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SUMMARY

Microstructures were discoverad by SEM analysis of the
surface of the rachis, rami and rachidial Fbarbules of
bird feathers. These appear to be intraspecifically
stable. Up to now 108 bird species belonging te 54
families and 17 crders were studied. Many structures were
found, appearing in numerous combinaticns. These data
will be used for determination purposes and will
eventually elucidate some classification problems in the
class of Aves.




INTRODUCTICN

It isg gﬁnaral¢y acoepted that one of the first actions to be
taken to solve the birdstrike problem is the proper
identification of the bird{s) involved ( Brom 1384, 1%88, Brom &
Buurma 1981, Buurma 1582, Buurma & 8rom 9803, Buurma, uenker &
Brom 1984}, Birdstrikes of the Ba elgian Alr Worce are reported by
“lot and/or maintenance personnel. & "Bird Identificaticn
Foermt is sond to the laburat)*v to2gether with the bird rarmains.

& ldentification is carried out at the macroscopical,

oscoplical and scan Fl“g electron m¢c*o€cop‘\a¢ ’bE“‘ leval.
protedure results in a positive identifiration in ¥+ of the

tha L_)"

now nong of the mo*Ln0¢og1cal methods available glves an
atification up to specias level. Examination of the shane and

sence oo absence of the t@gmer (Gladstone 1918, Lucas &
tenheim 19723, studies of the internal structure of feather
5 (rachis, haxbb and barbules) (auber 1957, 1344, Swa =3
. Dvck 19??) ard of the structurs of the Jocﬂy barbules (Brom
1986, Chandler 1914, Day 1946) provide insufficient

Thersfore I examined to which extent external surface structures

on the rachis, rami and rachidial bFarbules are useful to lidentify

bird remains up te the species level. I looked whether these

features were Lnt¢aspe01f+caliy sLabL + If so, they will be used

as c*agnogth character and eventually to solve some probia i
the classification of birds.

MATERIAL AND METHODS

Small pieces of rachis (+ 1 cem) with cuvt-off barbs were used for
SEM examination. A review of the different feather parts is given
in Fig. 1 and 2.

"PIGURE 1: Cross secticn through a :eatﬁer with dozrsal
lateral surface of the rachi ily, venzral
lateral suzface of the rac hlh (27, dorsal

1
ce of the zachis (3}, rachis (17,
sximal surfacs of the ramus {9y, distal
surd ace 0f %he ramus(s . "
"FICURE 2: Positicn of the “aCHldel barbules with
rach s {l), barb {2), barbulas {3), rachidial
rbulas (4}."
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For the intraspecific study the following feathers were subjected
to an extensive morpholeogical study: feathers of the tail, an
upper and under tail-covert, a feather of the rump, of the back,
of the nape, of the crown, of the threoat, of the breast, of the
belly, of the flank and a primary and an upper and under wing-
covert.

Only the ninth primary was used in the interspecific study.

Nine sites on the feather (I to IX) together with the type of
cell boundary (X) were examined,

RESULTS
l.Intraspecific etudy

The dorsal surface of the rachis, the dorsal and ventral lateral
surface of the rachis, the proximal and distal surface of the
rami and the ventral surface of the rachidial harbules all
exhibit externally the same structures along the entire length of
the rachis, with the exception of the lower 0.7% to 1.50 mm. This
observation is true as well for the primaries and tail feathers
as for the body contour feathers. These structures are absent on
the calamus.

I also examined whether the site of feather implantaticn has an
influence on the appearance of these microstructures. For this
study a Woodpigeon (Columba palumbus) and a Collared Dove
{Streptopelia decaccto} were taken. The results are

presented in Table 1.

A1l feathers investigated of the Woodpigeon nearly show the same
features. Three of these categories of features are however not
fully constant and consist of the presence or absence of villi on
the ventral lateral surface of the rachis ventral to the rami
{feature I), the structure on the dorsal surface of the rachis
{feature IX) and the type of cell boundary {feature X). For
determinaticn purposes these three categories have to be treated
with care.

Similar results were cbtained with the Ceollared Dove.

We compared feathers of 23 species (2 to 16 individuals per
species) to determine to which extent there are individual
differences for these structures within one species. No
differences between individuals of the same species were found.

Feathers of both sexes of nine species were compared. In nene of
the examined species, not even in species with a strong sex-
linked colour dimorphism such as the Mallard {Anas platyrhynchos)
and the Ring-necked Pheasant (Phasianus colchicus), were
differences between the sexes for the described structures found.

The rachis of one juvenile and one adult specimen of 18 different

species were compared to study the age differences. They proved
to be identical to each other.




2. Inte:
Feathers of seven fresh specimens of the Mallard and eight museum

specimens (preserved for over 40 years) were compared (Table 2). An inte:
No differences in external surface features were found between intrasp:
both groups. attenti
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TTARLE Z: Mallard [Anas platyrfiynchos). External surface structures of rachis, rami and
crachidial barbules of fresh and museum specimens.”

I I iz v v VI VIT VIII IX X
fresh spocimens
Maliard ! —-» 7 H{FF] RIFF) HIFF) 2(FF] F | RiFF) R{FF) RF vsp | 5
museum Specimens
Mallard 1 --» & R(7Ft | r(FFy | Ri#Ey | RiFF) | F | ReEPY) | R{FFY | RF usp | 5

Legend Tahls 1 and 2

I= structurz on the ventral lateral surface of the rachis
vaentral <o the rami, IZ= structure on the yentral lateral
surface cf the rachls between the rami, III= structure on
the oroximal surface 2f the ramus at the ventral lateral
part 2f the rachls , I[V= struycture on the distal surface
2f the ramus at the ventral lazeral part of the rachis ,
V= structur2 on the ventral surface of the rachidial
Darbules , YIs structurs on the dorsal lateral surface of
whe rachis Detween the rami, VII= structure on the
proximal surface of the ramus at the dorsal lateral par:
2f the rachis , VIII= structure an the distal surface of
the ramus at the dorsal lateral part of the rachis , IX=
stoucture on the dorsal surface of the rachis, X= type of
cell boundary.

Wizh: ~= absent; ¢= unknown; R({FF)= rachidial ribs
containing a finely frayed surface; Vi (a2 to &)=
rachidial villi with densities ranging from abundant,
common, Iresquent, ardinary to race; RF= roughly frayed;
Fr= finely frayed; 5= re=iatively smooth; T= frayed; VSP=
very small pilts; 4= cell boundary type 4= incomplete cell
boundazias; 5= cell boundary type 5= very thick lines.
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2. Interspecific study

An interspecific study was carried out since there were no
intraspecific differences in the features examined, Special
attention was given to their possible use as determination
characteristics and to their possible use in solving some of the
problemsg in bird classification.

A lot of different structures (e.q.: Fig.3a to d) were discoverd
in the examination of the surface of the feather rachis, rami and
rachidial barbules.

"TIGURE 3a to d: Structure on the lateral vertcal surface
of the rachis: a) between the rami: R{TF): Mallard (Anas
platyrhynchos), k) ventral to the rami: GDP: Green
woodpackar (Picus viridis}, ¢} between the rami: Vi with
cell boundaries type 1: Northern Gannet [Marus
bassanusy, d) between the rami: R{(VRF): Common Gallinule
{Gallinula chloropus)." One graduation equals 10 pm.




2.1.Structures on the lateral surface of the rachis (dorsal and
ventral) and on the proximal and distal surface of the rami

Up to naow, five main different structures were found on the
dorsal and ventral lateral surface of the rachis and on the
proximal and distal surface of the rami: 1) rachidial ribs
containing either a granular (R{FF)}, a roughly frayed (R(RF)} or
a very roughly frayed (R{VRF)) surface; 2) rachidial villi (Vi)
in various shapes and densities; 3) roughly frayed (RF); #4)
finely frayed {FF) and 5) great deep pits (GDP) only found, when
prasent, on the ventral lateral surface of the rachis ventral to

the rami.

The structures described above are more pronounced on the ventral
part of the feather in most cases. In some species these
structures appeared with the same Intensity on the dorsal part of
the feather. At the proximal and distal surface of the ramus,
close to the attachment of the ramus with the rachis, mostly the
same structure was found as on the corresponding lateral surface.
Away from the attachment, these structures become more and more
indistinct although there are certain species for which the rami
show no fading of the present structures along the cut-off piece.
In still other species the structure on the rami surface differs
from that on the lateral surface of the rachis.

2.2.3tructures on the ventral surface of the rachidial barbules

In the species so far examined this part of the rachidial
barbules may be frayed or may carry rachidial wvilli.

2.3.Structures on the dorsal surface cf the rachis

The ventral surface of the rachis is simply frayed, while its
dorsal surface may carry different structures. The dorsal rachis
surface may be relatively smooth, frayed, pitted (small or deep
pits, whether containing a kind of a core or not), may carry
villi or show the structure of a honeycomb.

2.4.pDifferent types of cell boundaries

The cell boundaries are supposed to correspond with the cell
borders of the surface cells. Five types are distinguished:

Type l: fine, deep laying lines
Type 2: fine, rising lines

Type 3: thick rising lines

Type 4: incomplete cell boundaries
Type 5: very thick lines.

All features described above are found in numerous combinations.
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3. Conclusions

Although I am aware that statistical analysis and quantification
of certain features will provide more precise conclusions, I can,
at the moment, draw your attention to a few striking
observations.

An advantage of using external surface structures of the rachis,
rami and rachidial barbules as determination features is that all
the feathers of a bird show the same structures along the whole
length of the rachis. At the same time no intraindividual, sex
linked or age differences are found. I agree with Brom (1986} and
Frank (1939) that there are nec differences in micromorpholeogy
between fresh feathers and feathers from bird skins that have
been preserved for many years.

Concerning the interspecific study, a lot of external surface
structures appear in numerous combinations.

No differences are found among the species studied in the order
anseriformes, family Anatidae. The only difference that the
Common Pochard (Aythya ferina), Black Scoter (Melanitta nigra)
and Common Goldeneye (Bucephala clangula) show with the other
anseriform species is that the dorsal surface of the rachis
exhibits a regular cell pattern with an elevation between the
cell borders.

Iin the order Passeriformes differences between species are
minute. Only the nature of cell boundary and the dorsal surface
of the rachis show slight differences.

In other orders (e.g. 0. Pelecaniiformes, Cizeoniiformes,
Gruiformes, Charadriiformes, Coraciiformes)] large differences
between families have been observed.

Befure drawing any further conclusions, I will guantify certain
parameters and perform a detailed statistical analysis of my
chservations. Further studv will give more information on the
exact vaiue of this set of characiers for detemingtiof PUrposes
and for avian taxonomy.
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