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ULTRASTRUCTURAL STUDY OF THE CUTICLE OF HIRMERIELLA MUENSTERI
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ABSTRACT. A study of well preserved fossil cuticle material of Hirmeriella muensteri from the Liassic of Franconia (Germany) was
carried out using transmission electron microscopy (TEM), as well as scanning electron microscopy (SEM) and light microscopy (LM).
This paper is a summary of part of a complete study of this taxon (Guignard et al. in press), illustrating briefly by means of reconstruc-
tion and photomicrographs the different structures observed, stressing some of the structural/functional relationships revealed by the
TEM, eg the ability of the guard cells to change in shape and volume for opening and closing.
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MATERIAL AND METHODS

The excellently preserved material came from the lower Liassic
of the Franconia locality at GroBbellhofen near Bayreuth (Ger-
many), from the type species of the fossil conifer family Cheirole-
pidiaceae Hirmeriella muensteri (Schenk) Jung.

The cuticles were cleared by steeping in HF (40%, 12 hours)
and HCI (10N, 6 hours) and subsequently macerated in Schulze’s
reagent (nitric acid + potassium chlorate, 1 hour), rinsed with wa-
ter and neutralized in ammonia (3%, half an hour). These times
can be changed if the chemical composition of the stone makes
this necessary.

Samples for SEM were coated with 100% gold and observed
with a JEOL JSM-35CF. The preparation of the material for TEM
was carried out according to the ‘one week technique’ of Lugar-
don. After a few weeks of fixation with 4% paraformaldehyde so-
lution in a phosphate-sodium buffer, the specimens were washed
and postfixed in a 1% osmium tetroxide solution mixed in a
phosphate-sodium buffer. Dehydrated in a graded ethanol series,
the samples were dropped in propylene oxide with an increasing
percentage of Epon resin before being embedded in fresh Epon
resin. The preparations were subsequently treated at 60°C, then
stored in a closed box containing silica gel.

The preparations were sectioned with a diamond knife and the
sections deposited mainly on 300 Mesh (occasionally 200 Mesh)
Formvar-coated and uncoated grids. They were stained manually
both with a methanol solution of 7% uranyl acetate and an aque-
ous lead-citrate solution. The grids were observed with a Philips
CM120. All the sections presented here are transverse, the nega-
tives being kept in the authors’ collection at Lyon.

DESCRIPTION AND DISCUSSION

The similarities between our fossil material and ex-
tant plants, as well as with other fossil material, observed

using different techniques and data, demonstrate that the
three problems generally discussed by authors about fos-
sil cuticles (procedures, fossilization and diagenetic pro-
cesses) have to be minimized, as has been suggested be-
fore (Archangelsky et al. 1986).

As is shown in Fig. 1, which is a reconstruction
showing the cuticle of the three cell types observed, both
the epidermal and subsidiary cell cuticles have the same
basic ultrastructural pattern consisting of 4 layers, mak-
ing up a cuticle proper (the two A layers) and a cuticular
layer (the two B layers). The epidermal and subsidiary
cells have a cuticle proper (PL 1, figs 3-5) composed of
an external A1l layer (regular in thickness with 38% and
26% size variation, respectively; non-lamellate to
polylamellate with 7-12 and 10 lamellae, respectively)
and an A2 layer (variable in thickness with 67% and
43% size variation, respectively; granular). The cuticular
layer (P1. 1, figs 6, 7, 9) consists of a middle B1 layer
(regular in thickness with 35% and 35% size variation,
respectively; fibrillous and reticulate, respectively) and
an innermost B2 layer (variable in thickness with 61 %
and 100% size variation, respectively; granular). How-
ever, an interesting point is that the guard cell cuticle is
different in that some layers are missing at various lev-
els. The guard cell cuticle is made up of two different
parts. The free part of the cuticle (Fig. 1), surrounded by
the upper and lower stomatal chamber, has two layers
but only the cuticle proper is present (PI. 1, fig. 10), con-
sisting of an external Al layer (rather variable in thick-
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Fig. 1. Reconstruction of the ultrastructure of the cuticle of the three types of cell observed in Hirmeriella muensteri

ness with 58% size variation, non-lamellate to polyla-
mellate) and an inner A2 layer (regular in thickness with
12% size variation, reticulate). That part of the cuticle
connected to the subsidiary cell above (Fig. 1) consists
of two layers only, the A2 layer being part of the cuticle
proper (variable in thickness with 33% size variation, re-
ticulate) and the B1 layer being part of the cuticular layer
(regular in thickness with 12% size variation, fibrillous).
It is remarkable that no Al layer has been observed in
this part of the guard cell so far. One suggestion is that
the Al layer is just an area of contact with the atmos-
phere, for it is present in the free part of the guard cell,
as well as in the two kinds of cell already described.
Apart from the A and B layers, i.e. the cuticle proper
and the cuticular layer, three other different materials
command attention. Firstly, extracutinized components
are almost always present (Pl. 1, figs 3-5), which seem
to be analogous to extracuticular waxes. Essentially dif-
ferent types of element have been observed above the Al
layer of both the subsidiary and guard cell cuticles (PI. 1,
fig. 10) that are much bigger and more heterogeneous in
shape and size than the darkly stained bodies usually ob-
served above the Al layer in the cuticle of the epidermal
cell. Although their chemical composition is unknown,
these components may have functioned as a protective
layer. The increased presence of these components in the
stomata may relate to this region’s clear need to be better
protected. Secondly, an interesting point is that some
very thick cuticles contain in their lower part thick fi-

bres, different from the fibres of the B1 layer (PI. 1, fig.
8). Whatever their location, at the base of the epidermal
cell cuticle, in the anticlinal walls or in the embedded
resinous parts of the leaf margin, these cell residues are
more or less surrounded by darkly stained patches.
Thirdly, anticlinal walls furnished with two horns can be
seen. As in extant plants, so far as we know, this part
never extends beyond the basal part of the epidermal
cell, so this horned material shows that it cannot consist
of anticlinal walls only.

It is well known that in extant plants the stomata cells
(i.e. subsidiary and guard cells) are subject to variations
in volume, mainly due to water exchanges (Willmer &
Fricker 1996). Some interesting points arise for the fossil
Hirmeriella muensteri studied. The guard cell cuticle,
certainly the most prone to of movement due to its posi-
tion adjacent to the opening and closing of the stoma,
seems to be more malleable than that of the subsidiary
cells, for several reasons (Fig. 1): it is about nine times
thinner and it is composed of only two layers (the sub-
sidiary cell cuticle can have up to four), A2 and Bl in
the part connected to the subsidiary cell (B1 being fibril-
lous and probably quite strong, very helpful for anchor-
ing to the subsidiary cell above), Al and A2 in the free
part of the guard cell in contact with the stomatal cham-
ber (A2 being only reticulate and thus probably weaker
and more malleable than B1°’s fibrillous structure; note
for example the break at the level of the anchoring of the



guard cell (Fig. 1), which reveals a certain the lack of
malleability of the B1 fibrillous layer).

In addition to the structural/functional relationships
point of view, a comparison of these ultrastructural re-
sults with those which previously have been published of
taxa related to the Conifers — Ticoa harrisii (Archangel-
sky et al. 1986, related to the Gymnosperms possibly to
the Cycads or Pteridosperms), Squamastrobus (Archan-
gelsky & del Fueyo 1989, Barale ef al. 1992, belonging
to the Podocarpaceae), Tarphyderma (Archangelsky &
Taylor 1986, belonging probably to the Cheirolepidia-
ceae) and Tomaxellia (Villar de Seoane 1998, belonging
also to the Cheirolepidiaceae) — show more similarities
than differences, which is very interesting for the even-
tual use of cuticular ultrastructure as a taxonomic fea-
ture.

In comparison with the six ultrastructural types de-
fined by Holloway (1982) for extant plants, the epider-
mal, as well as the subsidiary and guard cell cuticles
studied here are attributable to his types 1 and 2, being
lamellate in the outer region. But the photos in the pres-
ent paper illustrate variations of these types. These ap-
proximate affinities, also observed in other fossil taxa
(Barale & Baldoni 1993, Labe & Barale 1996) were dis-
cussed by Holloway himself in his conclusion in 1982:
“... there is no typical plant CM (= cuticular mem-
brane)... Thus the terms such as cuticle proper and cu-
ticular layer are best reserved for those plant CM for
which the nomenclature was originally intended ...”
These observed variations have also been noticed more
and more in research on extant plants, showing that the
cuticle is a mixture of different components of inner fib-
rillous cellulose and pectin, amorphous and granular cu-
tine and outer amorphous wax; these are more or less
mixed and are thus responsible for many variations on a
general scheme (Lyshede 1982, Willmer & Fricker
1996).
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10.

PLATE

Plate 1

The photos illustrate details from different parts of the cuticle of Hirmeriella muensteri (Fig. 1)

SEM. External view of a cuticle, showing three stomata among epidermal cells. No. FT0021, x 474
SEM. Inner view of a cuticle, showing three stomata among epidermal cells. No. FT0003, x 474

epidermal cell cuticle. TEM. Outermost Al polylamellate layer, as typically observed, with the granular A2 layer beneath. Note
the small and irregular extracutinized components over the Al layer (arrow), corresponding probably to epicuticular waxes. No.
GGG270, x 121 000

subsidiary cell cuticle

TEM. Outermost Al layer, non — lamellate in this case (quite rare!), with the granular A2 layer beneath. Note again the small
and irregular extracutinized components over the Al layer (arrow), corresponding probably to epicuticular waxes. No. GGG450,
x 58 100

TEM. Outermost A1 layer, undulate and very variable in size in this quite rare case, non — to very slightly lamellate, covering the
granular A2 layer. No. GGG451, x 125 000

epidermal cell cuticle
TEM. Normal B1 fibrillous layer (compare with photo 9), containing granules of differing size. No. GGG0340, x 57 000
TEM. B2 innermost granular layer, very slightly lamellate (rare!). No. GGG063, x 125 000

TEM. Cell residues located at the bottom of the cuticle. Note the fibrillate material, differing from the B1 layer (photos 6 and 9).
Note also the round particles attached to the cell residues (arrow), which seem to be a characteristic of this material. No. GG0350,
x 78 000

TEM. Bl fibrillous layer observed in one of the rare cases where the fibrils vary in density and are very undulate (compared to
photo 6), and contain granules of variable size No. GGH584, x 60 000

guard cell cuticle. TEM. Free part surrounded by stomatal chambers (upper and lower). The Al non — lamellate layer is covered
with quite thick epicuticular components (arrow). The A2 layer is alveolate, with a quite clear reticulum of granules of variable
size. No. GGH609, x 120 000



Plate 1 237

F. Thévenard et al.
Acta Palaeobot. Suppl. 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


