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INTRODUCTION 

A study of the structure and morphological details of wool fibre surfaces is 
important both on biological and technological grounds, and, as is well known, both 
the optical and electron microscopes have contributed to our knowledge of the surface 
features. Replica methods have been used in both fields 1, 2, and although promising 
results have been obtained using the "reflection" electron microscope 3, surface 
replication is still the most suitable method for general use in the electron microscopic 
study of fibre surfaces. Hitherto, except in a few isolated instances, replication has 
involved the use of polymeric materials for obtaining the cast 4, 5,6, 7. In other fields, 
notably metallurgy, it has been found that materials of low molecular weight (e.g. 
silicon monoxide 8, carbon 9, or certain metals) are capable of giving replicas with 
better resolution and having improved stability in the electron beam; these advan- 
tages are, however, somewhat offset by the comparative fragility of the replicas and 
the increased complexity of their production process. That such methods have not 
been used more for fibres is largely due to the difficulty of stripping the replica from 
the fibre ; with polymeric materials a surface cast of a fibre can be made by embedding 
it in a film of the swollen or softened plastic and pulling it away when the latter 
has hardened, a technique of little use when the casting material has to be deposited 
by condensation from the vapour. The only successful low molecular weight replicas 
of fibre surfaces previously described have been obtained by dissolving the fibre 
(after coating by evaporation) in a solvent which does not affect the casting materiaP °. 
The difficulty of complete dissolution of keratin fibres renders this technique of 
limited applicability as far as they are concerned. 

In this paper two methods of obtaining low molecular weight replicas of wool 
and other fibre surfaces will be described; their essential common feature is that the 
fibre is partly embedded in polystyrene or celluloid. One method gives a direct 
replica in SiO, and the replicas of wool fibre surfaces were found to give micrographs 
so rich in detail that the superiority of SiO over, say, polystyrene as a casting material 
is beyond question. In fact, so extra-ordinary was the amount of detail revealed by 
these replicas that it became almost imperative to investigate the problem of repro- 
ducibility in order to make it quite clear that  artifacts were not being produced. 
The second method of replication was developed with this end in view; it is a two 
stage method in which the fibre remains embedded in situ when the first cast (in 
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silver) is stripped from it ; the final positive replica is made from the lirst b \  c\ap,,- 
rating SiO on it, and the silver is then dissolved away in acid. Since the fibre r~,mains 
undisturbed, a second replica can be taken from the s a n w  stlrfacc a r o a  f o r  comparison 
with the first, lgv using this technique it was established that the details sccll in 
the replicas were, indeed, representations of details of the smface texture and n o r  

artifacts. Furthermore,  an entirely new field was opened up by the possil)ility ol 
subjecting the once-replicated surface to some treatment  before repeating the 
replication, and thus obtaining pictures of the same surface I)cforc and after treat- 
ment.  

The final step in the development of these techniques was lwompted 1)v the 
difficulty encountered in assessing relative heights or levels in the replica. It is, in 
fact, often difficult, when ohserving the scale edge region in a SiO replica of a wool 
fibre, to decide which side of the edge corresponds to the overlying and which t ,  
the underlying scale. We decided, therefore, to make stereoscopic pairs of micro,~raphs 
from some of the replicas, and the results were so satisfactory that we now reFard 
this as an almost essential procedure in s tudying fibre surfaces by replication. 

I,;X PF.R1 M EN'I'AI, 

(a) 7"he embedding techmquc 

"file fibres to be examined were cleaned by extraction in ether and alcohol and 
were subjected to as little mechanical  action likely to modify the surface as possibk'. 
The first step was to embed the fibre in a suitable material, leaving its upper surface 
exposed. This was done in the following way. The fihre was cemented at one end to 
the edge of a microscope slide which was covered by a sheet of polystyrene. The 
sheet was swollen slightly by applying henzene by  a camel hair brush to its surface 
in the region where the fibre was to be embedded. Tile free end of the fibre was then 
taken up and the fibre stretched just taut  across the swollen sheet;  it was then 
lowered gently, still under tension, until it made contact  with the plastic. In this 
way it was found possible, by properly judging the tackiness of the polystyrene, to 
ensure tha t  the fibre sank into the plastic so that  rather  more than half of the fibre 
surface was embedded and the remaining free surface was uncontaminated by the 
embedding material.  Successful embedding by this technique was found to be a 
mat te r  of practice; various modifications of the procedure described (for example, 
mount ing  the fibres in a small frame, or loading them with small weights in order 
to control to some extent the tension) are possible and haw~ been successfully used. 
An alternative procedure was to use celluloid instead of polystyrene, softening it by 
applying amyl  acetate. In practice, a slight personal preference of one of us (N.R.) 
for this method led to its adoption as the s tandard  technique. In either case the sheet 
of plastic was about  o.25 mm thick, and the softening was restricted to a surface 
layer.  

Once the fibre had been embedded it was held tau t  for a few seconds while the 
polymer  hardened. I t  was usually found desirable to limit the length of fibre exposed, 
and when this was so the whole of the fibre except for a selected region about  3 mln 
long was coated with nitrocellulose from solution. Finally the embedded fibre was 
stored for some hours to allow the last traces of solvent to evaporate.  
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(b) Direct (negative) SiO replicas 
The prepared slide with the fibre suitably embedded was supported in a vacuum 

shadowing apparatus at a distance of 15 cm above a molybdenum boat made by 
bending into a canoedike shape a sheet of the metal  4 cm long, 0.5 cm wide and 
0.005 cm thick. A quantity of SiO powder (Viacote), estimated to be enough to give 
when evaporated a film 400 A thick on the specimen slide, was put into the boat. 
After the usual processes of evacuation, degassing, etc., had been carried out, the 
SiO was evaporated, by heating the boat electrically, in two steps (each of about 
20 sec duration) with an interval of a few minutes between them. The purpose of 
this was to prevent any overheating of the specimen which might have been a conse- 
quence of the high temperature required for evaporation of the SiO. In this way 
a satisfactory film could be deposited over the exposed surface of the fibre and the 
surrounding area of the plastic. The problem was how to remove it for examination. 
The normal wet and dry stripping techniques were found to be useless, and recourse 
was had to the somewhat retrograde step of backing the SiO film with formvar, 
cutt ing out the assembly of embedded fibre, SiO, and formvar, and dissolving the 
celluloid embedding matrix in acetone vapour in a reflux boiler. To reduce subsequent 
manipulation to a minimum the composite assembly was placed formvar side down 
on a specimen grid and mounted in a specimen holder before exposure to the solvent. 
I t  was usually found that  when the celluloid had been completely dissolved the fibre 
had been loosened from the replica and could be removed without damaging it. 

The replicas of Lincoln wool fibre surfaces obtained by this method showed an 
exceptional amount of detail. An example is given in Fig. I, and from a cursory 
examination of this it is clear that  the picture usually put forward of a wool scale 
surface as being smooth and relatively featureless is by no means a true one for 
Lincoln wool, at least. I t  appears, too, that  SiO is, as was anticipated, a far more 
satisfactory replicating material than polystyrene, although, as can be seen, the 
replicas had a tendency to crack. Experience gained in a few applic~..tions of tllis 
technique emphasized another important fact, that  wide variations in the type of 
surface texture are a normal feature of the Lincoln wool fibre surface, and it became 
increasingly evident that  some control technique capable of assessing the repro- 
ducibility of the results was essential if reliable deductions are to be drawn from 
the experiments. The simple one-stage technique was therefore discarded, and 
attention was turned again to the possibility of stripping a cast from the embedded 
fibre without, in so doing, disturbing the latter. 

(c) Two stage (positive) Ag-SiO replicas 

After some trials it was found that  a relatively thick silver film deposited over 
the embedded fibre by evaporation could be removed by dry stripping. The procedure 
adopted was as follows. The fibre, having been embedded by the technique described 
above, was mounted in the shadowing chamber at a perpendicular distance of 7 cm 
(silver evaporates at a much lower temperature than SiO) from a conical basket- 
shaped tungsten filament holding enough silver to produce a film with an estimated 
thickness of I micron on the fibre when completely evaporated. After evacuation 
the silver was heated at such a rate that  it took about 12 min to evaporate completely. 
The slide was then removed, and after the usual trick of breathing on it had been 
performed 11 a length of cellulose tape was pressed adhesive side down over the region 
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Fig. i. [.inct~ln wool fibre, untreated. Direct (negative) surhme replica (SiO). l'h~,t~graphic prinl 
[I'(~111 {;riginal microRraph. • 1o,oo(~. 

conta in ing  the silver coated tibre. After  t i le si lver lilm had heen scored alon~ the 
edges of the  tape,  one end of the l a t t e r  was gr ipped in tweezers and slowly lifted 
away  from the slide, ca r ry ing  tile si lver with i t  and leaving the embedded  lhbre behind. 
The tape  was placed on a glass suppor t ,  s i lver side up, and  coated with %iO to an 
es t ima ted  dep th  of 400 A by the teetmique descrihed above.  This coat ing was subse- 
quen t ly  backed  by  a thin fo rmvar  film, as it  was found tha t  the  SiO was otherwise 
too fragile to wi ths t and  the manipu la t ion  necessary to remove the silw, r from it. 
The final s tages  in the  process involved first dissolving the adhesive on the cellulose 
t ape  by  pe t ro leum ether,  then washing the Ag-SiO-formvar  r epea ted ly  in fresh 
solvent ,  and  finally dissolving the silver in di lute  U:3)  ni t r ic  acid and washing the 
res idual  SiO-formvar  repl ica  in dis t i l led water .  

i n  qual i ty ,  the  repl icas  thus  ob ta ined  appea red  to be l i t t le  inferior to those given 
hy  the  one-stage technique.  A check on the graininess of the  silver was made bv  
evapora t ing  some to cover a glass surface and coat ing this fihn with SiO: the com- 
posi te  film was then  s t r ipped  from the glass and  the  si lver dissolved to leave a SiO 
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replica of its surface. The grain in this was almost imperceptible at magnifications 
up to IO,OOO times. 

The first application of the two-stage technique was to test the reproducibility 
of the replication of a single scale on the surface of a Lincoln wool fibre. To do this 
the whole process was repeated with the same fibre, and the final replicas were 
mounted on grids for examination in the electron microscope. One difficulty which 
arose, even when the length of the replicated region was restricted to the diameter 
of the specimen grid, was that of positioning the replicas on the conventional square- 
mesh grids so that corresponding scales could be located. This difficulty was finally 
overcome by using special grids, made by the photographic process developed by 
CHALLICE le, with a hexagonal array of circular openings surrounding a larger central 
hole. This made it much easier to locate a selected scale region in both replicas. Until 
experience had been gained it was found to be advantageous, having first roughly 
checked the positions of the replicas on the grids by examination in the optical 
microscope, and thus ensured that corresponding regions lay in the grid openings, 
to make a mosaic of a fair length of the replica and do the final matching up on 
the micrographs. With experience, however, this tedious procedure was found to be 
unnecessary, and the scale could be picked out in the two replicas by visual exami- 
nation of the microscope screen. When making comparisons of this kind the instru- 
ment settings were, of course, kept the same. An example of the reproducibility is 
given in Fig. 2; in fact, (b) here is the seventh replica which was taken from this 
particular fibre, (a) being the first, so that it is amply evident that replication by 
this method can give reproducible results and has little effect on the surface texture 
of untreated wool fibres. There is, indeed, some slight disturbance at one point of 
the scale edge; but remembering the drastic nature of this test, the results must be 
judged eminently satisfactory. 

With this point established, the next step was to show how small modifications 

Fig. 2. Lincoln  wool fibre. Two s tage  (Ag/SiO) surface  replicas,  a. U n t r e a t e d  surface;  b. Repea t  
replica f rom the  s ame  area  as in (a) ; c. Same area  as (a) and  (b) af ter  mild t r e a t m e n t  wi th  su lphu ry l  

chloride. Pho tograph ic  p r in t s  f rom original micrographs ,  x 3,600. 
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induced by mild surface treatments could be detected unambiguously. The same fihn' 
used for the replicas of Fig. 2 (a) and (b) was therefore exposed for a short time 
to the action of sulphury.'l chloride, and a final replica of the surface thus treatvd 
gave the micrograph of Fig. 2 (c). It will be seen that there is a genoral "cleaning up" 
of the surface and some modification of the scale edges. It is emphasized hen: that 
the treatment was tmrposely kept as mild as possible in order to haw' onh' slight 
changes in the surface texture. It is, of course, realized that this t~'chniquc will be 
of most value when applied to fibres which have been subjected to COmlmratively 
mild treatments; furthermore, the production of a series of replicas such as those 
in Fig. 2 must be regarded as something of a lout de/orce, and is not to be lightly 
undertaken as a routine procedure. We have, therefore, in our examination of the 
effects of a number of more drastic treatments, confined our attenti,,n to replicas of 
the treated surfaces, since we wished, at this stage, to make a survt,v of tho lield 
rather than a detailed study of any particular effect. 

(d) Stereoscopic micrographs 
Interpretation of the micrographs of SiO replicas is rather more difficult than 

in the case of plastic replicas because the film of ,qiO is approximately constant in 
thickness la and contrast arises from variations in transmitted electron density caused 
by local variations in the slope of the replica, whereas in plastic replicas one face is 
approximately fiat and differences in thickness (and therefore in electron transmission) 
are directly related to the surface contours. The situation is, however, even more 
complicated by the possibility of "self-shadowing 'q~ by the SiO -.-an effect impossible 
to get rid of on account of the curvature of the fibre surface and consequently of the 
intermediate silver replica. It is true that by use of metal shadowing assessment of 
the true nature of the contours might be facilitated, but to adopt this device would 
be undesirable in view of the already adequate contrast appearing in the unshadowed 
replicas. It appeared, therefore, that the examination of the surface replicas might 
be a fruitful field for stereoscopic methods, by means of which the true nature of 
the contour should be detectable. In the event, it was found that the application 
of this technique produced results which might be said, with some justification, to 
promise a major revolution in the field of study of wool fibre surfaces. 

To obtain the stereoscopic pairs the simple technique of tilting the specimen 
through about 5 ° on either side of the plane perpendicular to the microscope axis 
was adopted. The axis of tilt was, of course, fixed in the instrument, and in the 
micrographs the direction of the stereo base line depended on the magnification, 
owing to rotation of the image la. The rotation was therefore calibrated by taking 
pictures at various magnifications of a replica of a line grating with the lines set 
perpendicular to the axis of tilt. In this way the base line could be located with 
sufficient accuracy for qualitative work. One difficulty in interpretation was, however, 
still present even in the stereoscopic pairs. This was concerned with whether the 
replica was mounted in the microscope with its "obverse" or "reverse" face upwards ; 
since the replica was picked up from water after washing, it was impossible to control 
this orientation. Thus, when viewing the stereoscopic pair it is still uncertain whether 
one is adopting the external or internal viewpoint. The simplest solution of this 
problem in the present experiments was to observe the position of the formvar 
backing film, which was found in places to be slightly separated from the SiO replica. 
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Now, it is the face of the replica which was originally in contact  with the silver 
intermediate which is the actual  reproduction of the outside surface of the fibre, 
and the formvar  film covers the other face. Hence, when the viewpoint is external 
the backing film will appear to be behind the replica. Another  criterion which was 
also found useful was the fact that,  in Lincoln wool, the scales were in general 
smoother near their tips than near their roots, where broad striations usually appear. 
This feature was confirmed by  checking the electron micrograph against a view of 
the fibre in the optical microscope, where tip and root directions of the fibre can 
be determined without  any difficulty. 

Fig. 3- Lincoln wool fibre, untreated. Two stage (Ag/SiO) surface replica. Photographic print 
from original micrograph. × 4,600. 
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RESULTS AND I)IS( 'USSI()N 

(a) Untreated Lincoln wool/ihres 

Perhaps the most  obvious feature of the replicas of Lincoln wool fibres is the 
cxt raordinarv  variety of surface detail which they show; this makcs it difficult to 
pick out characteristic featurcs. Most of the important  points which will he mentioned 
in the following snmmary  of our observations arc illustrated in Figs. 3, 5 and 0, in 
Fig. 4 a diagrammatic  key to Fig. 3 is given, and the following description will refer 
to features shown there. In this micrograph there appear  three almost complete scales 
which we call X, Y, and Z, using suffixes to refer to subdivisions of the scah' surfaces. 

The feature represented by the line ABC running across the scales Y and Z is 
of widespread occurrence in this wool; it is due to a fold or weld in the cpicuticle 
and is continuous across the scale boundary  

k 

f I 

Z~ 

¥2 
A 

Fig. 4- D i a g r a m m a t i c  k e y  to  lqg .  3, 

at B. A somewhat similar line is often 
seen to run parallel to the scale edge, 
for example, I )E in the figure. The 
continuat ion E F  of this is almost cer- 
tainly the edge of an epicuticle sheet 
covering X1; near E the line has an 
appearance suggestive of torn etficuticle, 
hut  on passing towards D its character  
changes to something more suggestive 
of a weld or fold. The occurrence of such 
epicuticular features confirms the con- 
clusions of (;R ~,LI~NIawho observed what 
he called welds on isolated pieces of 
epicuticle. A quite remarkable charac- 
teristic of the line ABC occurs at 1}, at 
the tip of the scale Z. Here the fibre 
surface fails ra ther  abrul)tly as wc pass 
from Z to the underlying scale Y, and 
the epicuticle forms a thin solid ridge 
running from the top of the escarpment 
across the broad valley. A similar 

knife-edge ridge also appears in Fig. 5 at X;  we have observed in some repeated 
replicas tha t  this feature is reproducible, and this is a striking tr ibute to the ease 
of stripping of tile silver intermediate replica, 

I t  will be seen in Fig. 3 tha t  the scale surface Y appears to be inodified in two 
ways which are associated with the line BC. In the first place, the clarity of the 
surface details is much bet ter  in Y~ than in Ya; all the indications suggest tha t  Y,, 
is cow~red by epicuticle (its edge m a y  be clearly seen at cH);  it is conceivable, but 
in our view unlikely, tha t  Ya m a y  be overlaid by a double epicuticle, which would 
obscure the underlying details of structure. A more reasonable supposition would 
be that  the epicuticle covering Ya is more t ightly stretched and thus not so closely 
moulded to the underlying exocuticle. Secondly, BC appears to lie in a shallow valley 
in the scale surface, and the scale edge at B shows a slight change in direction. 
A possible explanation of such details is tha t  they represent traces h'ft on the cutich' 
of features of the inner root sheath against which the scales were moulded during 
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Fig. 5. Lincoln wool fibre, untreated. Two stage (Ag/SiO) surface replica. Photographic print 
from original micrograph. × 7,300. 

growth TM. It  is even possible that the epicuticle may, in fact, have originated as an 
inner layer of the root sheath, to be transferred to the fibre at some level in the 
follicle. 

In general, Lincoln wool scales are, as we have mentioned above, broadly 
striated or corrugated near their root ends and smoother towards their tips. Even 
there, however, we do not observe the "lacquered" appearance described by SWERD- 
LOW AND SEEMAN 2, for the surface has numerous pits and longitudinal grooves which 
are shallower than the corrugations. How far these are features of the exocuticle 
itself or are due to the epicuticle is a matter of some importance. The usual inter- 
pretation of the corrugations, which SWERDLOW AND SEEMAN also observed, is that 
they are due, in the end, to the endocuticle, to whose contours the exocuticle con- 
forms; and we are inclined to agree with this interpretation. The comparative 
smoothness of the scale tip regions in the replicas may imply that the endocuticular 
corrugations are absent there, or that they are obscured by the exocuticle or by the 
epicuticle. The last alternative is one which would warrant further study, for the 
idea that the epicuticle may be tightly stretched across the crests of the corrugations 
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is one having some at t ract ive implications. For example, it would leave c}pell cliannels 
for the penetration of reagents f rom the scale tips towards the ro{>ts and thus give 
a simple explanation of the striated staining which occurs in lightly damaged fibre¢; : 
the epicuticle would also he more susceptible to mechanical  dainage in the regions 
where it is not so closely moulded to the underlying material, and the occurrence ~}f 
preferential t ip-end damage, which is well established, could be thus explained. [t 
must  be admitted,  however, tha t  no clear evidence is as yet  available by which such 
ideas can he tested ; we intend, however, to extend our experiments to examine flhrcs 
which have been subjected to mechanical action, since this is known to damage the 

epicuticle. 
If, however, it is supposed tha t  the absence of corrugations near the scale tips 

is a true feature of the scale itself, the simple picture of the cuticle layers put forward 
by  LINDBF~R{;, MERCF:R, PHILIP, AND (;RALI~N ls may  need revision. At this stage it 
would he fruitless to do more than draw attention to the region X.> in Fig. 3, where 
the scale tip region is free from overlying epicuticle and the corrugations are clearly 
shown. In our experience, however, the effect seen here is <luite abnormal,  and it 
would be unwise to stress unduly  its importance.  

We turn now to an examinat ion of the scale edges themselves. The first diiticulty 
is to decide what,  in fact, corresponds in the replicas to the scale edge, and, as has 
heen said, it is only by using stereoscopic methods that  a true conclusion has heen 
reached. The fact tha t  optical illusions can occur in viewing shadowed electron micro= 
graphs is, of course, well known. (An example may,  in fact, be seen in Fig. 3 where 
the surface of the scale Z l appears to be lower than  tha t  of the scale on the other 
side of the line fg, hut  if the figure is turned th rough  i ;8o  the relative heights arc 

l¢+:/cr<,J+ccs /~..~4o. 
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reversed.) The observations set out below are based, in the main, on stereoscopic 
examination; we re-emphasize here that  they refer to Lincoln wool. 

A typical contour over a scale edge (as found in the replicas) would be something 
like that  shown in Fig. 7. Here AB is the surface of the overlying scale, DEF  that  
of the underlying one, BC is what is usually referred to as the scale edge, and the 
allocation of CD to one scale or the other is a matter  requiring some thought (see 
below). At B an epicuticle edge or fold, perhaps with torn pieces protruding, can 
often be seen. A striking example occurs in the stereoscopic pair of Fig. 6. We shall 
give reasons later for our belief that  what are being observed here are actual fragments 
of the epicuticle which have been torn from the fibre by the silver and thence trans- 
ferred to the SiO replica. The regions CD and DE are relatively smooth, without 
the pits and grooves which are such a common feature of the rest of the scale surface ; 
at D, separating these smooth regions, there appears a remarkable band running 
parallel to the scale edge and transversely striated (see abcde and fghkl in Fig. 4). 
The width of this band may vary between about 
IOOO and 3ooo A, and the striations have a spacing 
of the order of 500 A. The region BC has rather 
different characteristics at the tips and sides of the 
scales. At the tips the slope is steep and the texture 
is rough with an ill-defined structure; at the sides 

Fig. 7- Lincoln wool fibre, typical  
edge con tour  (cf. Fig. 8). 

the slope may be more gradual and the texture much smoother. The length of the 
region CD is variable; the banded structure at D is common but not always observable 
in the replicas. 

We shall discuss first the scale edge BC with particular reference to the tip of 
the scale. Is the picture of this given by the replica a true one ? If it is, the widely- 
held concept of re-entrant scale edge contours must be rejected for Lincoln wool, 
at least. I t  is not easy to predict with certainty what the effect of a re-entrant contour 
would be on the replica, but if the silver used to form the intermediate replica does 
not fill the spaces underneath the protruding scale edges tha t  replica should have 
a steep step at the scale edge and a discontinuity if the silver layer is thinner than 
the scale depth at the tip, and these features should reproduce themselves in the 
SiO replica. This does not correspond to what is usually observed, though sometimes 
there does appear to be a break in the replica at the scale tip. If the silver fills the 
re-entrant angle, stripping will be difficult without tearing or severely distorting 
either the silver or the keratin, and in the absence of such effects the SiO replica 
should have a discontinuity, which, as we have said, is not usual. There is left, then, 
the possibility that  the region BC represents either the fractured surface of the torn 
silver replica or the fractured surface of the scale tip torn away with the silver. 
Neither alternative is very attractive, in view of the general success of the stripping 
process; if such tearing does take place it might be expected that  more definite signs 
of it would appear in regions more remote from the scale edges. In this connection, 
it might be argued that  some such effect might be responsible for the abnormal 
"str ipped" region X~ in Fig. 3. 

I t  must also be pointed out that  the appearance of the scale edge contour of 
Lincoln wool fibres, as seen in the optical microscope, is not particularly suggestive 
of re-entrant angles. I t  might be thought that  an examination of the apparent edge 
contour in micrographs such as that  in Fig. I (or in corresponding optical micrographs 
References p. 34 o. 
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such as those shown bv \~'II.DI~IAN 1) should provide information about the shape ot 
tile "over lap"  region. In fact, however, this edge contour usually represents a section 
of the surface by a non-diametrical  plane, and the apparent overlap is lherefore 
exaggerated. The conclusion that  the representation of the scale cdKe in our replicas 
is generally a faithful one is strengthened by the results of the repeated replication 
experiments although, so far, the technique has not been used by design to investigate 
this part icular  problem in detail. 

The cross-striated band at I) (Fig. 7) is a feature of exceptional interest because 
nothing of the sort has ever been observed before, and its interpretat ion raises many  
problems, i t  will be seen in Figs. 3, 5 and () that  the band is clearly evident in the 
neighbourhood of the epicuticular bridges across the scale-edge vallevs. Furthermore,  
it seems clear tha t  the epicuticle usually covers the scale edge regions B(" (Fig. 7), 
a l though sometimes it max: be torn away there, especially sit the scale tips. ('onse- 
quently, the continui ty of the epicuticle at the bridges forces us Io the conclusion 
that  it does, in general, extend acioss the band at I). Now nothing like this striated 
band has, as far as we know, ever been observed in isolated epicuticle, and this 
suggests tha t  the epicuticle is moulded round the striae which are actually a feature 
of the scale itself. The evidence is, in fact, strongly in favour of this idea, for the 
following observations admit  of no other reasonable interpretation. On examination, 
three variat ions in the appearance of the band  were noted. In one, the region ( ' I )E  
(Fig. 7) appears ra ther  flat, and the striations show as a feature of an otherwise 
smooth surface. This, it is inferred, happens when the epicuticle is undamaged and 
closely applied to tt.,e underlying exocuticle. In the second variation, the striations 
are fainter or are obscured more or less completely by what  can be seen to be a fihn 
covering t h e m -  presumably the epicuticle par t ly  detached from the surface and with 
its corrugations smoothed out. When this is observed in a first replica the striations 
may  appear  much more clearly in a second because the stripping of the silver con> 
pletes the disruption of the epicuticle and may  remow'  the torn fragments altogether 
(see below). In the third variat ion (of which the last noted effect is an example) the 
striations are definitely at a lower level than the edges of the hand, and often an 
epicuticular edge can be seen projecting slightly ow, r the striated crevice. It may  
be concluded that  here the epicuticle has been torn awav along the band, leaving 
the striated exocuticle exposed. If this interpretat ion is correct the position of the 
band must  be regarded as a line of weakness in the epicuticle; we can thus explain 
why some observers 19 have obtained isolated fragments of epicuticle approximately  
equal to the scales in area, whereas others 2° have been able to isolate much larger 
sheets. 

The principal objection to the idea that  the striated band  is a feature of the scale 
itself and not only of the epicuticle is tha t  nothing of the sort has been obserw~d 
in isolated cuticle scales. However, since methods of isolation may  usually be expected 
to entail some a t tack  on the cuticle, it may  reasonably be argued that  the detail is 
thus lost. The origin and possible function of the band arc, at this stage, matters  
of speculation. I t  m a y  be noted, however, tha t  its location is often well removed 
from the foot of the steep scale tip slope, and two possible interpretat ions of this 
are tha t  the band  is in the exocuticle of the underlying scale or tha t  it marks the 
actual  boundary  of the two scales. At first sight one is inclined to take the point C 
in Fig. 7 as being at the actual tip of the underlying scale, and then the first alter- 
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native must be chosen. The band usually lies in a shallow valley where the exocuticle 
may be rather thin, and this suggests as a possible cause shrinkage strains in the 
later stages of fibre formation leading to incipient or 
partial rupture of the exocuticle. The alternative, that  
the band marks the actual tip of the overlying scale, 
implies that  when the scale is being moulded against 
the inner root sheath a short flange may be formed 
round the edge which fits into a corresponding recess 

Fig. 8. Lincoln wool fibre, alter- 
native scheme of scale edge con- 

tour (c/. Fig. 7)- 

in the lower scale (Fig. 8), and the band may be formed by the shrinkage of the 
flange back towards the main body of the scale. 

(b) Fibres with sur/aee modification 

In the replicas of untreated fibres a feature of rather frequent occurrence is the 
appearance at the scale edges, and particularly, at the scale tips, of fragments of a 
thin membrane, which we have identified w i ~  the epicuticle, projecting from the 
surface. The most likely interpretation of suct~ effects is that  in the untreated fibre 
the epicuticle had become loosened in these regions, and scraps of it were torn off 
to adhere to the intermediate silver replica. These were then covered by the SiO, to 
which they remained attached when the silver was dissolved. A test of the validity 
of this idea would be to examine fibres which had been treated in trypsin, which, 
according to MERCER AND REES 21 attacks the exocuticle and as a consequence should 
lead to a more widespread transfer of epicuticle to the replica. In fact, this expectation 
was completely justified, as may be seen from an examination of Fig. 9. In the nearly 
complete scale shown there, the epicuticle can be seen covering the region A, whereas 
it is absent from region B; the edge along which it was torn is clearly seen separating 
the two regions. Projecting upwards from the replica, the loosened epicuticle from B 

I A I B  

Fig. 9. Lincoln wool fibre after treatment in trypsin for 24 h. Two stage (Ag/SiO) surface replica. 
Stereoscopic pair, external view point. Photographic prints from original micrographs. × 1,8oo. 
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I"ig. I~). (Same legend  as f()r I"ig. ~)} 

may be seen at C. Careful examination shows that the epicuticle C, which was stript)ed 
from tile fibre by the silver and thence transferred to the final replica, forms a 
continuation, without any break, of the epicuticle covering A, from which it must 
be concluded that this latter is also transferred epicuticle, and not a replica. The 
region A is, in fact, a t)seudo-replica 22 showing the actual under-surface of the 
epicuticle; in contrast, the region B shows a replica of the outer surface of the 
epicuticle. This interpretation emphasizes two points; one is that replicas of treated 
wool fibre surfaces may need very careful examination to decide whether pseudo- 
replication has occurred; repeated replication of such surfaces seems to be almost 
essential if the complexities which are apparent in such micrographs as Fig. 9 are 
to be resolved. Fortunately, this particular example was one in which the character 
of the epicuticle could be discerned, but this is a contingency which cannot always 
be expected (c/. Fig. io, below). The other point is that in the one mierograph can 
be seen pictures of both sides of the epicuticle; the greater detail seen in A than 
in B is probably due to the transfer of some exocuticular material which is adhering 
to the epicuticle. In the other scales seen in Fig. 9 the replica is that of the external 
surface of the epicutiele, but whether the latter has been stripped by the silver and 
subsequently lost, or remains on the fibre, cannot be decided. 

Another example of a wool surface attacked by trypsin is given in Fig. ~o. Here, 
again, the epicuticular edge can be seen separating regions A and B, and the inter- 
pretation is similar to that  given for Fig. 9- It  should be noted, however, that had 
we had to interpret Fig. Io without having first seen Fig. 9, it would have been 
quite impossible to decide whether the region A is a true replica or a pseudo-replica. 
The region C in Fig. Io shows the scale tip denuded of epicuticle, with severe attack 
on the underlying exocuticle. The torn edge of the epicuticle can be seen projecting 
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upwards. The fibres yielding the 
replicas of Figs. 9 and I0  were 
t reated comparat ively  mildly;  
with more prolonged t rypt ic  at- 
tack the epicuticle was trans- 
ferred to the replicas over very 
extensive areas, and this gave 
rise to striking, if not very in- 
formative, stereoscopic effects. 

Fig. ft. Cotton fibre, untreated. Direct (negative) 
surface replica (SiO). Photographic print from origi- 

nal micrograph. × 6,6oo. 

Fig. 12. Jute fibre, untreated. Direct (negative) surface 
replica (SiO). Photographic print from original micro- 

graph. × 6,6oo. 

(c) Other fibres 

Although the main object 
of the work described here was 
the s tudy of the surfaces of 
keratin fibres, a few applications 
of the one-stage technique have 
been made to other fibre surfaces 
in order to assess its suitability 
in such cases. Fig. I I  shows a 
micrograph of a SiO replica of 
the surface of a Sea Island cot ton 
fibre which had been cleaned by 
soxhlet extract ion in 5o:5o 
benzene-alcohol for 72 hours. The 
most  obvious feature of this mi- 
crograph is the non-uniformity of 
the surface texture. On one side 
of the fibre there appears to be 
a reticulated fibrillar network, 
similar to tha t  observed by 
MUHLETHALER 2a in the pr imary 
cell wall. The fibrils, however, do 
not s tand out as conspicuously as 
might be expected from an ex- 
amination of the electron micro- 
graphs of isolated pr imary cell 
wall fragments, probably because 
the cleaning process in our experi- 
ment  was limited to the extrac- 
tion of fats and waxes. Over the 

remainder of the surface little fine detail can be seen, al though there are striations 
suggesting a ra ther  coarse fibrillar system making a small angle with the fibre 
axis. This is more in line with the observations of BARNES et al. ~4. In  experiments 
on the effects of mercerization on the surface details we have observed tha t  this 
division into regions with different characteristics appears to be a common, if not  
universal, feature of the cot ton fibre surface. 

In  Fig. 12 we show a SiO replica of jute. Here, too, and even more so than  in 
Re[erences p. 34o. 
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cotton, the obscuring of tint' detail 
by  non-cellulosic inclusions is ap- 
parent.  Longitudinal  bands appear  
to be a feature of the jute surface, 
also. Fig. *3 shows the surface of 
an acetate rayon fibre stretched to 
breaking point by  hand. The ap- 
pearance of zig-zag markings on 
the surface tallies with the observa- 
tions previously noted by SIMMENS 
AND HOWLETT 2~, but in Fig. 13 
the markings are clearly not con- 
tinuous trenches or ridges, but  
consist of lines of pits or protruber-  
ances (more precise interpretat ion 
is impossible in the absence of 
stereoscopic micrographs, which 
were not  taken as this work was 
done before the advantages  of 
stereoscopic methods were fully 
realized). Fig. I4  shows the surface 
of a raw silk fibre in which fibrils 
with a diameter  of approximate ly  
5oo A are seen to run longitudi- 
nally. 

These examples are sufficient 
to illustrate the scope of the single- 
stage technique ; since we have not 
done any systematic  work on these 
fibres, no further  a t tempts  at inter- 
pre ta t ion will be made here. 
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Fig. 13. Acctzllc ra\ 'on filore, stretchcd to t,reakin;z 
p~,int, l)irc(t (m'g~ltive} sur fme replica (Si()) I'h~)~, 
graphic prinl frc,m ~riginal mici-~raph.  . 4.oo~) 

Fig. T 4. Raw silk fibre. Direct (negative) surface repli- 
ca (SiO). lq~otographic pr int  from original micr~graph. 

5,0oo. 

SUMMARY 

Two methods  of obtaining SiO replicas of ill)re surfaces are described; both make use of 
a technique in which the-fibre is par t ly  embedded in a suitable plastic, leaving only a fraction 
of the surface exposed. In one, a direct replica is obtained by evaporat ing SiO, which is freed 
f rom the fibre by  dissolving the embedding material;  in the other, an intermediate silver replica 
(stripped from the fibre wi thout  dis turbing it) is first taken, and a SiO positive made from it. 
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Both  t echn iques  yield repl icas  showing  m u c h  more  detai l  t h a n  ha s  previous ly  been repor ted  to 
be p resen t  in wool fibre surfaces .  The  two-s tage  t echn ique  lends itself to an  expe r imen ta l  invest i -  
ga t ion  of the  reproducib i l i ty  of the  replicas,  and  to the  possibi l i ty  of compar ing  the  same  surface 
area before and  af ter  some  sur face  t r e a t m e n t .  In t e rp re t a t i on  of the  mic rographs  is faci l i ta ted 
by  us ing  s tereoscopic  me thods ,  and  in th i s  way  several  new fea tures  of the  wool fibre cuticle 
have  been observed.  In  par t icular ,  t h e  epicuticle is of ten  to rn  a t  t he  scale t ips;  epicut icular  welds 
or folds are found  to r un  across t he  scale edges;  and  the  ind iv idua l  scales are of ten  bordered  
by  a r emarkab le  s t r ia ted  band .  In  general  t he  scale t ends  to be b road ly  cor ruga ted  prox imal ly  
and  m u c h  smoo the r  distally,  while the  whole surface  is t r ave r sed  by  a s y s t e m  of fine longi tud ina l  
s t r ia t ions .  These  resul ts  have  been obta ined  wi th  Lincoln wool fibres. 

A few appl ica t ions  of the  s ingle-s tage t echn ique  have  been m a d e  to fibres o ther  t h a n  wool, 
and  mic rographs  of t he  sur faces  of cot ton,  jute,  ace ta te  rayon,  and  raw silk are given.  

RI~SUMI~ 

D e u x  m 6 t h o d e s  p e r m e t t a n t  d 'ob ten i r  des empre in tes  en SiO de la surface d ' une  fibre son t  
d6crites;  elles u t i l i sen t  rou tes  les deux  une  t echn ique  qui  consis te  ~ envelopper  par t i e l l ement  la 
fibre dans  u n  p l a s t i que  eonvenable ,  en  la i ssan t  une  par t ie  seu lemen t  de la surface expos6e. D a n s  
l 'une,  une  e m p r e i n t e  directe es t  ob t enue  en 6vaporan t  SiO, qui  est  ensui te  d6tach6 de la fibre 
en d i s so lvan t  le p rodu i t  e n v e l o p p a n t ;  dans  l ' au t re  une  empre in te  in term6dia i re  en a rgen t  (6t6e 
de la fibre s ans  la d6truire) est  d ' abo rd  prise, et  une  e lnpre in te  posi t ive en SiO en est  faite. Les  
deux  t echn iques  fourn i s sen t  des  empre in t e s  qui  mon t r en t ,  ~ la surface des fibres de laine, beaucoup  
p lus  de d6tails qu ' i l  n ' en  ava i t  6t6 d6cri t  an t6r ieurement .  La  t echn ique  en deux  6tapes se pra te  

une  6tude exp6r imen ta l e  de la reproduct ibi l i t6  des empre in tes  et pe rme t  de compare r  la mSme 
por t ion  de sur face  a v a n t  et  apr~s u n  t r a i t e m e n t  que lconque  de cet te  surface.  L ' in te rp r6 ta t ion  
des  mic rograph ies  es t  facilit6e p a r  l 'usage  de m6thodes  st6r6oscopiques,  et de cet te  fa~on, plusieurs  
nouvel les  propri6t6s  de la cut icule  de la fibre de laine ont  6t6 observ6es.  E n  particulier ,  l '6picuticule 
est  s o u v e n t  d6chir6e a u x  ex t r6mi t6s  de l '6caille; on observe des raccords ou des plis 6picuticulaires 
qui  t r a v e r s e n t  les bords  de l '6caitle; enfin les 6cailles individuelles  son t  souven t  bord~es d ' une  
bande  stri6e r emarquab le .  E n  g6n6ral, l '6caille a t endance  ~t ~tre pliss6e fo r t emen t  dans  sa par t ie  
p rox ima le  et  p lus  16g~rement dans  sa  par t ie  distale,  t and i s  que  la surface enti~re est  t ravers6e 
pa r  un  sys t~me  de belles s t r ies  longi tudinales .  Ces r6sul ta ts  on t  6tO ob tenus  avec des fibres de 
la ine Lincoln.  

Quelques  app l i ca t ions  de la t echn ique  ~ une  seule 6tape on t  6t~ fai tes ~ des fibres au t res  
que la laine, et des  micrographies  des surfaces  des fibres de coton, de jute ,  de r ayonne  ~ l ' ac6ta te  
et de sole b ru t e  son t  donn6es.  

Z U S A M M E N F A S S U N G  

Zwei Me thoden  z u m  E rha l t en  von  Faseroberf l i ichenmodel len aus  SiO werden beschr ieben;  
beide bed ienen  sich einer Technik ,  derzufolge die Fase r  teilweise in ein en t sp rechendes  plas t isches  
Mater ia l  gebe t t e t  wird u n d  nu r  ein Bruchte i l  der Oberfl~iche unbedeck t  bleibt.  Die eine Technik  
ergibt  ein d i rektes  Modell, durch  E i n d a m p f u n g  des SiO, welches yon  der Faser  befreit  wird, 
i n d e m  es das  e inbe t t ende  Mater ia l  aufl6st .  Die andere  Techn ik  bed ien t  sich eines Silber-Zwischen- 
modells ,  welches yon  der Fase r  abgezogen wird, ohne  die S t r u k t u r  derselben zu ver~indern, wonach  
m a n  ein SiO-Posi t iv  anfer t ig t .  Beide Techn iken  fi ihren zu Modellen, welche welt  m e h r  Einze lhe i ten  
aufweisen,  als l au t  frf iherer Ber ichte  auf  WollfaseroberflAchen ge funden  worden  waren.  Die 
indi rekte  Techn ik  e rm6gl ich t  das  exper imente l le  S t u d i u m  der Reproduktibi l i t~. t  der  Modelle, 
sowie den  Vergleich desselben Oberfl~ichengebietes vor  u n d  nach  einer Oberf l i ichenbehandlung.  
Die A u s w e r t u n g  der Mikrographien  wird durch  s tereoskopische Methoden  er leiehter t ;  auf  diese 
Weise  k o n n t e n  mehre re  u n b e k a n n t e  E igenscha f t en  der W o l l f a s e r m e m b r a n  beobach te t  werden.  
So s ind  insbesondere  die Ep iku t ike ln  oft an  den  S chuppenenden  zerrissen;  ep iku t iku la re  Ver- 
s chme lzungen  oder Fa l t en  werden  an  den S c h u p p e n e n d u n g e n  beobach te t  ; die e inzelnen Schuppen  
s ind  oft  yon  e inem bem erkenswer t en  ges t re i f ten  B a n d  umgeben .  I m  Al lgemeinen neigt  die Schuppe  
zu wei ten  p rox ima len  Fa l t en  und  verhXltnismiissiger dis taler  G1Atte, wi~hrend die ganze  Oberfliiche 
d u t c h  ein S y s t e m  yon  fe inen L~ingsstreifen durchzogen  wird. Diese Ergebnisse  wurden  mi t  
Lincoln Wol l fasern  erhal ten.  

Die direkte  Techn ik  wurde  einigemale auf  Nich t -Wol l fasern  a n g e w a n d t  u n d  Mikrograph ien  
der Oberfliichen yon  Baumwolle ,  Jute ,  Aze t a t -Kuns t s e i de  u n d  Rohseide  werden  gebrach t .  
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