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Abstract: A third phase of investigation of the Peak Cavern Vestibule, using cutting-edge LlDAR total sta­
tion equipment, obtained a 16.8 million co-ordinate data point cloud, which was re-sampled into a digitally­
rendered, 3-D triangular surface model. Visualisation software allows dynamic viewing of the data model 
from any angle or orientation, with editing software allowing picking, interpretation and horizon generation 
of geological features of interest. Model analyses of surface 'en-echelon' joints reveal an anticlinal fold 
hinge mid-way through the Vestibule. Bedding planes were found to be sub-horizontal but parallel to the 
Vestibule main body axis. 

A CD-ROM of the data model and IMView visualisation software is freely available on request, contact 
Robin. Westerman@pet.hw.ac.uk 
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INTRODUCTION 
This paper introduces a third phase of site investigation in The 
Vestibule, or entrance chamber, of Peak Cavern, Derbyshire, UK. 
Hancock (1999) used ground resistivity geophysical techniques to 
profile the cave earth deposits along a rope-walk and five artificial 
benches descending to a stream-bed at the side of The Vestibule. 
Pringle et af. (2002) built a multidata 3D-CAD model from 
Hancock' s geophysical results plus new Ground Penetrating Radar 
(GPR) data and a Total Station laser theodolite survey. 

The Peak Cavern Vestibule was re-surveyed on the 2nd June 2003 
with ground LlDAR (Llght Detection And Ranging) equipment. 
Ground LlDAR is the next-generation surveying technique, wherein 
very rapid acquisition of co-ordinate data points creates a highly­
detailed data point cloud of the object or area. LlDAR acquisition 
equipment scans objects in an 800 vertical range and a 1500 lateral 
frame scan. A fully three-dimensional digital model of an object or 
survey area can be produced by combining scans, if artificial 
reflector patches are placed in overlap zones between survey swaths. 
LlDAR technology is developing rapidly and both the image quality 
and the scan rate are ever improving. However, equipment is 
relatively expensive and in short supply at the time of writing. 

VESTmULE SURVEY AND 
RESULTING DIGITAL MODEL 

A Riegl LMS-Z360 high-speed scanner acquired 16.8 million co­
ordinate points of the Vestibule in 8 surveys (termed swaths) in four 
hours. Data points had a I cm sample interval and 1.2cm resolution. 
The previous professional Total Station survey acquired 400 xyz 
points in four hours. The LlDAR data rate peaked at 18,000 data 
points per second. After combining separate swaths, the resulting 
data point cloud was re-sampled by InovMetric lMAlign software, 
firstly to remove duplicated swath points, then re-sampled into 8.5 
million triangular apex points. A triangulated surface was then fitted 
through these points and rendered, vertex separation of the model 
being - 4cm in resolution. The vertex model however was still 200 
Mb in xyz ASCII format. 

Figure I shows a rendered model view of the Vestibule in 
IMView visualisation software, as would be seen by a very tall 
person on the approach pathway. This view is similar to Figure la of 
Pringle et al. (2002). Note the person of normal height standing on 
the path at lower right and the partial image of the kiosk above him 
(marked). The rope-walk benches are beyond the kiosk at lower 

centre. The upper half of the picture shows the vertical head of the 
gorge approaching Peak Cavern and the Vestibule roof. 

The advantage of viewing the digital model in IMView software 
is the ability to remove designated areas of the model, i.e. a cave 
side, so the viewer can see the model from any view and orientation, 
without the restriction of being either land-based, or of a particular 
view from conventional photography. Figure 2 shows a rendered 
view of the model, as though looking down through the country rock 
from Peveril Castle on the surface above the cave mouth. The 
Swinehole entrance extends towards the viewer at lower centre. The 
head of the approach gorge abuts the right-hand margin. Note the 
subhorizontal bedding surfaces etched into the external cave wall. 
Subvertical, conjugate joint surfaces offset the cave axis. 

Figure 3 shows a rendered orthogonal view of the digital model, 
as though seen through the country rock (with the back of the 
Vestibule removed), but from a position above Lumbago Walk. The 
line of sight is towards the entrance to The Vestibule and so opposite 
in direction to that of Figure I. The stream down-cut and top bench 
areas are marked. 

in 
InnovMetric IMView visualisation software. looking past the kiosk (marked) 
to the rope-walks. Black areas indicate holes in the dataset. 
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MODEL INTERPRETATION 
From analysis of the digital model, stratigraphical and structural 
features can be discerned that are not immediately obvious from 
visual inspection of the Vestibule. A set of sub-vertical, 'en echelon' 
joints is observed in the digital model for example, and interpreted 
as controlling the main line of avens, though they are not well 
discerned in Figure 3. The 'en-echelon' joints also appear to pick out 
a subtle anticlinal fold hinge. 

Bedding planes, which can be observed by visual inspection of 
the Vestibule, show interesting variations in the digital model. To 
the southwest of the visible aven, the bedding planes are sub­
horizontal, whereas to the northeast of the aven, the bedding plane 
dip is towards the northeast. These abrupt dip variations seem to be 
aligned parallel to the axis of the main body of the Vestibule (Figure 
2). Furthermore, the northeasterly dipping bedding plane, in the roof 
to the right of the visible aven, is parallel to a strong bedding plane 
etch feature beneath. Both bedding planes are sub-parallel to the 
diagonal line formed by the surface of the cave earth. As noted by 
Pringle et al. (2002), the slope of the cave earth deposit extrapolates 
along the base of the Swinehole, so evidence suggests the bank of 
cave earth deposits in The Vestibule may share the same lithological 
and structural controls as the processes that formed their host 
chamber. Indeed, the processes that formed The Vestibule might 
have left the cave earth bank as a residue (compare the discussion 
with Dr T D Ford in the Forum section of Cave and Karst Science, 
Volume 30, No.1, pp.44-45). 
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Figure 2. Rendered view of the digital model, as though 
looking down through the country rock from Peveril 
Castle. Note the sub-horizontal bedding sections and 'en­
echelon' joints. 

CONCLUSIONS 
AND COLLABORATION SUGGESTION 

Additional LIDAR swaths are needed to fill existing holes in the 
data model. A more detailed analysis of the rendered LIDAR data 
model may resolve outstanding issues mentioned in this paper. As an 
inducement to further collaborative work, Laser Mapping Ltd. have 
agreed to make the Peak Cavern LIDAR digital dataset freely 
available to interested parties. The IMView LIDAR visualisation 
program used to view the model is also freely available from 
InnovMetric. A CD-ROM of the data model and software is 
available on request from Robin Westerman (contact details above). 
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Figure 3. Rendered view of the digital model from the rear 
of The Vestibule above Lumbago Walk, with the near-back 
surface removed. The lowest surface is the top bench 
forming the cave earth fill. 
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Bats and the caves of the Yorkshire Dales 

Anita Glover 
Ecology and Evolution Group, School of Biology, University of 
Leeds, Leeds, LS2 9JT, UK. 
bgyamg@leeds.ac.uk 

As the UK' s largest karst region, the Yorkshire Dales holds 
nationally important populations of several bat species. Caves and 
other underground sites have an important role in the annual cycle of 
temperate bats. In winter they provide a cool, stable climate in which 
bats can hibernate when food resources are low. In the autumn they 
function as mating sites for bats gathering from large catchments, 
facilitating gene flow between isolated summer colonies. 

By catching bats at cave entrances we have shown that five of the 
UK's 16 species visit most of the caves we have studied. Automatic 
logging of echolocation calls gives a measure of bat activity over 
days or weeks. Loggers placed at cave entrances are identifying 
important mating sites and we are looking at what cave and 
landscape features make a good ' bat site ' . Loggers placed deep in 
caves at the start and end of winter are revealing important 
hibernation sites. The influence landscape topography and the 
distribution of caves have on gene flow and population structure is 
being studied through DNA analysis and ringing. We are also 
exploring methods of automatic species identification using loggers 
and new sound analysis methods. 

The influence of hydroperiodicity on macroinvertebrate 
communities in groundwater-dominated headwater 
streams and springs 

P J Woodl
, J Gunn2 and H Smith3 

I Department of Geography, Loughborough University, 
Loughborough, Leicestershire, LEIt 3TU, UK. 
2Limestone Research Group, Geographical Sciences, University 
of Huddersfield, Queensgate, Huddersfield, HDI 3DH, UK. 
3 Pennine Water Group, School of Engineering, Design and 
Technology, University of Bradford, Bradford, West Yorkshire, 
BD7lDP, UK. 

The response of aquatic macro invertebrate communities to flow 
permanence (hydroperiodicity) within limestone springs and 
headwater streams was examined within the English Peak District. 
At the regional scale, the macro invertebrate communities of 
perennial and intermittent springs displayed significant differences 

in the number of taxa, community abundance and diversity indices at 
intermediate discharge. However, no significant differences were 
recorded between intermittent and perennial sites at high discharge 
or when all sampling occasions were considered together. At the 
catchment scale, the number of taxa and community abundance of 
macro invertebrates within the River LathkiII differed significantly 
between intermittent springs and: perennial springs, the intermittent 
river and perennial river, whilst intermittent sites remained 
hydrologically active. Differences recorded between the two scales 
of analysis probably reflect the influence of reduced (re)colonisation 
potential due to the geographical and hydrological isolation of the 
headwaters of the Lathkill from other perennial water bodies. 

Rhythmic sedimentation in the caves of north-west 
England 

PJ Murphy 
School of Earth Sciences, University of Leeds, Leeds, LS2 9JT, 
UK. 

Overlying the Ipswichian Hippopotamus fauna (OIS 5e) in chamber 
D of Victoria Cave is a thick layer of laminated silts and clays. The 
laminations consist of light to dark fining-upwards sequences with 
abrupt upper surfaces. AMS radiocarbon dates from Late Upper 
Palaeolithic artifacts overlying the deposit show it pre-dates the 
second phase of the Late Glacial Interstadial. In the literature, 
laminated sediments in similar stratigraphical positions are recorded 
from caves in the Morecambe Bay karst and Raygill Fissure near 
Lothersdale. This suggests that the mechanism responsible for the 
rhythmic nature of the sedimentation is regional rather than local to 
Victoria Cave. 

The Lathkill: A losing river in the White Peak, England 

John Gunn 
Limestone Research Group, University of Huddersfield, 
Queensgate, Huddersfield, HDI 3DH, UK 

Part of the Peak District in central England comprises a significant 
upland area, commonly known as the White Peak, which is 
dominated by carbonate lithologies, mainly limestone with local 
dolomite. The carbonate outcrop is dissected by a dendritic system of 
valleys that are dry for all, or most, of the year. Only two allogenic-fed 
rivers, the Dove and the Wye, maintain perennial flow across the karst. 
However, one other river, the LathkilI, maintains a perennial flow for 
some 4.3km across the carbonates, with a further 4.2km of intermittent 
upstream flow. The river, which runs through the Lathkill Dale Site 
of Special Scientific Interest (SSSI), is the only one in the Peak 
District to be sustained solely by autogenic recharge from rain falling 
onto the limestone. It is also unusual in that almost all of the recharge 
is dispersed. The permanent source of the Lathkill is Bubble Springs, 
near Over Haddon, above which the river is largely intermittent, 
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although a 450m reach above the Cowgate Pool weir (2.2km above 
Bubble Springs) appears to be perennial. Above this reach flow is 
intennittent for some 1500m, the source migrating upstream as a series 
of progressively higher springs are activated. Below the Cowgate Pool, 
weir flow is lost to the bed and the surface river migrates upstream 
from Bubble Springs, leaving a channel that is dry for 2 to 5 months of 
the year. 

The discharge of the river, and particularly the duration of 
surface flow, are of concern to English Nature because the river 
supports, or has supported, typical White Peak aquatic faunal and 
plant communities, including several Biodiversity Action Plan 
Species. In the reach between Cowgate Pool and the Bubble Springs, 
the river's discharge decreases as part of the flow is lost through the 
riverbed and banks. Most of this loss is thought to be due to water 
draining into a 19th century lead mine drainage level (sough), 
although losses to natural conduits in the limestone are also possible. 
When the river is in spate the losses are only a minor proportion of 
flow, and at some points flow is reversed and groundwater is 
discharged back into the surface channel. However, as the discharge 
declines in late spring, the losses become increasingly important and 
result in prolonged low flows, losses of sensitive aquatic species and 
an increase of terrestrial vegetation in the channel. In terms of 
English Nature' s SSSI condition assessment, the River Lathkill is 
the only unfavourable unit on the Derbyshire Dales National Nature 
Reserve that is not improving. 

It is well known that the loss of flow is not a recent phenomenon 
and that it is exacerbated by upstream capture of flow by another 
sough. However, the key questions for river management are why 
and where flow is lost and whether the problem is getting worse. 
This paper presents some initial results from a research project being 
undertaken for English Nature that addresses these problems. 

Bands and molecules: the use of biomarkers in stalagmites 
as environmental proxies 

Alison Blyth., Paul Farrimond., Andy Baker2, Matthew Collins3 

and Shucheng Xie4 

I School of Civil Engineering and Geosciences, Drummond 
Building, University of Newcastle Upon Tyne, Newcastle upon 
Tyne NEI 7RU (e-mail: a.j.blyth@ncl.ac.uk) 
2School of Geography, Earth and Environmental Sciences, The 
University of Birmingham, Edgbaston, Birmingham, BI5 2TT 
3 Bioarch, Department of Archaeology, University of York, The 
Kings Manor, York, YOI 7EP, UK 
4 Faculty of Earth Science, China University of Geosciences, 
Wuhan 430074, P. R. China 

Stalagmites are increasingly being used in palaeoenvironmental 
research, owing to their high temporal resolution and the multiple 
signals that they can contain, including carbon, oxygen isotopes and 
organic fluorescence. Our current project aims to identify and 
develop an additional set of molecular tools, in the form of lipid 
biomarkers that become trapped during stalagmite formation . Lipids 
have particular potential as palaeoenvironmental markers, in 
preserving records of their source organisms and environmental 
factors influencing their composition. 

Two approaches are being pursued in parallel. Firstly, the 
development of an optimum analytical protocol to derive the 
maximum amount of molecular information from the minimum 
amount of calcite, in order to increase temporal resolution of the 
palaeoenvironmental records. The second strand focuses on 
understanding how lipids are preserved in the carbonate of 
stalagmites, how they have arrived there, and what information they 
preserve. By analysing suites of soil, rock, sediment and modem 
stalagmite samples collected from sites that have contrasting 
vegetation/soil regimes, it is hoped to identify the signals deriving 
from the vegetation overlying the cave system, and also from the 
microbiota, including those in surface soils and especially from cave 
biofilms. 

This project is in its earliest stages, but if successful, the research 
should make it possible to interpret past environmental changes 
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recorded in the lipids preserved in stalagmites, and for biomarkers to 
take their place among the valuable proxies that speleothems have 
contributed to palaeoenvironmental research. 

-4' 

Who needs carbonic acid? 

Trevor Faulkner 
Limestone Research Group, University of Huddersfield, 
Queensgate, Huddersfield, HDI 3DH, UK 
tfaulkne@globalnet.co.uk 

Research during the 1990s clarified the physico-chemico 
dissolutional processes leading to the creation of the triple porosity 
hydrogeology described for karstic limestones. Caves commonly 
develop in three stages. Firstly, there is slow "higher order" 
dissolution along the whole length of a fracture during an inception 
and gestation stage. This is completed at "breakthrough", when the 
flow rate at the exit is sufficiently large for fast "first order" 
dissolution to apply along the whole length of the fracture. During 
this second stage, the conduit enlarges uniformly under phreatic 
conditions. The third stage of vadose entrenchment is entered if the 
conduit becomes large enough (or if the flow rate is reduced 
sufficiently) so that phreatic conditions cannot be maintained. 

The time to breakthrough and the phreatic enlargement rate are 
controlled by several physical and chemical parameters, including 
the extent of saturation of the solution. Because maximum calcite 
saturation increases with increasing Pe02 in the input stream, most 
models are illustrated with rather high concentrations of carbonic 
acid derived from water passing through vegetated soils. Other 
recent cave development hypotheses also assume the presence of 
stronger acids to dissolve the carbonate, such as humic and ful~ic 
acids derived from soils, or sulphuric acid derived from sulphIde 
reactions in bedrocks adjacent to the limestone. However, it also 
follows from the theoretical equations that conduits can enlarge at 
maximum rates if the flow through them is sufficiently great that the 
solution remains well-below saturation, even if the input contains no 
carbon dioxide at all. Examples of fractures that achieved 
breakthrough and then enlarged at maximum rates to explorable 
dimensions in almost pure water are found in central Scandinavia, 
where many short caves formed phreatically during deglacial high­
flow conditions at the start of the Holocene. 

Work on documenting cave archaeology in the Yorkshire 
Dales National Park 

Tom Lord 

The karst landscape of the Yorkshire Dales National Park constitutes 
a naturally defined upland region for archaeological and 
palaeoecological investigations. The archaeological excavation of 
caves began over ISO years ago with Joseph Jackson' s pioneering 
work in the Settle area, and about 40 caves have some record of 
investigation. 

Overall the publication record for these sites is poor. The 
majority of cave excavations were undertaken by local amateurs, and 
much early work has gone entirely unpublished. However, largely 
due to the efforts of the late Tot Lord of Settle, the primary site 
archives in the form of paper excavation records, small finds and 
faunal material commonly survive surprisingly well. 

This project aims to produce comprehensive digitised records for 
caves in the Yorkshire Dales National Park, which underwent some 
form of archaeological investigation before 1990. At present the 
archives survive in disparate and commonly idiosyncratic forms that 
make them difficult to access and use. The current archive structure 
limits evaluation and interpretation, effectively rendering the results 
of the excavations inaccessible. A digitised series of records will 
preserve this fragile resource, and enable comparative analysis of the 
excavation results. 



Evidence of site-specific factors affecting Late Pleistocene 
cave deposits in the Yorkshire Dales: evidence from 
vertebrate remains, clastic sediments and speleothem 
formations 

Tom Lord 

The period from about 130,000 to 10,000 years ago (equivalent to 
Marine Isotope Stages 5 to 2) is tenned the Late Pleistocene. It is 
characterized by major and repeated mid-latitude climate changes. 
Glacial erosion from about 22,000 to 16,000 years ago destroyed 
most of the Late Pleistocene sediments in the Yorkshire Dales, apart 
from underground deposits protected in caves. These are now the 
major palaeoenvironmental resource for reconstructing Late 
Pleistocene events in the region. 

Victoria Cave and Stump Cross Cave contain Late Pleistocene 
vertebrate remains, clastic sediments and speleothem deposits in 
deep cave contexts. Both sites illustrate how site-specific factors 
affect depositional processes in deep caves and influence the nature 
of the palaeoenvironmental record. Site-specific factors affecting 
cave deposits are often overlooked by researchers and are still poorly 
understood. 

It is useful to consider site-specific factors for deep cave 
contexts at macro and micro levels. The macro level examines 
differences between cave systems. Differences in the Late 
Pleistocene deposits in Victoria Cave and Stump Cross, for example, 
illustrate site-specific factors at the macro level. The micro level, on 
the other hand, examines differences within the same cave system. 
The effects of site-specific factors at a micro level are illustrated by 
coeval variations in the Late Pleistocene floor deposits of the 
Bowling Alley Passage in Stump Cross Cave. Cave topography and 
drip water hydrology are identified as key factors affecting site­
specific depositional processes at both macro and micro levels. 
These factors particularly affect the timing of speleothem growth 
phases as revealed by published mass spectrometric speleothem 
dates for Stump Cross Cave and Lancaster Hole. 

Drip water hydrology and hence speleothem formation in deep 
caves respond to changes in precipitation rates and intensity. A 
tentative regional Late Pleistocene climate model is proposed mostly 
using alpha spectrometric and mass spectrometric dates for 
speleothem growth phases in Victoria Cave, Stump Cross Cave and 
Lancaster Hole. The model illustrates how an understanding of site­
specific factors is essential to interpret the timing of speleothem 
growth rates at a macro and a micro level. It also suggests greater 
caution when using dated speleothem to infer the age of Late 
Pleistocene vertebrate remains in deep cave contexts. 

Caves, Chemistry and Climate: Evidence of drought in 
the Western Mediterranean 1200 years ago 

Emily McMillan 
The School of Earth Sciences and Geography, Keele University, 
Keele, Staffordshire, STS SBG, UK. 

Geochemical analyses of annual laminations in speleothems allow 
high-resolution palaeoclimate records to be retrieved. This study 
incorporates both calcite and aragonite mineralogies within the same 
palaeoclimatic study, as the presence of aragonite layers within a 
calcite speleothem is thought to indicate extreme drying events. 
Previous work done on aragonite in speleothems has simply equated 
the driest period to that of aragonite precipitation, but this is shown 
here to be misleading. High-resolution analyses for trace elements 
were carried out on two stalagmites from Grotte de Clamouse in 
southern France. This study focuses on trace element behaviour 
before, during and after the youngest aragonite layer dated at J 200 
years BP. 

Modem monitoring of the site at Grotte de Clamouse has 
revealed high seasonality to rainfall. This is replicated in the 
speleothems by strong co-variation of Sr and Mg, with long-tenn Mg 
values peaking immediately before the sharply defined aragonite 

nucleation surface. Crystallographic effects in the aragonite may 
mask what are potentially annual cycles illustrated by Sr. 
Mechanisms of Mg incorporation into aragonite are poorly 
understood therefore Sr and U - which are readily accepted into the 
aragonite lattice - are used for palaeoclimatic interpretation. 

The aragonite layer is J to 2mm thick. Sr concentration is at a 
maximum as aragonite starts to precipitate, and gradually decreases 
throughout the aragonite layer. This indicates that the point of 
maximum aridity in the region occurred prior to the aragonite layer 
and actually caused the observed change in mineralogy. The return 
to calcite is gradual, with inter-fingering crystals of calcite and 
aragonite. Once calcite precipitation is fully restored the variation in 
Mg and Sr values is vastly reduced compared with the 'pre-aragonite 
calcite' . 

The authors suggest that there was a period of drought in the 
western Mediterranean around 1200 years ago that lasted 
approximately 100 years, and which eventually triggered the 
nucleation of aragonite at around 1167 years ago. This period 
correlates with evidence for extreme drought in Central America, 
thought to have contributed to the demise of the Maya civilization. 
Results from this study will be compared with similar work to be 
done on stalagmites from EI Refugio cave in southern Spain in order 
to further constrain the extent of the drought in the western 
Mediterranean 1200 years ago. 

Reanalysis of human skeletal remains from caves in 
Yorkshire: burials, beheadings or brunch? 

Stephany Leach 
Archaeology Department, King Alfred's College, Winchester, 
UK. 

Only minimal direct anthropological analysis has been carried out on 
this material in recent years. Methodologies are now being refined to 
allow more precise evaluation of skeletal remains. Neglect of the 
archaeological record derived from these sites has resulted in a lack 
of recognition of the key and unique role caves played in landscape 
development and interaction. Until recently, archaeological 
interpretations of cave use have tended to reduce these sites to quite 
mundane places. 

Most of the human skeletal material from caves in the Yorkshire 
region was considered to be prehistoric, Neolithic or Bronze Age, 
and derived from articulated burials. These assumptions and ideas 
were fonnulated decades ago, with little regard to the human skeletal 
remains. After completing the reanalysis of skeletal material from 
several locations, it became clear that these sites were not simply 
repositories for burial. Their use and interrelationship with other 
features in the landscape were complex and significant. A range of 
activities with regard to the deposition of human remains can be 
identified; only one of these being conventional burial. By liberating 
the skeletal evidence from our preconceptions, a range of cultural 
and natural processes have been identified. Past societies' cultural 
perceptions of these natural locations may have been very different 
from our own modem view and their activities may not always fall 
into our spectrum of acceptable behaviour. 

High resolution isotopic and amino acid data from an 
Ethiopian speleothem. 

Jen Moss, Matthew Collins, Andy Baker, Mohammed Umer, 
Mabs Gilmour and Melanie Leng 

The 24cm-long speleothem from central Ethiopia grew continuously 
for 450 years about 5ka. The annual banding has a mean width of 
0.56mm, allowing samples to be taken on average every two years. 
These samples were analyzed for oxygen and carbon isotopes, as 
well as amino acid content. 

The racemization in the amino acids fluctuates widely, and must 
be driven by environmental and climatic conditions at the site. The 
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same is also true of the concentration of amino acids in the 
speleothem, with varying levels of amino acids each year. 

The oxygen and carbon isotopes also fluctuate, varying in 
cycles, following broadly similar patterns. The oxygen isotopes 
reflect the moisture when the speleothem was deposited, with more 
negative values indicating more moisture. The carbon isotopic 
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signature is more complicated, and depends on numerous 
environmental and climatic factors. However, the carbon isotopes 
look heavier than expected. 

It is hoped that these data can provide information on the rainfall 
in Ethiopia. 



THESIS ABSTRACT 

Maria Elina Bichuette 
Departamento de Zoologia 
lnstituto de Biociencias - USP 
C.P.11461,05422-970 
Sao Paulo, SP Brasil 

I present herein the results of an ichthyofaunistic survey in epigean 
(surface) and hypogean (subterranean) stream reaches from the Sao 
Domingos karst area, northeast of Goias. This includes a 
morphological study of three undescribed species of troglobitic 
(exclusively subterranean) catfish, genus Itug/anis 
(Trichomycteridae), and a troglobitic electric fish, Eigenmannia 
vicentespe/aea (Sternopygidae), which are compared to the epigean 
species occurring in the same region, E. trilineata. [Also included is 
an ecological and behavioural study (in the field and laboratory) of 
Itug/anis spp. and Eigenmannia vicentespe/aea, which aare also 
com.pared to the epigean E. trilineata. For the faunistic survey, 
carned out between May 1999 and August 200 I, the usual methods 
for fish collection were used (block nets, traps, sieves, hand-nets), in 
addition to electro-fishing. 

Seven fieldtrips were carried out during the (April to September) 
dry seasons of 1999, 2000 and 2001, aimed at a popUlation study of 
two species of Itug/anis (I. passensis, from Passa Tres Cave, and 
Ituglanis sp.l, from Angelica Cave), using the mark-recapture 
method. For this, a 400m-long stream reach inside Passa Tres Cave 
and a ~OO.m-long r~ach of an upper tributary where Ituglanis sp.1 
occurs inSide Angelica Cave were divided, respectively, into 20 and 
17 study sections. Catfishes detected by visual inspection were hand­
netted, measured (standard length), weighed, marked by 
subcutaneous injection (tatooing) of biocompatible pigments, and 
released in the same section they were captured. A few specimens 
were collected for the study of diet (analysis of stomach contents) 
and reproduction (macroscopic examination of gonads) in the 
laboratory. In addition, visual censuses were carried out for Ituglanis 
sp.2, from Sao Mateus Cave, and Ituglanis sp.3, from Sao Bernardo­
Palmeiras Cave. 

~he behavior of three troglobitic (exclusively subterranean) 
species of Itug/anis catfish (J. passensis, from Passa Tres Cave 
Ituglanis sp.l , from Angelica Cave, and Ituglanis sp.3, fro~ 
Bemardo-Palmeiras Cave), The Sao Domingos karst area, in the 
State of .Goias, ~as studied in terms of the natural habitat by direct 
observatIO~ ~d In the l~boratory in controlled experiments. During 
t~e .naturallstlc observatIOns, the type of habitat, spatial distribution, 
~Idmg ~d gregarious habits, reaction to spotlight and agonistic 
mteractIOns of /. passensis and Ituglanis sp.1 were recorded 
systematically using the ad libitum and focal-animal methods' 
observations on Ituglanis sp.3 were occasional. The three specie~ 
were. studie? comparati~ely in the laboratory, with a focus on light 
reactIOn usmg the chOice-chamber method, spontaneous behavior 
(focal-animal), feeding behavior (idem), and free-running (constant 
dar~ess) locomotor rhythmicity by automatic record of activity in 
an mfra-red photocell device. 

During seven fieldtrips during the (April to September) dry 
seasons of 1999, 2000 and 200 I , two related species of electric fish 
(Gyrnnotifo~es: Sternopygidae) from the Sao Domingos karst area, 
the troglobltlc Eigenmannia vicentespe/aeae, from Sao Vicente 
C~ve, and the epigean E. trilineata, were studied comparatively, 
With a focus on ecology (habitat, population densities) and behaviour 
(spontaneous behaviour, reaction to light and mechanical stimuli 
activity), invest~gated in the .field, and biology (diet, reproduction): 
For the ecological study, Visual censuses were performed in six 
transects with variable areas along a 700m-Iong stream reach inside 
Sa~ Vicente II Cave. On all occasions, physico-chemical water 
variables were measured. The focal -animal method was used for the 
behavior~1 study, t~talling 3h of observations for each species. 
Systematlc observatIOns of E. trilineata were done between 17:00 
and 20:00h and, on two occasions, visual censuses were performed 

every 10 min. in a 5 x 20m transect situated 100m upstream of the 
sinkhole of Terra Ronca Cave, in order to quantify the activity and to 
estimate the population density in this stream reach. On each 
fieldtrip, specimens were collected for study of diet (analysis of 
stomach contents) and reproduction (macroscopic examination of 
gonads). 

Thirty-eight fish species were recorded in epigean and hypogean 
streams in the Sao Domingos karst area, comprising 10 
characiforms, 19 siluriforms, seven gyrnnotiforms and two 
perciforms. The most abundant epigean fish were the tetra characins, 
Astyanax spp., and a new species of armoured catfish, genus 
Parotocinclus. Twenty-two non-troglomorphic (normally eyed and 
pigmented) species were recorded in caves of Sao Domingos karst 
area. Fishes regularly found in subterranean streams include the 
characiforms Hop/erythrinus unitaeniatus (Erythrinidae), Astyanax 
spp. and Brycon sp. (Characidae), and two catfish species, genus 
Imparfinis (Heptapteridae); among these, /. hollandi was the 
commonest in most caves. In addition, seven troglomorphic species 
(with total or partial reduction of eyes and pigmentation) were 
recorded: Ancistrus cryptophthalmus (Loricariidae), Pimelodella sp. 
(Heptapteridae), four species of Itug/anis (I. passensis and the three 
undescribed species), and E. vicentespe/aea. Sao Domingos is the 
Brazilian karst area with the highest subterranean ichthyofaunistic 
diversity. 

The three new species are distinguished from each other and 
from I. passensis by the degree of reduction of eyes, coloration 
patterns, number of opercular and interopercular odontodes, shape of 
vomer, palatine and uro-hyal bones, caudal skeleton, in addition to 
morphometric and meristic characters. No trichomycterid catfish 
was found in epigean streams of Sao Domingos karst area, indicating 
that the four troglomorphic Itug/anis species are isolated in the 
hypogean environment and subject to allopatric differentiation. 
Differences in the degree of reduction of eyes and pigmentation 
suggest different times of isolation for these species. In the case of 
E. vicentespelaea, variability in eyes development and the presence 
of epigean relatives indicate that this species is in the initial stage of 
differentiation, possibly parapatric. 

The four studied species of Ituglanis have low population 
densities, even by hypogean fish standards. l. passensis, basically 
restricted to a 1,600m-long base-level stream inside Passa Tres 
Cave, presents a small population (about 419 individuals). Mark­
recapture data also point to a small population size for Itug/anis sp. l . 
However, actual population size is probably considerably larger 
b~ca~se this species, as ltuglanis sp.2 and 1. sp.3, apparently 
distributes through a wider area in the epikarstic habitat. When 
compared to epigean trichomycterids, I. passensis and Itug/anis sp. I 
move along relatively small areas. Recruitment patterns and a 
tendency of decrease in condition factor along the dry seasons were 
o~served f~r Ituglanis sp.I, but not for I. passensis. Like epigean 
tncomyctends, these species are generalist carnivores. Ituglanis sp.1 
has an extended reproductive period. On the other hand a 
~eproductive peak at the end of the dry season is apparently pre~ent 
m I. passensis. 

I. p~ssensis would exhibit the lowest degree of specialization -
pre~omlnant pho.to.negative responses, accentuated cryptobiotic 
habits, bottom actlVlty and lower feeding efficiency (higher times of 
food search and localization) in comparison with the other two 
studied species - suggesting a shorter time of isolation in the 
subterranean ~a~itat. Ituglanis sp.3, on the other hand, would present 
the most sp~clahzed ~~~acter states - indifference to light (possibly 
due to low light sensltlVlty), weak cryptobiotic habits, midwater and 
surf~e activity in addition to bottom activity, high feeding 
effi.cI.ency and absence of circadian components in locomotor 
actlVlty. Ituglanis sp.1 is intermediate in relation to the studied 
behavioral characteristics. However, to test these hypotheses, it 
would be necessary. to map the characters states into a phylogenetic 
scheme, not yet available for Itug/anis species. 
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These species occur in habitats with similar physical 
characteristics, showing strong preference for slow-moving water 
pools with large submerged boulders. Population densities of the 
cave E. vicentespelaea were low (0.04-0.172 indo m·2

), but still 
higher than those of E. trilineata (0.01-0.13 indo m·2). Differences in 
body angle in relation to the bottom during foraging (300 in E. 
vicentespelaea and 900 in E. trilineata) may be due to a larger 
concentration of taste buds in the chin of the former, instead of only 
the lips in the latter, as observed for other troglobitic fishes such as 
the Mexican tetra characins, genus Astyanax, in comparison to their 
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epigean relatives. A bimodal activity, with a pronounced peak. just 
after the sunset and another, less pronounced, 5 h after sunset was 
observed for the epigean E. trilineata. Apparently, the cave species 
exhibits an extended spatial and temporal use of the habitat. They 
are both benthic insectivorous, like other Eigenmannia species, and 
they reproduce during the dry season, but without any evidence of 
well-defined reproductive peaks near the rainy season, recorded for 
other species of the genus. 



RESEARCH FUNDS AND GRANTS 

The BCRA Research Fund 
The British Cave Research Association has established the BCRA Research Fund to promote research into all aspects of speleology in Britain and abroad. A total of 
£2000 per year is currently available. The aims of the scheme are primarily: 
a) To assist in the purchase of consumable items such as water-tracing dyes, sample holders or chemical reagents without which it would be impossible to carry out or 
complete a research project; 
b) To provide funds for travel in association with fieldwork or to visit laboratories that could provide essential facilities; 
c) To provide financial support for the preparation of scientific reports . This could cover, for example, the costs of photographic processing, cartographic materials or 
computing time; 
d) To stimulate new research that the BCRA Research Committee considers could contribute significantly to emerging areas of speleology. 
The award scheme will not support the salaries of the research worker(s) or assistants, attendance at conferences in Britain or abroad, nor the purchase of personal 
caving clothing, equipment or vehicles. The applicant must be the principal investigator, and must be a member of the BCRA in order to qualitY. Grants may be made 
to individuals or groups (including BCRA Special Interest Groups), who need not be employed in universities or research establishments. Information about the Fund 
and application forms for Research Awards are available from the Research Fund Administrator (address at foot of page or e-mail research-fund@bcra.org.uk). 

Ghar Parau Foundation Expedition Awards 
An award, or awards, with a minimum of around £1000 available annually, to overseas caving expeditions originating from within the United Kingdom. Grants are 
normally given to those expeditions with an emphasis on a scientific approach and/or pure exploration in remote or little known areas. Application forms are available 
from the GPF Secretary, David Judson, Hurst Bam, Castlemorton, Malvern, Worcestershire, WRI3 6LS, e-mail: d.judson@bcra.org.uk. Closing dates for applications 
are: 31 August and 31 January. 

The E K Tratman Award 
An annual award is made for the most stimulating contribution towards speleological literature published within the United Kingdom during the past 12 months. 
Suggestions are always welcome to members of the GPF Awards Committee, or its Secretary, David Judson (see above for contact details), not later than 31 January 
each year. 

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS 

Cave and Karst Science - published three times annually, a scientific journal comprising original research papers, reports, reviews and discussion forum, on all 
aspects of speleological investigation, geology and geomorphology related to karst and caves, archaeology, biospeleology, exploration and expedition reports. 
Editors: Dr 0 J Lowe, c/o British Geological Survey, Keyworth, Nottingham, NGI2 500, UK, (e-mail d.lowe@bcra.org.uk) and Professor J Gunn, Limestone 
Research Group, University of Huddersfield, Queensgate, Huddersfield, HDI 3DH, UK (e-mail j .gunn@bcraorg.uk). 

Speleology - published three times annually and replacing BCRA's bulletin 'Caves & Caving '. A magazine promoting the scientific study of caves, caving 
technology, and the activity of cave exploration. The magazine also acts as a forum for BCRA's special interest groups and includes book reviews and reports of caving 
events. 
Editor: David Gibson, 12 Well house Drive, Leeds, LS8 4BX, (e-mail: speleology@bcra.org.uk). 

Cave Studies Series - occasional series of booklets on various speleological or karst SUbjects. 
No. 1 Caves and Karst of the Yorkshire Dales; by Tony Waltham and Martin Davies, 1987. Reprinted 1991 . 
No. 3 Caves and Karst of the Peak District; by Trevor Ford and John Gunn, 1990. Reprinted with corrections 1992. 
No. 4 An Introduction to Cave Photography; by Sheena Stoddard, 1994. 
No. 5 An Introduction to British Limestone Karst EnVironments; edited by John Gunn, 1994. 
No. 7 Caves and Karst of the Brecon Beacons National Park; by Mike Simms, 1998. 
No. 8 Walks around the Caves and Karst of the Mendip Hills; by Andy Farrant, 1999. 
No. 9 Sediments in Caves; by Trevor Ford, 2001 
No. 10 Dictionary of Karst and Caves; by D J Lowe and A C Waltham, 2002. 
No. II Cave Surveying; by A J Day, 2002. 

Speleohistory Series - an occasional series. 
No.1 The Ease Gill System - Forty Years of Exploration; by Jim Eyre, 1989. 

BCRA SPECIAL INTEREST GROUPS 

Special Interest Groups are organised groups within the BCRA that issue their own publications and hold symposia, field meetings, etc. 

Cave Radio and Electronics Group promotes the theoretical and practical study of cave radio and the uses of electronics in cave-related projects. The Group publishes 
a quarterly technical journal (c.32pp A4) and organises twice-yearly field meetings. Occasional publications include the Bibliography of Underground Communications 
(2nd edition, 36pp A4). 

Explosives Users ' Group provides information to cavers using explosives for cave exploration and rescue, and Iiaises with relevant authorities. The Group produces a 
regular newsletter and organizes field meetings. Occasional publications include a Bibliography and Guide to Regulations, etc. 

Hydrology Group organizes meetings around the country for the demonstration and discussion of water-tracing techniques, and organizes programmes of tracer 
insertion, sampling, monitoring and so on. The Group publishes an occasional newsletter. 

Speleohistory Group publishes an occasional newsletter on matters related to historical records of caves; documentary, photographic, biographical and so on. 

Cave Surveying Group is a forum for discussion of matters relating to cave surveying, including methods of data recording, data processing, survey standards, 
instruments, archiving policy, etc. The Group publishes a quarterly newsletter, Compass Points (c.16pp A4), and organizes seminars and field meetings. 

Copies ofBCRA Publications are obtainable from: Ernie Shield, Publication Sales, Village Farm, Great Thirkleby, Thirsk, North Yorkshire, Y07 2AT, UK. 

BCRA Research Fund application forms and information about BCRA Special Interest Groups can be obtained from the BCRA Honorary Secretary:-]ohn Wilcock, 22 
Kingsley Close, Stafford, STI7 9BT, UK. 




