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BODY MASS INDEX (BMI) - A GUIDE TO CONDITION

Rescued Black Flying-fox suffering from malnutrition during a starvation event photo © Anthea Gurr (BatsQld).
Note: the light coloured fur markings on the face. This is often attributed as a sign of dietary deficiency in this species.
Please note: the person handling the bat in this photograph is vaccinated against ABLV.

INTRODUCTION
In human heart care, Body Mass Index, or BMI, is used to determine whether you are in a healthy weight range
for your height - not as a tool for 'body shaming'. BMI compares your weight to your height and is calculated by
dividing your weight (in kilograms) by your height (in metres). It gives you an idea as to whether you're
'underweight', a 'healthy' weight, 'overweight', or 'obese' for your height. BMI is one type of tool to help health
professionals assess the risk of chronic disease or undernutrition. For instance, using the BMI calculator on the
Australian Heart Foundation page shows us that a person who is 180cm tall and weighs 70 kilos, has a BMI of
21.6, which puts them dead in the middle of the 'healthy' range. The same height but weighing 90 kilos, has a
BMI of 27.8, which puts them in the overweight category, and the same height but weighing 50 kilos, has a BMI
of 15.4 - which puts them in the seriously underweight category. The latter would indicate to a GP that the person
was receiving inadequate nutrition or has an eating disorder.
With flying-fox care, we can take two variables: weight and forearm measurement and cross-check weight
against data from free-ranging individuals to give us a flying-fox BMI. Using that figure as a reference, we can
then make a fairly educated diagnosis to determine whether that newly-rescued flying-fox is 'a bit underweight' or
is entering or in a state of clinical malnutrition. This is important because if we know what the normal BMI values
for a flying-fox should be, we have a good starting point to ascertain the nutritional condition of the bat at the time
of rescue. If the animal's BMI is in the lower to critical end of the scale, we can then intervene with appropriate
diet and supplements to build condition - and maybe save its life.

A NOTE ON MALNUTRITION
We don't see too many obese flying-foxes in the wild, but malnourished bats coming into care are quite common.
At its simplest, malnutrition means the body is not getting enough nutrients; that the body's needs are not being
met by nutrient intake - so the body starts to break down and feed upon itself. When residual carbohydrates are
exhausted, the body then naturally utilises any fat reserves, but once these too are depleted, the body starts to

break down and feed upon its own protein. This process is called protein catabolism and often begins with
skeletal muscle first (Genton & Pichard 2011). Once this happens, the animal is in serious trouble, as it becomes
weakened and even bone marrow is then scavenged and broken down as a food source by the body; with
resultant reduced capacity for new blood cell production. Malnutrition may result from an inadequate or
unbalanced diet, digestive difficulties, absorption problems, simple starvation due to localised flowering or fruiting
failure (as in 1998, 2000, 2007 and 2019), or starvation due to an injury or condition stranding the animal in a
tree - unable to fly and feed itself.
The problem with starvation is that it can cause, at best, a minor hiccup, to at worst, irretrievable physical
breakdown, with subsequent failure of vital organs such as kidneys, liver, and heart. In babies and juveniles, the
primary cause is, of course, orphaning: no mother - no milk. Some of the worst cases of starvation we see are
with juveniles aged 12-15 weeks old (usually found within a two-kilometre radius of their camp). It is generally
assumed that these youngsters have either strayed too far before being ready - and then got into trouble, or have
left the camp in desperation to feed when mum has not returned due to misadventure. In adults, undernutrition
can be caused by seasonal starvation, but can equally be caused by another injury or condition, such as a
broken wing or infection, which has now rendered the animal unable to fly, and therefore to feed. Malnutrition is a
complex subject - because it is not just about giving the affected animal a big bowl of fruit to make everything all
right. In fact - doing that on day one, may do more harm than good, and may well even kill your flying-fox
outright.
Malnutrition can lead to, or be found in conjunction with, a whole range of other conditions, ranging from
dehydration, to anaemia, to kidney failure, to infection, and broken bones. Apart from seasonal starvation events
and orphaned babies, malnutrition is very rarely the primary cause, but rather the result of the primary cause. For
example, in one typical case, a male Black Flying-fox found alone in a small tree did not come down because he
was malnourished. Severe infection to the upper arm and neck (very likely from predator attack), and the
resulting increasing weakness saw him unable to leave the tree he was found in - so unable to feed; he became
malnourished.
Clinical malnutrition and treatment is covered in depth here

A QUICK BODY INDEX GUIDE
An easy method I first heard about from carer, Judi Wood (likely credited to the late Robyn Gough), and now
widely used by many carers for a quick rule-of-thumb easy reference for body index is to take the forearm
measurement, drop the leading one (1) and then add a zero (0) to the end to tell us roughly what the animal
should weigh. Please note this guide is more accurate with adults having a forearm of 150mm or higher.
Example 1: an adult comes into care with a forearm of 155mm and weighs 540grams. Dropping the one from the
155 gives us 55, and adding a zero at the end gives us an expected weight of 550 grams (-1) 55 (+0) = 550g.
The animal is near perfectly on weight.
Example 2: an adult comes into care with a forearm of 155mm and weighs 340 grams. Dropping the one from
the 155 gives us 55, and adding a zero at the end gives us an expected weight of 550 grams (-1) 55 (+0) = 550g.
This animal is a massive 210 grams underweight, or put another way; this animal is missing around 38% body
mass.
Just note that this is only a rough guide as each animal is different and there are so many variable factors
involved in body index - perhaps the most obvious being dehydration. Weight loss from dehydration will resolve
rapidly, whereas weight loss from malnutrition can take many days or weeks to regain its optimal weight.

BODY MASS INDEX AND HOW IT RELATES TO MALNUTRITION
In order to get a relatively accurate measure of normal BMI in flying-foxes, we needed data - lots of data. Also, to
get an accurate measure, that data needed to be sourced from free-ranging individuals in the wild and compared
to data on freshly-rescued animals coming into care. I am deeply indebted to several care organisations for
providing such data, and to scientists, Dr. Anja Divljan, Dr. Peggy Eby and Dr. Justin Welbergen for providing
data on wild-caught free-ranging bats. This gave a total data set of 791 Black and Grey-headed Flying-foxes
from multiple locations; ranging from Sydney in NSW, north to the Sunshine Coast in Queensland - and caught at
various times throughout the year. Results are highly dependent on sex, age class and time of year as there are
quite obvious differences between a juvenile female compared to an adult male, but also seasonal variations
must be taken into account. For instance, adult females in late-stage pregnancy will have a higher BMI than adult
females in autumn, and adult males bulk up considerably in summer prior to mating.
BMI in flying-foxes is a simple calculation. We just divide the animal's weight by its forearm. For example, if we
get an adult male in summer weighing 800 grams, with a forearm of 165mm, its BMI is 4.85. With the average for
that class being 4.51 - it's doing very well. In a second example, we get an adult male in summer weighing 600
grams, with a forearm of 165mm, its BMI is 3.64. This animal is beyond 15% underweight, and likely in trouble.
Thus, the results are presented in ten categories below. Each category shows a sex and age class, e.g., male
sub-adult or female adult - autumn. The most important figures here are the average BMI (in the green boxes)
and the lower limit (in the yellow boxes). The lower limit is set at 15% less than the average BMI. After crunching
the data and looking at results, and in talks with Dr. Peggy Eby and Dr. Justin Welbergen, we discussed where to
set the lower limit as an alert for carers to intervene. Although we sometimes get bats in care that are
spectacularly underweight (and still alive), flying-foxes in the range of 15-20% underweight are often in serious
trouble. If we look at the graph below, we can reasonably and confidently say that the majority of bats that have
gone beyond 20% underweight have died from conditions associated with extreme malnutrition such as organ
failure and pulmonary oedema.

A scatter plot produced from data on adult males in summer graph © Justin Welbergen
Note that only one animal was caught alive below the 20% underweight line. This would suggest that most adult males below 20%
are already deceased - having passed away from severe malnutrition. This is why we set the lower limit at minus 15%.

Our job as carers is to recognise malnutrition long before that point and then to intervene as early as possible, to
help avoid complications of severe malnutrition. Unless emaciated, it is often hard for even experienced carers to
be able to pick an animal at ten or twenty per cent underweight. However, my aim in putting this page together is
to provide a simple comparison tool. You simply weigh and measure the animal, then divide the weight by
forearm to get its BMI. Now compare this to the relevant class below. If it is 15% or more underweight, visit the
malnutrition page for dietary intervention and supplementation here

BMI REFERENCE TABLE FOR BLACK & GREY-HEADED FLYING-FOXES
CLASS
Male - Juvenile
Description
Forearm range 130-150mm. Rescued before April (excepting late-born pups). Small penis.
Parameter

Range

Average

Forearm

130 - 150mm

141.5mm

Weight

272 - 541 grams

368.3 grams

BMI

2.03 - 3.81

Average BMI 2.60

Lower limit (<15%) BMI 2.21

Sample set n=72

Animals in this class with a BMI of 2.21 or lower would be deemed to be suffering clinical malnutrition.
Male - Sub-adult
Description
Forearm range <> 155mm. Rescued April to April (excepting late-born pups). Samll penis.
Parameter

Range

Average

Forearm

140 -158mm

150.7mm

Weight

339 - 589 grams

474.1 grams

BMI

2.28 - 4.42

Average BMI 3.15

Lower limit (<15%) BMI 2.68

Sample set n=70

Animals in this class with a BMI of 2.68 or lower would be deemed to be suffering clinical malnutrition.
Male - Adult (summer)
Description
Greater than 2 years old. Forearm >160mm. Rescued September - February. Large penis. Enlarged testes.
Parameter

Range

Average

Forearm

158 - 187mm

165.9mm

Weight

560 - 1093 grams

749.4 grams

BMI

3.55 - 6.54

Average BMI 4.51

Lower limit (<15%) BMI 3.83

Sample set n=125

Animals in this class with a BMI of 3.83 or lower would be deemed to be suffering clinical malnutrition.
Male - Adult (winter)

Description
Greater than 2 years old. Forearm >160mm. Rescued March - August. Large penis. Testes regression.
Parameter

Range

Average

Forearm

155 - 184mm

167.4mm

Weight

533 - 1074 grams

726.5 grams

BMI

3.14 - 6.32

Average BMI 4.34

Lower limit (<15%) BMI 3.69

Sample set n=102

Animals in this class with a BMI of 3.69 or lower would be deemed to be suffering clinical malnutrition.
Female - Juvenile
Description
Forearm range 130-150mm. Rescued before April (excepting late-born pups). Small nipples.
Parameter

Range

Average

Forearm

131 - 151mm

140.5mm

Weight

259 - 487 grams

368.2 grams

BMI

1.89 - 3.52

Average BMI 2.62

Lower limit (<15%) BMI 2.23

Sample set n=114

Animals in this class with a BMI of 2.23 or lower would be deemed to be suffering clinical malnutrition.
Female - Sub-adult
Description
Forearm range <> 155mm. Rescued April to April (excepting late-born pups). Small nipples.
Parameter

Range

Average

Forearm

142 - 158mm

150.5mm

Weight

379 - 612 grams

472.1 grams

BMI

2.48 - 3.97

Average BMI 3.14

Lower limit (<15%) BMI 2.67

Sample set n=68

Animals in this class with a BMI of 2.67 or lower would be deemed to be suffering clinical malnutrition.
Female - Adult (summer)
Description
Greater than 2 years old. Forearm >155mm. Rescued Dec - Feb. Post birthing. Lactating. Large nipples.
Parameter

Range

Average

Forearm

152 - 180mm

163.8mm

Weight

518 - 822 grams

639.9 grams

BMI

3.27 - 4.57

Average BMI 3.90

Lower limit (<15%) BMI 3.32

Sample set n=54

Animals in this class with a BMI of 3.32 or lower would be deemed to be suffering clinical malnutrition.
Female - Adult (autumn)
Description
Greater than 2 years old. Forearm >155mm. Rescued March - May. Mating & Conception. Large nipples.
Parameter

Range

Average

Forearm

153 - 175mm

163.2mm

Weight

521 - 793 grams

648.1 grams

BMI

3.30 - 5.02

Average BMI 3.97

Lower limit (<15%) BMI 3.37

Sample set n=34

Animals in this class with a BMI of 3.37 or lower would be deemed to be suffering clinical malnutrition.
Female - Adult (winter)
Description
Greater than 2 years old. Forearm >155mm. Rescued June - Aug. Early to mid pregnancy. Large nipples.
Parameter

Range

Average

Forearm

153 - 172mm

163.5mm

Weight

524 - 836 grams

638.6 grams

BMI

3.28 - 5.08

Average BMI 3.90

Lower limit (<15%) BMI 3.32

Sample set n=41

Animals in this class with a BMI of 3.32 or lower would be deemed to be suffering clinical malnutrition.
Female - Adult (spring)
Greater than 2 years old. Forearm >155mm. Rescued Sep - Nov. Late stage pregnancy. Large nipples.
Parameter

Range

Average

Forearm

152 - 178mm

162.4mm

Weight

523 - 868 grams

658.3 grams

BMI

3.33 - 5.09

Average BMI 4.05

Lower limit (<15%) BMI 3.44

Sample set n=111

Animals in this class with a BMI of 3.44 or lower would be deemed to be suffering clinical malnutrition.
Note: some forearms measurements in the data set are a bit smaller than in the description for some classes. This is because all
factors are taken into account to determine the age class. For instance, the average forearm of adult winter males is >160mm, but
some with a large penis were as low as 155mm.

SUMMARY
Just like feed charts, the table above is simply meant as a guide - another tool to help us ascertain body
condition and, therefore, direct us to intervene with a special diet to aid in recovery from clinical malnutrition. As
stated above, visual observation alone will, at best, alert us to an animal being in trouble, to at worst, give us no
indication that the animal may be ten or even fifteen per cent underweight - and therefore in danger of associated
complications. If we are not aware of such complications, we may end up with a bat with or developing lifethreatening pulmonary oedema or liver failure.
Of course, there are many variables involved, and just like us, there are so many people of the same height, but
with differing weights - who are quite obviously all healthy. So the take-home message here is that even if we get
it wrong and put a bat on a malnutrition diet that did not need it - it will do no harm at all. Having dealt with
animals with both pulmonary oedema and liver failure, I would simply say that If in doubt, put the animal on a
special diet as an 'insurance policy'.
As I said, this tool may help us to make a better assessment, but sometimes they are so bad that your eyes
alone will tell you something is very wrong. Here is a photo of a juvenile Spectacled Flying-fox who lost 37% of
his body weight. No tables needed here. This is what extreme malnutrtion looks like ...

Emaciated, dehydrated and near dead - this little guy's body had been feeding upon itself photo © Dave Pinson
A juvenile 11 week old 'living skeleton' who came into care with one of the worst cases of malnutrition we have ever seen, but went
on to fully recover. He arrived into care at minus 113g WFA - meaning he had lost 37% of his normal body mass.

This little guy, 'Chris' features in one of our case histories here
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