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OBJECTIVES 
To learn about different parts of the feather and different feather types 
To examine feathers under a microscope and depict feather 

microstructure 
To identify mystery feathers to the level of Order, family, and maybe 

even species 
To solve two ornithological forensic mysteries 
 
 
INTRODUCTION 

Feathers are among the most unique, beautiful structures in nature. They 
have evolved to serve many different functions including flight, 
thermoregulation, camouflage, mate attraction, species recognition, and 
sound production. All birds have many types of feathers, including down 
feathers, contour feathers, flight feathers, rectrices, bristle feathers, 
filoplumes. The contour feathers (body feathers, wing feathers, and tail 
feathers) are the most familiar. The individual feathers vary among 
species in size, shape and coloration allowing for species identification.  
Feathers vary greatly among species, and by studying them we can gain a 
deeper appreciation of feather form and function. 

One practical use of feathers is in forensic analysis. Forensic analyses are 
used to prosecute violators of wildlife laws, such as hunting of endangered species. Forensic analyses 
are also used to understand collisions between birds and airplanes; this information is used by aircraft 
engineers to design better engines, airport managers to alter airport habitats to discourage bird use, 
and by pilots to avoid flying where birds congregate. The identification technique is highly specialized 
and involves a combination of comparisons of both the microscopic characters and macroscopic 
characters, in conjunction with circumstantial evidence (locality, date, habitat).  

Researchers at the National Museum of 
Natural History in Washington compare 
feathers from bird strikes at airports to 
understand which species cause the 
most severe problems, and to help 
minimize future collisions. 

Linda Stevens, the Field Notes 
Coordinator at the National 
Museum of Natural History’s Bird 
Division. 
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FEATHER TOPOGRAPHY 

There are many components of a feather. Contour feathers consist of a 
rachis, or main shaft, with stiff vanes on either side. In many contour 
feathers, a secondary structure or afterfeather (downy in appearance) is 
attached to the main feather at the calamus. Vanes on each side of the 
rachis are usually made up of two types of barbs. Pennaceous barbs are the 
primary branch off the rachis that further subdivides into flattened barbules. 
These barbules are typically characterized by having interlocking, hooked 
barbicels (especially on flight feathers). Plumulaceous barbs (downy) also 
branch off the rachis of most contour feathers but these barbs are located at 
the very base of the feather and are fluffy in appearance.  

The tiny barbs that branch off the main feather shaft can easily be 
envisioned as “miniature” feathers with a central rachilla and vanules on 
either side. Vanule (like vane) is the collective term for all the barbules that 
branch off the rachilla. A barbule is the smallest unit of the feather, divided 
into a base and a pennulum, and can be visualized as a stalk of single cells 
(segments) which are differentiated along the axis. The base is the most 
proximal portion of the stalk, attaches to the rachilla, and is typically a 
flattened cell(s) that is straplike in appearance. The remaining segments of 
the stalk make up the pennulum. The cells along the pennulum are elongate 
and often expanded near the distal end to form nodes. Sometimes these 
nodes have various associated structures such as spines, prongs, points, or 
rings that vary among groups of birds. The morphological variation in the 
microscopic characters of the node, internode (segment 
between nodes), and pigmentation patterns along the 
plumulaceous barb is what aids in the identification of 
groups of birds from feather fragments alone. 

The diagrams at right are from Proctor and Lynch’s 
“Manual of Ornithology”, and depict some of the different 
types of feathers.  The Cornell Lab of Ornithology has an 
interactive website “All about Feathers” which is a useful 
resource for feather anatomy (in the “How Feathers are 
Built” section) and other feather-related topics: 
http://bit.do/allaboutfeathers 

For each of the feathers that you study in this lab, you 
should be able to identify each of the feather components 
(based on the terms used above in bold font) and you 
should be able to describe which type of feather it is (based 
on the diagrams at right). 
 
  

http://bit.do/allaboutfeathers
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Laboratory Procedure 
 
This laboratory will take place in four parts. 

PART 1: Feather Structure 
PART 2: Feather Identification 
PART 3: Forensic case I – The Case of the Possible Poacher 
PART 4: Forensic case II – The Case of the Plunging Plane 

The laboratory should be done in pairs.  Each pair of students should have access to a microscope, a 
laptop computer if one is available (for parts 2-4), and a collection of specimen bags prepared by the 
GAs. The samples must be treated with care; only one feather should be removed from the bag at a 
time, and should be returned to the bag before moving on to the next feather, as a courtesy to the 
next lab group. 
 

PART 1: Feather Structure 
 
Obtain a package of feather samples of different species from the GAs. In the first part of the lab, we 
will focus on the four  bags labeled with “1A” through “1D”.   

1A: Domestic fowl (Gallus gallus) 
1B: Wood Duck (Aix sponsa) 
1C: Mourning Dove (Zenaida macroura) 
1D: Cardinal (Cardinalis cardinalis)  

In order to avoid contamination of feather types work with only one feather at a time. Get a 
microscope slide and a coverslip from the GAs. Place the microscope slide on a clean surface and put a 
few drops of water on the slide. Using forceps, remove a few downy barbs from the base of the whole 
feather and gently lay it onto the water. Water will allow the barbules to spread evenly. The most 
diagnostic barbs are usually found near the mid-section of the downy area of the feather. Gently place 
a coverslip on top of the feather and water in the centre of the microslide. 
 
For each of the four  species, examine the downy barbs and 
barbules with the light microscope at low (40X), medium (200X), 
and high (400X) power. Notice the length of the barbule, location 
of the expanded nodes along the barbule, shape of the structures 
at the nodes, patterns of pigmentation along the pennulum, 
internode length, changes in node type along the pennulum, and 
the amount of pigment on the whole barb and barbule.  For each 
feather, illustrate the downy characters from barbs of the four  
species provided under high power (400x) on your worksheet and 
describe the differences and/or similarities.  This worksheet will 
be important in the parts 3 and 4 of the lab. 
 
Before moving on to Part 2 of the lab, ensure that you have identified all of the structures indicated in 
bold font on page 2 of these lab instructions, and consult your GA if you are having a difficult time 
finding or identifying any of these feather components.  
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PART 2: Feather Identification 
 
In the second part of lab, we will focus on two  bags labeled “2A” and “2B” as well as a prepared 
specimen that the GAs will show you (“2F”).  The source of these feathers is a mystery, and you are 
charged with drawing and identifying the feather as best you can. For each feather you must make an 
entry on the second page of your worksheet, including a drawing of the feather. Classify the source 
of the feather as best you can (to the species level, wherever possible).  
The specimens were collected as follows: 
 2A: Holiday Beach, September 
 2B: Holiday Beach, October 

For both of the  mystery feathers, remove the feather from the bag, and enter information into Part 2 
of your worksheet. Try to identify what part of the body the feather comes from, e.g. tail, outer wing 
(primary), inner wing (secondary), etc. 

Then go to the website of the US Fish & Wildlife Service Feather Atlas and follow the instructions 
reproduced here (http://www.lab.fws.gov/featheratlas/idfeather.php). 

Step 1:  Choose SEARCH FOR SIMILAR FEATHER from the top menu bar.  This will open a page allowing 
you to choose from a set of general feather patterns and colors based on your feather’s appearance.   

Step 2: First, compare your unknown feather to the eight Pattern Exemplars.  Select the pattern or 
patterns that most closely match your feather.  Many feathers will match only a single pattern, but 
others, such as a barred feather with a broad white tip, will be best described by selecting more than 
one pattern.   

Step 3: Next, determine the most characteristic or striking color on your feather, and check the 
appropriate selection from the list.  By “characteristic” color, we mean the one that is most descriptive 
of the feather.  For example, when you look at a feather with areas of both blue and black, the blue 
color is most noticeable.  Thus, the “Blue/Purple” choice would be selected. Because feathers often 
contain complex mixtures of colors, it is not practical to code them all.  Simply choose the one color you 
believe best describes your feather.  If a search using your first choice of color description is 
unsuccessful, you can always try again with your second choice.  This will probably happen most with 
“Brown” and “Gray,” which thoroughly intergrade with each other. 

White presents a special case.  If a feather is all white, you will of course choose “White.” Many 
feathers exhibit both black and white as striking elements, so we provide “Black&White” as a 
choice.  Otherwise, we rarely consider white to be the dominant color in a patterned feather.  For 
example, a feather with extensive areas of both brown and white should be classified as “Brown,” not 
“White.” 

Step 4 (optional): As a default, SEARCH FOR SIMILAR FEATHER shows all types of feathers matching 
your selected pattern(s) and color.  Advanced users who are familiar with feather shape may choose to 
further narrow their search by selecting Determining Feather Position.  This allows you to specify 
whether your feather is a wing feather or a tail feather.  

Step 5: After you have chosen the pattern(s) and color that describe your feather, click “FIND SIMILAR 
FEATHERS.”  The search tool will then display thumbnail views of all the scans in the Feather Atlas that 

http://www.lab.fws.gov/featheratlas/idfeather.php
http://www.lab.fws.gov/featheratlas/idtool.php
http://www.lab.fws.gov/featheratlas/idposition.php
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match the criteria you have chosen. Clicking on a thumbnail will open the full-sized scan, with 
measurements and other metadata.  

Step 6: If you think you’ve found a match, don’t forget to compare the size of your feather with the 
feather in the Atlas.  There is some variation in the sizes of feathers within many species, but your 
feather should be “in the ballpark” for the bird you’re considering.   

 Step 7: If you found a feather that matches your unknown in size, shape, pattern, and color, 
congratulations!  Even if you didn’t find an exact match, you have probably narrowed down the 
possibilities and at least know the general group that your feather came from. And, we hope that you 
have a new appreciation for the complexity and beauty of feathers.  

Finally, look up your tentative species in your field guide to check if the habitat, date, and location are 
plausible given the information above. 

Use the above approach for samples 2A through 2E.  For sample 2F, go to look at the specimen 
presented by the GAs and investigate the leading edge of the outermost primary feather.  Draw this 
feather and fill out the remaining information for the prepared sample 2F. 
 
 

PART 3: Forensic case I – The Case of the Possible Poacher 
 
In the third part of the lab you will be given a bag (marked “3”).  Here is the background information: 
 
After the May 24 holiday weekend, the Ontario Provincial Police arrested a suspect for poaching ducks 
out of season. The police’s only evidence was a knife found in the back of the suspect’s truck. The knife 
had fresh blood on it, and a small piece of downy feather attached to the blade. Although the suspect 
admitted that the knife was hers, she denied poaching and claimed that she was not a duck hunter. 
The officer confiscated the knife, removed the feather evidence and sent the feather samples to you 
for identification, and has asked you to report the findings of your analysis.  
 
Your assignment: Remove the unknown down sample the plastic bag labeled “3”. Examine the feather 
carefully. Prepare a microslide of the feather. Examine the fluffy downy barbs and barbules for all of 
the characters you learned about in Part I of the lab. Prepare a report of your findings using the 
attached form. 
 
Assuming that all Anseriformes share similar structures to those we discovered earlier in this lab, can 
you determine whether or not the feather sample belongs to a species within this avian order? What 
micro-characters can be used to support or refute your analysis? Does your analysis help prove that 
the suspect is innocent or guilty? Why or why not? Enter this information in the final page of your 
worksheet. 
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PART 4: Forensic case II – The Case of the Plunging Plane 
 
On January 15, 2009, US Airways Flight 1549 crashed into the Hudson river shortly after takeoff: 

 
 
The following article appeared in the New York Times nine days later: 

 
 

Identifying the Bird, When 

Not Much Bird Is Left  
By MATTHEW L. WARD 

Published: January 24, 2009  
 

 
James Whatton and Marcy Heacker, research assistants; Carla Dove, the 
director; and Faridah Dahlan, a genetics specialist, all work at the Feather 

Identification Lab at the National Museum of Natural History.  

 

WASHINGTON — Clues from the wreckage 

from US Airways Flight 1549, which crashed in 

the Hudson River, are going to the best 

investigators  in  the  world:  the  black  boxes  to  the 

 

 

National Transportation Safety Board, the engines 

to the manufacturer’s experts and a bird feather to 

a Smithsonian museum. 

 

The National Museum of Natural History in 

Washington may not leap to mind when both 

engines on a high-tech plane quit at 3,200 feet. 

But around the corner from the stuffed African 

elephant that greets the visiting hordes of 

schoolchildren, down a back hall from the 

employee bike rack, a staff of four in the Feather 

Identification Lab took in samples from 4,600 

bird-plane collisions, or bird strikes, last year. 

Arriving mostly in sealed plastic bags, these 

included birds’ feet, whole feathers or tiny bits of 

down, and pulverized bird guts, known as snarge. 

 

Correctly identifying the species involved in a 

bird strike can be important, said Carla J. Dove, 

the lab’s director. “If people know the cause of a 

problem, they can do something about it,” she 

said.
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In the fourth and final part of the lab, you will be given a bag of debris (marked “4”). Here is the 
background information:  
 
An aircraft experienced engine trouble shortly after takeoff from Windsor Regional Airport. The plane 
aborted takeoff and landed safely without incident. But on inspection of the engine, there was a small 
amount of physical damage noted and many fragmentary pieces of fuzz and debris were found 
attached to the fan blades. The investigators suspected that a bird was ingested into the engine and 
caused the engine to shutdown. The debris was sent to you for bird strike confirmation.  
 
Remove the bits and pieces of debris and dirt from the bag marked “4” and search for any type of 
feather evidence. Prepare a microscope slide and examine the debris. 
 
If there is feather in the sample bag, can you determine to what group of birds the feather belongs? 
Considering all of the circumstantial evidence (use your field guide), what are the possible species that 
could have been involved in this bird strike? What could the airport managers do to prevent this type 
of accident from happening again? 
 
 

Conclusion  
 
Before you submit your lab report to the GAs, ensure that all of the sections are complete. 
 



Name: ___________________________________________  Feather Structure and Forensic Ornithology Worksheet 

 

 

 

 

1A. 
 
 
 
 
 
 
 
 
 
 
 
  

Order: _________________ Family: ____________________ 
Genus: ________________   Species: ___________________ 
Notes: ____________________________________________ 
__________________________________________________ 
__________________________________________________ 
    

1B. 
 
 
 
 
 
 
 
 
 
 
 
  

Order: _________________ Family: ____________________ 
Genus: ________________   Species: ___________________ 
Notes: ____________________________________________ 
__________________________________________________ 
__________________________________________________ 
    

1C. 
 
 
 
 
 
 
 
 
 
 
 
  

Order: _________________ Family: ____________________ 
Genus: ________________   Species: ___________________ 
Notes: ____________________________________________ 
__________________________________________________ 
__________________________________________________ 

 

1D. 
 
 
 
 
 
 
 
 
 
 
 
  

Order: _________________ Family: ____________________ 
Genus: ________________   Species: ___________________ 
Notes: ____________________________________________ 
__________________________________________________ 
__________________________________________________ 

 2A. 
 
 
 
 
 
 
 
 
 
 
 
Order: _________________ Family: ____________________ 
Genus: ________________   Species: ___________________ 
Notes: ____________________________________________ 
__________________________________________________ 
__________________________________________________ 
    

 2B. 
 
 
 
 
 
 
 
 
 
 
 
Order: _________________ Family: ____________________ 
Genus: ________________   Species: ___________________ 
Notes: ____________________________________________ 
__________________________________________________ 
__________________________________________________ 



Name: ___________________________________________  Feather Structure and Forensic Ornithology Worksheet 

 

 

 

 

Part 3 – The Case of the Possible Poacher 
 

Assuming that all Anseriformes share similar structures to those we discovered earlier in this lab, can you 
determine whether or not the feather sample belongs to a species within this avian order? ________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
What microcharacters can be used to support or refute your analysis?  
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
Does your analysis help prove that the suspect is innocent or guilty? Why or why not? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 

Part 4 – The Case of the Plunging Plane 
 
If there is feather in the sample bag, can you determine to what group of birds the feather belongs?  
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
Considering all of the circumstantial evidence (use your field guide), what are the possible species that could 
have been involved in this bird strike?  
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
What could the airport managers do to prevent this type of accident from happening again? 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
__________________________________________________________________________________________ 
 
 


