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Description and wood identification of native coniferous tree
speciesn the Maritimes from dendroarchaeological material

Introduction

Identifying wood correctly from archaeological material such as beams used in
construction and various artifade.g., hockey sticks, barrel staves, wooden frames, etc.)
is essential in dendroarchaeological analysis. At the Mount Allison Dendrochronological
Lab (MAD Lab) where a lot of diverse work in this field occurs, we have developed
several methods to helig determine the various woody species in objects brought to our
attention fttp://www.mta.ca/madlap/We first use macroscopic anatomical features
observed on cores and cookies and then, when necessary, exiratt faagment to

view microscopic features under a Scanning Electronic Microscope (SEM) available to
us on campus. The combination of macroscopic and microscopic characteristics enhances
the overall picture of the wood anatomy, and ups the success eteusiohing the

species under investigation.

The main purpose of this report is to illustrate how we differentiate the ten native conifer
species of the Maritime Provinces of Canada, which are the predominant species we
encounter. The report focuses mostlythe microscopic aspects of our procedures, and
uses anatomical descriptions of the species and SEM micrographs to convey differences
across the species. There are also some references to macroscopic features for each
species, especially those that er¢ical. However, this part of the work is still ongoing

and, although we have described the main characteristics to be used, the main visual
references have yet to be completed.

This being said, it is important that the reader be aware of three tRirsjl;, we use

wood anatomy specifically on large pieces of dendroarchaeological material which
allows us to use macroscopic features and not just minute samples that might lack some
important cellular structures. Secondlye elements described belowaanly be used in

the specific spatiatontext of theCanadiarMaritimes or at best, in northeastern North
America. Itcannot be used to differentiate with other conifer speemsecially any

European wood that has found its way to our region (@lgus cembraa European pine
speciesanatomically thesame a®. strobu$. Thirdly, the SEM is a powerful tool to

observe wood microscopically, but it has some limitations compared to light microscopy
thin sections which are very often used in wood anatémmyexample, dentate cell walls

in transverse tracheids Binus resinos@annot be seanithin a SEM, but are easily
observed on good thin sections. Conversely though, SEM images allow for higher
magnification which can sometime be helpful. Also, we &M sample preparation to

be much quicker and simpler than with thin sections in our lab configuration. Because we
have relatively easy access to a SEM, it is more convenient to us to use this tool.

The report has three parts: the first presents the amatomical characteristics in
coniferous wood; the second describes features used in the determination of the ten
Maritime conifer tree species in our aréaally, the third part presents each of the ten
species with SEM micrographs and descriptionghersignificant microscopic features


http://www.mta.ca/madlab/

and a note on the characteristics (mi@od macroscopic) used by the MAD Lab to help
determine the species of unknown wood.

1-Cell types and tissue# conifers
Conifer wood is made of two major types of tissuags andtracheids (the bolded
words are names of specific features or tissues used in wood anatesiyjuctsare
also present in some species (Figurdrbhpges of those features can be foungigures
3, 4, and 5 and micrographsthe third section athe report.
a-Ray - ribbontlike group of cells extending radially.
-in conifers, they are always uniseriate (ray width is one cell wide) and may consist of
one to twenty cells or more (ray height).
-two types of cells possible:
-Parenchyma cellswhich have simple pits of four possible typesp(noid,
taxodioid, cupressoid piceoid).
-Transverse tracheidqalso called ray tracheids or transversal tracheids) which
have smalbordered pits; can occur in more than one row; are usually marginal
but sometimes @uir within the ray; they are absent in some species.
-many elements of rays are diagnostic.
b-Axial tracheids (also called vertical tracheids)vessels of the coniferous xylem.
-they always havbordered pits, usually much bigger than the ones on trarsver
tracheids.
-Bordered pits are present on the radial side ofaxracheids (Figure)dand less
often on the tangential side (where they can be small) (Figure 3).
-few elements of axial tracheids can be used as diagnostic features.
c-Resin ducts(also @lled resin canals) elongated channels containing resin and
surrounded by secretory tissues
-oriented vertically or radially.
-absent in some conifer species.

- springwood
resin duct
— . summerwood
growth ring edge
ray

Ray with
a) transverse tracheids
b} ray parenchyma cells

Figure 1:Cell types and tissues of coniferous wood (image from
http://www.wolman.de/en/infocenter_wood/from_tree_to_wood/wood_properties).



2-Diagnostic features

Woodanatomical characteristieseoftenobserved according to three sections
transversal (when a tree is sliced horizontallygyngential (if you sliced a tree vertically
following the plane of ring boundaries or withowtsging through the center), ardlial
(when you slice a tree verticallyrtugh its center or pith) (Figure 2). Each section offers
a different angle of the tissues and cells, and they each present particular features that
may be diagnostic (i.e., can help in the identification of the wood). Key diagnostic
features of our tenwstly species are presented below.

Transversal sectiofalso called cross section)
-We usually observe features of this section on sanded cores or ¢cotises/ations are
often made with a stereo microscope
-Transition betweerarlywood andlatewood canbe diagnostic.
-Transition can be gradual or abrupt.
-Resin ducts(= resin canals) are easily visibteacroscopicallyvhen present.
-Presence and abserzan be diagnostic.
-Size (big or small) can also be diagnostic.

Transversal |« L))

Tangenti al

Figure 2:A diagram illustraing the various sections of the wood (image from
http//www.ups.gov)



Tangential section
-We commonly observe features of this plane with a SEM (Figure 3).
-Rays axial tracheids andresin ductsare visible.
-Raysare uniseriate (one cell wide).
-Heightof rays (number of cells in rays) can be diagnostic. Typical counts for each
species are presented in Table 1 below. The following parameters can sometimes be
diagnostiqnumbers are frorharix laricina, Table 1)
-Average height (no decimals because tlaeeeno half cellsexample: 1D
-Span (from the lowest tine highest; example: between 5 andl 17
-Most commonly found (most frequent number of cells; for example, most ray
heights are eveen 7 and 12ells).
-Presence or absence and sizeesin ducts can be diagnostic.

Resin duc

B E% i 18 %

Figure 3: SEM micrograph of a tangential view of a conifarik laricina). The ray
indicated here has a height of seven cells. The axial tracheids are all vertical on this
micrograph and make up the majority of the tissResin is still present in the resin duct
shown here; the duct is surrounded by epithelial secretory cells.



Radial section

-We observe these features with a SEM (Figure 4).

-Raysandaxial tracheids are easily observedesin ductsare harder to distingsh.

-Raysareoften the most important diagnostic featusésonifer woods; as mentioned

earlier, there are two types of cells in rgyarenchymaandtransverse tracheids
-Transverse tracheidsare set apart frorparenchymaby theirbordered pits.

-presence or absence of transverse tracheids can be diagnostic.

-they can be in a single row, but also in two to three rows, perhaps even more.
-Parenchymamakes up most of the ray tissue; theossfield is the rectangular
shape made by the walls of the m}ls and the axial tracheids; they hauaple
pits.

-simple pit type can be diagnostic and there are four specific types (Figure 5):

-pinoid (no borders; window like pits that sometimes occupy most of the
crossfield); diagnostic of pines.

-taxodioid (aperture is larger than the border).

-cupressoid(aperture and border have nearly the same width).

-piceoid (aperture is smaller than the border).

-number of pits in crosBelds can sometimes be diagnostic.

-Axial tracheids have fewer diagnaois features; they are larger than transverse tracheids;
they have bordered pits.
-double rows of bordered pits on the axial tracheids on radial sections are observed
in some species (e.g. Figurésdhd ).
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10kY X350 50 pm 0017 11;05,*09 Andie  StubX.03
52 mm 10 sp SEI 110609_0017.bmp 3:25:44 PM Digital Microscopy Facility

Figure 4: SEM microgmsh of radial view of a conifeffsuga canadensis




Table 1: Anatomical characteristics of the ten Maritime native conifer tree species.

Species Radial section Tangential section Transversal
section
Transverse Ray pits Rayheight** Resin duts | Early-
tracheids wood/late
pres | abs | # of type # per min | max | avg | pres | abs | wood
rows Cross transition
field
Picea X 1-3 piceoid 2-6 3 25 |9 small gradual
rubens cupressoid
taxodioid
Picea X 1-3 piceoid 2-6 2 14 |6 small gradual
mariana cupressoid
taxodioid
Picea X 1-2* | piceoid 2-6 3 14 |7 small gradual
glauca cupressoid
taxodioid
Larix X 1-3 piceoid 2-6 5 17 10 | small abrupt
laricina cupressoid
taxodioid
Pinus X 1-3 pinoid 1(2) 3 13 |7 big gradual
strobus
Pinus X 1-2? | pinoid 1(2) 3 11 | 6-7 | big abrupt
resinosa
Pinus X 1-3 pinoid 2-5 1 12 |6 big abrupt
banksiana
Tsuga X 1-2 taxodioidt 2-6 2 23 |89 X gradual to
canadensis cupressoid abrupt,
piceoid latewood
usually thick
Abies X taxodioid++ | 2-5 3 18 |9 X gradual
balsamea cupressoid
Thuja X taxodioidt 2-5 3 10 |5 X gradual
occidentalis cupressoid
piceoid

* More frequently one row of bordered pits in transverse tracheids.
** Counts made on our samples.
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Figure 5:Examples of te four common simple pit types found in ray patgmma.A)
pinoid i the pit has no borders; in this exampldafus strobusthere are oneafrightin
the rectangleor two @tleft in the rectanglebig windowlike pits occupying most of the
crossfield, but it some species (eRinus rigidg the pis can be smalleB) taxodioid T
the aperture is larger than the borderc@ressoidi the aperture and the border have
nearly the same width. iceoidi the aperture is smaller than the border.

NOTE: In this report, pinoid pits are only found in theee pine species. The other three
pit types are found in all the other species although some types might dominate. The
taxodioid type dominates clearly &biesand is usually more numerous than the other
two types inThujaandTsuga Piceoid pits are mre common irPiceaandLarix, but

these speciesften display all three types.



3-SEM micrographs and descriptions of the ten native conifer species of the

Maritimes

The following pages offer some of the best micrographs we have of specific anatomical
features. They were all taken at the Digital Microscopy Facititip(//www.mta.ca/dmj/

of the Mount Allison University. Each of the ten species is presented with micrographs
and descriptions of the radial and thegamtial sections, followed by notes on important
characteristics to consider when determining wood species. Each micrograph has a MAD
Lab reference number that helps us retrace information on the sample.

The species are presented in this order:
Picea rubas
Picea mariana
Picea glauca
Larix laricina
Pinus strobus
Pinus resinosa
Pinus banksiana
Tsuga canadensis
Abies balsamea
Thuja occidentalis


http://www.mta.ca/dmf/

10

Picea rubeng Red SprucgEpinette rouge)

Radial section

MAD Lab #188
Figure6: Radial section showing ayr@horizontal structure) and axial tracheids (vertical
structures). Rays dticea ruben$iave transverse tracheids with bordered pits and
parenchyma cells with simple pits of the piceoid, cupressoid and taxodioid types.



;gﬁfaqi
MAD Lab #

#15
Figure7: Detall of aray of Picea rubensThree rows of transverse tracheids are visible at

the top of the ray (white rectangle). Pits on the parenchyma cells are mostly of the
piceoid type.
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MAD Lab #6869
Figure8: An example of a large ray Ricea rubensThe ray is dented vertically on this

view. Ray height is over 25. At least five rows of transverse tracheids are seen on the
right side of the ray. Transverse tracheids are also seen in the middle of the ray (white

arrows) and are recognizable by their bordered Phs simple pits of the parenchyma
are mostly of the piceoid and cupressoid types.

-
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MAD Lab #178

Figure9: Another example of Ricea rubensay. Transverse tracheids are present. The
white rectangles show double rows of bordered pits in the tragstracheids, a feature

that can help differentiateicea rubengandP. mariang from P. glauca(which usually

has only one row). However, it remains a diagnostic feature of medium value. Simple pits
on the parenchyma cells are mostly of the taxodioidcapdessoid type in this case.
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MAD Lab #137

FigurelO: A closeup of a ray oPicea rubengo show simple pits on parenchyma cells.
Here, they are of the piceoid type. They are poor diagnostic features. Spruce species
typically will have the three typeas pits (piceoid, cupressoid and taxodioid).
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MAD Lab #179
Figure 1. Another closeaup view of a ray oPicea rubengo show simple pits on
parenchyma cells. Here, they are of the piceoid and cupressoid types.
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Tangential section

MAD Lab #134
Figure 12: A general view of the tangential sectionRi€ea rubensA small resin duct is

presen{white circle) Ray heightseen herare average for this speci@able 1) butit
is a poor diagnostic feature.



MAD Lab #133

Figure B: A good example of eesin duct inPicea rubensThey are similar in the other
spruces and iharix laricina. The other species considered in this work have either big
resin ducts (pine®inus strobusP. resinosandP. banksianaor no resin ductslhuja
occidentalis Abies balsameandTsuga canadensis

NOTES aboutPicea rubens

-Cannot be distinguishable froRicea mariangby wood anatomy alone. Bark on
archaeological wood is essential to separate those species.

-Only one anatomic feature is different frétitea glaucathe bordered pits on the
transverse tracheids of the latter are more often than not in one Bwemrubengand
P. mariang, transverse tracheids have double rows of bordered pits. Most of the spruce
wood we encountered in buildings is of the latyge and are therefore assumed tébe
rubensor P. mariana Moreover, the samples that had bark are mostly dPtlebens
type with one or two exceptions where it vikaamariana Becausé#. rubensamakes
bigger trees and is more suitable for structbegims in buildings, we suspect that most
spruce structural wood in the Maritime buildings that we studied is Frombens
-Anatomically,Piceaspecies are almost identical to lartlarx laricina). Double rows

of bordered pits on axial tracheids arencoon inL. laricina and was very often (but not
always) observed in our samples; it helps differentiatéx from Picea However,
because we work with large pieces of wood, the factithiairicina has conspicuously
abrupt earlywood/latewood transitioery different from spruce, we have no major
trouble differentiating them.
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Piceamarianai Black Spruce(Epinette noire)

Radial section

17 ZA-TUN D5
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MAD Lab #255
Figure X4: A very good micrograph of a ray Bicea marianaTransverse tracheids are
present aboth top and bottom margins. The white rectangles illustrate double rows of
bordered pits in the transverse tracheids, a feature that sometimes helps differentiate

Piceamariana(andP. rubeng with P. glauca The simple pits of the parenchyma are
mostly d the piceoid and cupressoid types.
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MAD Lab #280
Figure B: Another example of a ray #icea marianaTransverse tracheids are clearly

visible at the top and bottom margins of the rage Bimple pits of the parenchyma are
mostly of the cupressoid anaixbdioidtypes.
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Tangential section

MAD Lab #253
Figure B: A typical tangential view oPicea marianaSmall resin ducts are present in
this micrograph (white arrows), similar to what is found in the other spruces aadxn
laricina. The otler six conifer species haegherbig resin ducts (the three pines) or have
none {Thuja occidentalisAbies balsameandTsuga canadensgisHeights of rays seen
here are typical of this species, from two to three and up to tetweaha, but they can
behigher;they are not a powerful diagnostic feature.
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MAD Lab #24
Figure I7: A closeup of a small resin duct &ficea mariana

NOTES aboutPiceamariana:
See notes dPicea rubens

21
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Piceaglaucai White Spruce(Epinette blanche)

Radial section

10 k¥ X300 50 pm —— 0010 03/30/07 Andre Stub 64-3
47 mm 20 sp SEI 033007_0010.bmp 11:47:36 AM Digital Microscopy Facility

MAD Lab #493

Figure B: A large ray (height is 14) ¢ticea glaucaTransverse tracheids are present.
Bordered pits on transverse tracheid®wka glaucaare usually in only one row like in
this example which differentiates it frobh rubensandP. mariana However, it has only

a medium diagnostic value.

The gray dashed line traces a ring boundary. On the left side is the end of the latewood
(narrow crossields drawn in black) whereas on the right side starts the earlywood of
another rig (larger crosdields drawn in white). Notice the gradual narrowing of the late
wood (in black). Gradual earlywood/latewood transition is typical of the three spruce
species and helps distinguish them frioanix laricina which has abrupt
earlywood/latewod transition. We usually observe this feature on cores and cookies.
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MAD Lab #487

Figure B: An example of only one row of bordered pits on the transverse tracheids of
Picea glaucgwhite rectangles)The blade used to cut the sample went throughopart
the parenchyma walls which reveals the inside of the parenchyma cells (white arrow).
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MAD Lab #485

Figure20: A rareexample of two rows of bordered pits on the transverse tracheids of
Picea glaucgwhite rectangle). This is netypical of this specig but it occurs
occasionally, making it difficult to distinguish from the other two spruce species.




MAD Lab #111
Figure 2. A closeup of a part of a ray showing simple pits on the parenchyrRecef

glauca Like the other two spruce species, it pa®oid, cupressoid and taxodioid pits
like in this view



26

Tangential section

MAD Lab #440
Figure 2: A typical tangential view oPiceaglauca Two small resin ducts are present in

this micrograph (white circles), similar to what is found intthie other spruces and in
Larix laricina. The other six conifer species either have big resin ducts (the three pines)
or have noneThuja occidentalisAbies balsameandTsuga canadensis



