
Summary
This activity will have students practice their measuring 
and data analysis skills, as well as read and interpret graphs 
using real data from wild seals and polar bears. In Case 
Study No. 1, students will measure the body length of grey 
seals and calculate their body mass using the body length 
data. Then, students will compare differences between 
body mass and body length between male and female seals 
and use the graph to make predictions about other seals. 
In Case Study No. 2, students will compare changes in the 
body sizes of three different polar animals (polar bears, grey 
seals, and harbor seals) over 25 years. Students will use this 
data set to examine changes and patterns in body mass 
and body condition of each species and make hypotheses 
about the environments that these species live in. Both case 
studies are based on real scientific data for each species 
and provide examples of how scientists use data from wild 
animals for conservation and management. 

Background information 
Polar mammals live in extremely cold climates, like the 
Arctic and Antarctic. Because these regions are so remote 
and inhospitable, they are difficult for scientists to access. In 
addition, polar mammals such as seals and polar bears are 
large animals that are hard to find and can be dangerous to 
work with (like all wild animals). So, scientists have to find 
creative ways to collect data on polar mammals accurately 
and safely. This data is extremely important because polar 
regions are rapidly changing, which affects all animals who 
live there. 

One metric that tells scientists a lot about animal health is 
body size. Body size includes both body length and body 
mass. Body size can be measured in a variety of ways, 
including directly measuring it on a wild animal (often 
one that is safely sedated) or indirectly using drones 
or photographs. Body size can give information on an 
animal’s age (younger animals are often smaller) or sex 
(in some species, males and females are different sizes). 
Another useful metric is an animal’s body condition. Body 
condition assesses an individual animal’s overall health and 
appearance; it can range from poor to excellent based on 
the above factors. In general, polar mammals need a large 
body size and a lot of body fat to be in appropriate body 
condition and survive in extremely cold environments.

One way that polar marine mammals stay in appropriate 
body condition is with blubber, thick layers of fat that help 
them stay warm and pack on weight while serving as energy 
storage. In general, having more blubber indicates that 
polar animals are feeding well and more likely to survive. In 
contrast, animals who have very little blubber and/or are 
visibly skinny are less likely to survive during the coldest 
parts of the year. 

Scientists can learn about what’s happening in the 
environment by researching the body size and health of the 

animals that live there. In polar environments, major changes 
to the overall health of marine and terrestrial predators 
can signal changes in food webs. If animals are getting 
smaller and/or are declining in body condition, scientists 
can theorize the animal is eating less due to less-available or 
more-difficult-to-access food and resources. The opposite 
can also be true if animals are getting larger over time.

Materials
•	 Writing utensil

•	 Student sheet (Measuring tool included)

•	 Scissors

•	 Three colors to write with (markers, colored pencils, or 
crayons)

How to Prepare
•	 Find a place in in the classroom or on zoo grounds to do 

this program.

•	 Review how to respectfully share ideas with peers.

Vocabulary Terms 
•	 Polar: Relating to regions near the North Pole (Arctic) 

or South Pole (Antarctic)

•	 Sexual Dimorphism (or Sexually Dimorphic): 
Differences in visible physical characteristics (e.g., size 
and shape) between males and females of the same 
species. Examples of species that are sexually dimorphic 
include elephant seals, grey seals, lions, peafowl 
(peacocks and peahens), and orangutans—among many 
others.

•	 Body Condition: A metric used to evaluate the overall 
health of an animal based on its body size, shape, body 
fat, and muscles. Scientists score polar bears on these 
factors to determine their survival prospects.

NGSS Standards
•	 MS-LS2-1 

From Molecules to Organism: Structures and Processes 
Analyze and interpret data to provide evidence for 
the effects of resource availability on organisms and 
populations of organisms in an ecosystem.

•	 MS-LS2-4 
Ecosystems: Interactions, Energy, and Dynamics  
Construct an argument supported by empirical 
evidence that changes to physical or biological 
components of an ecosystem affect populations.
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This worksheet was designed to support the 
following Polar Literacy Principles:

•	 1D: Polar climates create different living conditions.

•	 4E: Marine and terrestrial predators are predictors 
(indicators) of change in food webs. 

Students will need foundational knowledge of 
the following concepts to complete the math 
sections: 

•	 Creating and understanding line graphs

•	 Using measuring tools such as a measuring tape

•	 Plotting a data point and extrapolating data

Answer Key
Case Study No. 1: Estimating Body Size in Grey Seals

•	 Grey Seal No. 1 Question 
What is the body length of Grey Seal No. 1 in meters 
(m)?  ~2.25 meters

•	 Grey Seal No. 2 Question 
What is the body length of Grey Seal No. 2 in meters 
(m)?  ~1.5 meters

•	 The red stars on the graph show where the body 
length data for Grey Seal No. 1 and Grey Seal No. 2 
should be. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.	 Use the graph above to calculate the body mass in 
kilograms (kg) of each grey seal using the body lengths 
you measured. What is the body mass for:

	 a. Grey Seal No. 1: ~300 kilograms

	 b. Grey Seal No. 2: ~150 kilograms 

NOTE: If students report that Grey Seal No. 1 is ~2.6 
meters and 310–325 kilograms and that Grey Seal No. 2 
is ~1.75 meters and 160–175 kilograms, they included the 
hind flippers in the body length (which should not be 
considered as included in the body length).

2.	 Based on their standard length and body mass, 
determine the sex (male, female, or unknown) of Grey 
Seal No. 1 and No. 2.

Grey Seal No. 1 is male because its body length is 
longer than the largest female on this graph.

Grey Seal No. 2 is female because its body length is 
shorter than the smallest male on this graph.

3.	 Why is there variation in the data points of grey seal 
males and females in the graph? (Hint: Why are all males 
not the same size, and why are all females not the same 
size?)

Not all seals are the same size, even seals that are 
the same sex. Just like humans or dogs, grey seals 
are all different sizes and shapes. This can be due 
to both genetics (the size of their parents) and the 
environment (how much food is available).

4.	 Imagine you are in the field and just finished working 
with an adult grey seal. You look at your data sheet and 
realize you measured the seal’s mass (it weighed 200 
kilograms) but forgot to measure its body length. Based 
on the graph above, what would you expect this seal’s 
body length to be? Do you think this individual was a 
male or female? Why? 

Based on a body mass of 200 kilograms, we would 
expect the grey seal to measure ~1.9 meters in body 
length. This means that the grey seal could either be a 
small male or a medium-to-large female. 

5.	 While you are in the field studying seals, you come 
across a grey seal that measures 2.25 meters in body 
length but only has a mass of 200 kilograms. What does 
this potentially tell you about the health of this animal?

This seal is likely male, but he is underweight. This may 
mean that this seal is not healthy and may be having 
a hard time finding food in its environment. Students 
may also talk about body condition after reading 
through No. 2. This grey seal is likely in poor body 
condition.
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Case Study No. 2: Polar Mammal Body Mass and Condition 
Over Time Questions: 

2.	 Based on their standard length and body mass, 
determine the sex (male, female, or unknown) of Grey 
seal No. 1 and No. 2.

Grey Seal No. 1 is male because its body length is 
longer than the largest female on this graph.

Grey Seal No. 2 is female because its body length is 
shorter than the smallest male on this graph.

1.	 How does female polar bear body mass change through 
time? What does this data potentially tell us about the 
polar bear’s environment?

The body mass of female polar bears decreases 
through time. They are losing, on average, 5 kilograms 
in body mass every five years. This suggests that they 
are eating less food—either less food is available or 
they are having a harder time finding food than normal 
and spending more energy doing so. 

2.	 How does female harbor seal body mass change 
through time? What does this data potentially tell us 
about the harbor seal’s environment?

On average, the body mass of female harbor seals has 
roughly stayed the same through the study period. 
While there is some variation, the overall pattern is 
stable. This suggests that food availability or access to 
resources hasn’t changed over time for this group.

3.	 How does female grey seal body mass change through 
time? What does this data potentially tell us about the 
grey seal’s environment?

The body mass of female grey seals has increased over 
the last 25 years. On average, they are gaining ~3–5 
kilograms in body mass every five years. This suggests 
that they are eating more food or there is more food 
available in the environment. 

4.	 Polar bears rely on sea ice to find food (like seals!). 
However, the amount of sea ice is declining each year 
in the Arctic. As a result, polar bears have less sea ice 
for hunting prey. Based on this information, what would 
you predict will happen to polar bear body condition in 
future years of your study? 

Answers may vary. Generally though, students should 
predict that the body condition of polar bears will 
decline or decrease in the future since there will be 
less sea ice for finding and hunting prey. They may say 
that seals will be skinnier or thinner. 

5.	 With the data available for these three species, which 
species would you be most concerned about? Why? 

We would be most concerned about polar bears since 
their population is showing a consistent decrease in 
body mass through time. This suggests that something 
in their environment has changed, and we would want 
to figure out what it is to see how we could potentially 
stop this decline in body mass and body condition. 

6.	 What other data would you like to have from this study 
to help protect each of these species?

Answers may vary. Examples can include the mass of 
the males of each species, the diet of each species 
(and how that has changed), the location of each 
species, data from farther back than 2000, how much 
sea ice has changed during this time, etc.
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Figure 1. A leopard seal lying on its side on ice.
Photo source: Sarah Kienle	

Figure 2. Illustration of ice sheets in the Antarctic and 
Arctic. Image source: NASA 

Polar mammals, like beluga whales, polar 
bears, and leopard seals, live in extremely 
cold environments (Fig. 1). Polar refers to 
the regions near the North Pole (Arctic) or 
South Pole (Antarctic; Fig. 2). An interesting 
fact about the names of these regions is that 
Arctic comes from ancient Greek for “bear” 
and is the only polar region with polar bears. 
Antarctic means “opposite the bear” and has 
no polar bears (but a lot of penguins).

Polar regions are extremely cold. In fact, the 
coldest temperatures on Earth have been 
recorded in Antarctica. Polar regions are also 
difficult to travel to because they involve long 
plane and boat rides and cannot be accessed 
during some parts of the year. Therefore, 
polar mammals living in these regions are 
extremely difficult to study in the wild.

Even when scientists can travel to the Arctic 
or Antarctic, the animals living in these areas 
are often very large and hard to find—and can 
be dangerous to work with. Due to all of these 
factors, scientists have to find creative ways 
to collect data on polar mammals accurately 
and safely. 

Below, we will explore the different ways 
that scientists study the body size of polar 
mammals. In Case Study No. 1, you will 
learn how scientists measure the length and 
mass of seals. You will then measure seal 
body lengths, calculate seal body mass, and 
graph your results. In Case Study No. 2, you 
will examine, graph, and compare real data 
collected from wild polar mammals and make 
inferences about their body size changes 
through time. This is exactly what marine 
mammal researchers do when studying these 
polar species. Data from long-term studies of 
body size like this are what scientists use to 
make conservation decisions for wild  
polar animals. 

Antarctic Arctic



Case Study No. 1: Estimating Body Size in Grey Seals 

Let’s start with learning a little bit about grey seals. Grey seals live in the 
polar region of the North Atlantic Ocean. Like other seals, grey seals spend 
part of their year at sea feeding. For the other part of their year, they stay 
on land breeding, resting, or molting. Adult grey seals have coats that can 
be a range of shades of gray and brown and are covered in black spots. 
Their pups look very different because they are born with white coats (Fig. 
3). Adult grey seals have long noses that make them easy to tell apart from 
other seals that live in the same areas.

It is very difficult to weigh wild seals, especially big ones like grey seals. 
For example, an adult male grey seal can weigh more than 900 pounds 
(or >400 kilograms). That’s the same mass (or weight) as a grand piano or 
refrigerator! 

It is actually much easier to measure a wild seal’s body length (the 
distance from the tip of the nose to the tip of their tail) than its body mass. 
Why do you think this is?

Studying Polar Mammals in the Wild

Figure 3. Grey seal mom 
and pup resting on a beach.  
Image source: NOAA 
Fisheries, Northeast 
Fisheries Science Center, 
Kimberly Murray, photos 
taken under NMFS MMPA 
Permit No. 26939
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How do you think biologists measure a seal’s length? 

Below we describe three common methods for measuring body length: 
direct measurements, scaled photographs, and drone measurements. 

1. Direct Measurements 
One of the most accurate ways to measure a seal’s body length is to take 
a direct measurement using a handheld measuring tape. This method 
works best if an animal is in a resting position, lying on its belly. Scientists 
measure the length of a seal with a measuring tape to find the distance 
from the tip of the nose to the tip of the tail (Fig. 4).

2. Scaled Photographs 
Another way to measure an animal’s length is by taking a scaled 
photograph and then estimating the length from the photograph (Fig. 5). 
To do this, you need to have a measuring tape or something of a known 
size next to a resting, relaxed, or sedated animal. Take a high-quality photo 
with the scale bar visible. Then, on your computer, you can calculate the 
length of the animal using the scale bar.

Figure 5. A researcher 
is holding a measuring 
tape above a resting male 
southern elephant seal. The 
photographer takes a photo 
of both the entire length of 
the animal and the scale bar 
to estimate the seal’s body 
length from the photograph. 
Illustration by Shane 
Tolentino

Figure 4. Two researchers 
are measuring the standard 
length of a male southern 
elephant seal lying on its 
side. Illustration by Shane 
Tolentino

401 cm

231 cm
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3. Drone Measurements 
Drones are a new technology that scientists are using to measure an 
animal’s body length. If you fly a drone directly over a seal and the seal is 
lying flat, the drones can calculate their distance from the seal and then 
estimate its length (Fig. 6). This method works best if the animal is still and 
lying in a straight line on its belly.

Figure 6. Leopard seals on 
ice taken from a drone: (A) 
A leopard seal in a straight 
body position lying with its 
belly on ice; (B) A leopard 
seal in a mostly straight 
position lying on its side; 
(C) A leopard seal lying 
in a curved body position 
with its belly on ice; (D) 
A leopard seal lying in 
a curved body position 
on its side. These photos 
are by Renato Borras-
Chavez under scientific 
permits SUBPESCA PINV 
E-2022-394 and CONAF 
Authorization N° XI-21-2022

How do you think  
scientists use an  
animal’s body length  
to estimate  
body mass? 

To estimate a seal’s body mass from its body length, a couple of things 
need to happen. First, you need an equation or graph that has data on 
the species’ average body mass and body length. Scientists create these 
graphs and equations from data that has already been collected from 
specific species. They look for patterns in the data and then develop an 
equation that can be used to predict an animal’s body mass using only 
its body length. Let’s try this with some real scientific data from grey 
seals (Fig. 7)!

Figure 7. An image of a 
grey seal lying on its side. 
Photo source: National 
Oceanic and Atmospheric 
Administration Fisheries

A

C

B

D
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First, it is important to know that grey seals are sexually dimorphic. This 
means that males and females are different sizes and shapes. Adult male 
grey seals typically range from 270–400 kilograms (600–880 pounds), 
while adult female grey seals typically range from 150–250 kilograms 
(330–550 pounds). 

There have been several studies in which scientists have measured the 
mass and length of grey seals. Using this data, we can create a graph to 
estimate body mass for adult male and adult female grey seals.

Instructions
1.  Cut out the ruler provided on the last page.

2. Measure each seal’s body length in meters from the tip of its nose to 
the tip of its tail. (Hint: Its hind flippers are not the same as the tail. See 
Fig. 8 above.). 

3. Once you have measured the body lengths of Grey Seals No. 1 and 2, 
plot their body lengths onto the graph below. 

4. Use the line graph data for males (orange line) and females (green line) 
to estimate the body mass of Grey Seals No. 1 and No. 2. 

5. Use your data to answer the Case Study No. 1 questions below. 

Figure 8. Adult grey seal 
lying on its belly on grass 
shown from the side. Labels 
show the location of the 
hind flippers (far left), tail, 
and tip of nose (far right). 
The measurement from the 
tip of the nose to tip of the 
tail (shown in dashed white 
lines) is the standard length. 
The tail is the little triangle 
bit sticking up above the 
flippers. Photo source: 
“Donna Nook NNR” by Steve 
Knight, licensed under CC 
BY 2.0Tip of noseTip of tail

Hindflippers

STANDARD LENGTH
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Grey Seal No. 1

Grey Seal No. 2

Question: What is the body length of Grey Seal No. 1 in meters (m)? 

Question: What is the body length of Grey Seal No. 2 in meters (m)?

Grey Seal Body Length vs. Body Mass
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Case Study No. 1 Questions

1.	 Use the graph above to calculate the body mass in kilograms (kg) of 
each grey seal using the body lengths you measured. What is the body 
mass for:

	 a. Grey Seal No. 1: 

	 b. Grey Seal No. 2: 

2.	Based on their standard length and body mass, determine the sex 
(male, female, or unknown) of Grey Seal No. 1 and No. 2.

	 a. Grey Seal No. 1: 

	 b. Grey Seal No. 2: 

3.	Why is there variation in the data points of grey seal males and females 
in the graph? (Hint: Why are all males not the same size, and why are all 
females not the same size?)

4.	Imagine you are in the field and just finished working with an adult grey 
seal. You look at your data sheet and realize you measured the seal’s 
mass (it weighed 200 kilograms) but forgot to measure its body length. 
Based on the graph above, what would you expect this seal’s body 
length to be? Do you think this individual was a male or female? Why? 

5.	While you are in the field studying seals, you come across a grey seal 
that measures 2.25 meters in body length but only has a mass of 200 
kilograms. What does this potentially tell you about the health of this 
animal?
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Case Study No. 2: Polar Mammal Body Mass and 
Condition Over Time 

Imagine you are studying three species of marine mammals that live in 
the Canadian Arctic: polar bears, grey seals, and harbor seals (Fig. 9). You 
are part of a long-term research study that has been collecting body mass 
data from these three species since 2000. The goal of this research project 
is to see if there are any changes in the body mass and body condition of 
these three species over time. 

Body condition is a metric used to assess the overall health of an animal 
based on its body size, shape, body fat, and muscle. Animals may be the 
same body length but may differ in their body mass and body condition. 
For example, a skinny polar bear will weigh less than a fat polar bear, even 
if they are the same body length (Fig. 10).

Figure 9. Polar bear on sea 
ice about to enter the water.
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When species get larger or are in better body condition over time, you 
can predict that there is more food available in the environment and that 
animals are healthier. When species get smaller or are in poorer body 
condition, you can predict there is less food in the environment and that 
animals are not as healthy. Together, this type of long-term dataset helps 
shed light on the overall health of Arctic mammals and the ecosystem 
they live in.

Based on your data from the last 25 years for female polar bears, female 
harbor seals, and female grey seals, you make the following table. You 
are interested in looking at how body mass has changed over time for 
each of these three species.

Figure 10. Graphic showing 
how polar bears of the 
same length can be in 
different body conditions. 
Body conditions for polar 
bears range from “skinny” 
(far left) to “very fat” (far 
right). Source: Polar Bears 
International & Stirling et al. 
(2008)



Studying Polar Mammals in the Wild

Note: You also 
measured body 
length every five 
years, but there were 
no changes in body 
length for the three 
species throughout 
the study.

Instructions
1.	 Make a line graph using the data for each species in the blank graph 

provided below. Year is on the x-axis, and body mass is on the y-axis. 
(Hint: Choose a different color to represent each species.)

2.	Use your completed graph to answer the Case Study No. 2 questions 
below.

Polar Bears Harbor Seal Grey Seals

Year Body Mass (kg) Body Mass (kg) Body Mass (kg)

2000 260 65 165

2005 255 70 170

2010 250 60 175

2015 245 65 175

2020 240 70 180

2025 235 65 185

Body Mass of Polar Mammals Over 25 Years



Case Study No. 2 Questions

1.	 How does female polar bear body mass change through time? What does this data potentially 
tell us about the polar bear’s environment?

2.	How does female harbor seal body mass change through time? What does this data 
potentially tell us about the harbor seal’s environment?

3.	How does female grey seal body mass change through time? What does this data potentially 
tell us about the grey seal’s environment?

4.	Polar bears rely on sea ice to find food (like seals!). However, the amount of sea ice is declining 
each year in the Arctic. As a result, polar bears have less sea ice for hunting prey. Based on 
this information, what would you predict will happen to polar bear body condition in future 
years of your study? 

5.	With the data available for these three species, which species would you be most concerned 
about? Why? 

6.	What other data would you like to have from this study to help protect each of these species?

Studying Polar Mammals in the Wild
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Online Resources

1.	 Drones Are Helping Scientists Weigh Seals in Antarctica, 
https://dronelife.com/2017/11/30/drones-scientists-weigh-seals-antarctica/.

2.	Polar bears in Baffin Bay skinnier, having fewer cubs due to less sea ice,  
https://www.washington.edu/news/2020/02/12/polar-bears-in-baffin-bay-skinnier-
having-fewer-cubs-due-to-less-sea-ice/.

3.	All polar bears across the Arctic face shorter sea ice seasons, https://www.washington.
edu/news/2016/09/14/all-polar-bears-across-the-arctic-face-shorter-sea-ice-season/.

4.	Grey seal, https://www.fisheries.noaa.gov/species/gray-seal.

5.	Harbor seal, https://www.fisheries.noaa.gov/species/harbor-seal.

6.	Seal spy, https://www.whoi.edu/news-insights/content/seal-spy/.

6.	What other data would you like to have from this study to help protect each of these 
species?
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