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We apologise for the delay in mailing
publications. This was due to a number of
technical and logistical problems, now
overcome. We have, however, continued to
provide a full help service, rehoming service,
news, and updates via our main website and
via our excellent online user forum.
Everyone should make use of these as they
are a superb resource that can usually
answer questions and solve problems
quickly.
We are now based in Spain full time, and

postal enquiries are subject to delays. The
best way to contact us is via the internet as
we can usually respond within a few hours.
Non-urgent mail sent via our London box
will still reach us, but it can take up to 10
days. If you need a reply, please, please
include a telephone number as if we have to
write back it can take a further 2 weeks! We
can only stress again that the best way to
contact us is via email. Even when we are not
in the office (which is frequently) we do
access that on our mobile ‘phones and can
usually respond quickly in urgent cases. For
routine questions, the user forum and email
should be your first stop. 
On the subject of publications, postal

costs and related costs continue to escalate.
It is becoming an extremely expensive (and
slow) way to communicate. We are
committed to continue to produce a print
newsletter/journal, and at the same time, we
also wish to keep subscription costs as low as
possible. Rather than be forced to increase
subscription costs, we have decided to aim to
produce two - but improved -
newsletter/journals per year. The main
saving by doing so is on mailing costs, which
really are extremely expensive these days .

We can therefore direct more resources to
improving the publication, yet save on
exorbitant postal charges (which are
increasing yet again by a huge percentage
this Spring). Most of the current ‘news’ as
such is in any event freely available on the
website and forum. 
We do realise that not everyone has a

computer or mobile ‘phone, but you
probably know someone who does who can
help you to access this information when
required. We are also moving the ‘Adverts’
section to the forum as this reduces delays in
them appearing, and are including many
more in-depth articles in the printed
publication. This issue concentrates on
reviewing recent research. Our next issue
(due in July) will look at the problems (and
successes) of rehoming, will have some
updated practical advice on feeding
Mediterranean tortoises in captivity, and a
more detailed report on our latest work with
artificial lighting and heating systems. 
On the subject of rehoming, we have

many tortoises and turtles desperately
seeking new homes. Full lists and guidelines
as to husbandry standards required are
available at www.tortoisetrustforum.org 
Our rehoming coordinator Julie Sankey

has done a fantastic job this past year and
placed a record number of animals, but we
continue to receive a steady stream of
animals in need....  the pet trade is still
bringing tortoises in, and many end up
unwanted, especially when people realise
that the ‘advice’ given by the pet shop was
totally misleading. Some things never
change. 

Welcome
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Trust website.  Ideally, it is clear that a mix of
fresh green, high fibre vegetation combined
with a very high fibre (in the region of 30% on a
crude fibre basis) coarse supply of dried
vegetation supplied on a cyclic basis would more
closely approximate the natural diet of Testudo
species. Much more work needs to be done on
identifying plants that are suitable for this
purpose and which can be processed (dried) and
preserved successfully. Presently, most captive
diets rely on a far more restricted range of plants
than tortoises consume in nature. By offering a
greater range and variety of plant species,
damaging anti-nutrient factors or toxins within
individual species are dispersed, and a wider
range of trace elements and other micro-
nutritional components are made available ). It
is, however, important to recognise that plants
grown in the natural environment of the
Mediterranean may possess quite a different
mineral content from those grown elsewhere.

Andy Highfield

Research update
Tortoise Trust

Our main activity, besides the rescue and
rehoming side of things, is research. We
have several very active projects running.
It is only through such research that
permanent, long-term solutions to many
common tortoise problems can be found.
Without basic original research, nothing
new is discovered, and no progress can be
made. 

Right from the outset the Tortoise Trust has
focussed very much on research-based
advances. This is completely different from all
other tortoise organisations. Our job is to do the
fundamental research that solves numerous
husbandry and welfare problems. Everyone
benefits as a result. Current projects include:

The importance of dietary fibre for
Mediterranean tortoises
A comprehensive, illustrated summary of this
recent work has been placed on the Tortoise
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typical mass-produced pellet feeds, and they
omit the potentially very damaging grain and
maize-based derivatives included in most other
commercial offerings. They also have crude
fibre and protein levels that more closely
approximate that of the typical wild diet.  Other
manufacturers and some independent smaller
scale specialist suppliers are also offering a range
of dried edible herbs and “weeds” (JR Farm).
Over the last few years a new mini-industry in
supplying seeds, and both fresh and dry food
plants to tortoise keepers has appeared, with
many independent sellers of such items on sites
such as Ebay. One common problem area with
many of these independent suppliers, however,
is the lack of adequate quality control and
accurate labelling.   Such products will,
hopefully, continue to develop. There is room
for such products, and certainly room for further
developments in this field. The use of
compression of a kind that results in minimal
plant cell damage rather than extrusion to
produce pre-packaged foods, the avoidance of
high temperatures in the production process,
and the inclusion of plants grown in the
Mediterranean zone are some areas that should
be considered.

The causes of “pyramiding” deformity in
tortoises.
A comprehensive summary is available on the
Tortoise Trust website. This is one of our most
important pieces of original research for many
years. At last, we are able to identify the precise
physical and nutritional factors involved in
producing this very common, and very damaging
abnormal growth defect. This has been a very
complex and demanding piece of research. This
is a problem we have addressed continually
since around 1990, but from around 2004 we
intensified efforts to find some answers. In the
course of this, we have conducted extensive
fieldwork, have used diagnostic image
techniques, and have conducted multiple post-
mortem and laboratory examinations of both
normal and effected animals. I would stress that
at no time was any animal killed or hurt in this
process. We relied exclusively upon ‘natural’
casualties from other causes. Key objectives

An additional complicating factor is that even
where plants are grown commercially and dried
and packaged to the best of available technology,
the preparation process is very different from
that experienced in nature. There, the plants
grow, die back, dry gently and are then subject
to the vagaries of wind, sun and rain. They may
remain like that for weeks or months before
being selected by a roaming tortoise. In
commercial production they are picked and
processed at what is deemed a “peak” time and
then protected from as much degradation as
possible. This is bound to produce a very
different end product from that seen in nature,
even if (as is rarely the case) the very same
species is employed. 

While it is the case that on the surface
pelleted foods may appear to be an attractive
means of providing dried vegetation to captive
tortoises, most - as noted - fail in a number of
critical respects. The development of pelleted
foods that include a high proportion of very long
fibres, coarse, large particles and an appropriate
protein and trace-element content should not be
impossible, however. Some commercial
manufacturers have already moved in that
direction (Pro-Alpin and Pre-Alpin Testudo).
These products are unusual in that they include
a much broader diversity of plant species than

were to look at competing theories, to separate
those that had some factual basis from those
based upon incomplete or false data, and to
conclusively establish the exact mechanisms
involved in producing the effect.

A further objective was to begin to develop some
practical guidelines whereby the problem could
be alleviated or prevented. In this case, the
issues that need to be addressed are:

Obtaining growth that results in comparable
bone density to healthy wild examples. This

should be tested by routine radiography. By
obtaining healthy density maximum resistance
to subsequent deformity is achieved. 

To ensure that captive environments
provide a suitable range of both humidity and
temperatures. A safe and appropriate range
should be established by reference to reliable
data from the natural habitat of the species in
question, not by guesswork or by reference to
inappropriate and frequently misleading
general climatic averages.

Looking again at captive enclosures to
develop methods of allowing natural wear and
tear of carapace keratin to occur, thus avoiding
a continual build-up.

The effect of basking lamps on tortoise
health and development
This is, in some ways, complimentary to the
above. The use of basking lamps is unavoidable
in many captive situations, but almost no work
(to date) has been done upon possible side-
effects. For the past two years we have studied
the natural heating and cooling patters of wild
tortoises throughout the year. We have also
taken thousands of humidity readings. These

Above: Droppings from a wild tortoise. Note how

incredibly fibrous it is. This is very different from

typical droppings from a captive tortoise. 

A captive-bred Radiated tortoise (Geochelone radiata)

displaying ‘pyramid growth syndrome’. 

The drastic effects on localised humidity of a typical basking lamp. In this example, RH drops rapidly from 65-

70% to levels below 20% as the lamp is turned on. Sustained low levels like this have serious consequences. 
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are now being compared with heating, cooling
and humidity data from tortoises maintained
under basking lamps. The initial results are
startling, and worrying. There are two key
problem areas: basking lamps produce
extraordinarily low zones of ambient humidity
(as low as 8% in some cases). Even in an open
room environment levels of 20% and below are
common. At such sustained levels, chronic
dehydration is a constant threat. This in turn
greatly increases the risk of “bladder stones”
forming and also contributes greatly to the
danger of irreversible kidney disease - a
common cause of early mortality in captive
tortoises, and other reptiles, for that matter.
Over-drying of the keratin, especially in young
tortoises, is also a major factor in ‘Pyramid
Growth Syndrome’ as identified previously.
Another problem area is unnatural heating
patterns which can cause “behavioural
confusion” in tortoises. In brief, they can
dangerously overheat on the surface of the
carapace while remaining too cold elsewhere.
We will present initial findings shortly. We are
investigating practical and safe ways to alleviate
these problems.  We would also point out that
this work has implications far beyond tortoises.
It is relevant to all reptile keepers. The larger
lizards such as iguanas and bearded dragons are
undoubtedly affected similarly. 

The cause of aural (ear) abscesses in
chelonia
These are very common in some species and can
be extremely difficult to treat. Various ideas have
been advanced as to possible causes. Following
investigation of “clusters” of this condition in
localised outbreaks, we funded laboratory
studies to try to identify common trends. We
believe we have now identified a new, previously
unreported , causal factor. This will be published
in due course. 

Natural UVB exposure, serum D3 levels
and behaviour in wild T. graeca
This is another long term study. We are looking
at how behaviour in the wild affects UVB
exposure, and also how the serum (blood) D3
levels vary seasonally. This has extremely
important implications for how we use artificial
UV lamps and how we use supplements in
captivity. To date, much of this has been based
on little more than guesswork and often
misleading studies in captivity. Only by
referencing the behaviour and levels in nature
can we really begin to improve provision in
captivity. International UV-B expert Frances
Baines (www.uvguide.co.uk) will be visiting us
in early Spring to carry out specific studies that
will help us to understand more about local UV-
B levels and exposures. We have to date taken
thousands of measurements and observed
tortoises in all phases of activity. One thing that
stands out immediately is that wild Testudo
graeca are certainly not exposed to very high
levels continuously. They spend an awful lot of
time hiding in partial or full shade, where levels
are below 30 micro-watts per square cm.
Basking activity too rarely coincides with peak
UV-B levels (it is simply too hot by that time of
day). Instead basking tends to occur in two
periods - once in the morning, and again in late
afternoon or early evening. The exact times
change seasonally. It is also the case that during
the hottest part of the summer they get no UV-
B at all, as they are completely buried (typically
from late June to September) estivating! This
should be compared to life in captivity, where

there is a tendency among keepers to “blast
them” with high intensity UV-B daily. The health
implications of this are currently unknown.
Certainly there is a vast difference between what
really happens in nature and what many keepers
believe happens in nature. In reality, these
behaviours are very complex, and are constantly
changing throughout the seasons and also with
the daily weather pattern. It is, however, very
important that we make an effort to understand
this as  presently we cannot be sure we are
providing a suitable or optimal amount of UV-B
to captive tortoises. Neither can we know
whether D3 supplements are resulting in
suitable (or safe) levels of circulating D3. We are
recording UVB intensity and spectrum, and
correlating this with basking times,
temperatures and shade-seeking behaviour. We
are also going to be checking serum D3 levels
over the coming months.

Hibernation of T. graeca in Spain
This is our third year of observation and data-
gathering. We had some very interesting
winters! The first was the coldest for 50 years
(we recorded -7°C at one point), the second
winter was fairly typical, and (so far) this year
has been unusually mild, with mid-December
temperatures as high as 24°C. 

We buried automatic data logger probes
alongside hibernating tortoises and also took

surface measurements. A few patterns are
emerging. One interesting feature is the very
wide “swing” in temperatures from day to night,
even at hibernation depths. This is certainly far
removed from a constant temperature as we aim
for in captivity. Another feature is periodic
emergence from hibernation. In warmer periods
tortoises may emerge, then return back
underground if cold weather returns. Finally, it
was noted that tortoises appear to adjust their
depth in response to falling temperatures.  One
of our notebooks reads “ At this site minimum
surface temperature recorded was slightly over
1°C. Minimum SUBSOIL temperature was
5.5°C. What is really, really, really interesting is
the phenomenal variation... with SUBSOIL
temperatures of 18°C occurring quite
frequently!” This was quite unexpected, and
certainly throws new light on tortoise behaviour
in the wild. It also provides a lot of “food for
thought” when considering how best to manage
hibernation in captivity. 

This just some of the active research
work being undertaken right now. Further
updates will also appear here in the next
issue.

Taking UVB measurements next to a wild Testudo

graeca graeca. 

Data from an automatic

temperature logger

buried right next to a

tortoise hibernating in the

wild, from late November

to early March. This

graph shows not only the

overall trends, but also

the very marked

difference between

daytime and night time

temperatures. 
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weights ranged from 75 to 195g, with an average
of 128g. More worryingly, they were voiding
green semi-liquid faeces in their bathwater.  The
priority was getting them rehydrated and
feeding, but advice from Andy Highfield, who
had examined the tortoises upon arrival with the
Tortoise Trust, was that they were carrying large
parasite burdens, particularly protozoa. So,
following  this advice and after consultation with
my vet, we decided against any subtle approach
(!), and rather than try and get stool samples
from each tortoise, to establish the health status
of them individually, I (aided by a veterinary
nurse) tubed each of them and syringed a
cocktail of antibiotics and wormer (Baytril and
Panacur), in a single dose, directly into their
stomachs.  Dosage was adjusted according to the
weight of each tortoise. Tubing these tortoises
was incredibly difficult and this process actually
took several hours. It was also very stressful,
presumably for the tortoises, but definitely for
their new keeper! This was not an exercise that
I wanted to have to repeat, and so I decided that
following this treatment I would concentrate on
minimising stress as much as possible and just
allowing them to settle, in the hope that their
gut flora, including any protozoa, would
rebalance on their own. So, after bathing them
daily for the first 10 or 15 days, I gradually
reduced the frequency, so that after three or
four weeks I had dropped down to weekly, and
after a few more weeks I stopped altogether. 

Sadly, in the first days and weeks I lost two
of the homeana but the good news was that the
other ten gradually settled and went from
strength to strength. After six months, three

were ready to be rehomed with another Tortoise
Trust member and I kept a group of seven.  

I have now had these delightful tortoises for
around 18 months, and it didn’t take them long
to become my favourites. I have experimented
with various aspects of their care over this time
and have come up with a system that seems to
work very well, at least for me. This was of
course based on information gleaned from
articles and books, but it is also the result of
observing the tortoises. In my view, so much can
be gained by observing the behaviour of captive
animals – it may sound blatantly obvious – but
time spent quietly observing, preferably
unnoticed by the animals, is for me, invaluable.  
Captive habitat

Kinixys homeana are native to tropical
rainforest habitats in West Africa, from Liberia,
through Cameroon to the Congo. They show
clear adaptation to life amongst leaf litter.
Firstly, their colours resemble fallen leaves
perfectly giving them excellent camouflage.
Secondly, their physiognomy further resembles
fallen leaves. They have a strongly serrated edge
to their marginal scutes, giving them a leaf like
appearance. Again this aids crypsis. Thirdly, they
have long spindly, but strong legs; presumably
this is an adaptation to lift their plastron clear of
the leaf litter. Fourthly, they are good climbers
which I assume helps enable movement across
tangles of fallen deadwood. Finally, they have
large, oversized (and I think beautiful but also
slightly sinister!) eyes which must help them see
in the dark conditions on the forest floor. All of
these adaptations give strong steer to how to set
up a captive environment for them: they are

8 TortoiseTrustnewsletter 1|12

Africa is home to more tortoise species than
any other continent including some of the
largest e.g. the African spurred tortoise
Centrochelys sulcata, smallest e.g. the tent and
spider tortoises Psammobates and Pyxis spp. and
rarest e.g. the Ploughshare tortoise Astrochelys
yniphora . Its tortoise fauna also includes the
enigmatic hingebacks of the genus Kinixys,
which are endemic to Africa. Once thought to
consist of three species - belliana, erosa and
homeana – Kinixys is now known to contain at
least eight species and subspecies. 

In illustration, David Alderton’s Turtles and
Tortoises of the World (1988) discusses these
three species only, whereas both Andy
Highfield’s Practical Encyclopaedia of Keeping
and Breeding Tortoises and Freshwater Turtles
and Holger Vetter’s Turtles of the World Volume
1: Africa, Europe and Western Asia,  written in
1996 and 2002 respectively, describe eight taxa
(species and subspecies) including what Vetter
catalogues as the: Eastern hingeback K. belliana

belliana; Western hingeback K. belliana nogueyi;
South-eastern hingeback  K. belliana zombensis;
Serrated hingeback K. erosa, Home’s hingeback
K. homeana; Lobatse hingeback K. Lobatsiana;
Natal hingeback K. natalensis and Speke’s
hingeback K. spekii. Both Vetter and Highfield
base their discussions on the work of Donald
Broadley (1993) published in the Annals of the
Transvaal Museum. 

The distribution of the genus Kinixys spans
from north of the equator in tropical west Africa
east and south through central Africa to the
Republic of South Africa, Uganda and Kenya.
To my knowledge, three species are kept, albeit
quite infrequently, in the UK. These are the
Western hingeback which is usually just referred
to as Bell’s hingeback,  Home’s hingeback and
the Serrated hingeback, more usually known as
the Forest or Eroded Hingeback.

The hingeback tortoises are so-named
because of a hinge in their rear carapace and
plastron, in front of the back legs, which enables
them to shut their ‘back end’ including legs and
tail away.  As you read on, you will hear that I
have had tremendous difficulty in identifying
the genders of my hingebacks, and this is at least
in part due to their ability to shut up shop at the
business end whenever I try and take a look!

In May 2009 the Tortoise Trust were asked
to rehome a large number of wild caught
tortoises, mostly hingebacks, that had been
intercepted by customs officials at Heathrow
Airport following the arrival of a flight from
West Africa. There were mostly Bell’s
hingebacks, but there were also a smaller
number of Home’s hingebacks. Following
conversations between myself and Tamie Milne,
the Tortoise Trust’s Rehoming Coordinator at
the time, I drove down to collect twelve Kinixys
homeana and bring them back to a place not
particularly well known for its tropical climate –
north Derbyshire (altitude 1200 feet!).

Upon arrival, the tortoises were placed into
warm and humid terraria and bathed daily. It
was clear that they were weak, dehydrated and
felt very light for their size. Upsettingly, it was
possible to see thin pale lines of scar tissue
around some of their legs, where they had been
bound to prevent escape at some point in the
collection and distribution process. Their

Out of Africa:
18 Months of
Observations
on the
Captive Care
of Rescued
Home’s
Hingebacks
Dr Mark R. Webb
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going to require a constantly warm, constantly
humid environment with minimal seasonal
variation, low light levels, and decor to include
leaf litter and dead wood. That said, I still found
myself experimenting with different set ups until
I found one which seemed to work well. 

Whilst experimenting with set ups one thing
became clear to me. The one thing that
homeana do not like is experimenting with set
ups! They do not take kindly to change, and
especially at first, I found that they could take
weeks to settle following any changes made to
their captive habitat. I have tried different types
of enclosure but by far prefer using large black
plastic tubs. These are sold as rigid standing
ponds for koi carp and are available in different
sizes. They are incredibly sturdy, relatively
lightweight, totally waterproof (obviously) and
create a sense of security for the occupants
which I was unable to achieve with traditional
vivarium or aquarium type housing. The black
tubs are essentially like deep, dark, waterproof
tortoise tables. 

For substrate I use a mixture of one third
orchid bark or other bark chips or mulch, one
third cocofibre and one third live sphagnum
moss. The cocofibre comes in a dry brick which
rehydrates when soaked in a bucket of warm
water. The moss I buy is sold in garden centres
for use in hanging baskets. I mix these up and
use a layer about 10 or 12cm deep. The other
key ingredient here is leaf litter – I sprinkle this
liberally over the substrate to try and recreate a
dark, humid forest floor type environment. Of
course the leaves compost down quickly and
need replacing often. I then use random pieces
of bogwood (sold for aquarium use) and cork
bark to add to this effect, with scattered sprigs of
plastic terrarium plants. I take a very naturalistic
approach to substrates – I throw in woodlice,
morio worms Zoophobas morio and earthworms.
If these get lazy, they get eaten, but they help to
create a bioactive substrate that as long as it is
turned over from time to time, is rarely if ever
changed.

In terms of heating, I was very mindful that
these are denizens of West African tropical
rainforests. I set them up in my warm reptile
room. I use an oil filled radiator on a timer to

keep the overnight minimum ambient
temperature in the room, even in winter, at no
less than around 18 degrees Celsius.  To create
a localised heat source I used a 60W red bulb in
a clamp lamp at one end of the enclosure. I
found that they were very wary of bright light
for the first few months and so using a red bulb,
which they can not see, was a good way of
increasing enclosure temperatures. After around
six months, I switched to a conventional bulb
and they didn’t react to this adversely at all. The
temperatures under and around this bulb are
usually in the mid to high 20’s C during the day. 

There is one additional aspect to terrarium
heating. I use large circular plastic plant saucers
as water trays. These measure around 40cm in
diameter and are about 6cm deep. I have one of
these, filled with fresh water, in with the
homeana at all times. This is sat upon a 30cm
square heat mat, positioned so that about 60% of
the bottom of the water tray is in direct contact
with the heat mat. I don’t use a thermostat but
this is an old heatmat – not as powerful as some
of the more modern ones. For the latter, I would

suggest that a proprietary ‘MatStat’ is a very
sensible idea.  The effect of this is a heated water
tray with a water temperature of approximately
23°C. When I collect leaf litter, I try to fill a few
carrier bags so that I always have dried leaves to
hand. This makes it easy for me to drop a couple
of leaves (e.g. oak, beech, lime, horse chestnut),
into the tray. These stain the water a little via the
release of tannins and humic acids, and quite
possibly lower the pH a little, although to be
honest I’ve not tested this. 

What I do know is that my homeana spend
an inordinate amount of time in their water tray.
They also defecate in it frequently, so it is
important to change the water at least couple of
times a week and to take care to scrub out the
tray and disinfect. I use a proprietary veterinary
disinfectant or at a push, a 1 in 20 dilution of
household bleach. Of course it is essential that
all traces of the disinfectant are rinsed away
before the tray is refilled. Further, I have a few
of these trays, so if I can allow washed trays to air
dry between uses too.  From a health and safety
point of view, it is not wise to allow water to sit
on top of a heatmat and so it might be prudent
to use a sheet of glass to make a false terrarium
bottom as a barrier. That said, I find that excess

By Andy & Nadine Highfield

Now available at Amazon and
all good bookshops

water that overspills is absorbed into the deep
substrate and I have not personally had any
problems in this regard. 

Of course the heated water also increases
ambient humidity, which I boost by spraying
very heavily with tepid water every evening.
Interestingly, I have four species of tortoise and
turtle where I am using similar shallow water
trays. These are three-toed box turtles
Terrapene carolina triunguis, painted wood
turtles Rhinoclemmys pulcherimma manni,
Chinese box turtles Cuora flavomarginata and
of course the Kinixys homeana. Of these, the
homeana consistently spend more time in the
water than either the Terrapene or Cuora box
turtles and probably around the same
proportion of their time as the wood turtles. So,
in this sense the name tortoise does not seem all
that appropriate – to me they are more like a
species of wood turtle. In fact, their
physiognomy, with the serrated marginal scutes
creating a jagged edge to the carapace, is shared
with a number of wood and leaf turtle species in
Asia, such as Geoemyda spengleri, the
Vietnamese leaf turtle and Heosemys spinosa,
the Cogwheel turtle.  

One final but important component of their
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They can get bored of standard button
mushrooms, so you can try field mushrooms,
chestnut mushrooms, shitake and so on. I slice
these and place on top of a green salad, or just
scatter them whole around the enclosure. 
Animal material

I have tried a few different methods of
giving animal protein, some of which were fairly
grisly. Now, I offer pre-soaked pellets of Sera
Raffy P, which is a proprietary brand of turtle
pellets, or pre-soaked dog flakes (small dry
flakes sold as a mixer). More occasionally, I mix
a small amount (a large sugar cube sized piece)
of finely chopped tinned dog food into their
salad. I also offer live garden snails, slugs and
earthworms  from time to time. I must admit I
have a lot of mouths competing for juicy feeders
like these, so this is only an occasional treat as
opposed to a staple item. I did discover that the
size of slugs is not a barrier to their being eaten.
Large garden slugs, the brown ones with orange
skirts, are devoured. They are far too large to
swallow whole, but the homeana literally tear
chunks off them until they are gone. I would not
describe myself as squeamish, but this is one
thing I can not watch, it truly is gruesome but
they clearly love slugs, the bigger the better!  

To get an idea of the overall regimen, I offer
a green salad topped with mushrooms and/or
fruit two or three times a week. I offer
mushrooms on  their own once or twice a week.
I add a small quantity of Raffy P to their salad
once every few feeds, and once every 2 or 3
weeks, they get the Raffy P or dog flakes or live
feeders on their own. Thus I only feed between
three or four times a week. I know that many
people are used to feeding tortoises daily, but
this system seems to be working well. 

In terms of supplementation, I have been
using two German products which I believe to
be very good. Nekton Rep is a general use
vitamin and mineral supplement containing
calcium and vitamin D3. It is a very fine, soluble
powder and the tortoises do not seem to notice
it. Nekton MSA is a high potency version, rich in
calcium and D3, for breeding animals or animals
in rehabilitation. I used Nekton MSA a lot for
the first 12 months, and now am using primarily
Nekton Rep.

Certainly, growth has been rapid. I was so
keen to just let these tortoises settle down and
feed at will that it was some time before I
realised just how fast they were putting on
weight. I had gone from weighing them every
three days to just leaving them undisturbed as
much as possible and I was feeding them more
frequently and with a higher proportion of
animal protein. The above text describes my
current approach, designed to achieve a more
controlled growth. Fortunately, as omnivores ,
they are relatively resistant to problems such as
pyramiding. In fact in many ways keeping
homeana is much more akin to keeping box or
wood turtles than Mediterranean tortoises. 

When the homeana first arrived in my care,
their weights ranged from 75 to 195g, with an
average of 128g. Now, 18 months on, they range
from 198 to 414g, with an average of 295g. You
will notice that the weights are spread across a
wide range. This is at least in part due to gender
I think – with the larger heavier animals being
females. Owing to their hinge action however, I
always struggle to get a really good look at their
tail area to confirm this. It does appear that
some animals are lighter in weight and have a
longer, narrower carapace when viewed from
above, than others which have a more rounded
carapace in aerial view, which is also more
domed in side view. So, I think I have both sexes
present but they are still growing and have not
yet reached adult size. 

I would very much like to breed this species,
maybe in a year or two’s time and hopefully this
will be the topic of a future article. There are
two reasons for this. One, I think they are
amazing tortoises, full of character and an
absolute pleasure to keep. Two, it can not be
right to continue collecting these animals up in
their native rainforest and shipping them to pet
shops and so on in Europe or elsewhere in the
world. I’d be very surprised if the losses involved
in this trade aren’t huge. Hopefully, others will
get to enjoy keeping captive born and raised
specimens in the future.

enclosure design is the inclusion of overhanging
artificial foliage to increase their sense of
security and to mute sunlight. I had to shop
around before finding some florists foliage with
a wire core which can be bent into useful shapes.
Further, I do believe that making sure the
animals are in a quiet, low disturbance area also
helps tremendously to get them to settle. 
Feeding

I always seem to enjoy writing about feeding
animals more than anything else. I guess this is
because this is the main way in which I interact
with most of my animals. With homeana, the key
word is variety. They are genuinely omnivorous,
and so do not fit many people’s conventional
idea of a tortoise. As omnivores, their diet
comprises plant material, fungi and animal
material. I managed to track down a scientific
paper that included some information on the
stomach contents of wild hingebacks in West
Africa, including homeana. This paper showed
that their stomachs contained only small
amounts of green leafy material, the usual staple
of captive tortoise diets, but large amounts of
invertebrates especially beetle grubs, fungal
matter (mushrooms) and some fallen fruits. This
of course does fit with a lifestyle spent grubbing
around in leaf litter and fallen deadwood on the
forest floor. 

So, at first I tried to mimic this in their
captive diet. That said, over time I found they
would accept more and more leafy greens and
they started to gain weight so rapidly I gradually

increased this component of their diet, and
reduced the amount of animal protein, whilst
always offering lots of mushrooms. The
following paragraphs outline the diet regimen
that I have settled on, following this period of
trial and error. 

Plant material
I have experimented with many many types

of salad leaves, vegetables, fruits and other
items. As a staple, I use a crispy mixed florette
salad as a base. I vary this by adding dandelion,
chicory, baby leaf spinach, water cress etc from
time to time. To this green base, thinly sliced
cucumber, (thawed) frozen peas, grated carrot,
banana slices, halved grapes, chopped apple and
chunks of tomato are all added regularly. More
rarely, I offer ripe fruits such as melon, fig,
plum, peach, nectarine, papaya, mango etc etc.
I try to ensure that the plant part of their diet is
dominated by the ‘healthy greens’, together with
the higher fibre apple and carrot. I avoid feeding
soft fruit repeatedly. For the first few months,
the tortoises were unwilling to take greens and
feeding soft fruit, especially tropical fruit, was
much easier. In retrospect, I do think that a high
fruit diet does not suit these tortoises, and the
sooner they can be eating a more varied diet,
with fruit as a minority item, the better.  
Fungi 

Home’s hingebacks love to eat mushrooms
of any kind and I would estimate that
mushrooms make up a third of their captive diet.



drop down dramatically at night to
approximately 7°C to 8°C but can fall much
lower, sometimes to just above freezing. During
the day the temperatures can rise, typically to
14°C to 18°C. In bright clear sunshine 21°C is
usual however.

If it were possible for the average tortoise
keeper to replicate these conditions then I’m
sure there would be less discussion regarding
Metabolic Bone Disease and other ailments. 

It appears to me that in northern Europe
keepers are trying to provide their tortoises, at
certain times of the year, with  excessively high
temperatures. Here in Spain with temperatures
as low as 12°C air temperature but bright
sunshine, tortoises regulate their body
temperature by basking and can achieve the
optimum of around 32°C. At night though the
ambient temperature drops much lower than
many keepers are quoting on the Tortoise Trust
forum. It is not unknown for some of my
juveniles to retire to their hides at night and the
air temperature to be as low as 6°C to 8°C. Only
for them to be out and basking as soon as they
are aware the sun is shining and temperatures
start to rise. I’m sure that temperature
differential is necessary. A high night time
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temperature is not necessary and I believe
possibly detrimental.

The other variable which I think is different
for wild tortoises is their feeding cycle. In June,
July and August food starts to become scarce
and there is very little to eat except for dried
plants and shrubs. This is however, the very time
in northern Europe when food is more
abundant and feeding increases. I wonder if a
more frugal diet should be give to these tortoises
at that time of year but more plentiful food
should be available earlier in the season.

Tortoises in the Mediterranean area have
been here for approximately 150 million years
with very little adaption. They are masters of
their environment and can survive in very
inhospitable circumstances. We may be trying to
alter their way of life keeping them in an
enclosed environment but we are doomed to fail
if we provide the wrong conditions.

Its worth looking at their homeland and try
to understand their environment so that they
have the opportunity to live as near as normal
life in captivity.

I would like to share my experience of
keeping tortoises here in southern Spain
with keepers in cooler climates. There
appears to be a lot spoken about the
correct way to keep Testudo graeca in
colder climates where the keeper tries to
replicate the Mediterranean climate.

Firstly let’s look at the mediterranean
seasons. Starting with winter. The winters here
are mild in comparison with northern Europe
with temperatures during the day on average
between 8°C and 21°C depending on the
weather conditions. Rain is encountered, but
very occasionally. However, we can have
torrential downpours and flooding. A few days
each winter we can also see slight frosts and
temperatures sometimes down to 2°C. As these
temperatures are kind, weeds and plants start to
grow in the early part of the year. This makes
tortoise food available. Tortoises can be active in
good weather conditions.

Early March to early May sees a short spring
where temperatures are in the region of 10°C to
12°C at night and the daytime temperature can
rise to approx. 25°C quite regularly. Rain can be
fairly regular and vegetation grows well.

Early to mid summer is June, July and

August this is the next part of the year where the
temperatures become more intense. Evening,
night temperatures can be high, approximately
18°C to 24°C and be very oppressive.
Temperatures during the day can rise to the high
30°C and plant life not regularly watered start
to wilt and die. The ground is bone hard and
very dry.

Late August and September, the tortoises
become inactive and usually aestivate. However
they may become active in tropical like
thunderstorms and heavy rain. Temperatures
are still very high during the day but the high
evening and night temperatures start to decline.
Plants start to grow again in the damper
conditions. Temperatures are approximately
14°C at night but daytime temperatures can be
25°C or down to 21°C depending on cloud
cover.

October and November the tortoise are now
very inactive and feed infrequently ready for
their winter break. Temperatures now are 10°C
to 12°C at night and daytime temperatures on
average at approximately. 21°C. Rain falls
occasionally but the ground quickly dries on top
but does have some dampness underneath.

In December and January temperatures

Observations from
Spain

Graham Ray

Above: Typical habitat in early Spring (Feb-March)

when lush green vegetation is at is peak. Tortoises are

also very active at this time of year.

Below: Typical habitat in  mid-summer (August) when

air temperatures can exceed 34 degrees, and ground

temperatures can rise above 70 degrees. Most

tortoises are estivating by July and do not emerge

again until after the first rains of early September. 



Our classic “Safer Hibernation & Your
Tortoise” guide has recently been completely
updated to take account of new evidence and
new technology. We have also reworded various
sections for greater clarity. This version includes
new guidelines on pre-hibernation fasting times,
for example, based on new research on gut
transit times for various sized tortoises at
different temperatures:

This 'fasting' period may last for 3-4 weeks
quite safely. We would recommend keeping the
tortoises above 13ºC for at least 2 weeks after
the last meal to allow time for food in the
digestive tract to be processed properly; the
most dangerous thing to do is to put a tortoise
into hibernation (i.e. below 10ºC) immediately
after keeping it somewhere warm where it feeds
normally. Large tortoises (in the 2-3Kg range)
will require about 1 month fasting period,
medium-sized tortoises (in the 1-1.5 kg range)
will need about 3 weeks, small tortoises (less
than 1 Kg) typically require a fasting period of 2
weeks. We would not recommend fasting for
less than 2 weeks, even for very small animals.

All of these periods are temperature
dependent. At low temperatures, the digestive
tract slows down and it will take longer to digest
the food in the stomach. At higher
temperatures, the process is faster. That is why
we recommend the temperature above, because
it is low enough to suppress feeding, but high
enough to permit continued digestion.

There is also an extended section on
refrigerator hibernation, a method now
increasingly popular and which was unheard of
when we first produced the guide way back in
1986! Many keepers now use temperature
controlled hibernation environments based
upon refrigerators (not freezers). Full details of

how to do this are available on the Tortoise Trust
website. If set up and monitored correctly, it has
proven to be very safe and effective. If
considering this method, it is essential that you
follow the instructions carefully, and take expert
advice. It is our view that this is presently the
safest of all methods currently available.

Controlled hibernation in a chiller-type
refrigerator has proven consistently safe and
effective. Do not rely upon old and unreliable
units, however. Double check the accuracy of
the thermostat before using an accurate
electronic thermometer. Be aware that the
possibility of a power supply failure needs to be
taken into account if using such systems. Avoid
refrigerators that include a freezer section, as in
the event of a thermostat failure these can easily
attain fatal sub-zero temperatures. The ‘drinks
chiller’ type is preferable. Temperature stability
within the unit will be improved by packing
empty space with full water bottles to increase
thermal inertia. The door should be briefly
opened every couple of days to flush carbon
dioxide and maintain oxygen levels. A small
aquarium air pump tube can also be inserted
through a break in the door seal to achieve the
same objective. Check the air pump regularly to
see that it is operating properly and that the air
tube is in place. You can best ensure that
adequate oxygen levels are maintained within
the refrigerator by using both of these methods.

The full version is available on the
website and we will shortly have a printed
version available too. If you would like a
free copy when published, please just let us
know and we will add your name to the list. 

It can often be difficult to predict the
outcome of cases involving severe injuries.
The temptation to give up should be
resisted, however. Tortoises can be
remarkably resilient creatures, and can go
on to enjoy a long and happy life after even
the most horrific incidents. One such
example is Amy.

Amy came to us several years ago after
having  been attacked by rats and then injured in
a fire in her shed. You may recall reading about
her in this newsletter at the time. She had
required a rear leg amputation and whilst
healing from surgery, was also being treated for
serious abscesses in her front legs caused by the
rat bites. Despite repeated treatment with
Marbocyl, the infection worsened in one leg and
spread to the joint. Having already lost her back
leg, an amputation of a front limb would have
caused serious mobility problems. It an attempt
to save the leg, Amy was put on aggressive
antibiotic treatment using Amikacin over a
much longer period than would normally be
advised. There were risks to this, but the
alternative was to give up. In the end, this
approach succeeded without evident side-
effects.  The infection has not reoccured in the

Hospital Report
Nadine Highfield
Tortoises can take a very long time to
recover from injuries and from
nutritional deficiencies. Some cases
are very long term indeed. We take a
look at a couple of such cases here,
and learn that we should never give
up too easily!

past four years and Amy is now thriving in her
very large natural area here in southern Spain.
At the time, it was unclear if Amy would survive,
and indeed, veterinary opinion was that
euthanasia should be considered. We felt that
Amy deserved a chance, however, and although
it took a considerable effort (and a few risks) to
pull her through, she defied all the odds and is
now healthy and happy. 

Wild tortoises in the Mediterranean will
often sustain predator attacks and may also be
injured when caught in wildfires in their natural
habitats. We often see tortoises that have
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Safer Hibernation
Updated



sustained such injuries within wild populations
here in southern Spain, and though evidence of
the shell and tissue injuries can be seen, these
animals have made complete recoveries. As can
be seen in the photo, some of these injuries are
quite severe, but were able to heal without
assistance  in the environmental conditions of
their natural range. The warm temperatures,
lower humidity and high UV levels found in the
tortoise areas of the Mediterranean will help
prevent infections and speed the healing
process. These conditions are not present in the
UK or many other areas of the world where
tortoises are kept as pets, and left untreated such
injuries as these would most certainly have
proven fatal.

Shell infections are also a common problem
when keeping arid species in wet, cold climates,
so in Wales, we had to take special precautions
to ensure that the substrate in Amy’s outdoor
pen was well-drained and dry, to prevent the
area of plastron adjacent to her amputated leg
from becoming infected from the damp
conditions. This limited her time outdoors, and
during winter and on cooler, wet days we had to
rely on indoor accommodation using artificial
heating and lighting. This is not an ideal
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situation for any tortoise, but was particularly
difficult with a large tortoise that needed to be
overwintered, such as Amy. 

Cases involving nutritional deficiencies can
also be very hard to predict, and again, can take
a very long time to stabilise and recover.
Remarkable turn-arounds are possible here too,
however. Over the years we have seen a large
number of tortoises with very soft bones
resulting from lack of calcium and D3, and
completely unsuitable diets. Some of these,
sadly, did not survive despite all the efforts of
ourselves, dedicated Tortoise Trust foster-carers
and our specialist vets, but others have gone on
to make excellent recoveries. One of these is
“Ruby”, fostered by Lorna, a Tortoise Trust
member. This tortoise was suffering from quite
severe MBD (Metabolic Bone Disease) when
first encountered as a result of being illegally
smuggled in via London Heathrow Airport. At
that time (Easter 2009) his shell was so soft it
felt quite “rubbery”. Lorna described Ruby’s
condition at the time: “I got him home the same
day. He was so soft, his plastron was like a
drum-skin, gentle pressure on it and it all sank
in. His scutes were soft. He had the typical
carapace, of MBD, flat on top and sharp angle

down the back. He wouldn't eat or drink. I tubed
him with some water and calcium carbonate, but
he did like being under a UV lamp. I took him
to a well-known tortoise vet who told me later
that he didn't think Ruby would survive”

It is interesting to compare a “before” and
“after” photo of Ruby. Today, the carapace is
hardening nicely, and growth is much smoother
and more even. As Lorna says “I think the

photos say it all. You can really see the difference
in the shape of his carapace. I am over the moon
for him. I took the photos today but it was only
when I compared them that I realised how well
he has done. And he has such a sweet character,
loves food, sunshine, everything. He has a lovely

enclosure with sunshine most of the day. Before
everyone says how well I have done, I just want
to say that it's not rocket science. It's sunshine,
UVB light in the early days, good diet and
supplements”

This was by no means an instant turn-
around. It takes not merely months, but several
years of high quality dietary and environmental
management to begin to reverse the earlier
damage. The lesson is clear, however - do not
give up too easily, and never underestimate a
tortoise’s will to live. Give them a chance,
provide the correct diet and conditions, and let
nature do the rest. 

Amy early in her recovery Amy today

Ruby early in his recovery

Ruby two years later
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We have observed this at 1.00
am, in pouring rain. At the
same time, they take
advantage of the sudden
availability of the water to
defecate, to flush urates from
the bladder, and to feed upon
what would normally be
excessively dry food, such as
fallen seed pods, and dried
vegetation.  

This is an exciting and
fascinating extension to our
knowledge of the behaviour of
wild Mediterranean tortoises
and demonstrates that even
now, completely new insights
into their behaviour and
ecology can be achieved by
sufficiently intensive field
studies.
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Nocturnal activity
in Testudo graeca
in Southern Spain

An active tortoise (arrowed) at 22.03 on July 6 2011. Ambient temperature, 24°C 

“Nocturnal activity in the
terrestrial tortoises is
practically nonexistent.
Although some hot desert
species like the spurred
tortoise (Geochelone sulcata)
may be crepuscular before
they estivate in
midsummer”. So say the
reference books (Nocturnal
Animals, Clive Roots,
2006). 

One of us recalls, many
years ago, a fascinating lecture
by the great M. R. K. Lambert
on the ecology of Geochelone
sulcata in Mali, where he

described seeing this species
graze by moonlight! There is a
further report of nocturnal
activity in Geochelone radiata,
in Madagascar (Leuteritz,
2003). There is another report
of nocturnal activity in the
Bolson tortoise (Gopherus
flavomarginatus) because of
elevated ambient burrow and
soil temperatures and in
response to overnight
precipitation (Adest, et. al,
1988). There is also a single
published report of nocturnal
nesting in Testudo hermanni
(Swingland and Stubbs, 1985).
Until now, this has been pretty
much the extent of our
knowledge of nocturnal
activity in arid habitat
tortoises. Our extensive
observations here, however,
are about to change that.
Consistent activity after dusk
and indeed well into the early
hours of the morning has now

been recorded in Testudo
graeca graeca in Almeria and
Murcia, Southern Spain. This
is believed to be the very first
confirmation of such activity
in this species. We have
observed after-dusk activity
regularly during late June,
and into July. Tortoises can
be active for several hours
after the sun goes down. This
appears to be related to
excessively high daytime
temperatures, with in excess
of 32°C being common, and
is also (as with Bolson
tortoises) very likely also a
reaction to prohibitively high
ground temperatures, which
routinely surpass 60°C. 

Another factor which
stimulates this activity greatly
is the occurrence of over-
night thunderstorms.
During, and immediately
after these, tortoises may
emerge to drink, and feed.

Above: Following heavy rain

during the night of 30 July 2010,

fresh urates and partly digested

seeds are discovered at 9.30 am

indicating very recent overnight

activity. 

A. C. & Nadine
Highfield
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Research is good... unless it is flawed, when it can create all
kinds of myths and misunderstandings.  
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formation (Highfield, 2000). Provision of
suitable microclimates, combined with
appropriate cyclic ambient temperatures, also
contributes to more natural behaviour patterns
and influences activity cycles. The production of
environments that encourage such patterns
(including hibernation and estivation) will also
result in feeding patterns and growth rates that
are much closer to those experienced in nature
(Highfield, 2000). Suitable microclimate
provision will help to limit fluid loss from
evaporation (which occurs via the skin and as a
result of respiration), and will also help to
stabilise sudden body temperature fluctuations.
Microclimates are, therefore, very important to
tortoises and they are utilised extensively in the
wild  in the form of burrows and shallow scrapes
by many species, and are of particular
importance to species that inhabit inhospitable
arid environments. This type of behaviour is not
unique to tortoises, being particularly common
among lizards (Vitt and Pianka, 1994), and the
physiological results also closely parallel those
established in other reptiles (Heatwole and
Taylor, 1987, Zug, Vitt and Caldwell, 2001).

Criticisms of earlier research
It it worth examining  claims by Weisner and
Iben with regard to alleged microclimate usage
in more detail as the data they provide appears
to be both confused and inconsistent with the
microclimates actually experienced in nature by
most species from semi-arid environments as
measured by the present author and by other
field biologists across a range of semi-arid
habitat species. 

The most striking criticism of the data cited
in their paper “Influence of environmental
humidity and dietary protein on pyramidal
growth of carapaces in African Spurred tortoises
(Geochelone sulcata)” is that the bands of
experimental humidity employed are so
profoundly overlapping and are of of such wide
individual range. The terminology used is also
contradictory in the extreme.  For example, they
define what they term “dry environmental
conditions” as consisting of the ranges  “24.3-
57.8 % and 30.6-74.8% relative humidity”. They
then go on to define “humid conditions” as
comprising “45-99% relative humidity”. It is

difficult to know what to make of this, when a
measured relative humidity of 45% is described
as “humid” in one sentence and then classed as
“dry” in another.

It is also the case that very few ecologists or
geographers would normally accept a maximum
relative humidity of 74.8% as in any way
representing dry conditions, or a minimum of
45% as representing humid conditions. The use
of such inconsistent and erratic definitions
applied to the measured relative humidities
must therefore give rise to serious concern and
further confuses the earlier claims made in
respect of “dryness” or “humid” conditions
allegedly experienced in natural habitats. 

The criticism of the methodology employed
goes far beyond mere terminology, however.
The actual bands used in the experiment are
cited as follows:

Group A: 24.3-57.8%
Group B: 24.7-55.5%
Group C: 30.6-75.8%
Group D: 47.9-99%
Group E:  45-99%

The authors state that these measurements
represent  the “mean of eight weekly measured
values of the maximum and minimum relative
humidity” in the experimental enclosures
employed which consisted of  a series of 100 X
80 X 80 cm glass terraria fitted with two sliding
glass doors. Hiding places or “caves” made of
brick measuring 30 X 65 X 10 cm were provided
in each enclosure, and the substrate used was
the same in all units, comprising 4-5 cm of “bark
humus”. The humidity levels cited in the above
table were “measured directly under the top
pane”, which would mean at the very top of the
inside of the unit. They took a second set of
humidity measurements in the caves of the
“three humid terraria” (no mention is made of
any such measurements in the “dry” terraria)
which it is claimed were “10-15% higher”. It is
unfortunately entirely unclear what these actual
measurements were as no figures are given.
Also, no temperature measurements of any kind
are provided anywhere in the paper. It is unclear
why the authors considered this information
unimportant. The method of humidity control

Much interest and heated debate has resulted
among chelonia keepers and breeders following
publication of a paper that suggested that
“pyramidal growth” in tortoises is a direct
consequence of deficient levels of
environmental humidity rather than a
manifestation of any nutritionally-related
disorder (Weisner, C. S. And Iben, C., 2003)

Anecdotal reports by other keepers suggest
that raising ambient humidity levels by means of
humid hide boxes containing moist sphagnum
moss or damp sand can result in a marked
reduction in so-called “pyramid growth
syndrome” (Fife, undated). The general
hypothesis advanced by those who support the
conclusions of Weisner and Iben (op.cit), is that
nutrition plays very little role in so-called
“pyramidal growth syndrome”, that rapid growth
is also not a factor, and that the solution lies
almost entirely in the provision of adequate
ambient humidity by means of moist
microclimates. Critically,  it is argued that these
moist microclimates are available to tortoises in
the wild, but are typically lacking in most captive
situations. Much current husbandry advice is

based upon this premis, e.g. “Young growing
tortoises need at least 65% humidity for most of
the day and need access to 90% humidity as
desired in order to have normal shell growth”
(Wright and Johnson, 2009).

It is important to note that proponents of
this theory do not offer any detailed supporting
data of the condition of underlying bone growth
(by means of radiographs, histology or bone
sections, for example) and also are unable to
offer any credible explanation as to how PGS
(Pyramidal Growth Syndrome) is influenced by
external ambient humidity. They specifically fail
to identify any accepted biological mechanism
whereby internal skeletal development would be
directly influenced by external ambient
humidity. 

It is not disputed that microclimate
availability is of critical importance to the health
and well-being of captive chelonia. Adequate
microclimate provision is critical for the
maintenance of homeostasis, the prevention of
dehydration and the reduction of risk for
pathologies related to inadequate fluid balance
including renal disease and bladder ‘stone’

Humid Hides: Myths &
Realities

Andy C. Highfield
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employed is said to have consisted of 40 X 40 X
15 cm plastic bowls filled with demineralized
water and “atomisers to produce fog”. 

Unfortunately, from an experimental point
of view, other factors that would substantially
influence the “controlled” humidity within these
enclosures were also present: in each, a 13 cm
diameter dish with drinking water, and the
provision of soaked pellet food and “endive
salad”. These would both evaporate adding to
humidity within the units in an uncontrolled
manner. As so little environmental data is
provided, it is impossible to guess what impact
this may have had. It is disconcerting that this
possibility does not even seem to have been
considered by those conducting the experiment.
It would have been preferable if feeding and
drinking could have been conducted in a
separate, isolated area within the “controlled”
environment to eliminate this variable.

There are a number of other serious
methodological criticisms of this study that can
be made, including the failure to adequate
monitor and regulate actual calcium intake for
the duration of the experiment, which would
appear to have been highly variable and subject
to individual preference (loose cuttlefish bone
was provided in each enclosure and a tortoise
could consume as much – or as little – of this as
it preferred). Given that calcium intake and
overal calcium to phosphorus balance is such a
critical factor in bone development, the lack of
control here is very worrying from the point of
experimental validity. The authors conclude that
even on a higher protein diet, the tortoises
raised in what they call the “high humidity”  (45-
99% RH) environment of Group E had less
“pyramiding” than those raised on a lower
protein diet in Groups A and B.

Curiously, the three lateral views of example
tortoises from Groups B, C and D (no images
from groups A and E were published) all show
growth abnormalities to some degree. There is
undoubtedly a slightly reduced level of
deformity on the example tortoise from Group
D compared to that of Group B.  However, due
to the lack of control over calcium intake and
Ca:P balance (cuttlefish bone is rich in

phosphorus) we cannot be sure how much of
this effect might be due to the difference in
ambient humidity, or how much might be the
result of different amounts of cuttlefish bone
consumption or of food intake. It appears no
attempt was made to measure or record this
variable intake. A very wide range of blood
calcium, phosphorus and hemocrit values were
recorded in each group throughout the study,
but interpreting it is difficult when such
unquantified variables were present.

The key conclusion of the the authors of the
paper, and the theory that has since gained such
momentum via Internet forums and chat rooms
(and regrettably inclusion in otherwise reputable
works of reference)  is that “the combination of
dry environmental conditions and comparatively
high growth rates induced by a nutritionally
dense diet led to pyramidal growth in the
African spurred tortoises of this study”. They go
on to recommend that “in order to keep the
development of PGS to a minimum, areas with
a humidity of nearly 100% for hiding should be
provided to the tortoises at all times”. It appears
to be assumed that tortoises have access to such
microclimates (presumably with near 100%
relative humidity) in nature during growth
phases. The fact is, however, there is no
evidence whatever that they do, and a
substantial body of evidence to suggest that they
do not. 

Microclimates in nature
Even in the most extreme arid habitats occupied
by tortoises, for example that of the Desert
tortoise (Gopherus agassizii) in the Sonora
desert in Arizona, maximum burrow humidities
are typically in the region of only 40% (source:
Arizona-Sonora Desert Museum). In the most
detailed and comprehensive study yet carried
out on Desert tortoise burrows in Nevada,
Bulova (2002) established accurate
environmental data for more than 70 individual
burrows over an extended period and recorded
burrow relative humidity levels ranging from 6.1
to 44.5%, compared to surface relative humidity
levels of 4.1 to 32.2%. The present author
carried out extensive measurements of both
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occupied and unoccupied Testudo graeca graeca
scrapes and burrows in Southern Morocco, and
found that in December, burrow humidity rarely
exceeded 60% and was typically 50% or less
compared to external ambient air humidity
levels of approximately 20%  (Highfield and
Bayley, 1996). Burrow humidity was often
sustained below 45% for extended periods
during peak periods of tortoise activity and
growth in the Spring period, and reduced to

40% or less in June, July and August.
Unpublished data on tortoise microclimates
collected in Greece, Turkey and Tunisia
produced similar results. Shallow tortoise
scrapes possessed marginally higher relative
humidities than the prevailing ambient
conditions, but not by much, typically by less
than 5% over ambient (scrapes are far less
efficient at sustaining a stable temperature and
higher localised humidity than are true

Using  computer based data loggers to record conditions in an Esparto grass microclimate



burrows).  It is also necessary to point out that
tortoises using such scrapes tend to only partly
bury themselves, primarily coving the front
limbs and head, leaving the vast majority of the
carapace fully exposed and therefore entirely
subject to the prevailing ambient conditions of
temperature and humidity.

Upon examining reliable data on burrow and
scrape microclimates, therefore, it is difficult to
reconcile this evidence with the startling claims
of Weisner and Iben (op. cit) that “many species
of tortoises live most of their lives hidden either
in caves (e.g. Testudo horsfieldii, Gopherus sp.)
or on the ground surrounded by high humidity
even during arid conditions”. The evidence is
overwhelming that, on the contrary, even when
in deep burrow habitats they are consistently
subject to levels of relative humidity that are by
their own standards consistently in the “dry”
category (<50% RH). Taking that further, if
indeed the hypothesis that lack of high humidity
(70% to100%) retreats were indeed the primary
cause of the condition known as “pyramiding”
we could confidently expect all Gopherus
agassizii, Testudo graeca graeca, and virtually all
other semi-arid habitat tortoises to display it
prominently in nature as no such facilities are
available to them. They do not.

Hatchling and juvenile microclimate data
Weisner and Iben (op. cit.) also assert that
“faster growing hatchlings live under the cover
of grass... providing a higher level of ambient
humidity”. In fact, in many Testudo habitats
there is little or no grass present. In areas where
it is, for example in Southern Spain and parts of
North Africa where Esparto grass (Stipa
tenacissima or Lygeum spartum) is an important
feature of Testudo graeca graeca habitats,
measurements recorded over a 12 month cycle
by the present author using a series of SL52TH
temperature and relative humidity data loggers
revealed that the typical relative humidity within
clumps of grass occupied by tortoises very rarely
exceeded 60% and was typically below 40%.
Levels of 35% were common. The only
instances of high humidity recorded invariably
coincided with a brief formation of early
morning dew which burns off almost
immediately at sunrise, during rainfall or
immediately following episodes of precipitation.
In total, more than 18,000 data points were
recorded and in only 2% of these did relative
humidity exceed 80%. 

Extensive observations were made of wild
juvenile and hatchling Testudo graeca graeca
activity at various sites in Murcia and Almeria,
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Southern Spain, and miniature data loggers
were temporarily affixed to their carapaces to
record changes in both carapace surface
temperature and relative humidity every 30
seconds. The results consistently indicate that
juveniles are frequently exposed to ambient
relative humidities as low as 20% for extended
periods during browsing and basking. Tortoises
were monitored over a 12 week period in early
spring 2010 and at no time were they exposed
to levels of relative humidity approaching 100%
except during or immediately following rare
episodes of precipitation as a consequence of
thunderstorms. This data clearly demonstrates
that while it is true that clumps of Esparto grass
do provide a “higher” level of relative humidity
microclimate that is exploited by tortoises, it is
typically <50% RH deep within the grass clump
compared to <30% in free air, which is a very
long way from the levels of 90% to 100% RH
claimed by some authors. 

Hydration status
Some keepers have suggested that tortoises

should be kept in shallow wading water to
prevent “pyramiding” or soaked extensively in
water daily; clearly this in no way represents
natural conditions in semi-arid environments,
where precipitation is rare, free bodies of water
are completely unavailable for months on end,
and the maximum relative humidity even in
burrows is typically considerably below 50%. If
one examines the ecology of areas inhabited by
Testudo graeca graeca, Geochelone sulcata, or
Gopherus agassizii, it is obvious that such an
approach is entirely artificial. Such a technique
would, however, increase local ambient
humidity to extreme levels if combined with the
high temperatures typically provided in captive
situations, and would result in constant soaking
of the keratin scutes. 

Summary
Unnaturally low or high levels of humidity

should be avoided.  Sustained very low levels of
humidity will not only increase the risk of
excessive drying of the keratin, but will also
result in an increased risk of generalised
dehydration and consequent renal stress.
Excessively high levels of ambient humidity can

result in an increased risk of fungal and bacterial
pathogen proliferation with consequent diseases
of the epidermis (Hoppman & Barron, 2007).
The required levels for any species should be
established by reference to their natural
environment and behaviour. Such conditions
should be based upon reliable field data.
Appropriate microclimates should be provided.
Field data for Testudo species suggests that
ambient humidity should normally be
maintained in the 35-50% range, or if ambient
humidity is consistently lower, retreats providing
humidity of  up to 50% should be  made
available.   

References

Bulova, S. J. 2002. How temperature,
humidity, and burrow selection affect
evaporative water loss in desert tortoises. Journal
of Thermal Biology 27:175–189

Heatwole, H. and Taylor, J. (1987) Ecology
of Reptiles. Surrey Beatty & Sons. 

Highfield, A. C. (2000) The Tortoise and
Turtle Feeding Manual. Carapace Press.

Highfield, A. C. and Bayley, J. R (1996)
Observations on ecological changes threatening
a population of Testudo graeca graeca in the
Souss Valley, southern Morocco.  Chel. Cons.
Biol. 2(1):36-42

Hoppmann, E. and Barron, H. W.  (2007)
Dermatology in Reptiles. J. Exotic Pet Med.
(16):4 210-224.

Wiesner, C. S. and Iben, C. (2003),
Influence of environmental humidity and
dietary protein on pyramidal growth of
carapaces in African spurred tortoises
(Geochelone sulcata). Journal of Animal
Physiology and Animal Nutrition, 87: 66–74

Wright, K. and Johnson, J. (2009) Tortoises:
Pyramiding. Arizona Exotic Animal Hospital.

Zug, G. R, Vitt, L.J. and Caldwell, J. P
(2001) Herpetology. Academic Press. 

26 TortoiseTrustnewsletter Q2|09

Typical semi-arid Testudo graeca habitat in Spain

Ambient air humidity is typically less than 30%, and microclimate

humidity only very rarely exceeds 50-60%. 


