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When I started in the 
reptile hobby it was in it’s 
infancy, there were many 
unknowns and only a few 

captive bred reptiles were available. I 
remember wondering why imported 
tortoises had smooth shells and why 
captive raised tortoises had bumpy 
shells. I would ask pet shop employees 
why captive bred tortoises had bumpy 
shells and imports didn’t, but no one 
ever had a sensible answer and most 
would brush it off with a joke. After 
more research I came across a book 
that mentioned pyramiding of tortoise 
shells. The book stated pyramiding was 
caused by high levels of protein in the 
diet, such as feeding large quantities of 
dog food. Soon after I set out to read 
every book in the library containing 
information about tortoises.

Armed with an arsenal of information 
on raising tortoises I acquired several 
captive bred hatchlings and proceeded 
to house and feed them using methods 
recommended by the experts. I was 
determined to grow a captive bred 
hatchling to an adult with a smooth 
shell. I still ended up with pyramiding 

"I wonder 
if a tortoise 
with a smooth 
shell looks at 
a tortoise with 
a pyramiding 
shell and thinks 
weirdo"

shells! This was especially frustrating 
since I was doing everything thought 
to be necessary to grow a smooth 
shell. Interestingly the forest species, 
fed small amounts of dog food, didn’t 
seem to suffer as much pyramiding as 
desert species I was raising. Eventually 
I gave up the idea that I would be able 
to grow a perfectly smooth shell on any 
tortoise I kept. 

In the 90’s when captive bred 
Sulcatas flooded the market, many had 
pyramiding shells. Back then people 
preferred Sulcatas with pyramiding 
shells, they thought it was just a cool 
looking tortoise. If my head grew like 
that people would stare at me. I wonder 
if a tortoise with a smooth shell looks at 
a tortoise with a pyramiding shell and 
thinks weirdo or if it would be afraid 
because it looks like a punk rocker? 
Today we know there are many health 
issues related to pyramiding including 
weaker shells and bones.

I hadn’t kept tortoises for about 5 
or 6 years and didn’t stay up to date 
on their husbandry, as my focus 
had shifted to frogs. It wasn’t until 
researching and developing reptile 

diets at San Francisco Bay Brand, Inc. 
that I stumbled upon information that 
linked humidity to pyramiding. It now 
made sense that the forest species, 
which I provided clumps of damp moss 
to hide in, didn’t pyramid as bad as the 
desert species kept extremely dry. Most 
people keeping tortoises don’t provide 
adequate if any humidity. Many people 
believe and are told that tortoises don’t 
require water, but this couldn’t be 
further from the truth. 

The last thing I wanted to do was 
develop a diet that would promote 
pyramiding. After reading all available 
up-to-date information we prepared 

to set up an experiment. Before we 
discuss the experiment we will take a 
look at what pyramiding is and what 
is believed to be the main causes of 
pyramiding.

WHAT IS PYRAMIDING? 
Pyramiding is when the shells 

scutes grow vertically, in the shape 
of a pyramid, instead of horizontally 
forming a smooth shell.

WHAT CAUSES 
PYRAMIDING?

There are many theories as to what 
causes pyramiding. For many years 

it was believed that improper diet & 
foods too high in protein were the 
main contributors to pyramiding. 
Some experts say lack of or inadequate 
levels of Calcium & UVB cause 
pyramiding. Even when fed the correct 
diet with proper supplementation 
some pyramiding will still occur. It is 
now believed that high protein and 
improper supplementation are not the 
primary contributors to pyramiding, but 
secondary contributors that can impact 
how much a shell pyramids or deforms.

In the wild hatchling & juvenile 
tortoises are often exposed to micro 
climates. The humidity in these places 
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Pyramiding of tortoise shells had 
long been a mystery, but in recent 
years new discoveries have shed 
much light on the topic
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is much higher than that in the 
surrounding environment. In recent 
years studies show an important factor 
for smooth shell growth is access to a 
humidity level of 80%-100% for at least 
the first two years. 

TESTING THE EFFECTS 
OF HUMIDITY

To test the theory of humidity and 
smooth shell growth we set up an 
experiment involving ten hatchling 
African Spurred Tortoises (Geochelone 
Sulcata). These tortoises were chosen 
because they are bullet proof and grow 
rapidly.

The tortoises were housed singly 
in 10 gallon vivariums with a peat 
moss & sand mix. Hay grass was used 
as a top layer of bedding. Basking 
heat was provided with a clamp 
lamp and 60 watt bulb, maintaining a 
daytime basking temperature of 95°F. 
UV lighting was supplied using Zoo 
Med Reptisun 10.0 bulbs. Five of the 
hatchlings had dry shelters and five 
had humidified shelters. The humidified 
shelters were lightly misted each day 
to help maintain a humidity level of 
80%. All tortoises were fed hydrated 
commercial pellets and offered cuttle 
bones as an additional source of 
calcium. All tortoises were soaked in 
warm water every other day for five 
minutes.

We did a weekly visual inspection 
to check if the shells were pyramiding 
or growing smooth. After one month 
the differences in shell growth were 
visibly noticeable. After 6 months 
the differences in shell growth were 
obvious from a distance. After one year 
we were satisfied that humidity had a 
direct effect on smooth shell growth 
and introduced humidified shelters 
into all 10 terrariums, so all future shell 
growth would be smooth.  We raised 
the tortoises for a total of  4 years.

GUIDELINES FOR 
PROMOTING SMOOTH 
SHELL GROWTH

HOUSING
These guidelines are Based on a 

20-gallon long vivarium (12x20x11) 

for hatchling tortoises. The Following 
are guidelines that worked for us. As 
always there is more than one way to 
achieve the desired results, but tortoise 
must have exposure to a humidity of 
80% - 100% along with proper diet, 
supplementation and temperatures to 
achieve smooth shell growth.

SUBSTRATE
Use a 2”-3” mix of soil and sand. The 

substrate in some areas can be covered 
with a layer of grass, hay, moss or leaf 
litter depending on species.

HEAT
A basking area is necessary, this can 

be provided by using a clamp lamp and 
an incandescent light bulb or a ceramic 
heat emitter of 75-100 watts (desired 
temperature will vary by species use 
a reptile thermometer or heat gun to 
monitor temperature). Attach a heat 
pad, rated for a 20-gallon terrarium, 
to the outside bottom of one of the 
far ends. (This will help regulate the 
temperature and humidity in the hide 
box)

LIGHTING
All hatchling tortoises kept indoors 

need high quality UVB lighting, Such 
as Zoo Meds Reptisun 5.0 or 10.0. 
The light should be no further than 
12 inches from the top of the tortoise 
shell; placing the light directly on top of 
a 20-gallon long vivarium is sufficient. 
Consult your local pet care professional.

HUMIDITY
The easiest way to provide humidity 

for tortoises indoors is by making a 
humidified shelter. Items needed to 
make a humidified shelter: Plastic 
container (6 QT. storage box, Cool 
Whip container, salad container or any 
container safe for use with reptiles), 
sharp scissors., sand and soil mix (use 
recommendations for substrate) and/or 
green moss & leave pieces.

The top of the container (lid side) 
will be the bottom of the shelter. 
Choose the side you would like to be 
the entrance and cut a hole two times 
the height and width of the tortoise. 
Place the lid on the hide box, turn lid 

side down then add a 1”-2” layer of the 
sand soil mix. Place the shelter in the 
terrarium so half is over the end with 
the heat pad. Keep soil & sand mix 
damp, but not wet, by misting. Measure 
the humidity to make sure it is between 
80%-100%. Change substrate every one 

to two weeks.  

DIET
Diet is also important for smooth 

shell growth. Different tortoises have 
different needs, be familiar with 
your tortoises’ requirements, feed 

A forest tortoise vivarium set up housing an elongated tortoise. The 
substrate is peat moss covered in sphagnum moss. The humidified 
shelter is a 6qt storage container containing damp moss. There is a 
heat pad under half of the shelter and a basking area provided using 
a 100 watt bulb.

Above: Plastic salad containers were used as humidified shelters, as 
they proved ideal for the size of the vivariums used. Different types 
of container can be used to construct humidified shelters.

Below: Setting up the proper environment is easy. The below set up 
is simple to maintain and observe.
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Collard Greens, Dandelion Greens, 
Turnip Greens, Escarole, Mustard 
Greens, Cactus Pads and Alfalfa.

Nutrient antagonist: natural occurring 
chemicals found in fruits, vegetables 
and other food items that interfere with 
the absorption of or render nutrients 
useless. This does not mean avoid these 
items all together, just be sure not to 
feed in excess.

Goitrogens- render Iodine useless: 
Bok-Choy, Broccoli, Brussels Sprouts, 
Cauliflower, Kale, Rutabaga, Spinach & 
Strawberries.

Oxalates-render Calcium useless: Beets, 
Beet Greens, Broccoli, Carrot, Cilantro, 
Kale, Pears, Spinach, Strawberries, Swiss 
Chard and Tomatoes.

Phytates-reneder Calcium, Zinc, Iron 
& other Minerals useless: Legumes & 
Grains.

Tannis-render proteins useless: 
Bananas, Carrots, Grapes, Onions and 
spinach.

SUPPLEMENTATION
Proper supplementation is also 

necessary to achieve proper shell 
growth, too little or too much vitamin 
or calcium supplementation can 
have devastating results. Always offer 

cuttle bones for tortoises to gnaw 
on as a source of calcium and to 
keep their beak from becoming over 
grown. Powdered calcium and vitamin 
supplements should be given to 
hatchlings 2-3 times per week. 

WATER
Tortoises need to be offered water 

on a regular basis this helps prevent 
health problems. provide water in a 
shallow dish that can’t be tipped over. 
Forest species require a water dish large 
enough to soak in. Change the water 
daily as they will defecate in it. In the 
case you have tortoises that constantly 
tip their dish causing a section of 
the terrarium that should be dry to 
constantly be wet, remove the water 
dish and soak the tortoise(s) in warm 
water for five minutes every two to 
three days.

CONCLUSION
There are many factors involved in 

raising healthy tortoises with smooth 
shells. I by no means claim to have 
discovered the effects of humidity on 
shell growth, but I’m sharing what I 
have learned through research and 
experimenting. Some tortoises have 
a natural pyramid shape to the shell. 
Some tortoises in the wild, especially 
leopards, show varying degrees of 
pyramiding. Could the earths changing 
landscape and weather patterns cause 

accordingly. 

Basic dietary guidelines:

Grassland Tortoises: 70-75% grass and 
Hay the remainder of the diet should 
consist of vegetables, flowers, cactus 
pads and weeds (dandelion, clover, 
etc…). No fruit and no animal proteins. 
When fed large amounts of fruit, 
large quantities of beneficial bacteria 
die, toxins can enter the tortoise's 
bloodstream, causing a form of Toxic 
Shock Syndrome that can be fatal.

Mediterranean, Russian and Desert 
Tortoises: grass, flowers, weeds, 
vegetables and cactus pads. Very 
occasionally fruit and no animal 
protein.

Forest Tortoises: flowers, weeds, fruits, 
vegetables, moss, mushrooms, cactus 
pads, and a source of low fat animal 
protein. Fruit should be offered several 
times per week and animal protein 
should be offered once per week. It has 
been noted that red-footed tortoise’s 
diets change with the season and at 
certain times of the year their diet 
consist of 40% to 70% fruit. Flowers and 
mushrooms also make up a large part 
of the diet.

High calcium foods: some foods 
are naturally high in calcium such as 

pyramiding of tortoise shells in the 
wild? It is obvious that humidity has a 
direct effect on how smooth a tortoise 
shell grows. Humidity alone is not the 
key to a healthy tortoise and shell. A 
tortoise’s diet, vitamin and calcium 
supplementation, exposure to UV 
and many other factors also affect the 
pyramiding of shells and a tortoise’s 
health. There are still many unknowns 
about tortoise nutrition and it’s effects 
on shell growth, but research in recent 
years has shed a lot of light and 
started to close the gap, mainly due 
to dedicated private individuals who 
have a love for tortoises and the reptile 
hobby. ■

COMMON DISORDERS

DISORDER CAUSE

METABOLIC BONE 
DISEASE LACK OF CALCIUM AND OR UVB

ABNORMAL GROWTH IMPROPER DIET,SUPPLEMENTATION, LACK OF UVB & 
LOW HUMIDITY

RENAL FAILURE  IMPROPER DIET, LOW HUMIDITY & DEHYDRATION

MINERALIZATION OF 
INTERNAL ORGANS LOW HUMIDITY & DEHYDRATION

PYRAMIDING SHELLS LOW HUMIDITY, IMPROPER DIET & SUPPLEMENTATION 
AND LACK OF UVB

Above: One of the Sulcatas used in the experiment. The photo 
was taken when the tortoises were acquired.

Below: The same tortoise 3.5 years later. This tortoise was raised 
with access to humidity via a humidified shelter.

Below: One of the Sulcatas that were not provided a humidified 
shelter for the first year. This picture was taken when the tortoise 
was 3.5 years old and has had access to a humidified shelter for 
2.5 years. 
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We have since raised different species 
of tortoise based on the guidelines 
in this article and all have smooth 
shell growth. Tortoises acquired that 
had pyramiding, when introduced 
to these conditions, all future shell 
growth was smooth. Photos essay on 
pages 8-10
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AFRICAN SPURRED TORTOISES (GEOCHELONE SULCATA)

RED-FOOTED TORTOISES (GEOCHELONE CARBONARIA)

MARGINATED TORTOISES (TESTUDO MARGINATA)

ELONGATED TORTOISES (INDOTESTUDO ELONGATA)

These tortoises were raised with 
access to humidified shelters, with a  
humidity of 85%-100%. Automatic 
mist systems can be used to 
maintain a humidified shelter.

These tortoises were obtained at 
3.5” and had some pyramiding. 
Once given access to humidity 
future shell growth was smooth.

Left: This tortoise is 
enjoying a meal of 
frozen tortoise food.
Right: The same 
tortoise, notice the 
nice smooth shell.

Above: The water drops on the glass are 
from daily misting.

As tortoises grow the 
size of the enclosure 
and the size of the 
humidified shelter 
must increase. Here 
we have used a large 
Rubbermaid tub and 
lid fastened to the 
back wall with nylon 
screws and wing nuts, 
so the tortoises can’t 
move or flip it, but it 
can be easily removed 
for cleaning.

Red-Footed Tortoises 
had access to a 
humidified shelter 
and an area of 
damp moss that was 
misted daily. When 
fresh green moss 
was placed in the 
enclosure they would 
often hurry over to 
eat some.

Below: once given access to humidity 
future shell growth was smooth.

A combination of 
damp moss and an 
under the tank heater 
create an excellent 
microclimate for 
forest species. 

Below: in this setup a heat lamp was 
placed over the shelter. Care must 
betaken when using this method, so 
tortoise don’t become overheated. . 



10
10

CALIFORNIA DESERT TORTOISES (GOPHERUS AGASSIZII)

LEOPARD TORTOISE (GEOCHELONE PARDALIS)

Desert Tortoises 
also benefit from 
humidified shelters. 
Here is one emerging 
from a humidified 
shelter in the 
morning. 

These tortoises were acquired right after 
hatching and have been provided a 
humidified shelter from day one. 

Note the new growth between the scutes. 
You can see the scutes are farther apart with 
nice smooth growth between. The above 
tortoise is the same as the one on the left.

These tortoises were 
acquired at 3 months 
old and have been 
provided a humidified 
shelter since and all 
new growth has been 
smooth.


