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THE PRODUCTION OF BORDERED PITS ON THE T ANGEN,TIAL WALLS OF

PICEA SITCHENSIS TRACHEIDS
by
M.P. Denne and N. Ledshaml

EDITORIAL
Among the most encouraging developments in our
area of wood anatomy is the strong indication that
regional international cooperation is growing in
strength. As you are all aware, our Association will be
stressing this idea in 1976. The potential is great and
the preliminary evidence suggests that this idea
should have been pushed long ago.
The Anglo-Dutch Wood Anatomy Meeting to be
held at Oxford April 5-8 under the sponsorship of the
Royal Microscopical Society reflects this new trend.
The program for the meeting reads like the
Membership Directory of the International
Association of Wood Anatomists so we can assume
that I.A.W.A. activities and plans will be discussed in
the social gatherings as well as in the sessions.
Once the various regional groups are established
and functioning, we can anticipate that similar
meetings will take place in other parts of the world.
Because of the relatively small numbers of members,
co-sponsorship of meetings will be a practical
necessity, but in the future, as our Association grows,
it may be possible to "go on our own" in those
instances where it is desirable.
The importance of the International Botanical
Congress to the members of I.A.W.A. will likely
diminish as more frequent major meetings are made
possible by regionalization. All of this is most
refreshing in a world which in too many ways is most
depressing.

w.

A. Cote

C. H. de Zeeuw

growth rings from "true" growth rings. It should also
be useful as an indicator of the approach of dormancy
in cambial development work.
It would be interesting to know if there is a
functional advantage in the change in pit position at
the end of the latewood. Possibly this may be related
to the ease of liquid flow between the latewood and
the differentiating earlywood tracheids when the
cambium is reactivated after dormancy.

In most coniferous woods, bordered pits usually
occur on the radial walls of the tracheids . But in many
species they are frequently found on the tangential
walls of the last few rows of tracheids in the latewood
(Greguss, 1955; Panshin, de Zeeuw, and Brown,
196 4), the number of tangential pits increasing up to a
maximum in the double wall between the last row of
the latewood and the first row of the earlywood . More
rarely, tangential pits also occur sporadically in the
first few rows of the earlywood in Picea abies (Laming
and ter Welle, 1971), Picea sitchensis (Greguss, 1955),
and the southern pines (Howard and Manwiller,
1969); Laming and ter Welle (1971) suggested that
these tangential pits developed in tracheids that had
overwintered as xylem mother cells.
What determines the change in the position of the
bordered pits from the radial to the tangential walls?
Their position is not likely to be associated with the
thickness of the secondary wall, since the
microfibrillar structure characteristic of bordered pits
h as been recognized in the later stages of primary wall
formation (Imamura and Harada, 1973, in Pinus
densifl ora .) Possibly the change in position may be
related to the decrease in radial tracheid diameter
tow ards the end of the latewood, or it may be
deter mined by chemical or physical changes
associated with the approach of cambial dormancy.
These last two possibilities have been explored in
wood from 7-year-old Picea sitchensis. Figure 1
compares the number of tangential pits in the last four
row s of latewood with that of tracheids of similar
radial diameter in drought rings. These data are
means from eight trees, the number of pits in the
tang ential walls being shown as a percentage of the
total number. In tracheids of the same radial diameter,
tangential pits were far more frequent in latewood
than in drought rings; thus in tracheids of
m
radial diameter, 90% of the bordered pits of the
latew ood tracheids were on the tangential walls, while
in tracheids of the same radial diameter in drought
ring s only 10% were on the tangential walls .
This suggests that the position of the pit is not
determined by radial tracheid diameter alone . Hence it
seems lik,ely that the change in pit position is
associated with the onset of cambial dormancy.
Possibly this may be used for the distinction of "false"
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Legend to Figure 1
Number of tangential bordered pits as a percentage of the total
number in the latewood and in drought rings of Picea sitchensis.
Arrows show limits of least significant difference at P=O.OS .
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THE DEVELOPMENT OF MICROSCOPIC SEPARATIONS IN
RED PINE AND WHITE SPRUCE
by
G. Chauret and E. Peremi
Abstract
Differences were observed in the nature of
microscopic separations caused by seasoning in red
pine (Pinus resinosa Ait.) and white spruce (Picea glauca
[Moench] Voss). The ray parenchyma cells of the sapwood of red pine with their thin, incompletely
lignified walls contract and shrivel in seasoning,
creating long radial separations throughout the
sapwood . No such separations occur in white spruce, a
fad that may explain certain differences in the way in
which seasoning influences some wood properties of
the two species.

Microscopic separations between prosenchyma and
rays were observed by Hale (1957) to be usually
restricted to the dense summerwood portion of
annual layers.
The selection of the two species-red pine and
white spruce-as test material for the present study
was prompted by evidence that changes induced by
seasoning affect pine differently from spruce . For
example, while both pine and spruce are readily
treated with water-borne preservatives when the
wood is freshly cut, their treatabilities with oil-borne
preservatives when air-dry differ : Sufficient
penetration of preservative into air-dry sapwood is
easily achieved by pressure treatment, but air-dry
spruce sapwood is practically impervious to oil-borne
preservatives .

Introduction
The principal direction of stresses which develop in
wood across the grain during seasoning is determined
by the difference in the shrinkage potential of wood in
the tangential as compared with the radial directions.
The approximately two-fold shrinkage capacity in the
tangential direction as compared with the radial
direction causes the development of tensile stresses at
right angles to the rays . These
are normally
released through formation of separations in the
plane of the rays. Radial checks are usually prominent
in seasoned roundwood and in timbers containing the
pith. In pieces of wood that do not contain the pith, the
visible signs of release of seasoning stresses across the
grain are usually limited to distortion of the shape of
the cross-section of the piece without the presence of
major checks. Nevertheless, such pieces of wood
develop radial separations because of stresses which
exist during the early stages of drying as a result of
moisture gradients in the piece. These stresses are
classified as transient (Schniewind 1960) because in
slow, set-free, drying, they tend to become
insignificant after a uniform moisture content has
been reached in a piece of wood. Under such
conditions the visible checks which formed earlier,
close. The mechanisms involved in the development
of different types of seasoning stresses and the
associated formation of checks in wood have been
discussed in detail by Schniewind (1960, 1963). He
states that the
are formed either in the
prosenchyma next to rays or within the rays .

Materials and Methods
Green (unseasoned) white spruce (Picea glauca
[Moench] Voss.) and red pine (Pinus resinosa Ait.) were
collected. Blocks, 25 mm long x 19 mm square in cross
section were .e ither air-dried under room conditions
or ovendried overnight at 104°C. To observe the
characteristics of the separations which developed in
drying, specimens were split tangentially and radially.
Two-stage replicas of the surfaces were examined in a
Philips 100 electron microscope . Surface observations
were also made by incident light with a stereo
microscope. Sections (1-2
m), both radial and
tangential, embedded in Spurr's low viscosity
embedding medium, were examined with a compound
microscope.
Results and Discussion
Over four hundred microscopic separations that
had formed in test blocks in storate or in seasoning, as
a result of stresses due to moisture gradients, were
examined. In both species all microscopic seasoning
checks initiated in the latewood in the vicinity of the
rays, mostly in the region between the rays and the
longitudinal elements (Fig. 1) . They developed mainly
along uniseriate rays, although they were also seen
fairly frequently in fusiform rays (Fig . 4). The
majority of the separations observed were contained
within the width of the summerwood band.
Occasionally the separations extended into the

1£astern Forest Products Laboratory, Department of the ·
Environment, Canadian Forestry Service, Ottawa, Ontario.
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parenchyma cells in the peripheral zones of spruce
sapwood. It is apparent that the permeability of wood
to liquids and gases can be significantly increased by
the destruction of the ray parenchyma cells, and the
creation of microscopic radial channels in wood, since
every longitudinal tracheid is in contact with several
rays . While observations on the improved treatability
of pine wood water-driven or stored in water date
back several decades, the studies of Ellwood and
Ecklund (1959) were probably the first to establish
that the cause of this increased porosity originated
from bacterial attack. Studies by Knuth and McCoy
(1962), Liese and Karnop (1968), and Greaves (1971)
have subsequently provided more information on the
effects of bacterial activity on wood structure.

springwood and progressed through several annual
layers .
.
.
Exa mination of the surfaces of rad1al separations by
the replication technique showed that the separations
had initiated ih the primary walls of the ray cells.
Occasionally, however, the break deviated from the
ri mary wall of the ray cell into the middle lamella
the ray and the adjacent prosenchyma cells
(Fig. 2). In some instances, the break extended across
the cell walls of the ray cells (Fig . 3).
S ep arations which developed at the
ray /prosenchyma interfaces sometimes extended
beyond the ray-contact area . Such separations
between tracheids tended to be located in the primary
wall (Fig. 5) . The separations extended only
occasionally into the 51-layer of the secondary wall .
In red pine, the separations usually did not extend
longitudinally a great distance beyond the ray-contact
area, but stopped in the vicinity of another ray (Fig. 6).
A specific type of-microscopic separation was found
to occur in abundance in the sapwood of red pine,
different from the microscopic seasoning checks
described above in that it formed exclusively within
the rays, both in earlywood and latewood. As a result,
in pine sapwood, numerous fine separations having
their long axes radially across the grain perforated the
samples from one face to the other (or to the
heartwood· boundary). These separations formed
when the thin-walled ray parenchyma cells of the
sapwood of red pine shrank and collapsed in drying
(Fig. 7 and 8) . The anatomical characteristics believed
to be responsible for these microscopic separations in
red pine are the thinness of the walls of the ray
parenchyma cells and the lack of lignification of these
walls in the sapwood. Balatinecz and Kennedy (1967)
demonstrated that, unlike other conifers, lignification
of the ray parenchyma of hard pines with window-like
pits, such as red pine, is generally delayed until
heartwood formation. Even then onlignified ray
parenchyma cells may still occur deep in the
heartwood zone.
The foregoing observations on the development of
separations in wood tissue were always associated
wit h seasoning. To observe whether or not
separations could develop in green wood kept wet,
samples of unseasoned red pine and white spruce
stored in water in gallon jars at 2°C for a year were
examined for separations. It became apparent that the
parench yma cells in the sapwood of red pine were
severely affected by bacteria during the prolonged
water storage. A large proportion of the ray cells were
either collapsed or completely disintegrated (Fig . 9) .
No such breakdown of the rays was seen in spruce.
However, it has been reported (Unligil 1971) that
water storage under conditions favorable to bacterial
attack can result in the destruction of some ray

Conclusions
During the early stages of seasoning, radial
separations develop in wood due to stresses which
result from moisture gradients . The majority of these
checks are small and close when equilibrium moisture
content is reached . Such checks, which remain
recognizable under a microscope as fine separations,
develop both in white spruce and red pine .
Another type of microscopic separation, observed
to occur in red pine sapwood, develops in seasoning
when the thin-walled unlignified ray parenchyma
cells shrink and collapse . The presence of such radial
canals in the wood of red pine, and their absence in
white spruce, might explain some of the differences in
the behavior of air-dry wood observed between these
two species and particularly, the good permeability of
air-dry red pine . Observations on the effect of certain
storage conditions not involving seasoning indicated
that similar microscopic separations in wood tissue
may develop in green wood in water storage due to ray
parenchyma collapse or disintegration as a result of
bacterial action.
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Figure 1. Light micrograph of transverse section, showing a microscopic seasoning check between ray cells and
tracheids . White spruce 160x

Figure 2. Electron micrograph showing a separation through the middle lamella and the primary wall of a ray
parenchyma cell. (Arrow indicates ray cell direction .) White spruce, radial plane, 22,800x

Figure 3. Light micrograph of a tangential section, through a microscopic seasoning check, showing broken ray
cells (Arrowheads) . White spruce 780x
Figure 4. Similar to Figure 3, showing a separation through a fusiform ray. White spruce 400x
Figure S. Electron micrograph showing a separation in the primary wall of two tracheids . White spruce, radial
view 9900x. (Arrow indicates fiber direction .)

Figure 6. Similar to Figure 3, showing a microscopic seasoning check extending from the surface, (large arrow).
Small arrows indicate seasoning checks that developed subsequently in response moisture gradients . Red pine
incident light, 55x

Figure 7. Light micrograph showing voids (arrows), created by the contraction and collapse of parenchyma cells in
seasoning . Red pine, tangential section 230x

Figure 8. Similar to Figure 7, showing severe shrinkage of the ray parenchyma cells after seasoning . Red pine
tangential section 590x

Figure 9. Light micrograph showing a ray with destroyed parenchyma cells . Red pine 750x
R=ray

P=primary wall
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THE EXTERIOR MORPHOLOGY OF VESSEL ELEMENTS
by

W. N. Audenaert and F. W. Taylorl

After drying, vessel elements were mounted on
double-stick tape coated stubs by three methods:

Introduction
T h e exterior surfaces of vessel elements are
difficult to observe. Thin-walled vessels with their
large lumen represent an area of weakness, hence split
or cu t longitudinal sections seldom expose exterior
vessel walls . Maceration does expose exterior walls,
but the limited depth of field of light microscopes and
light interference by structures on inner walls make
imaging of exterior wall sculpturing difficult.
Methods now available for drying vessels without
large drying stresses that cause cell collapse, coupled
with the scanning electron microscope's large depth of
field allow views of exterior vessel morphology not
previously possible (see photographs).

1. Transfer of a 200-mesh grid, upon which vessels
were originally deposited in the grid holder, directly to
the stub without disturbing the vessels.

2. Inverting the grid upon which vessels were dried
and shaking dried vessels directly to the tape coated
stub surface.
3. Transfer of lens paper (used as a grid during
drying) bearing vessel elements directly from the grid
holder to the stub surface.
Method 3 is the easiest to use. However, the fiber
background is least desirable for viewing and
photographing.
Prepared stubs were coated by vacuum evaporation
using an initial carbon coat with final coat of 60:40
Au/Pd. Sputter coating was also used. Both methods
produced good results. Examination was with a
Hitachi HHS-2R scanning electron microscope.

Procedure
Hardwood blocks may be macerated by numerous
procedures (3). The method used to prepare samples
for th is study was a modification of Franklin's method
(2) . After saturation in water, small wood blocks were
macerated in a 50-50 mixture of glacial acetic acid and
30 percent hydrogen peroxide for 48 hours at a
temperature of 50°C. A slurry of macerated tissue
about one-eighth inch deep was placed in a Stender
dish and observed with a dissecting microscope. Fibers
and other unwanted wood elements were teased away
from vessel elements with dissecting needles. Vessel
elements were then transferred by a pipet to a grid
holder. Vessels (contained in the grid holder) were
then carried through a graded series of ethanol and
critical-point dried in a Bomar EX900 drier, with
carbon dioxide used as the transitional fluid.
At the critical point no interface exists between the
liquid and vapor phase, hence no surface tension
forces are present. Critical-point drying is a process
involving saturating a material with transitional fluid,
placing it in a pressure cylinder, heating it until the
critical point of the fluid is reached, and then bleeding
the flu id off as a vapor. For a detailed review of the
physics of critical-point drying see Bartlett (1).

Results
The micrographs illustrate the usefulness of
critical-point
drying
and
scanning electron
microscope viewing . The procedure shows much
promise as a method for the examination of cellular
wood elements . The exterior surface of wood
is clearly visible. Interpretation of some
features is enhanced since only one surface and one
side of the cell wall is visible.
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Photograph Legends
A. Vessel element of Betula alleghaniensis Britton, 300
X magnification. Note the impressions in the cell wall
where the vessel segment was. in contact with other
cells.

E. Vessel element of Frarinus americana L., 340X
magnification.
F. Vessel element of Quercus falcata Michx., 32SX
magnification. Areas of contact with ray parenchyma
and vasicentric tracheids are identifiable .

B. A portion of photograph "A", 525X
magnification, showing pitting in areas where the
vessel element contacted ray cells .

G. Vessel segment of ]uglans nigra L., 22SX
magnification. Zones of pitting between vessel
elements and longitudinal elements (probably
paratracheal parenchyma) are quite evident.

C. . Vessel element of Ulmus americana L., 300X
magnification. Pitting of ray contact area and tyloses
are distinct.

H. Vessel element of balsa (Ochroma sp.,), 225X
magnification. Contact with other longitudinal cells
results in distinctive vessel wall markings.

D. Vessel element of Ulmus americana L., 375X
magnification.
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BOOK REVIEW
governed by three major factors: resistance to
negative pressures, which may result in narrow
tracheids in xeric species like juniper; mechanical
strength for self-support of the tree and resistance to
wind thrust; and area of tracheid overlap and its
pitting, which determines conductivity. A number of
examples is presented to substantiate these claims.
Carlquist rightly does not limit himself here (or
elsewhere) to wood anatomical considerations only,
but also includes some leaf anatomical and root
physiological data in his discussion.
For the Dicotyledons there are separate chapters on
vesselless genera, on dicots with primitive vessels
(these are moreover compared with Gnetales), and on
the more specialized majority. The vesselless
condition in some broad-leaved dicots calls for
conditions of moist soil and minimal transpiration,
and according to Carlquist all vesselless dicots have an
ecology complying with these requirements . The
same is said to hold true for dicotyledons with
primitive long vessel members with scalariform
perforation plates. This claim is substantiated by
examples from different floral regions and by a
general survey of all dicots with scalariform
perforations. All arguments together are rather
convincing, but the attempts of Carlquist to explain
the exceptions to the rule in terms of special adaptive
significance (e.g., mangroves belonging to the
Rhizophoraceae) appear to me highly artificial and
inspired by wishful thinking. The heavy bars to the
vessel perforations of the mangrove Rhizophoraceae
are thought to be ideal structures to resist collapse at
times of high negative pressure in the xylem due to
high transpiration rates during periods of strong
illumination. It is in this and other instances that
Carlquist's reasoning enters the realm of fantasy,
because it is hard to believe that the thick-walled
vessels would benefit more from the thick bars of a
multiple perforation than from a thick circular
perforation rim of a simple perforation. Moreover, it
seems most unlikely that in such elements extra
constructional devices are at all necessary to prevent
collapse. The same criticisms are valid for Carlquist's
functional and mechanical interpretation of
Magnoliaceous or Lauraceous heavy or vestigial bars
in their perforation plates .
In referring to latitudinal trends in vessel
characteristics, Carlquist displays some interesting
inconsistencies in interpretation of data from the
literature. The paucity of representatives in the
tropical lowland forests with scalariform perforations
is explained as a logical consequence of a periodically
high conductive rate which would make plants with
such primitive vessels unfit for this environment.

Ecological Strategies of Xylem Evolution, S.
Carlquist, 259 pages, 17 text figures, 15 plates .
University of California Press, Berkeley, Los Angeles,
London, 1975. Price: US$11 .50.
Ecological Strategies of Xylem Evolution is not a textbook
or a standard work of reference; it is an essay by Dr.
Carlquist reinterpreting the anatomy of xylem in
terms of functional adaptation during its evolution in
the different major groups of vascular plants.
Functional and ecological wood anatomy have
admittedly received more attention in recent years
than previously, but we must credit Dr. Carlquist
with being the first radical pioneer approaching wood
anatomical diversity comprehensively from a NeoDarwinistic angle.
In his introduction the author gives a clear outline
of what is to come: "the keys to xylem evolution that
have not. been appreciated hitherto are primarily in
the following areas: adaptation to degree of moisture
availability and transpiration rate; fluctuation in
moisture availability; and requirements for
mechanical strength."
A lucid and critical survey of the morphological
aspects of xylem evolution as established by the Bailey
school followed by physiological and ecological
considerations provides the reader with a good
background for critically reading the next chapters in
which Carlquist reinterprets xylem evolution in
ecological and functional terms for Pteridophytes
(ferns and others; living and fossil), Cycads and
Ginkgo, Conifers and Taxads, Monocotyledons,
Gnetales and Dicotyledons . There are also chapters
on stelar types and extraxylary tissue.
For the readers of this Bulletin, a discussion of the
chapters on the wood of Conifers, Taxads and Dicots
is perhaps the most interesting . For Conifers and
Taxads Carlquist finds a very clear positive
correlation between plant size and tracheid length .
This, in his opinion, can be explained by the fact that
longer tracheids provide greater strength, necessary
for big trees and heavy branches. According to him
this agrees well with reports in the literature that
ecological factors such as increased aridity, increased
altitude, or the stunting effects of winds result in
decreased tracheid length, since these factors also
result in reduced plant size. However, I find it curious
that the shorter tracheids in wind-swept stunted trees
have not induced Carlquist to criticize his own
mechanical explanation of the tree-size/tracheidlength correlation. Accepting this hypothesis one
would expect these exposed plants to have very long
tracheids in order to resist the external forces . In
general, the tracheid characters are said to be
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However, with the same ease, my findings in Iler that
temperate species have fewer bars per perforation
plate than the tropical lowland species are interpreted
by C arlquist as a consequence of rapid conductivities
in spring at temperate latitudes inducing loss of bars
in the course of evolution. The obvious differences in
frequencies of taxa with scalariform perforation
plates in different latitudinal regions, which Carlquist
recognizes, are thus ignored, and, the reader feels at a
loss in judging which suggestions in the book are
valuable and which are best forgotten .
T he shortening of cambial initials in the course of
phylogeny is " explained" by the presumed adaptive
value of short vessels to resist high ·negative
pressures, and the increased intrusive growth of the
imper forate cambial derivatives is said to safeguard
mech anical strength of the wood as a whole . The
functions and adaptive significance of specialization in
axial and ray parenchyma are also discussed. Most
interesting is the application of the adaptive
interpretation of mainly vessel characters to the wood
anatomy of species of various ecological types and
growth forms . Vines and lianas, stem succulents,
desert shrubs, annuals, rosette trees, parasites are
compared with mesophytes and shown to exhibit
xylem characteristics most advantageous (according
to C arlquist) for their specialized ecology, habit and
physiology. The paedomorphosis theory is restated
and now explained in terms of "release from
mechanical strength" resulting in deviating length on
age curves for the cambial derivatives.
After reading Dr. Carlquist's new book twice, I .
cannot help feeling confused and incapable of judging
the scientific value of all individual suggestions . Some
objections to the general approach should, however,
be made. Carlquist's view of xylem evolution is based
on th e belief that natural selection has caused tissue
and cell characteristics to be optimally suited to
physiological and mechanical demands of the plant
species involved . No structural feature escapes
Carlquist's interpretative mind, and the wood
anatomies of diverse groups are thus "explained"
(using Carlquist's own word) . However, in xylem
evolu tion and plant evolution in general we must, I
think, admit that a great diversity of structures is
capable of functioning perfectly well under the same
ecological conditions. In other words, numerous
structural modifications arisen in the evolution
through random mutations apparently pose no limiting
fa ctor on the physiology of the plant as a whole. As a

logical consequence of this I would expect numerous
wood anatomical features to escape all attempts of
functional or adaptive interpretation. No wonder that
several of Carlquist's suggestions seem artificial and
strained. Part of this is, of course, also due to the
paucity of physiological and of ecological, sometimes
even of anatomical data, which Carlquist fully admits .
Part of the ar tificiality (as subjectively experienced by
me) on the other hand is due to the many ways in
which it is possible to interpret a certain wood as
either perfectly adapted to comply with water
conduction demands or with mechanical demands . All
elements of controversy are h idden in the wood itself
in the most literal sense! The trouble is that with our
present knowledge we have no means of telling which
structural aspects of the plant may become limiting in
determining the survival of a certain species.
In his chapter on axial and ray parenchyma,
Carlquist notes that a functionally adaptive
interpretation of evolutionary patterns "obviously
requires a preposterously complex synthesis." I am
convinced .that the interpretation of vessel and fiber
characteristics in combination with all other
structures (roots, nodes, leaves) involved in water
conduction and mechanical functions requires an
equally preposterously complex synthesis-taking for
granted that enough data for a compulsory complex
analysis prior to this would be available. The
confusion in the reader's mind will also be due to the
fact that many of Carlquist's generalizations are based
on small groups of genera or merely on individual
examples. After some careful consideration it will
probably be easy enough to find examples providing
conflicting evidence and negating Carlquist's
suggestions .
Instead of ending this review in the negative, I
should stress that the book as a whole is most
stimulating, thought provoking and inspiring for
anyone interested in wood anatomy. Subsequent
research may appear to support several of Carlquist's
ideas. Carlquist has accepted the challenge of
integrating physiological, ecological and anatomical
data at this stage of scanty information. We must
admire him for this heroic effort, but we must also
realize that it is a preliminary progress report in a field
which can also be approached from angles, other than
the natural-selection-through-survival-of-the-fittest
philosophy .
Pieter Baas
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WOOD ANATOMY ACTIVITIES AROUND THE WORLD
Changes in the Identification of Herbarium Vouchers of Wood
Samples of the Stahel Wood Collection (Suriname)
by Alberta M.W. Mennega1
In 1948 Dr. G.J.H. Amshoff published an "Enumeration of the herbarium specimens of a Suriname wood
collection made by Professor G . Stahel," followed in 1950 by a 4-page supplement. In later years, many names in
this enumeration have had to be changed largely as a result of taxonomical revisions of families or genera.
No longer being able to keep track of the numerous institutions all over the world where the Stahel collection of
woods is to be found at present, I much appreciated Professor Cote's approval of my suggestion to prepare a list of
all changes to be published in the IA WA Bulletin in order to reach all curators of wood collections interested in
having their specimens correctly labelled.

1.

13.
10.
3a .
15.

18.
30.
40 .
44.
49.
53 .
54 .
58 a.
59.
61a.
72.
77.
86a .
96 .
96a.
97 .
108 .
121.
122.
129.
132.
133 .
134.
134a.
135 .
137.
145 .
150 .
150a.
163 .
166.

Aspidosperma marcgravianum Woods .
Nemaluma engleri (Eyma) Aubrev. and Pellegrin
Licaria cayennensis (Meissn.) Kosterm .
Brosimum guianense (Aubl.) Huber
Herbarium is a mixture of Didymopanax morololoni
and Schefflera paraensis Huber
Sacoglollis guianensis Benth . var. guianensis
Neoxylhece robusla (Mart . and Eichl.) Aubrev. and
Pellegrin
Trallinickia burserifolia Mart.
Couralari multiflora (Smith) Eyma
Couralari guianensis Aubl.
Mouriria ·nigra (DC.) Morley
Couepia guianensis Aubl.
Couralari multiflora (Smith) Eyma
Qualea dinizii Ducke
Licania oclandra (Hoffm . ex R. and S.) 0 . Ktze
Marmoroxylon racemosum (Ducke) Killip
Aspidospermum album (Vahl) R. Ben .
Hirlella bicornis (Mart. and Zucc.) var. pubescens
Ducke
Helicoslylis lomenlosa (P. et E.) Rusby
Pseudo/media ·taevis (R . and P.) Macbr.
Some wood samples Alchorneopsis lrimera Lanj.
Rhizophora racemosa G .F.W. Mey.
Aspidosperma album (Vahl) R. Ben.
Sandwilhiodoxa egregia (Sandw.) Aubrev. and
Pellegrin.
Brosi mum parinarioides Ducke ssp. parinarioides
Protium insigne (Tr. and Pl.) Engl.
Tapura capilulifera Bail!.
Neoxylhece dura (Eyma) Aubrev. and
Pellegrin
Neoxylhece cladanlha (Sandw.) Aubrev. and Pellegrin
Licaria cayennensis (Meissn .) Kosterm.
Couralari slellala A.C. Smith
Marliodendron parviflorum (Amsh.) Koeppen
Couepia guianensis Aubl.
Licania hypoleuca Bth .
Aspidosperma album (Vahl) R. Ben.
Pourouma laevis Ben.

170a .
177 .
179.
184.
200.
202.
206 .
211 .
213 .
218 .
219 .
220.
222.
227.
233 .
235.
238.
242.
257.
263 .
272 .
278.
280 .
281.
286.
297 .
300.
303 .
307.
308.
312 .
313 .
317 .
335.
352.
366.
362.
373.
376 .

Brosimum rubescens Taubert
Ecclinusa cuneifolium (Rudge) Aubrev.
Cecropia sciadophylla Mart.
Guarea guara Uacq .) Wilson
Himalanlhus arliculalus (Vahl) Woods .
Macrolobium anguslifolium (Benth.) Cowan
Hirlella bicornis Mart. and Zucc. var. pubescens
Ducke
Perebea mollis (P. and E.) Huber
Myrcia amazonica DC.
Mouriria angulicoslala Morley
Brosimum guianense (Aubl.) Huber
Radlkoferella lrigonosperma (Eyma) Aubrev.
Maquira guianensis Aubl.
Ampelocera edenlula Kuhlm.
Franchelella gonggrijpii (Eyma) Aubrev.
Ormosia slipularis Ducke
Ficus perlusa L.f.
Guarea davisii Sandw.
Licania polita Spruce ex Hook.f.
Sacoglollis cydonioides Cuatr.
Sapotaceae, indet.
Anacardium giganleum Hanc.
Coussarea surinamensis Brem .
Licania elliplica Standi.
Licaria polyphylla (Nees) Kosterm .
Trichilia roraimana C.DC.
Ouralea decagyna Maguire
Anarlia allenuala (Miers) Markgr.
Neoxylhece robusla (Mart. and Eichl.) Aubr. and
Pellegrin var. longifolia Eyma
Dacryodes belemnensis Cuatr.
Gualleria sc homburgkiana Mart.
Sapotaceae, indet.
Licaria rigida Kosterm .
Myrcia pyrifolia (Desv. ex Ham.) Nied .
Caloslemma fragrans Benth .
Trymalococcus paraensis Ducke
Guarea kunlhiana Juss.
Casearia arborea (L.C. Rich .) Urb.
Chrysobalanaceae . Without voucher.
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