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EASTER 1968
Sink y Giedd 12 10 2 7 5 6.8 38
Waun-fignen-felen 3 2 1 - - 4.2 43
Pwll y Wydden 5 3 2 - - 4,1 59
Dan-yr-Ogof dry valley 92 89 3 76 16 7.9 146
Dan-yr-Ogof resurgence 92 78 14 79 13 7.9 155
Hospital Water Cave 113 | 100 13 96 17 7.9 183
Great North Road (top) 107 96 1 88 19 7.8 170
Great North Road (2nd Inlet) 99 93 6 87 12 8.1 158
Pinnacle Chamber 74 64 10 58 16 7.8 127
Highway Rising 105 91 14 90 15 8.5 162
Rottenstone Aven 44 34 10 34 10 7.6 78
Dali's Delight 56 54 2 44 12 7.5 106
100ft. Cascade 54 52 2 45 11 7.8 99
Monk Hall 127 115 12 110 17 8.0 190
Washing Machine 90 86 4 78 12 T 152
Gerrard Platten Hall 114 106 8 103 9 8.0 177
Lake 3 96 80 16 82 14 7.8 157
Cauldron Chamber 122 113 9 105 17 8.3 182
SUMMER 1968
Far North, Left Hand Series b 119 108 11 109 10 8.0 181
Far North, Right Hand Series b 131 119 12 124 7 8.1 204
Great North Road (top) b 106 100 6 98 8 8.6 167
Highway Rising b 120 109 11 112 8 8.1 187
Rottenstone Aven b 52 47 5 45 7 8.0 99
Dali's Delight a 77 64 13 58 19 8.0 115
100ft. Cascade a 69 64 5 59 10 Tl 118
100ft. Cascade b 71 66 5 61 10 8.0 126
Cloud Chamber b 116 110 6 103 13 8.1 183
Washing Machine a 118 105 13 106 12 7.8 178
Washing Machine b 121 108 13 109 12 7.8 187
Washing Machine c 122 108 14 109 13 7.8 184
Washing Machine d 122 108 14 108 14 AT 190
Bakerloo Straight c 120 108 2 109 11 7.8 188
Mazeways, Entrance Pool c 121 107 14 112 9 7.8 188
Mazeways, Entrance Pool d 121 107 14 109 12 7.8 190
Mazeways, Main Sump c 72 67 5 69 3 Ted 124
Mazeways, Main Sump d 72 68 4 65 7 T4 123
Crystal Pool b 238 200 38 139 99 8.1 354
Gerrard Platten Hall b 123 118 5 114 9 8.1 191
Gerrard Platten Hall c 129 125 4 113 16 8.0 193
Shower Aven b 123 118 5 115 8 8.1 194
Dan-yr-Ogof Resurgence b 122 109 13 110 12 -1 8.0 190
SUMMER 1969
Hospital Water Cave a 125 122 3 197
Tunnel Cave , Entrance a 156 150 6 -1 To 220
Pwll y Wydden b 3 2 1 +25 4.2 44
Pwll y Cig b 7 5 2 +14 4.8 27
Giedd Stream b 9 7 2 +10 5.4 21
Confluence Giedd/Stream from
Pwll y Cig b 7 5 2 +14 5.2 21
Waun-fignen-felen b 5 N 2 +22 4.0 65
Dan-yr-Ogof Resurgence a 85 78 7 136
Rottenstone Aven d 46 41 5 +6 7 84
100ft. Cascade c 66 60 6 +3 7.9 111
Washing Machine c 111 99 12 -3 7.9 165
Washing Machine d 89 81 8 +2 7.8 142
Mazeways, Entrance Pool c 112 100 12 -1 779 151
Mazeways, Main Sump c 58 54 4 +3 8.1 95
Gerrard Platten Hall c 122 117 5 -10 8.4 171
Shower Aven d 104 99 5 0 7.9 157
SUMMER 1971 250¢
Waun-fignen-felen a 14 - - +40 4.0 20 98 | 10.9
Pwll y Wydden a 6 - - +27 4.0 13 62 3.8
Byfre Fechan b 24 13 11 +8 - 13 77 1.3
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appropriate model for the Dan-yr-Ogof system, and it seems likely that these results (together with later values)
show the hardest waters to have reacted fairly completely with limestone before emerging into the cave. It is
interesting to note that the waters from Rottenstone Aven, Dali’s Delight and the 100ft. Cascade are softer than
the general values. Some sites give low magnesium hardness waters but the non-alkaline hardness results (ap-
proximating to sulphate contents) are not reliable enough to be valuable.

Results from the summer of 1968 represent the state of the cave waters after a very dry period and,
again, the waters from Rottenstone Aven, Dali’s Delight and the 100ft Cascade are relatively soft. Static water
from Crystal Pool provides the highest hardness values yet found in South Wales but the general hardness
values of most of the other waters are similar to that shown by the Washing Machine water. The major point
of interest is that the water in the Main Sump of Mazeways is much softer than that in the Entrance Pool of
Mazeways and has lower magnesium and sulphate contents. Cave systems are dynamic systems from the chemi-
cal viewpoint and, to allow comparisons to be made between results from different sampling trips, it is neces-
sary to use at least one “reference site”. In this work the “Washing Machine’’ has been the reference site and it is
interesting to note how constant the results are for very dry weather (summer 1968) and how wet weather is
reflected (summer 1969).

Work in the summer of 1969 was hampered by changeable weather and this is reflected in the gener-
ally lower hardness values shown by water samples collected from the Dan-yr-Ogof system. The lower hardness
of waters from Rottenstone Aven, the 100ft. Cascade and the Main Sump of Mazeways is confirmed. The values
from Tunnel Cave show what could be the hardness level of percolation water in the area, but only more exten-
sive studies will confirm this: the values are higher than the hardest flowing water sampled in Dan-yr-Ogof. The
surface sites, sampled during rain, are interesting in that the relatively low aggressiveness of water entering the
Sink y Giedd complex is indicated, as is the rather high pH and the somewhat greater hardness of the water at
this sink compared with the other sinks.

No samples were available from within the Dan-yr-Ogof system during the summer of 1970 and sur-
face site results only are given. The results from 1971 have been given before (Bray, 1972).

That the results themselves show all too little in terms of the cave system is clear but more recent
work suggests lines along which the results might be used in a speculative manner. The author feels that specu-
lation on the basis of experimental evidence is acceptable provided that it is recognised as speculation and used
to stimulate new work. Unfortunately some of the once-accepted ideas of cave chemistry could have been little
more than speculation unsupported by experimental fact, yet they gained a status comparable with Holy Writ.

Since the Dan-yr-Ogof study was halted as a separate aspect of the project, some work has been done
on waters likely to enter the system. Samples have been collected from Waen Fignen Felen and from Pwll Y
Wydden under low water conditions (not drought) but no samples for detailed examination have been taken
from Sink y Giedd under comparable conditions. Such work as has been done on Sink y Giedd water suggests
that the chemical make-up is not dissimilar to that of the water in the Byfre Fechan stream as it leaves the
slopes of Fan Gihyrich. The waters have been in contact with Old Red Sandstone debris and seem to have rela-
tively low aggressiveness values suggesting similarly low organic matter contents. As far as the Sink y Giedd
complex is concerned the eastern tributary, flowing from Pwll y Cig and apparently draining a peaty area, seems
to have similar characteristics to the western tributary draining the area to the north. For the purposes of this
article the data from the full analyses of water in the Byfre Fechan stream are used as substitutes for the values
from Sink y Giedd. Some results are tabulated (Table 2).
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(substitute for Sink y Giedd) 24 +8 32 103010 27 59
Pwll y Wydden 6 |+27 33 3.8 8 | 13
Waun-fignen-felen 14 +40 54 10.9 | 229 283

TABLE 2. Comparison of sink waters.



The Byfre Fechan/Sink y Giedd results suggest that water would emerge into a cave system with a hard-
ness value corresponding to the original hardness plus the initial aggressiveness i.e. 24 + 8 = 32ppm CaCOs;.
However, work in the Ogof Ffynnon Ddu system has shown that a latent aggressiveness may be developed in-
side the cave system and that this latent aggressiveness is about 21ppm CaCO; for each 1mg per litre of oxygen
demand lost from the water. The likely hardness in the cave of water from the Sink y Giedd source would thus
be 32 + (1.35 x 21) = 59ppm CaCOj; and, in the watercourse, such water would be expected to have a low
oxygen demand, relatively low sulphate content (5 - 10ppm S04 27) and very limited aggressiveness.

Water flowing into Pwll y Wydden from the Millstone Grit would have an expected hardness of
6 + 27 = 33ppm CaCO; to which might be added a latent aggressiveness of 3.8 x 21 or 80ppm CaCO; giving a
hypothetical “‘cave hardness”’ of about 113ppm CaCOj3: water from such a source might be expected to have
a sulphate content of rather more than 10 - 13ppm S04°".

The Waen Fignen Felen sink poses several problems not the least of which is where to collect the water
samples as the major sink takes water quite rarely. The aggressiveness of the water is high (+40ppm CaCO3)
giving an anticipated initial contact hardness of the order of 14 + 40 = 54ppm CaCO; (although the 14ppm
CaCOj; total hardness value may be unusually high for this site).

However, the level of organic matter suggested by the 4-hour 27°C oxygen demand test is very high
and it seems likely that some of this arises from inorganic sources (about 4mg per litre). The latent aggressive-
ness from the oxidation of the organic matter could be as high as 10.9 x 21 or 229ppm CaCO; thus giving a
maximum “‘cave hardness’ of 54 + 229 or about 283ppm CaCOj; for the water from this source, although a
value of about 200ppm CaCO3; might be more appropriate. No flowing water of this hardness has been en-
countered in the Dan-yr-Ogof system. Water from this source would be expected to have a rather high sulphate
content (about 20ppm S04 7).

From a chemical point of view the relatively soft waters provided by certain sites (e.g. Rottenstone
Aven, Dali’s Delight, the 100ft. Cascade, Mazeways Main Sump) might arise either from sources akin to Sink y
Giedd, in which case reaction would be fairly complete and oxygen demand low, or from other sources in
which case reaction might be incomplete and the oxygen demand rather higher. These waters show low sul-
phate contents in general. The approximate location of Rottenstone Aven invites speculation that the water
has entered the cave from Pwll y Wydden; in the absence of an unambiguous dye test there is no proof of this.

The puzzling feature of the results is that the sites along the Great North Road, heading toward Waen
Fignen Felen, do not provide waters having high sulphate contents or high hardness values. This suggests that
these waters might not originate from Waen Fignen Felen but rather from some source(s) akin to Pwll y Wyd-
den. The sulphate content in flowing water in the cave does not reach a value much above 10 - 12ppm S05%°
until the Washing Machine and the value there is comparable to that at the Dan yr Ogof resurgence under similar
conditions.

Dye tests under high water conditions have shown water from Sink y Giedd and from Waen Fignen
Felen to emerge at the Dan-yr-Ogof resurgence and these results have suggested the assumed water flow pat-
tern in which water from Sink y Giedd is shown to follow a different underground path from that flowing
from Waen Fignen Felen. As the author understands the situation there is no separate flow of water in the cave
which might correspond to water originating at Sink y Giedd and there is no major stream flowing in the Great
North Road under low water conditions. It seems reasonable to consider a speculative alternative to the as-
sumed water flow pattern.

On the moorland there is a line of collapse features (some of which are active sinks) heading approxi-
mately in a north-westerly direction from the head of the Dan-yr-Ogof dry valley, past Waen Fignen Felen and
on towards the Sink y Giedd/Pwll y Cig complex. It seems possible to the author that these collapse features
might mark the direction of a boulder-choked watercourse at a level different from that of the known cave.
Under dry weather conditions, when the main sink of Sink y Giedd is dry, water from the Sink y Giedd/Pwll
y Cig complex might flow along this watercourse joining water sinking at the numerous other minor sinks,
and perhaps water from the Waen Fignen Felen area, to enter the known cave as a combined stream. Such an
idea, however speculative, does explain why no major water flow is encountered in the cave showing the very
low hardness expected of water from Sink y Giedd or the very high hardness and sulphate content expected of
water from Waen Fignen Felen. Under flood conditions the so-called major points of engulfment become opera-
tive and the situation is likely to be very different with additional separate watercourses becoming filled with
water. Detailed chemical investigations supported by careful dye tests monitored by fluorimetric studies might

help to resolve some of the uncertainties posed by the Dan-yr-Ogof system.
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BIOSPELEOLOGY OF DAN YR OGOF

Abstract

Entry into the hitherto unexplored passages of Dan yr Ogof afforded the opportunity to obtain some idea of the
distribution of animals, plants and bacteria in a cave system undisturbed by man. It was also possible to test a number of
theories concerning the ecology of caves. Amongst these were the ideas that microbial populations of caves are intrinsically
different from those of comparable, epigean habitats; that the cave ecosystem is an isolated one and that, in view of the
total darkness, some unusual basis for the food and energy chains in caves must be sought.

The investigations showed that the bacterial populations of soils and water within the cave closely resembled those
of comparable epigean habitats and that contrary to widely-held belief, populations of bacteria are present in the air of caves
even in the absence of man. As both the investigations and exploration proceeded it became apparent that disturbance by
man influenced the balance of all these populations.

Although some bacteria capable of growth in the absence of pre-formed organic material were present, the numbers
were insufficient to provide a basis for food and energy chains. However, comparatively large and varied populations of hetero-
trophic bacteria existed throughout the cave system and investigations showed that sufficient organic material was carried
into the caves by water action for the continued growth of the bacteria. The bacteria could themselves serve as food for some
animals whilst their metabolic products would provide both food and vitamins.

a. Introduction

The idea that biological systems in caves must be intrinsically different from other freshwater and
terrestrial systems is still widely discussed. Following the theory put forward by Dudich (1933) that “chemo-
synthesis” (implying chemolithotrophy) is the basis of subterranean food cycles, many writers have suggested
that life in undisturbed caves could be based on energy sources other than solar energy.

It is well-known that there are bacteria which can derive their energy from inorganic substrates in dark
chemical reactions. The bacteria involved in these reactions are known correctly as chemolithotrophic bacteria
but are often referred to by the simpler term autotrophic bacteria. The activities of these bacteria have been
suggested as a probable basis for the food and energy cycles in caves. However, the energy vields from the various
reactions are relatively poor and only a limited number of species of bacteria are capable of chemolithotrophic
growth. The great majority of bacteria are chemo-organotrophic (or heterotrophic) obtaining energy and food
from the breakdown and transformation of preformed organic material.These reactions are efficient and the
energy yields are good. A very wide range of organic substrates of both plant and animal origin can be used
by the various groups of chemo-organic bacteria.

Entry into the new passages in Dan yr Ogof afforded the rare opportunity to study established com-
munities within a cave where the influence of man was not already a major, but undefinable factor. It meant
not merely the chance to collect individual animals for identification but the opportunity of gathering much-
needed ecological information about established cave communities. By collecting information on (i) the identity
of the animals present and their distribution in relation to micro-habitat and such factors as flooding; (ii) the
natural populations of micro-organisms, particularly bacteria, in air, soil and water, it became possible to at-
tempt some introductory analysis of food and energy resources within the system.

This account therefore, gives the results of ecological investigations which were aimed not only at
identifying some of the members of the established populations in the undisturbed cave system but also at as-
sessing possible food resources in such a cave. It also includes, for comparative purposes, information from
caves frequented by man. The proximity of Ogof Ffynnon Ddu with its relatively easy access made it the
obvious choice for comparison with Dan yr Ogof and some results from that system are included and discussed.

Obviously it would have been too great a task to consider all the habitats within the new passages.
Consequently it was decided to concentrate primarily on aquatic habitats. The microbial populations of air
and soil were of course investigated but not in such detail as those of the various bodies of water,

b. Bacterial Populations
It is convenient to discuss the bacterial analysis first. The methods used were all based on standard

ones used by soil and water bacteriologists and for appropriate techniques, media, etc. reference can be made

to Skerman (1959); Oxoid Manual of Culture Media; Burges (1958) and Collins (1964). The following notes
summarize the method:-

(i) soil and water samples were collected in well-washed, sterilised glass containers and stored in cooled
vacuum flasks for transport to the laboratory. Air samples were taken directly by exposing plates of
nutrient media for standard lengths of time within the cave.

(ii) subculturing took place as soon as possible after the samples were collected to avoid the changes in
populations known to occur when small samples of water or soil are stored.

(iii) to ensure reproducibility of results standard media were used and included: Thornton's agar; nutrient
agar; McConkey agar; Czapek-Dox agar; Mannitol agar; Robertson’s meat broth; Winogradsky’s am-
monium sulphate solution; Medium for Chlamydobacteria; Ferric ammonium citrate agar; Nitrate
solution; Sulphur medium and a medium for Thiobacillus species.

(iv) incubation temperatures of 10°C and 18°C were used for bacterial and mycological cultures,

(v) identification of bacterial species followed the system given in Bergey's Manual of Determinative
Bacteriology (Breed et al, 1957).

331



(i) Bacterial populations in the air

It has been argued by Molnar (1961) that the air of caves not visited by man is sterile except in the
immediate vicinity of openings to the exterior. This theory is based on the idea that bacteria, fungal spores
and pollen grains carried by air-currents become surrounded by moisture in the saturated air within the cave
and thus precipitate out. Vandel (1965) elaborated on this, stating that when bacteria do occur in the air of
caves, they have been introduced by man.

Investigations in the new passages in Dan yr Ogof cast doubt on both these ideas. A wide variety of
bacteria was isolated by exposing plates of nutrient media to the air in a number of small side passages. The
sites chosen were always in passages too small for access by cavers, leading off other passages known at that
time to be unfrequented by exploring parties. The petri dishes containing the nutrient media were pushed in
to arm’s length before being opened. The media used were nutrient agar and Thornton's agar and each plate
was exposed for 10 minutes.

The plates of media exposed in the undisturbed passages of Dan yr Ogof showed relatively sparse
growth with counts between 20-50 colonies/plate after 7 days incubation at 18°C:

Table 1 lists the species isolated. Many of these are characteristic of soil; a point which suggests that
at least some of the bacteria in the air are derived from disturbed soils within the cave, possibly disturbances
due to floods. Another source of bacteria in the air is the spray produced by waterfalls and water drops falling
from the roof which probably introduces into the air soil organisms carried in water. Air currents would be
important in maintaining these populations in the air.

Some tests were made in Dan yr Ogof to investigate the effect of the passage of cavers through an
area. Plates of nutrient agar and others of Thornton’s agar were exposed in front of a party of cavers in a pas-
sage with the draught blowing out of the passage, towards the party. After 2% hours a replicate set of plates
were exposed before the party re-traversed the passage.

The plates exposed in front of the party showed the pattern of growth from undisturbed passages al-
ready described, that is relatively sparse growth (20-50 colonies/plate) with Streptomyces spp., Nocardia spp.
and Bacillus spp. predominating. All the plates of nutrient agar and Thornton's agar opened 2% hours after
the cavers had passed through the passage showed very dense growth after 48 hours at 18°C. On these plates,
the growth was dominated by micrococci and bacilli. Species of Gram-ve rods, mainly Achromobacter spp.
and Pseudomonas spp. were common on the plates. It seems probable that these latter could have been de-
rived from the water of The Lakes which have to be swum at the end of the Show Cave in Dan yr Ogof. The
picture of the growth changed with continued incubation and after 7-10 days dome of the soil organisms,
Nocardia and Streptomyces spp, had formed colonies.

These observations confirmed an earlier impression (Williams and Benson-Evans 1958) that visits by
man (and other animals) augment existing populations in the air of caves through the introduction of organ-
isms on body surfaces and on clothing, and also through the release of organisms from the disturbance of

soil and water.

Table 1
Organisms identified from plates of nutrient agar and Thornton’s agar after exposure to the air

in previously unentered passages in Dan yr Ogof.

Bacillus species including: Bac. cereus
Bac. cereus var. mycoides
Bac. subtilis
Bac. pumilis
Bac. sphaerophorus

Norcardia species including: N. corallina
N. alba
N. citrea

Streptomyces species including: Strept. albus
Strept. longisporus
Strept. griseolus

Various moulds including: Penicillium spp.
Aspergillus spp.

Two yeast species. (pigmented pink)

(ii) Bacterial populations in soils

Table 2 summarises the bacterial genera represented in the various soil samples taken. Replicate sam-
ples were taken from all the sites at intervals during the year 1966/67. The table is presented in a form which
gives an indication of the relative abundance of the different genera. Results from sites in Ogof Ffynnon Ddu
are included for comparison.

It appears from these results that bacterial populations in cave soils do not differ essentially from
those of other soils, (Alexander 1961), There appears to be a basic flora of organisms which is supplemented
from time to time by bursts of activity associated with any disturbance which augments the organic content
of the soil. Such disturbances often introduce at the same time different species of bacteria.



This was seen very clearly with the samples from the New Series in Dan yr Ogof. The samples taken
in passages previously unentered showed the dominant aerobic microbial groups to be Streptomyces, Nocardia
and soil Corynebacteria. Coccobacillary forms were always present although never in large numbers. There
were relatively few Gram-ve rods although Chromobacterium violaceum was isolated from many samples. The
few other Gram-ve species isolated belonged to the genera Flavobacter and Achromobacter. A variety of
Bacillus spp. were isolated from each sample but rarely more than 2 or 3 colonies on any plate. Soils sub-
jected to flooding gave the impression that Bacilli (possibly present in the soil as spores) were more abundant
in them than in undisturbed soils. The numbers were however too small to be really significant. Species of
Clostridia including Cl. tetani and CI. welchii were isolated from the peaty soils brought in by flood water. Only
avery few moulds were grown from the samples. It seems probable that many of the sporing organisms were
brought in with flood debris in the spore form.

As the numbers of visits by cavers increased the populations of both the soil and the air of the cave
changed. In the soil the numbers of species of Corynebacteria, Nocardia and Streptomyces remained relatively
constant but the numbers of Gram-ve rods increased noticeably as did the numbers of Bacilli and moulds. The
species of Bacilli which became dominant were Bac. cereus, Bac. cereus var. mycoides and Bac. subtilis whilst
Bac. circulans and Bac. pumilis were isolated in larger numbers than previously.

Table 2

Bacteria isolated from soil samples from Dan yr Ogof
and Ogof Ffynnon Ddu

Sites Characteristics

Dan yr Ogof:

1. *Long Crawl Sand & gravel; never flooded

2. *Lower Series (Virgin Passage to Dense water-logged mud containing peat;
Thixotropic Passage) subject to flooding

3. *Go-Faster Passage Peat; subject to flooding

At the time of sampling, site 1 had been traversed by cavers a number of times; sites 2 & 3 were
remote from routes taken previously by cavers.

*Several sampling stations were used in each of these general locations.

Ogof Ffynnon Ddu:

4. Cathedral Passage Sand & gravel; rarely flooded
5. Traverse Passage Sandy & clay; subject to flooding
6. Waterfall series Sandy & clay; never flooded
7. Railton-Wild Series Boulder clay; subject to flooding

All these sites are visited frequently by cavers.

Bacterial Genera Sites
1 2 3 4. 5. 6. 7
Flavobacterium p p [ c
Chromobacterium p p p p p
Achromobacter p p p p [ c
Micrococcus p p P
Bacillus c p p a p p c
Clostridium p a a a P p e
Corynebacterium p P p p p
Nocardia p c c p p p
Streptomyces p c a G c p p
not identified to generic level:

Myxobacteria c c
Gram-ve coccobacilli p p c c c p c

Key: p = present in some or all samples in small numbers

¢ = common in some or all samples
a = abundant in most or all samples.

Bacterial populations in water

Table 3 summarises the bacterial genera isolated from the various water samples taken. It also gives
some idea of the relative abundance of each genus in the different sites. The comparisons here with a range of
sites in Ogof Ffynnon Ddu are interesting and important, consequently the results from both caves are given
in one Table.



The sites have been classified into groups based on frequency of flooding and disturbance by man. On
these bases the types of sites sampled were:-

1. Pools subject to flooding, rarely visited by man (at the time that the samples were taken).
*Go Faster Passage
*Pools in Lower Series (Virgin Passage to Bakerloo Straight).
2. Pools subject to flooding, frequently visited by man.
Loopways
Pluto’s Passage
3. Pools fed by seepage only, rarely visited by man.
Coral Pool
*Gerrard Platten Hall
*Top of Double Pots
*Grand Canyon
4. Pools fed by seepage only, frequently visited by man.
The Font
Candlestick Pool
Upper Column Passage
Traverse Passage
(Sites in Dan yr Ogof are marked *)

In all cases several sampling stations were used in each of these general locations.

When the results from water samples from Dan yr Ogof are compared with the results obtained from
similar samples from Ogof Ffynnon Ddu, it is surprising to find marked similarities between the bacterial popu-
lations of the various pools in the newly-entered passages in Dan yr Ogof and those of similar pools in Ogof
Ffynnon Ddu. The range of genera, and indeed species, recovered from sites in Dan yr Ogof was very wide and
comparable with the range one would expect from surface waters.

Table 3. Bacterial genera isolated from water in Dan yr Ogof and Ogof Ffynnon Ddu.

Sites i i iii iv v vi vii il ix X Xi xii
coccobacilii:
Gram + ve a a p p p p c € c c
Gram - ve a a c 0 p p p p c c c c
Spirochaetes c c
Myxobacteria [ c c p
Caulobacteria c c p p p
Chlamydobacteria a a p p Q a a a
Nocardia c c p p p p p c c
Streptomyces a p p = c p p p p
Corynebacteria p
sporing rods:
Clostridium c c p p p c p p p p c c
Bacilli c c a a c c c p c c a a
Sarcina P p
Micrococcus P p p p p a p a a
Gram-ve rods:
Chromobacterium a c p P c ¢ c p a c a a
Achromobacter p p a a p p c c
Flavobacterium p p p p c p c c
coliforms:
Aerobacter p
Escherichia p p
Pseudomonads:
Vibrio p p p p p p p
Pseudomonas c c c c p c c p c e c &
Spirillum c p p p
N, -fixing bacteria:
Clostridium c p c c p p
Azotobacter c p c C c c c p c c c c
Nitrifying bacteria:
Nitrosomonas c c p c c c p p ¢ c p
Nitrosococcus p p p p p p
Nitrobacter [ c p c c p c c c p
Thiobacillus c c (o] p p p c c p



Table 3.
Key:
Sites: group 1. i. Go Faster Passage*
ii. Poolsin Lower Series*

group 2. iii. Loopways
iv. Pluto’s Passage

group 3. v. Coral Pool
vi. Gerrard Platten Hall*
vii. Top of Double Pots*
viii.  Battleship Passage™

group 4. ix. The Font
x. Candlestick Pgol
xi. Upper Column Passage
xii.  Traverse Passage

*indicates sites in Dan yr Ogof.

p = present in some or all samples in small numbers
¢ =common in some or all samples
a =abundant in most or all samples.

¢. Animal populations of aguatic habitats

The considerable volume of work done on cave animals to date has been somewhat limited in its scope.
Throughout the published work on cave animals one finds emphasis on the specialisation of troglobitic animals
for the specialised environment of the cave, and the majority of serious studies on cave animals have had a mor-
phological, descriptive emphasis. Relatively little attention has been given to the accidental inhabitants of caves,
or indeed to many of the troglophilic animals. Consequently, a large body of descriptive material has been
amassed and extensive references to this material can be found in Vandel (1965), Delamare-Deboutville (1960)
and Cullingford (1962). Unfortunately, very few of these many studies have provided any ecological informa-
tion.

For any ecological picture to have been built up in Dan yr Ogof information was required on:

(i) the animal species present (troglobitic and others) in different microhabitats within the cave
(ii) the distribution patterns of these animals
(iii) the relation of these distribution patterns to openings to the surface, drainage pattern and
flooding.

As has been pointed out previously, it would have been impossible to consider all the habitats within
Dan yr Ogof and thus, only the aquatic habitats were attempted. An advantage of this decision was that the
aquatic animal populations are relatively limited and the majority of species found are fairly easily identified.
The species actually found are listed in Table 4.

When the distributions of aquatic animals through the Dan yr Ogof systems were examined, some
marked discontinuities were found. For example, the triclads Dendrocoelum lacteum and Fonticola vitta were
found only in two areas of the New Series, Go-Faster Passage and the pools in the Lower Series. Both these
areas are frequently flooded but are not the only parts of the cave subject to intermittent flooding. Gammarus
pulex was found in the same two sites and also in the stream system upstream from Go-Faster Passage. After
this initial work had finished, cavers exploring areas yet further upstream reported large numbers of G. pulex
in pools adjacent to the stream (A. Coase and E.G. Inson, private communications). Larval stages of Trichoptera
and Ephemeroptera were also found in areas known to flood.

Niphargus fontanus was found in appreciable numbers in the pools and the stream in Gerrard Platten
Hall but so far has not been reported from any of the sites mentioned for G. pulex. Asellus cavaticus was abundant
in shallow pools and shallow parts of the stream in Gerrard Platten Hall. Sparse populations of A. cavaticus
were found in pools in the Lower Series and in Go-Faster Passage.

Table 4, Aquatic animals from Dan yr Ogof 1966 - 1967

Platyhelminthes
Turbellaria: Fonticola vitta (Duges)
Dendrocoelum lacteum (Miller)

Arthropoda
Crustacea:
Copepoda: Megacyclops viridis (Jur.)
Acanthocyclops vernalis (Fisch)
Acanthocyclops viridis Jurdine
Isopoda: Asellus cavaticus Schiod.
Amphipoda: Niphargus fontanus Bate

Niphargus aquilex Schiod
Gammarus pulex (L)
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(Table 4 continued)

Insecta (larval stages):
Ephemeroptera: Heptagenia lateralis Curtis

Trichoptera: Philopotamus montanus Don
Plectrocnemia geniculata McL.
Stenophylax permistus McL.

d. Algal populations in water

Plant life in Dan yr Ogof as in other British caves is extremely limited. The main streams carry a few
diatoms and desmids under normal flow conditions and after flooding the same species can be recovered from
pools within the flood zone. A few unicellular green algae have been recovered from pools fed by seepage
water. (Table 5).

Work reported from Hungary (Claus 1964; 1965; Kol 1966) has shown that a large number of algal
species are capable of surviving for prolonged periods in caves. The authors of the papers cited also claimed
that several algal species were capable of active growth in the dark zones of caves. Kol (1966) reported that
a number of species of green and blue-green algae were capable of growth on inorganic media in the dark, utili-
zing “radiation of some type substituting for light”’. The type of radiation was not specified and the descriptions
of the cells suggested that they became considerably modified during the experiments. A few of the individuals
recovered from pools in Dan yr Ogof belonged to genera which Kol reported as capable of chemolithotrophic
growth. However, there was no evidence here that these algae were growing and reproducing. Indeed, it proved
very difficult, and sometimes impossible, to culture the individuals recovered. Any morphological changes
seen in these cells were those associated with deterioration of the cells, none were comparable with those re-
ported by Kol. The total impression is that the majority of algae represented survivors of populations carried
in by water and unable to colonise the subterranean habitats.

Table 5. Algae from pools and streams in the new passages in Dan yr Ogof.

Sites subject Sites not known to
to flooding flood at the time
of this work (1967)

Chlorophyta: Chlorococcales: Chlorella Chlorella
Chlorococcus
Volvocales Chlorogonium
Carteria
Ulotrichales Ulothrix Ulothrix
Hormidium
Conjugales Zygonema
Chlorophyta: Conjugales (Desmids) Staurastrum
Chrysophyta: (Sub-division Bacillariophyceae)
Pennales Navicula Navieula
Pinnularia Pinnularia
Cymbela Meridion
Synedra Stauroneis
Fragillaria
Diatoma
Cyanophyta: Chroococcales: Chroococcus
Synechococcus
Aphanocapsa
Hormogonales Phormidium
Oscillatoria
Chamaesiphonales Chamaesiphon

e. Discussion

The observations and results described herein show that cave ecosystems cannot be discussed as though
they existed in total isolation from other environments. It is true that, as a result of certain limitations, the
numbers of species found in both aquatic and terrestrial habitats are very restricted compared with epigean situa
tions. The relatively consistent low temperatures and high humidities can restrict colonization by birds and mam
mals but, by reducing the risks of desiccation or freezing, may offer some definite advantages to invertebrate
groups.

It has been argued that as food supplies are limited in caves, colonisation is restricted and that many
cave animals are constantly short of food. Vandel (1965) cites examples of these arguments. However, low
temperatures are associated with low respiratory rates amongst cavernicolous animals (Fage 1962). Low tem-
peratures are also responsible for slow metabolic rates in chemo-organotrophic bacteria. Consequently, at the
temperatures of cave waters in Britain the rates of food and energy turnover will be slow so that, if food



resources are indeed limited, their depletion or exhaustion will also be slow to occur.

Total darkness within caves has several important effects. The most obvious of these is that there can
be no growth of photosynthetic plants or bacteria. Several theories have been put forward for alternative food
and energy resources for cavernicolous animals; use of metabolic products of chemolithotrophic bacteria and
algae, use of “fossil energy’’ in the form of hydrocarbon traces from limestone and organic material from ex-
ternal sources. These ideas are discussed in detail below.

Total darkness, however, has several other effects. It has a direct influence on the possibilities of coloni-
zation by many groups of animals. Thus, animals dependent on actively growing green plants and those nor-
mally hunting by sight will be absent from caves. A further limitation on animal colonization is imposed by
the absence of the stimuli of either diurnal light variatior)f; or seasonal changes in day length. It is probable that
the lack of diurnal stimuli can affect both vertebrate animals such as fish and also some invertebrate animals.

It is evident that connecticns with both terrestrial and aquatic surface habitats are important to cave
ecosystems. They influence the food reserves available to animals in caves and also the distribution of these
animals. Any consideration of troglobitic animals must therefore include the roles of accidental and intermit-
tent inhabitants.

One of the most important points to emerge from the bacteriological work in Dan yr Ogof was that
the microbial populations of the soils in that cave, and indeed in other caves, are quite comparable with seils
outside caves. Thus the turnover of materials within soils in caves is likely to parallel that in soils of compar-
able types elsewhere. Cave soils contain varied bacterial populations dependent on soil type, (peaty, sandy
etc.), soil conditions (water-logged, dry etc) and soil treatment. There appear to be basic populations in cave
soils consisting of a variety of chemo-organotrophic Gram+ve and Gram-ve coccobacilli, and members of the
genera Nocardia, Streptomyces and Bacillus. Nitrating and nitrifying bacteria, Azobacter spp., Nitrosomonas
europeae, Nitrobacter winogradsky and Clostridium spp., including CI. pasterianum can be found in small
numbers from many soils and sediments in pools. The metabolic products of these organisms and materials
from their breakdown of plant and animal materials are available in the soil itself and can also be carried into
streams and pools to augment food and energy resources.

Obviously there is no systematic disturbance of cave soils comparable with cultivation of fields but
flooding, disturbance due to boulder movements and visiting animals all cause variations in soil conditions
which may be reflected in the microbial populations.

When soils are disturbed by flooding or other agencies their basic populations are augmented by a
variety of chemo-organotrophic species. The numbers and varieties of Streptomyces spp. and Bacillus spp.
increase considerably and in some peaty areas, such as Streptomyces Passage in Dan yr Ogof, dominate the
microbial populations completely following times of flood. In other passages where rotting leaves and branches
accumulate, the proportions of Streptomyces spp. and Nocardia spp. drop and those of Myxobacteria, espe-
cially Cytophaga spp. increase considerably.

To summarise, cave soils, like surface soils, have indigenous populations which, following any distur-
bance of the soil are augmented by a variety of transient species. The range of organisms isolated at different
times and from different soils have features which have been discussed by many soil microbiologists (Clarke
1967; Conn 1948; Alexander 1961).

Caumartin (1961) explained the isolation of chemo-organotrophic bacteria from cave samples in
terms of germination under laboratory conditions of spores and resting stages. This explanation is an unlikely
one for the majority of Eubacteria, whilst for spore-bearing groups such as bacilli and Streptomyces there is
evidence that at least some of the species present are growing actively in caves. In certain parts of Dan yr Ogof
growths of Streptomyeces spp. including Strept. albus, are abundant enough to form mycelial mats which can
be seen with the naked eye. Caumartin frequently referred to the presence of Actinomyces in caves. These are
Actinomyces as defined by Prevot (1961) and many of the species he referred to would be classed as Strep-
tomyces using Bergey’s Manual of Determinative Bacteriology (Breed et al. 1957). The abundant growth of
these organisms is associated, in his opinion, exclusively with soils near cave entrances. The results from Dan
yr Ogof and from other British and French caves refute this suggestion and replace it with the probability that
members of the genera Streptomyces, Nocardia, Arthrobacter and Coryne bacterium represent a basic flora
of cave soils, rather than the chemolithotrophic organisms so often postulated.

Undoubtedly chemolithotrophic organisms have considerable interest but it seems unlikely that they
play more than a subsidiary role in the energy budgets of active caves such as those in South Wales. There is
a sufficiently wide variety of chemo-organotrophic bacteria and sufficient detritus present in most habitats
within caves on which to base the food and energy patterns of cave-dwelling animals.

Studies on the bacterial populations of the various water bodies in caves (Table 3) showed that even
in pools not subjected to periodic flooding there is a diversity of chemo-organotrophic species. The studies
also showed that chemolithotrophic bacteria are relatively scarce, both with regard to the numbers of different
species present and the fraction that these species form of the total population.

In one of her papers concerned with food resources for Niphargus spp., Gounot (1960) discussed popu-
lations of ‘heterotrophic’ and ‘autotrophic’ bacteria isolated from silts in cave pools in France. She, too, noted
the abundance of chemo-organotrophic organisms. Although Mlle. Gounot concluded that the activities of the
chemolithotrophic bacteria appeared insufficient to support the Niphargus spp. in the pools under investiga-
tion, the presence of organic material and chemo-organotrophic bacteria was still referred to in terms of
‘pollution’. The concept that any intrusive material constitutes pollution in caves is incidentally widespread and
seems to be connected with attempts to explain the ecology of cavernicoles in terms of caves as isolated en-

vironments.

337



A very doubtful distinction has been made by Vandel (1965) between two types of bacterial popula-
tions in caves ‘one exogenous and heterotrophic, the other endogenous and autotrophic’. The results from Dan
yr Ogof and also from other caves in South Wales and in the Pyrenees certainly do not support this distinction.
In the aquatic habitats as in the terrestrial ones there are floras of apparently endogenous bacteria containing
chemo-organotrophic bacteria such as Nocardia and Streptomyces spp., several Gram-ve and Gram+ve cocco-
bacillary forms, in addition to some chemolithotrophic bacteria. It is worth noting here that chemolithotrophic
species such as Nitrosomonas and Nitrobacter spp. may themselves be exogenous and washed into the caves
from surface soils. Cook and Young (unpublished theses) both reported these organisms from water percolating
into caves.

Hawes (1939) made the suggestion that flooding was an important factor in cave environments, princi-
pally by disturbing the otherwise consistent, unvarying characters of the environment. Although he saw it
mainly as a form of seasonal variation, Hawes also suggested that flooding was important in maintaining food
supplies.

Before the significance of these bacterial populations in relation to the food chains of aquatic com-
munities in caves can be discussed it is necessary to review the animals found in aquatic habitats in caves in rela-
tion to their known food requirements and distribution.

The two cavernicolous species typical of freshwater sites Asellus cavaticus and Niphargus fontanus
are distributed irregularly throughout many British cave systems. A. cavaticus is also found in resurgences of
cave streams. For example, on several occasions healthy specimens have been found living under stones in the
River Llynfell some 150-200m. downstream from the mouth of Dan yr Ogof. Presumably, these are individuals
washed out from the cave systems and unable to migrate back against the current. Similar situations are re-
ferred to by Minkley (1961).

Within the caves there is some apparent dissociation of the two species from each other with A. cavati-
cus frequently found in films of water too thinfor N. fontanus. The latter occupies some pools not colonised
by A. cavaticus. The dissociation is not complete and the two species occur together in some streams in Dan yr
Ogof as they do in Ogof Ffynnon Ddu. The distribution patterns of the two species are complex and without
further information it is difficult to define precisely the factors governing them. Direct observations indicate
that the presence of clay or silt is essential for colonisation by N. fontanus.

There are reports of N. fontanus and other species of Niphargus eating clay (Vandel 1965), and it is
noticeable that N. fontanus is absent from clean calcite slopes and from pools with beds of calcite crystals.

An apparently wider range of sites can be colonised by Asellus cavaticus such as streams, pools and thin films of
water with beds of either clean calcite or of clay, sand or gravel. Clay and silt cannot therefore be of the same
importance in the diet of A. cavaticus as they are in that of N. fontanus.

There are few authoritative publications on the feeding mechanisms and food requirements of N.
fontanus and A. cavaticus. Papers by Ginet (1964), Gounot (1960) and Husson (1962 & 1964) discussed the
metabolism of Niphargus virei and other species of Niphargus found in continental Europe. Gounot (1964)
has suggested that by eating clay or silt, Niphargus spp. are utilizing vitamins and other metabolic products
secreted by bacteria. This limited view of the role of bacteria in relation to food resources for Niphargus ig-
nores the size of the diverse populations of chemo-organotrophic bacteria found in the clays and silts and in
the water. In fact these bacteria could contribute in two ways to the diet of Niphargus spp. through the break-
down of organic material to a form useful to the animals, and through the utilization of whole bacterial cells
as food by the animals.

The investigations into the nature of the ‘water-fungus’ had shown that the calcite slopes and surfaces
of rocks and pebbles in sites occupied by A. cavaticus generally have growths of filamentous Chlamydo-bacteria
on them. This raised the possibility that growths of filamentous bacteria might be important in the diet of A.
cavaticus. Examination of the gut contents of some A. cavaticus showed partially digested trichomes of fila-
mentous bacteria similar to the Chlamydobacteria of the ‘water-fungus’. A variety of unicellular non-filamentous
bacteria were found in association with the Chlamydobacteria and the filamentous growth also entrapped plant
debris. It remains to be shown, therefore, whether it is the Chlamydobacteria alone that are important as food
for A. cavaticus or if a significant contribution is also made by the other bacteria and by plant debris.

Differences in their food requirements may explain the distribution of these two aquatic troglobites
and the factors regulating the species and numbers of bacterial populations may indirectly regulate the animal
populations.

From the points discussed here and on the basis of observations made in Dan yr Ogof and other caves,
it is possible to suggest some links in the food chains involving the two British cavernicolous species, A. cavati-
cus and N. fontanus, and by considering the other aquatic animals present and the roles of the bacteria and
algae in the pools it becomes possible to postulate a simple food web.

Three of the animal species regarded as accidental inhabitants of pools, Gammarus pulex, Fonticola
vitta and Dendrocoelum lacteum are distributed widely in the Dan yr Ogof system. The pattern of their distri-
bution is initially determined by the overall pattern of flooding in the system from surface streams. All three
species can be found in surface streams known to enter the cave system.

Several cavernicolous species of triclads belonging to the genera Fonticola and Dendrocoelum have
been described by Beauchamp (1919, 1949 & 1954) and by Gourbault (1965) from continental Europe. The
persistence of the triclad populations in Dan yr Ogof however seems to be explicable in terms of continuous
recruitment from surface streams through flooding and of the ability of triclads to survive for long periods
with little or no food (Reynoldson 1966). There is no evidence at present for reproduction of triclad species
in Dan yr Ogof.

The ecological significance of the recurrent triclad populations in Dan yr Ogof is difficult to estimate.
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As chance predators they probably represent a hazard to other animals in these pools. In laboratory experi-
ments Reynoldson (1966) showed that Dendrocoelum lacteum actively hunted intact prey with a preference
for arthropods including Asellus spp. (in that case A. meridianus). Other species were not as active as hunters
but took damaged or abnormal individuals more readily. Reynoldson also cited and confirmed the observa-
tions made by Hyman (1951) that triclads do not take organic detritus as food.

Gammarus pulex was found regularly in certain pools in Dan yr Ogof, particularly those in Go-Faster
Passage and the Lower Series. It is present in at least two of the sinks into the system and it seems likely that
individuals are taken into Dan yr Ogof by flood water together with large quantities of organic debris some
of which could provide suitable food material for them. True colonization and breeding within the cave have
not been proved. The contribution to the food patterns made by G. pulex in aquatic habitats in caves is pro-
bably small. In isolated pools, individuals probably form at least one source of food for the triclad populations
and in doing so may reduce the chance of predation by triclads on the cavernicolous populations.

Although few species of the small crustaceans belonging to the Sub-Classes Ostracoda and Copepoda
have been recorded from only a few caves, it is probable that the groups are represented in at least some of the
aquatic habitats of most caves. It is likely that the lack of records is due to lack of any systematic search for
them.

When the question of food supply is considered objectively in a way that would be used for any epi-
gean habitat and thus includes consideration of the varied populations of chemo-organotrophic bacteria and the
variety of exogenous material brought into caves by natural agencies, it appears that the supply of food for
animals in aquatic habitats is constantly being replenished. Although food materials are not often abundant, it
is rare to find situations where organic material, together with the bacterial populations capable of utilising it,
are absent. It is unrealistic therefore, to look for food chains based entirely within the cave system and on
chemolithotrophic bacteria when other, more orthodox systems are both possible and probable.

Figures 25 and 26 show an attempt to correlate the animal, plant and bacterial populations of aquatic
habitats in Dan yr Ogof in terms of possible feeding relationships. Fig. 25 shows the range of animals and plants,
either resident or accidentally present, found in aquatic habitats; Fig. 26 shows some of the possible food relation-
ships between these groups. It is a generalised scheme and obviously not exactly applicable to every situation
even within Dan yr Ogof itself. However, it is suggested that the results obtained in this work demonstrate an
overall pattern as in Fig. 27 and that this is basically true for most, if not all, aquatic ecosystems in caves and
that the application of orthodox ecological investigations in caves are both possible and rewarding.
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IX
THE ARCHAEOLOGY OF OGOF YR ESGYRN (THE BONE CAVE)

About 43m. above the mouth of the great cave of Dan-yr-Ogof is a group of small caves of which the
largest is Ogof-yr-Esgyrn, once known as Yr Ogof (Plate 55). Thus the farm was known as "Dan-yr-Ogof”,
literally below the cave, and so later was the river cave itself. This group of small caves forms part of the old
river levels before the Llynfell, a tributary of the Tawe, cut its present channel in the ravine below.

Ogof-yr-Esgyrn is a single chamber, about 18.3m. wide and 10.9m. deep entered by a low tunnel.
People lived there nearly 3,000 years ago, not long after the first metal objects (of the alloy, bronze) were in-
troduced into Wales and again during the early part of the Roman occupation and then towards the end of the
Roman period. Not only did people live there in Roman times, but they also buried their dead in the cave and
it is for this reason that the cave bears its present name.

The first known excavation were carried out in 1923 by a party of students from the University Col-
lege of South Wales and Monmouthshire in conjunction with the National Museum of Wales, under the direction
of Mr. R.H. D'Elboux. They dug several pits in the cave and found early and late Roman pottery, a ring of
twisted silver, two bronze rings and an iron ring. Roman bone pins, a coin (a third brass of Constantinopolis),
remains of hearths and fragmentary bones of a man, woman and child. Mixed with the relics were the bones of
farm animals, some apparently split to get at the marrow.

No further excavations were done until 1938 (Plate 56) and from then until 1950 excavations were
carried out over the whole of the cave by Mr. Edmund J. Mason of the Mendip Exploration Society, later the
South Wales Caving Club, the largest and oldest caving club in South Wales and still very active in the area.
Other experts who associated themselves with the work were Mr. (now Professor) W.F. Grimes, then of the
National Museum of Wales and who was later associated with the Saxon Ship Burial Excavation at Sutton Hoo
and the Mithras Temple Excavation in the City of London; Mrs. Audry Williams, then of Swansea Museum and
Dr. Hubert Savory of the National Museum of Wales, all of whom did very active digging in the cave. In 1939,
the excavation was visited during the British Speleological Association’s Conference by many of the leading
archaeologists in Britain and abroad.

The excavation was not easy. The floor was strewn with boulders, the earth was often muddy and
unpleasant to handle and had to be dried out before it could be sieved. The stalagmite crust, which had to be
broken in places sometimes involved many hours with sledge hammers and rock chisels. Sometimes large rocks
several feet square, which had fallen from the roof in historic times, had to be raised with the help of teams
from the South Wales Caving Club. At one point, the floor was covered by a rock so large that it had to be
blasted. Underneath were two Roman coins, one with the remains of linen, too fragmentary for preservation,
adhering to its underside — the remains of the bag in which the coins had been kept. The cave floor was exca-
vated square yard by square yard, each with separate identification letters, so that the position of each ob-
ject could be carefully recorded.

In one corner was a deep pocket of sand, the principal burial place in the cave. A human jaw, found
at the base of the boulders which had been piled over it, gave an indiction of what was to follow. Skeleton
after skeleton came from the pit. It was as much as carpenters could do to knock together the boxes in which
to seal and carry them across the steep scree slope above the Show Cave approach. At that time there was no
covered way to the entrance to the Show Cave, and it was difficult for four or more men handling a six foot
container to keep their feet while they struggled in the loose scree, trying to avoid rolling boulders, down to
the approach to the Show Cave. The date of the pit to Roman times was easily ascertained, as some of the
skeletons had brooches of Roman date and the pit contained the first coin found in the 1938-1950 excavations,
a sestertius of Trajan (97 A.D. — 115 A.D.).

Apparently, when the pit was full up, other burials were made at various places in the shallow soil
covering the stalagmite floor and then covered with boulders. About 40 people, men, women and children
were buried in the cave. Old burial places must have been subsequently lived on, since some bones had been
charred by hearths. The ash from hearths covered practically the whole floor except where stalagmite slopes
and bosses made both living and burial impossible. With the hearths were the fragments of pottery jars and
dishes which had been broken and discarded. Here and there were found bone pins, bone needles and bronze
awls which had been lost in the cracks in the rocks. Sometimes the people lost coins. Nine of them were found
in various places and, with pottery, provided valuable dating material for the occupation.

Generally the objects were richer than one would expect from a community living in such a primitive
dwelling. Indeed what was such a community doing with a seal box, a small locket-like container used for
sealing when despatching messages, an object more likely to be found in villas, towns and military establish-
ments. Were they an impoverished community who had seen better days? Were they in hiding? Or had some of
the objects come their way as loot? It is quite common to find people in Roman times living in caves, but their
goods are usually inferior to those found in Ogof-yr-Esgyrn.

To understand what kind of people lived in Ogof-yr-Esgyrn in Roman times, we must understand
what is meant by the word “Roman” in this context. There were probably very few Romans in the true sense
— people from Rome or indeed from Italy — during the Roman occupation in the British Isles. A Roman was
a member of the Roman Empire, as the Empire was large, a Roman in the widest sense could be of any origin
much in the same way as a member of the British Empire in its heyday could be of any colour and still be



British. The Roman army of the West was essentially Western European in origin — Spanish, Germanic, Gallic,
etc. all using their native languages with Latin as a language common for army and administrative purposes. Be-
yond the military lines of defence, the policing of turbulent territories could be done by auxiliaries often made
up of ““native’’ troops, people who knew the country, much in the same way as is done today. Even more non-
Roman in the strictest sense were the people of the towns and villages for these were the “local’’ people, the
early Celtic settlers, in fact the early Welshmen. They were the people iiving here before the Roman Conquest
during the Early Iron Age, the Ancient Britons of the old history books. Many of them were fine metal workers
in bronze, iron and more precious metals. They farmed the land and could weave and dye cloth. The country
was divided into petty kingdoms or tribal territories. In South Wales lived the Siluries. As the people came
under Roman influence they became ““Romanised’’. Some lived in cities, provided as a result of Roman policy.
Well-to-do farmers lived in villas, which often also provided accommodation for his farm labourers. Administra-
tion continued to be in the hands of the old fuling class under ““Romanised’’ conditions, subject to the policy
of Roman organisation. The people were basically, therefore, the same as in the Early Iron age and as they were
not true Romans in origin, we usually prefer to call them Romano-British. Some accepted “Romanisation” for
such improvements as it gave to their way of life, others were more turbulent and did not accept it easily, as was
the case in the Welsh mountains. The pottery and articles at Ogof-yr-Esgyrn indicate that the inhabitants were
““Romanised”” but how deep this went is difficult to judge.

The earliest people found, those of the Bronze Age, were not so numerous as those occupying the cave
in Roman times, in fact very few pottery vessels are represented and no bones, as far as we know. Although the
occupation by Bronze Age dwellers was probably only by a few people and of very short duration, they left
some interesting articles behind, a gold bead, the only gold article found in the cave, a bronze “razor” (although
it is not known whether such objects were really used for that purpose) and the blade of a bronze short sword
or dirk, belonging to sometime between 1000 B.C. and 800 B.C., a double edged weapon which is part way be-
tween a dagger and a sword. The one found at Ogof-yr-Esgyrn was about 343mm. long. When the dirk was dis-
covered, it was found that a rabbit had been burrowing in recent times and become impaled on or trapped by
the point of the dirk and had died there. The weapon had proved lethal long after its original owner had lost it!

The Bronze Age people were the people living in the British Isles before the arrival of the Early Iron
Age people. Just as the Early Iron Age people introduced the use of iron, the Bronze Age people brought with
them the first organised knowledge of metallurgy in Britain, but iron was still unknown and although a few
objects were made of copper most of the metal objects were made in bronze. Gold was often used for decorative
purposes and farming was already known before the arrival of the first Bronze Age people. With them we asso-
ciate the round burial mounds, so common on Salisbury Plain and stone circles such as Avebury and Stone-
henge. To them probably belonged the Saithmaen, a group of stones on the Cribarth near Ogof-yr-Esgyrn, the
stone circle below the Fan and several standing stones and certain other remains in the neighbourhood.

E.J.M.

This chapter is reprinted, with permission, from the Dan yr Ogof Cave Guide. A fuller account of the 1938-1950
Excavations is contained in “‘Archaeologica Cantabrica” 1968. Further work commenced in the Autumn of 1976 under the
direction of Ted Mason and initial results were rewarding. Major efforts will re-commence from Easter 1977 and assistance
will be welcomed.

X

FUTURE PLANS
It is hoped that this publication will act as a stimulant for further exploratory and scientific efforts

in the Dan yr Ogof area. These may well prove or disprove some of the hypothesis herein but of much greater
importance is the need for there to be a high degree of co-ordination of such activities and the recognition that
without conservation and care much that we do now may impede the work of future generations of speleologists.

Many experts have expressed interest in Dan yr Ogof either actively or as “back-room boys” and it
is hoped soon to launch a new programme of co-ordinated activities. The S.W.C.C. committee and the Dan yr
Ogof directors support the concept and it is hoped that many cavers and scientists will support the ongoing
programme. While the leader system operated by S.W.C.C. will still operate it is relevant to point out that there
are many “‘guest leaders”” drawn from other clubs. They have rights of access similar to those of S.W.C.C.
leaders except that they are not permitted to lead other visiting clubs. However, it is hoped that the guest
leaders and their own clubs will play an active role for Dan-yr-Ogof is not, as has sometimes been suggested,

a "closed shop”’.

Plans include a detailed programme of exploration (with a careful log of progress being kept together
with indications of further possibilities), surveying, hydrology, archaeology, bio-speleology, geology and geo-
morphology. Hopefully the results of these future explorations will make this Transactions look like a prelimi-
nary note, and will provide the material for many future publications.

A.C.C.
Alan C. Coase, D.M. Judson,
The Manor, Bethel Green,
Thornbridge Hall, Calderbrook Road,
Great Longstone, Littleborough
Near Bakewell, Lancs.

Derbyshire.
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