and wulers of caves. The acrial floras ferm an absorhing study par-
tizularly with regard to the distribution of speres in relolion to the
draughts within the cave syslem, but this study is unfortunately very
Lime-consuming and has had to be omitled from the work undertuken
by the author.

The earlier work made i obvious that investigalions into the
pthyzical and chemical leatuees of the cave environment were necessary
if & detailed and integrated picture of Lhe microbial ecology of caves
wits to be obtained. Thus this report on the prosent slale of knowledge
of the microbial populalions of caves in Sonth Wales [ulls into two
parts:

1. Environmental Tactors and methods wsed womeasuring them.
2. Bpecies of bacteria and algae found in soils and witers,

No attempt is made here Lo wssess Lhe roles af the various bacleria

and algaer as a paper considering Lheir ecological importanee s

been publisherd recently {Mason-Willinms, 1965),

L. Envirommental Factors

For measuring the various physical and chemieal factors of the
eave environmenl the following are the principal source reflerences:
Cullingford (1960), Geiger (1959), Dwatsuki and Usno {19597, Mackereth
{1963y, Trombe {1952), Vandel (1864),
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The majority of these references is concerned, however, eilher with
Lhe cave as g habitat for animalz of macrozecopic size, or with variations
in physical conditions which could affect the precipitation or re-
salution of caleium carboenate, Thees 15 very litble informalion avail-
able concerning minor vaviations in climate in different areas within
i purbicular eave system. In many eages the reason for thiz has been
the luck of portable insteuments sufficiently accurate to make taking
such meaznrements of any selentific value, Forbunalely, instruments
for physical measurements are becoming more rendily available, 1L is
now possible Lo oblain measurements of pH, temperature and humid-
ity within coves with a reasonalile degree of accurany under strintly
reproducible conditions,

The instruments used for the measurements recorded hers were

pH. A battery operated portable pH meter (Analytical Instruments)
which gives direct readings of pll to an accuracy of 0.01 units,

Humiditg. A hattery oprrated portable hygrometer (Shaws) which
measures Lhe percentage saluration of the air. Thiz hygrometer can
be fitted with probes of varviog lypes for the measuremant of the
maoisture content of air or goil. Onee calibruted the aceuracy of Lhis
instrument is high even when measuring humidities greater than 8009,

Pemperature. No portable instrument was available of any greater
aecnracy than a —10% to 50°C. mercury themoometer. This could Le
read to an aecuracy of 4 14°C,

Tahla 1

SBome physical data from e cave system, Cgol Flynnon Ddo.

Driglunce from Temperaturn
Bile nearest entrance Humidity  aie water pH of
1L, LS *C. *0. water
i. nirance Fazzoge 30 a5 11 7 7.8
2, The Cathedral 220 Th 6.8 HA 7.8
3 The Junctivn 200 EH] 8 % 7.8
4. Lwer Column Passage HILY ] 25 0 00 T4
A Upper Column Passage 1,000 415 4 0.2 3.8
6, Candlpstick pool 1,000 a1 9.4 a.7 b
7. Loopways T ar T4 BE T4

Theze readings illusteate well the range of variations in climates to
Le found in a particnlar eave system, For each site the value quoted
i# the average of & number of readings taken over a period of o few
woeeks, These rendings are representalive of those obtained in the
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spring monlhs althomgh aparl from sites 1 and 2, zeasonal variations
in this particular system are oot well-marlked,

In the cave envirenment various chemical faclors can be measured
and when econsidering the microbial populations one of the mosl
important of these is the content of organic material to be Tound in
water forming poels and streams, Table 2 pives some resulls of
measurements of exidisalile organic matber as mensured by the method
given by Mackereth (1963) which 13 a comparative method meazsuring
the amount of polassinm perinanganate consumed in oxidising organic
mualber under standard eonditivns,

Table 2

Orpanic oxygen demand as shown by the oxidation of acid permunganate
(Mackereth, 1963], The resultz are expressed in milligrams of oxygen
absorbied per litre of water

Hite Minimum Maximuom
1. Entrance Passagre DA% b fd
2. Cathedral (.53 (.45 (not subject to oxterior
influenees)
do Upper Column Passage 017 0.3 ”
4. Condlestick Q.15 0 L
G, Loopways 12 A7 =

Al the samples were taken from pools, none of which are fed from
the muin stream flowing through the cayve.

It will be zeen that appreciable guantities of organie matter are
present inthe waters of this cave, animportant fact when populations of
mcro-arganisms are being considered. 16 will alse be scen thal the
variations in the readings obtained are relatively large. The variations
arg often greatest in repions of the cuve system where oulside in-
fluences are known to exist. For example, where the overburden of
rock 15 thin and allows considerable surface drainage (o percolate into
the pouls in caves or in regionz of the system frequently visited by
CAVETE,

In conteast the physical environment uppears to be considerably
more stable. Sufficient zamples have heen taken over a period of time
to show that, away feom the points al which the tuve system is open
to outside influences, the pliysical features of any particolar point
within the system remain stable for Jong periods of time and reguire
major disturbances of the system for any signilicant varialions Lo
oeealr.
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IT. Microhial Topulations

It iz convenient to present these under a number of different
headings, The wdentilicalions of organizins have bean made following
the anthority of Fritsch (1959, Pascher (1025, Broed ot ol {1057
aned Prévat (1961}

Talle 3

Algal coltures Frome soill The oregamizms listed bere woeee solatod by the
methods given in Aason-Williames amid Benson-Toeans (1958].
The frequency of isolations are shown as follews:

[= [requent, s = necasional, r = rare
Crreon algae Blue-grresn algae [aLoms
cleteraesrens superbus eh Anebaenae inegialis (M Fragilaeiasp (0
Chlaroeoccum fuomicolwm ([)  cAphanveapsa grevillel (20 Gorphanea
Chlarachgtrinm vrredis [l Cheoccorcus pimatens  (r) geminate |0
Chlarelic vulgarts 5] Chrovcorcus teegrdus T Naofewla sppe ()
Fremnepliners vdridis It Lyeghya martensiona (] Nelzsekio spp. (n)
Lilopoeystls gigns (s} Mierocyenis qeruginosa [r) 0 Synredes
Crloeocepsa g [T} Nosloc BUascormm i pulelella |
{rlaenthere linvaris 2y Mhormaddest aalaomnele (1}
Hopmidium foceidum (1] Phormodieee fenue [=)
Cloeystis soliforin (b Synechacoeais
Pragtofn erispe I aeruginiosa [T}
Kplragyr s h
Stivhoeorens variadilis [5)
Tetraspora pelatines (£
IHethria lenuissimo Iy

Table 4

Algue associaled with soft caleibe deposits?y in caves

Gireen algan BElug-gracn alrae
Rinuelearin fectoran Cleciflatoria fehuis

O hloracaeerm umioolum fleciflatoren Lo
Clewinelly pintalilis Sireechoceecas elongatus

Iformidiune spp.
Seenedesmus aominatus
Srivheeoeens frcilfaris

1 These deposits are of U Lype koown as Moonmoilk in Great Britain,
The term b2 nol used Bere os it is ilb-defined and has many dilferent meanings,
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Table 5

Bacteria isolated Trom soils and calearipus deposits

Aulofrophic forms

Heterotraphic Torms

Nitropeomonas sirope
Niteoppeous ewropea
Nitrobueter swinagradshi
Thivkarilins nopellug

The protozean Cyrtelephosts mecicola was also found associnted wit

i%]
is)
Ifl
el

Asetebacter 5.

Hacillus rereus

fae, cereis var, mycoides
Bae, sulitds

Huae. ap.

Hacterium sp, [Bergey, 1943)
Citrabaeter 5p,
Clostridivn pastenrimnum
Gl tefani

71 tpp,

Cyptapherga ST
Flavehacterium spp.
Muaeramonas bpunclata
Misrocovews deniteificans
M. liteus

M.ocarians

Noeardic spp,
Pspwdomonas caleis

FPs. fluareacens
Rhabdomienes Nnsbawert
Kreptagryees allus
Strepl 2p.

bacterta and algae in soft depoesits of culvile,

Tahly &

Tacteria isolated in culfures from pools and Glios of waler

|:f:l
ifi

vl
ifl
3]
is)
5]
[t}
I5)
[[}
]
is)
[
fa)
ia)
ir}

i)

Aatotraplic

Heteratrophic

Nifroserocaus 5,
NUropomonas europaca
Nirrobaoter winegradsit
Thivbacilivs rovellus

s}
(5]
il
ir)

Aerobacter gerogenes
Azatobecter aquatilis
Hacillus cereus

ftae cereus vOr. meyeocdes
ftae. sp.

Fracterium qualis {Dergey, 1944)
flact. sp, (Dergey, 1943]
Caulnfieterial)
Chiamydobacteria®)
Clostridinm postenriant
it g 5T

Y Probably members of genus Paseerin,
% Probuldy members of gonera Sphaerotifus and Pelonema,

irt
i
if
i)
i
i)
(f)
(f}
if)
(L}
i)
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Table 6 [Continnation)

Antotrophic Neterotrophin
Facheriekin coli, Irregular [r}
Microeaceuws deniteificans {1}
Microcorcus app.t| 1
Nocardio sp, 5
Sireplomyeas Spp. [s)

Tahle 7

Other moicro-orgunismz from Ghos of waler

[Haloms Sou-plankton
Navieuly s, {stracods
Pinnularin sp. Seviral species of flagellated
Privtasan
SBUMMARY

Some physical data collected over a period of a vear in sevin locotlions
of the Ogof Frynnon Dduo cave systen in South Wales are reported,
including humidity, air and wuler temperatoee, pE ool L water, as well as
the organic oxygen demand of the water, 11 is shown that seasonal varintions
in the physical constant in Lhis particular cave system are not well marked,
Algae and bacteria were isolabal Trom the soil samples and frem ealeacnous
deposils. A total of 30 algal species, of which 13 belong Ly the Cyanophyir,
22 o the Chlorophyto, acd 7 to the Chegsopliyta- Seceilarinphieeae worn
found. Thirty-eight heterotrophic and 7 antotrophic bacterin weree anlated,
The thin films on waler sucfoees, besides divloms, contained several Magel-
lates and somre estraceds, while some protozon ween found wssociated with
the bacteria and algae in Lhe soft coleite depnsits,

ZUBAMMENFASSUNG

Einige physikalische Daten, div im Laufe eioes Jahres von 7 Fundslellen
deg Ogof- Flyanon- Thiu.- Hldblepsystems in 2id-Wales gesamunelt wurden,
geben nichd nue die Feuchlighkeit, Luft- und Wasserlemperatur, pll-Gehall,
sofdern auch den organischen Oxypenbedar? des Wassers an. Die Angaben
zeigon, dald die jolreszeitlichen Abweichungen der materiellen Konstanten
i diesem Hiblensystem nicht deutlich hervortreten. Algen undd Bakterien
wurden von Bodenproben und kalkigen Dodenséteen izolierl. Tosgesamt
wurden 39 Algenarten gefunden. Yon diesen gehéren 13 zu den Cyano-
phyten, 22 wu den Chlopophyten und 7 aur Klasse dee Chrgsophytas Baceillaria-
phipeeae. 38 heterotrophe und 7 autotrophe Bakterien warden isolicrt, Der
diinne Film der oberen Wasserllichen enthicll auller den Kicselalgen meh-
rere Flogellaten und einipge Oatracolen, wobei einige mit den Bakterien und
Algen assoztierends Froloenen in den weichen kalkigen Ablagerungen ge-
funiben wurden,

N Beveral different speeies showing diferiog pigmentation,
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