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ABSTRACT

Wood and bark of 12 collections of Empetraceae representing three genera containing seven species
(one with two subspecies) are analyzed with respect to quantitative and qualitative features. Empe-
traceae have vessels somewhat angular in transection, with scalariform perforation plates and sca-
lariform to opposite vessel-ray pitting. Imperforate tracheary elements are all tracheids. Axial paren-
chyma is sparse and not subdivided. Rays are characteristically uniseriate and composed of upright
cells (older stems have rays with both upright and procumbent cells). These features ally Empetraceae
closely to Ericaceae and Epacridaceae. The narrow vessels, quite numerous per mm?, denote a high
degree of wood xeromorphy; growth rings and tracheid presence also may be indicative of adaptation
to drought or physiological drought due to cold. Rays composed of upright cells, nonconversion of
the uniseriate rays to multiseriate or heterocellular rays, and decrease in vessel element and tracheid
length with age are generally accepted criteria for paedomorphosis in dicotyledonous woods, and these
apparently apply to Corema and Empetrum as well as small shrubs similar to them: Cassiope (Eri-
caceae), Empleuridium (Celastraceae), Myrothamnus (Myrothamnaceae), and Tetratheca (Treman-
draceae). Data on bark are presented for all taxa of Empetraceae.

Key words: ecological wood anatomy, Empetraceae, Ericaceae, Ericales, paedomorphosis, wood anat-
omy.

INTRODUCTION

A synoptic study of wood anatomy of all generally recognized taxa of Empe-
traceae can be offered here because of the materials available to me. Empetraceae
encompass a curious series of disjunct distributions (data from Fernald 1950 and
Webb 1972). Ceratiola ericoides Michaux occurs in sandhills of the southeastern
United States as far north as South Carolina. Corema album D. Don occurs on
coastal sandhills of the western half of the Iberian peninsula, whereas C. conradii
Torr. may be found in coastal sandhills and pine barrens of northeastern North
America. The genus Empetrum is bipolar: E. rubrum Vahl ex Willd. occurs in
southern Chile and Argentina, whereas the remaining species are boreal. One can
include all of the boreal species in E. nigrum L., or recognize several segregate
taxa. Webb (1972) in the Flora Europaea claims E. nigrum subsp. nigrum plus a
polyploid high-latitude or high-elevation subspecies, E. nigrum subsp. hermaph-
roditum (Hagerup) Bocher, for the Old World. In the New World, Fernald and
Wiegand (1913) made a case for recognition of E. atropurpureum Fernald &
Wiegand (higher elevations near timberline) and E. eamesii Fernald & Wiegand
(Labrador and Newfoundland), whereas E. nigrum is coastal. Recently, the Old
World high-latitude and high-elevation subspecies has been transferred from E.
nigrum to E. eamesii as E. eamesii subsp. hermaphroditum (Hagerup) D. Love.
This transfer is accepted here; other populations segregated from the E. nigrum
complex have fewer distinctions than this polyploid, and are not recognized here.
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The wood anatomy of Empetraceae proves to be of special interest with respect
to ecology. The extreme habitats cited above prove to be matched by wood
adaptations. The significance of scalariform perforation plates in regard to ecology
can be examined in Empetraceae, because both simple and scalariform plates
coexist in the family, and populations of a single species differ in this respect.
Empetraceae have cells that must be termed tracheids according to the usage of
Bailey (1936) or the IAWA Committee on Nomenclature (1964). Tracheids by
this definition deter the grouping of vessels, so that vessel grouping, characteristic
of xeromorphic woods with fiber-tracheids and libriform fibers (Carlquist 1984)
is not to be expected in Empetraceae. Moderate degrees of vessel grouping do
occur in Empetraceae; these are analyzed with respect to growth ring and packing
considerations because large numbers of vessels per mm? appear to result in
elevation of numbers of contacts among vessels (Carlquist, Eckhart, and Michener
1984).

The uniseriate rays of Empetraceae, composed characteristically of upright cells,
suggest a kind of paedomorphosis. I cited such rays as Paedomorphic Type III in
my analysis of ray types (Carlquist 1988). Do other features of the wood of
Empetraceae suggest juvenilism, or paedomorphosis, in woods of Empetraceae
and similar shrubs? Barghoorn (194 15) figured wood of Corema conradii and cited
it as an example of loss of rays. Is that interpretation valid, or is a kind of
paedomorphosis involved?

The data of Metcalfe and Chalk (1950), Greguss (1959), and Miller (1975) on
wood anatomy of Empetraceae appear accurate in most respects. The present
account provides more information because all taxa of the family are examined.
Availability of this material induced me to study bark anatomy as well as wood
anatomy for the family.

MATERIALS AND METHODS

The geographical sources of the specimens studied (Table 1) are as follows:
Ceratiola ericoides (Carlquist s. n.), sandhills near Appalachicola, Florida; C.
ericoides (Carlquist 8037 RSA), Ordway-Swisher Reserve near Gainesville, Flor-
ida; Corema album (Pedro 13-111-1938 NY), coastal sands, Portugal; C. conradii
(Churchill 7571762 POM), Five Islands, Sagadahoc Co., Maine; C. conradii
(MacKeener 249 NY), Nantucket, Massachusetts; Empetrum atropurpureum
(McKelvey 26-VII-1922 POM), Mt. Washington, New Hampshire; E. eamesii
subsp. eamesii (MacKenzie 16-VII-1921 NY), Newfoundland, Canada; E. eamesii
subsp. hermaphroditum (Abbe 517 NY), Long Island, Minnesota; E. eamesii subsp.
hermaphroditum (Astru 10-VII-1970 NY), southern Greenland; E. nigrum (Fos-
berg 36536 RSA), Bois Bubert Island, Washington Co., Maine; E. rubrum (Carl-
quist 7288 RSA), Antillanca, Puyehue National Park, Chile; E. rubrum (Goodall
923 RSA), near sealevel, Punta Maria, Tierra del Fuego, Argentina. For aid in
collection of or permission to use these materials, I am grateful to C. Ritchie Bell,
Dana Griffin 111, Richard Franz, Patricia Holmgren, Stephen Morgan, William
L. Stern, and Robert F. Thorne. Specimens have been determined or redetermined
in accordance with the nomenclatural sources cited above.

Wood of Ceratiola ericoides (Carlguist 8037) was preserved in aqueous 50%
ethyl alcohol. All of the remaining specimens were available in dried form, and
these were boiled in water and stored in aqueous 50% ethyl alcohol. All specimens
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Table 1. Wood characteristics of Empetraceae.

Taxon Callection 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Ceratiola ericoides Carlguist s.n. 15 12 1,10 26 48% 354 0 Sv 1.2 448 2.5 329 Usp 19
C. ericoides Carlguist 8037 7 5 103 22 709 303 0 Sv 1.0 423 23 204 U 94
Corema album Pedro 13-11]-1938 g 10 1.08 22 319 230 10.2 sCv 1.8 347 2.8 203 Usp 16
C. conradii Churchhill 7571762 3 15 1.27 18 1017 274 04 Scv 1.6 356 1.8 188 U 4.8
C. conradii MacKeener 249 4 19 1.23 19 1132 221 4] s 1.2 201 23 203 Us 3.7
Empetrum atropurpureum McKelvey 26-Vil-1922 6 20 L.e 29 546 267 =10 SCV 0.7 325 1.6 145 Us 14
E. eamesii subsp. eamesii MacKenzie 16-VII- 1921 8 61 156 22 1181 158 0-8 ScV 0.7 226 14 99 Us 2.9
E. eamesii subsp. hermaphroditum Abbe 517 5 34 1.20 21 1017 199 9.5 S 0.7 264 1.6 89 s 4.1
E. eamesii subsp, hermaphroditum Astru [0-VII-1970 3 18 1.32 24 815 208 10.7 S 07 25 16 110 U 6.1
E. nigrum Fosherg 36536 6 23 148 19 897 256 12.0 S 0.7 352 21 211 Us 5.4
E. rubrum Carlquist 7288 12 20 1.07 20 887 260 8.9 S 0.7 355 16 173 Usp 5.9
E. rubrum Goodall 921 5 25 116 15 1418 227 06 SV 07 303 21 101 Us 2.4

Key to columns: 1. diameter of wood cylinder of stem, mm; 2, age of stem, number of annual rings; 3, mean number of vessels per group as seen in transection;
4, mean vesscl diameter, pme: 5, mean number of vessels per mm® of transection: 6, mean vessel element length, um; 7, mean number of bars per perforation
plate (range from O given if simple plates common but scalanform also present); 8, perforation types—S (simple), C (scalariform), V (vestigial bars at margins),
upper case indicatcs most common condition; 9, mean vessel wall thickness, gm; 10, mean tracheid length, um; L1, mean tracheid wall thickness, pm; 12, mean
height of uniseriate rays, um: 13, ray cell types—U (upright), § (square), P (procumbent), lower casc indicates type is quite uncommon: 14, Mesomorphy index
(vessel diameter iimes vessel element length divided by number of vessels per mm?).
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were sectioned on a sliding microtome; where possible, sections 14 /im thick were
prepared; thicker sections were cut only in order to reduce tearing. Sections were
stained in safranin; some were counterstained with fast green. Macerations were
prepared with Jeffrey's fluid and stained in safranin. Many stems of Empetraceae,
especially those of smaller shrubs, are contorted and fissured; the specimens se-
lected represent straighter wood grain. All of the means calculated in Table 1are
based upon 25 measurements except for vessel wall thickness and tracheid wall
thickness, for which typical conditions were selected for measurement. Nomen-
clature is according to the IAWA Committee on Nomenclature (1964). Vessd
diameter is measured as lumen diameter at the widest point (regardless of whether
that widest diameter tended to be tangential or radial in direction). "Ring porous"
is defined here as a condition in which earlywood vessels (first quarter of the
growth ring) average twice or more the diameter of vessels in the last quarter of
the growth ring. "Semi-ring porous" thereby can be used for all growth rings in
which growth-ring demarcation evident is present, but in which vessel diameter
contrast isless marked. Some will prefer adefinition of "ring porous" that involves
an abrupt change in diameter from earlywood to latewood, but that definition is
difficult to apply because it is not quantified.

WOOD ANATOMY

Most features are summarized in Table 1. Those for which condensed tabular
summary is inconvenient are described in the running text below.

Growth Rings

Growth rings are present in all Empetraceae. Growth rings are demarcated in
Ceratiola not by markedly wider vessels in the earlywood or narrower vessels in
latewood, but by radially narrow tracheids that terminate growth rings (Fig. 1).
Corema album (Fig. 9) is similar to Ceratiola ericoides in this respect. Corema
conradii has more marked contrast of vessel diameter between earlywood and
latewood (Fig. 8). All collections of Empetrum show a sharper contrast between
earlywood and latewood, and are best termed semi-ring porous because the ear-
lywood vessels are appreciably greater in diameter, but not so strongly as in
hardwoods typically called ring porous. A case could be made for terming growth
rings in woods such as Figure 11 as ring porous. "Ring porous" has been typically
defined in terms of temperate hardwoods with extremely large earlywood vessels,
but attention has not been paid to demarcating "ring porous" from "semi-ring
porous" in a quantified way. At low magnification the wide earlywood vessels
appear in concentric rings (Fig. 14, 15, 17). The earlywood vessels are often wider
radially than tangentially (Fig. 15), and are often so dense that tracheids among
them are very few in number (Fig. 14, 16, 17, 19). Empetrum also shows differ-
entiation in diameter of earlywood tracheids (wider radially) as opposed to the
last several layers of latewood tracheids (radially narrow, appearing flattened in
transection). Corema and Empetrum have slightly thicker-walled tracheids at the
termini of growth rings. The growth rings of Ceratiola (Fig. 1) and Corema album
(Fig. 9) are wider than those of Corema conradii and Empetrum (Fig. 14, 15, 17).
To be sure, growth rings tend to become narrower with age in a stem, and less
vigorous stems have narrower growth rings.



