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ABSTRACT

One hundred and fiiteen wood species have been exposed to
marine borers in three different tropical waters for periods up 1o
90 months, Underwater sites were in the Panama Canal Zone and
included two oceans and a brackish-water lake. Over 30 species of
marine boring organisms were identified from these waters; their
extreme activity in the warm tropical environments provided a very
thorough screening test for the woods. Samples have been evaluated
separately for resistance to the three principal borer classes—
teredo, pholad, and limnoria.

Several of the woods were resistant to one or more of the borer
types. Some of these resistant species are relatively unknown as
marine construction timbers, and in some instances they proved to
he more durable than Greenheart, Teak, and other commercial ma-
rine woods. The species most resistant to all borers was Dalbergia
vetusa {Cocobole), whose oily extraet may provide leads to a satis-
factory wood preservative.

The woods most resistant to each of the different classes of
borers are tabulated, with their respective silica content and density
included. BSilicz was shown to be significant only in relation to tere-~
dine borers, while wood density was important only with pholads.
Woods considered to be of special interest because of findings in the
study are discussed individually,

PROBLEM STATUS

This is a final report on one phase of the project; work is con-
tinuing on other phases,
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BIOLOGICAL DETERIORATION OF WOOD IN TROPICAL ENVIRONMENTS,
PART 2 - MARINE BORER RESISTANCE OF NATURAL WOODS
OVER LONG PERIODS OF IMMERSION

INTRODUCTION

As man extends his activities into the sea, a knowledge of the biologieal, chemical,
and physical effects of the marine environment on the materials of his equipment and
structures hecomes increasingly important. Of the structural materials, wood, one of
the oldest, is still and foreseeably will continue to be of great usefulness. This position
is maintained because of wood's unique combination of properties; high strength-to-
weight ratio, resiliency, flexural strength, and economy of use. In the absence of
marine boring organisms, the durability of wood under water is high. When exposed to
marine borers, however, wooden structures are subject to severe damage, particularly
in lower-temperate and tropical waters. It has been estimated that damage caused by
these organisms in the U.S. alone may average 200 to 250 million dollars annually (1),

Many procedures have been tried in an effort to deter marine borers, but most have
failed because of the divergent methods of attack and wide tolerance range of different
classes of borers. The most frequently used method of borer protection is pressure
treatment with whole creosote. But as pointed out by several investigators (2-4), in
waters infested with Limnoria tvipunctata, the treatment is much less effective, and in

{a) Coco SoloHarbor on the Carib- (b} Balboa harbor at the Pacific
bean coast of the Panama Canal entrance of the Panama Canal
Zone (average tidal range 1 ft) (average tidal range 13 ft)

Fig. 1 - Typical marine borer damage te creosoted pilings in the tropics

1
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tropical waters where limnoria is continuously active, ereosoted timbers are often
destroyed in a few years. Examples of attack on creosoted pilings in the tropical waters
of the Panama Canal Zone are shown in Fig, 1 for (a) Coco Solo harbor on the Caribbean
coast and (b} Balboa harbor on the Pacific coast. Replacement of creosoted timbers at
the latter gite, alone, costs 100 to 200 thousand dollars annually,

Another protective measure sometimes used is sheathing of pilings with borer-proof
material, such as plastic, concrete, or metal. This sheathing procedure is effective as
long as the cover is infact. Any small opening, however, will afford access to teredine
borers {Feredo, Bankia), ang intensive internal damage to the pilings can ocecur. Such
damage usually goes undetected for some time while the large area of unaffected sheath-
ing gives a false appearance of soundness.

The use of naturally resistant wood species is still another approach to borer con-
trol, Some woods are reputed to have a high natural resistance to certain borers, A few
of these, such as Ocotea rodiei (Greenheart} and Dicorynia paraensis (Angelique), have
been markeied worldwide on this basis, These naturally resistant woods have been very
succegsful in some installations while giving poor resulis in others, indicating that here,
as in the case of creosote, environmental variability probably exercises a telling
influence.

On the Isthmus of Panama, the flora from North and South America and from the
Pacific and Atlantic watersheds all meet and mingle, and a great variety of timber spe-
cies ig found. Hence, among the most abundant natural products of Panama are large
stands of these {ropical woods, In accordance with a treaty between the Republic of
Panama and the United States which specifies the use of Panamanian products wherever
feasible, the Panama Canal Company was faced with the prospect of having to use local
woods for its construction needs. After a serious failure of a reputedly horer-resistant
native wood, NRL was requested by the Panama Canal Company to investigate the marine
borer resistance of a number of Panamanian wood species, The value of such a study
was readily apparent. First, very few controlled investigations of the natural environ-
mental resistance of woods in general had been made and, second, there were many poten-
tially useful tropical woods completely unfested for resistance to marine borers. In fact,
very little wag known about these woods - even the common names in many cases were
uncertain, In addition to these poinis, it was evident that the Canal Zone would provide
an ideal environment for marine borer studies. In this narrow sirip of land, secure
underwater exposure facilities are available in two oceans and in a brackish-water lake,
each of which harbors different marine borers. In all, the opportunity to add to the gen-
eral knowledge concerning marine borers and structural timbers was excellent. Realiz-
ing the potential usefulness of data cbiainable from such a study, NRL accepted the proj-
ect. With the support of the Panama Canal Company and the Office of Naval Research an
all-out effort was made to obtain as many promising tropical timber species as possible.
In addition, a small number of reputedly resistant woods exogenous to the area was
included, as well as non-resistant North American pine and fir. Samples of pine, fir,
angd selected tropical woods which had been pressure-ireated with various standard and
experimentai wood preservatives were also exposed. They are the subject of a separate
report.

Exposure studies have now been completed through 90 months., One inferim report
covering the initial screening phase for exposure of 14 months in Pacific seawater and 14
months in brackish lake water has been published (5). This report will cover the iong-
term exposure results for the most resistant natural wood species in three underwater
environments.
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EXPERIMENTAL CONDITIONS
Selection and Identification of Wood Species

The tropical rain forests of the world coniain a countless variety of trees, a great
number of which yield excellent timbers unmatched by most of those from the temperate
zones, Many of these fine woods are known to exist only in restricted localities, and
their reputation for resistance to marine exposure is based mainly on native lore and the
limited experience of local boat builders. The few completed scientific studies of trop-
ical woods (6-8) have shown a great range of borer resistance for the woods investigated,
with some of the tropical species having very high resistance. It was planned originally
to investigate only those woods which were well known in Panama and which were con-
sidered suitable for marine construction, based on local knowledge and experience. About
40 woods were selected on this basis; however, in the collection of these woods many
additional species were uncovered whose potential usefulness was apparently as great as
that of the original group. These specimens were added to the list, so that ultimately 104
wood species from Panama were exposed, along with 9 reputedly high-resistance woods
from other parts of the world. Southern Yellow Pine and Douglas Fir, both low-resistant
woods, were included as controls to evaluate distribution and intensity of borer attack in
the exposure areas.

While many of the woods were collected locally, many others were obtained from
remote regions of Panama by a ccllecting team composed of representatives from the
Yale School of Forestry* and NRL. In addition to the timber specimens, herbarium ecol-
lections were made to aid in the botanical classification of the many woods - a most im-
portant phase of this study. Without correct identification the investigation would have
had little value. These identifications were made by examining the herbarium material
and/or by anatomical methods. Identifications based on the herbarium collections were
used wherever possible. A complete list of the botanical and common names of the woods
studied is presented in Table Al in the Appendix. Spelling of all generic names and most
of the specific epithets conforms to that in the original publications as determined by the
Index Nominum Genericorum Project at the Smithsonian Institution.

The majority of the identifications were made by Stern et al. at Yale (9,10), under
an Office of Naval Research contract, Most of the commercially obtained timbers, for
which there was no herbarium material, were relatively well known, and the woods were
readily matched to positively identified species in the Yale collection. In some instances
however, all identification efforts were unsuccessful; Table Al contains several woods
for which only the genus could be determined and four for which no identification was
possible. In the course of the collecting phase of the study one new species of tree was
discovered, and its description was added to the botanical literature (11). Several other
species werée reported from Panama for the first time,

b4

Exposure Conditions

Marine borer studies were conducted in the Canal Zone at three locations: one in
the Pacific Ocean, one in Miraflores Lake, and one in the Caribbean Sea. Views of these
three test locations are presented in Fig. 2. The Pacific site was the NRL marine expo-
sure pier adjacent to the Ft, Amador Causeway on Naos Island, about 1-1/2 miles sea-
ward from the natural shoreline. The water is normal tropical ocean water with a tidal
range averaging 13 feet and a water depth averaging 22 feet. Brackish-water exposures
were made from a spare canal lock gate moored near the center of Miraflores Lake.
This body of water, which is approximately 2 square miles in area, is located between
the second and third Pacific-side locks of the Panama Canal. The average elevation of
the lake is 58 feet and the salinity varies with season, rainfall, and the number of lock-
ages through the canal. Normally, the annual salinity range is between 0.2 and 0.5 Yoo

*Dr. W. L. Stern, now Professor of Botany, University of Maryland, and Dr. K. L. Chambers, now
Professor of Botany, University of Oregon.
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(a) Pacific Ocean site, Panama Bay,
Naos Island, C.Z,

(b} Brackish-water site, Mirafiores Lake, C.Z.

{c} Caribbean Sea site, Manzanillo Bay,
Coco Solo, C,Z.

Fig. 2 - Views of the three test iccations
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The third exposure site was on the Atlantic side of the Isthmus in Manzanillo Bay of the
Caribbean Sea, at the Coco Solo Naval Station. Here the tidal range averages about 1 foot.

Samples were suspended vertically at 1-1/2 to 3 feet below mean low tide at the Naos
Island pier and 8 to 12 feet below the water surface at the Miraflores exposure site. Four
replicates cut from each of two logs of each species were distributed in the respective
areas. For the followup exposures conducted at Coco Solo, eight 1-1/2-by-1-1/2-hy-9-in.
replicate specimens were exposed to represent each log. The specimens were immersed
vertically at a depth of 2 to 3 feet below mean low tide.

Methods of Evaluation

All specimens exposed to marine borer attack at Naos Island and Miraflores Lake
were inspected after 7, 14, 37, and 90 months of immersion, while samples immersed at
Coco Solo were inspected after 14, 37, and 51 months.* Normally, cne specimen of each
log was removed after each exposure period, but this procedure was modified as required
during field inspections. If careful visual inspection indicated a panel was heavily in-
fested, it was removed from the rack. In many cases this procedure resulted in the re-
moval of all samples of a given species after a relatively short exposure. Because of the
nature of teredo damage, the extent of this damage was often difficult to assess accurately
by such visual inspection. When uncertainty existed one panel of a set was removed and
sectioned longitudinally to determine the extent of damage. Subsequently, all specimens
removed from exposure were sectioned in this manner so a more positive rating could
be asgigned. On the other hand, if it appeared that none of the repilicates of a given spe-~
cies were damaged, all were allowed to remain, thereby providing a broader base for
rating these more resistant woods after longer periods of immersion, The X-ray com-
parison shown in Fig. 3 illustrates the great difference in appearance typically found be-
tween the exterior and interior of a piece of teredo-infested wood. During the field in-
spections a rating system similar to that developed by Clapp Laboratories (12) was used.
For ease in handling the large volume of data collected, the Clapp rating system has been
reduced in this report to a simpler numerical one: 0 - none apparent, 1 - slight, 2 -
moderate, and 3 - heavy. Damage from each of the major families of borers, the Tere-
dinidae, the Pholadidae, and the Limnoriidae, was rated separately. Examples of typical
1, 2, and 3 ratings for teredos are shown in Fig, 4,

RESULTS WITH NATURAL WOODS
Screening Phase - 115 Species of Wood

Preliminary results (14 months) of the screening phase of the study have been re-
ported in Part 1 of this series (6). A comprehensive summary of the complete data
through 90 months for all the 115 different wood species exposed in the Pacific Ocean and
Miraflores Lake is presented in Table 1. In the first column of this table the botan-
ical names of the woods are listed alphabetically, and in the second column the common
names from the region of procurement are given. Many of these woods possess a
large number of common names, which results in considerable confusion. No attempt
has been made here to list more than one, or perhaps two, for each species; how-
ever, for those interested, the literature on tropical forestry and botany (13-15) will
provide a cross reference of source material containing other common names for
many of these wood species. The density of each wood, based on the air dry specific
gravity, is given in Column 3. Ratings are then given for degree of attack for teredo

in the Pacific Ocean and in the brackish water of Miraflores Lake and by pholads in the
Pacific Ocean,

*These exposures were terminated before 90 months because the NRL Corrosion Laboratory was
transferred to Key West, Florida,
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Fig. 3 - Exireme difference in appearance typically found between the
exterior of a heavily teredo-infested piece of wood {top} and its in-
terior {bottom) as revealed by x-ray photography

SLIGHT ATTAGK (1}

Fig. 4 - Examples of slight (1), moderate (2), and heavy (3)
attack ratings for teredos
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Selected Woods Exposed to High-Incidence Attack

The same comprehensive tabulation of data for the 44 selected wood species exposed
to high-incidence borer attack in the Caribbean Sea at Coco Solo is presented in Table 2,
In this case, ratings are also given for limnoria,

Resistance to Teredinidae

The teredine borers, also known as shipworms, belong to the Phylum Mollusca,
Order Myoida. These are the best known of the marine boring organisms, being the
most widespread and destructive. The genera Teredo and Bankia cause the most damage,
although other genera are also implicated, including Psilotevedo and Nausitora, both of
which were encountered in this investigation. In their mode of attack there is little dif-
ference between these genera. All settle from the plankton while in the larval stage,
penetrate the wood, and spend the rest of their lives imprisoned therein. They contin-
uously lengthen their burrows and do extensive internal damage to the wood in the proc-
ess. Thirty species of teredine borers have been found in Canal Zone waters~20.species
in the Caribbean Sea at Coco Solo, 13 species in the Pacific Ocean at Naos Island, and 4
species in Miraflores Lake. Some species are common to more than one location. A list
of all Canal Zone borer species and location of occurrence is given in Table A2 in the
Appendix (12).

At the Naos Island site in the Bay of Panama very rapid attack by teredos was ob-
served for all of the pine and fir controls, with most specimens heavily damaged within
7 months. In the brackish water of Miraflores Lake the borer population developed more
slowly, but eventually damage reached and exceeded that for the ocean, and by 14 months
most of the lake controls were heavily infested. No difference in resistance could be
detected between the Southern Pine and Douglas Fir at either of these exposure sites.

Many of the tropical woods were also rapidly destroyed by teredos. In the Pacific
Ocean 36 of the 115 species were heavily damaged at the end of 7 months and another 15
species had reached the "heavy'" rating in the ensuing 7 months, so that 44% of the woods
were heavily infested by the end of 14 months in this marine environment. In Miraflores
Lake by the end of 14 months 61% of the tropical woods were heavily damaged.

Although many of the wood species proved to be completely lacking in natural resist-
ance to teredine borers, such negative results are not unimportant in investigations of
this nature. The knowledge that these woods are susceptible to marine borer attack can
be a decided asset, saving costly misapplication. A case in point concerns the Mangroves,
some of which are hard, dense, and straight-trunked trees. Because they grow in the salt
marshes, these woods have been considered by many people to be resistant to the depre-
dations of marine borers. This misinformation has caused some very costly mistakes in
using Mangrove wood in waterfront structures, Of the five Mangrove species tested,
Laguncularvia vacemosa, Rhizophora mangle, Rhizophova brevistyla, Avicennia mavina,
and Conocarpus eveclus, only C. evecius showed any natural resistance to teredine borers,
The heavy damage sustained by Rhizophora (Red Mangrove) after only 14 months of ex-
posure in the Pacific Ocean can be seen in Fig. 5,

For longer periods of exposure, only a few of the natural woods showed extended re-
sistance potential. In Tropical Pacific ocean water, 11 species were rated "slight' or
less with respect to teredo damage after 37 months, and after 90 months of exposure only
two species, Dalbergia vefusa and Dialium guineense, were still rated in the high-
registance category. None of the woods were completely immune to teredo damage
through the full 7-1/2 years. Dicorynia pavaensis was free from any teredo attack
through 37 months; but all samples were removed at that inspection because of heavy
pholad damage; thus, no 90-month teredo ratings were obtained.




Table 1
Natural Woods Exposed to Marine Borers in Tropical Waters
Screening Phase for 115 Wood Species

of Dam.
Density* - Degree aget
. . A-Heaviest eredo — Pholad
Botanicat Name Common Name in Area of Procurement B,C,D,E, Pacific Ocean—Naos I, C.Z. M{xk:dlleljlick'az—. Pacific Ocean—Naos Is., C.Z.
=L » a
F-Lightest mo | Mmo | 38mo | W0mo | 14mo | 38mo | 90mo | Tmo | 14mo | 38mo | 90mo
Anacardism excelnm Equyé-l’lmml, R.P. E 2 3 - - 3 - - 1 2 - -
Andira inermis Cocu—Panama Canal Zone D 2 k| - - 3 3 - 1 2 - -
Aspidosperma mepslocarpon (prob.) | Carreto, Alcarreto—Panama, R.P. B F) 2 - - 3 - - 0 2 - -
Astronium graveolens Zomo, Zorrillo, Ron-ron—Panama, R.P. C 2 3 - - 2 3 - 1 1 - -
Avicennia mering Mangle Salado—Pinama Canal Zone B 3 - - - 3 - - t - - -
Bombecopsis quinata Cedro Espino—Panama, R.P. E 0 1 2 - 2 3 - 1 1 2 -
Bombecopsis sessitis Ceibo~Panama Canal Zone F 1 2 2 2 2 3 - 1 2 - -
Brosinsem sp. Berba, Guayabo Blanco—Panama, R.P. D 2 3 - - 3 - - 0 2 - -
Bursers simeruba Almicigo, Indio Desnudo—Panama Canal Zone F 3 - - - 3 - - 1 - - -
Byrsonima crassifolio Nance—Panamas Canal Zone D 1 2 2 - 3 - - 1 2 2 -
Callirris pleuca Australian Cypresu Pine—Australia D 0 1 2 - 2 2 - 1 2 k] -
Calophyltum brasiliense Maria—Panama, RP, D 2 2 - - 3 - - 0 2 - -
CalycophyBum candidizssium Alxzano, Lemonwood, Lancewood—Panama Canal Zone C 2 2 2 3 2 3 - 0 o0 2 2
Carapa slateri Cedro Macho, Tangarc—Bocas Det Toro and Darien, RLP. E 3 3 - - 3 - - 1 2 - -
Carapa . Cedro Yino—Fanama, R.P. E 3 3 - - 3 - - 1 2 - -
Cariniana pyriformis Chibugd, Albarco—Darien, R.P, E 1 1 2 - 2 3 - 1 2 2 -
Caryocar costaricense Henené—Darien, R.P, B k) 3 - - 3 - - 1 1 - -
Caryocar &p. Ajo—Darien, R.P. E 3 3 - - 3 - - 1 1 - -
Cassia moschata Bronze Shower—Panama Canal Zone C 2 2 2 - 2 3 - 0 2 2 -
Cedrela mexicana Cedro Amargo—Panama, R.P, F 2 2 3 - 3 - - 1 1 1 -
Cedreld 1. Cedro Granadino—Chiriqud, R.P, F 3 3 - - 3 - - 1 1 - -
Centrolobium orinocense Amarillo de Gusyaquil-Darien, R.P. D 1 2 3 - 3 - - 1 1 - -
Chlorophora tinctorie Mora—Panama, R.P, E 1 1 2 3 2 3 - 1 1 1 -
Chrysophylium cainito Caimito, Staz Apple—Panams Canal Zone B 0 0 1 8 2 2 3 1 0 1 2
Colubrina glandilosa Carbonero de Amunicion—Fanama Canal Zone B 1 2 2 - 3 3 - 1 1 1 -
Conocarpus erectus Zaragosa—Panama Cannl Zoae B 1 1 2 - 2 3 - 1 1 1 -
Copaifera aromatica Cabimo—Panama, R.P, D 3 3 - - 3 - - 0 1 - -
Cordia siliodora Laurel Negro—Bocas Del Toro, R.P. F 1 1 2 - 2 3 - 1 1 2 -
Cormus discifiora Mats Hombro—Chiriqui, R.P. D 3 3 - - 3 - - t - - -
Coumerouna oleifera Almendro—Pansma, RP. B 2 2 2 - 3 3 - I 1 - -
Croton panemensis Sangre—Panama Canal Zone E k) 3 - - 3 - - - - - -
Daibergis retuss Cocobolo—Panama, R.P. A 1 1 1 1 1 2 2 0 0 0 2
Dialisam guineense Tamarindo—Panams, RP. A 0 0 1 1 2 3 2 0 Q 1 2
Dialyanthera otoba Miguelario—Bocas Dal Toro, R.P. F 3 - - - 3 - - ¥ - - -
Dicorynia paroensis Angelique, Basza Locus—Surinam C 0 0 0 - 1 2 2 1 1 2 -
Diphysa robinloides Macano—-Panama Cansl Zone B 2 2 | - 3 3 - 1 2 q -
Enteroloblum cyclocapum Corotd—Panama Canal Zone E 2 2 3 - 3 - - 1 2 2 -
Erythrine glauca Gallito—Panama Canal Zone F 2 3 - - 3 - - 2 3 - -
Eschweilera (prob) Guayabc Macho—Panama, R.P, D 1 2 2 - 2 3 - 1 1 2 -
Genipa smericang Jagua—Panama Canal Zone D 3 3 - - 3 - - 1 i - -
Gliricidia septum Bala, Mata Ratén—Panama Canal Zone A 1 2 2 - 2 3 - 1 2 2 -
Gugjacum officinale Lignum Vitae—-Central America A 0 2 2 3 2 3 - 1 1 2 2
Guarea longipetiola Chuchupate—Chiriqui, R.P. E 1 1 2 - 3 3 - 0 1} 2 -
Gudrea gugre Guaragao—Panama, R.P, C 2 2 2 - 2 3 - 1 2 2 -
Hippomsane mancinella Manzanillo— Panama Canal Zone E 1 3 - - 2 3 - 0 1 - -
Hura crepitans Nuno—Panama Canal Zone F 3 - - - 3 - - 0 - - -
Hyeronima alchorneoides Pantano—Chiriqui, R.P. B 1 1 2 3 2 3 - 1 1 2 2
Hymenaea courbaril Algarrobo—Panara Canal Zone C 3 3 - - 3 - - 0 0 - -
Lafoensig punicifolia Amarillo Negro—Panama Canal Zone C 2 2 3 - 3 - - 1 1 - -
Laguncularia racemosq Mangie Blanco—Panama Canal Zone D 2 3 3 - 3 - - 0 1 1 -
Lecythis ampla Coco—~Darien, R.P. C 2 3 3 - 3 3 - 1 2 - -
Lecythis or Manilkara Coco—Darien, R.P. A 2 2 3 - 3 3 - 2 2 2 -
Licania arborea Raspa—Panama, R.P. D 0 0 1 - 2 2 - 0 0 1 -
Licarie pittieri Jigua Negra—Darien, R.P. E 1 2 k) - 3 3 - 1 2 2 -
Lonchocarpus sp. Iguanillo—Panama Canal Zone B 3 3 - - 3 - - ] 1 - -
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Selected Wood Species Exposed to High-Incidence Marine Borer Attack

SOUTHWELL, BULTMAN, FORGESON, AND HUMMER

Table 2

in the Caribbean at Coco Solo, Canal Zone
Exposure Periods to 51 Months

mmm Dagree of Dagsages
Botanical Name Aiﬂ?::omnie: " A—H::vlen Teredo Photal Limnoria I;"’:;::i;:
F-Lightest (¥ mo ; 37 me ts: me ) Y mp % 3fmn ) Simo  Mme | Mwo | Stme B
Anacerdiurm excelsurmr Espavé—~Panama, R.P, E - - - - - - - - - 8/8 by {4 mondhs
Bombacopsls quinata Cedro Espino—Panama R.P. E 1 2 2 1 2 3 2 z i
Bombacopss sesstiis Ceibo-Panama Canal Zone F 1 - - 1 - - 3 - - 7/8 by 14 mondhs
Calljtris glauco Australian Cypress Pine— Australia D 2 2 3 2 3 3 0 1 3
Calophyilim brasitiense Maria—Panama, R.P, E 3 - - t - - z - -
Carape slateri Cedro Macho-Bocas del Tare, R.P. E - - - - - - - - - 8/8 by 14 months
Cariniona pyriformis Chibugd—Darien, R.P. E 3 - - 2 - - F - - /4 becwern 14 sad
1?7 monthy
Cedrela mexizana Cedro Amargo—Fanama, R.P. ) 3 - - 2 - - 2 - —  }4/4 bevween L4 and
37 months
Ledreia sp. Tedro Gronudmp-Chirigni, B.P. - - - - - - - - - | 8/8by 14 month
Edavaphors tisctoria Morz, Morr Amariliz—Panama, RS, 3 - - 1 - - 2 - - §/5 between 14 and
37 monthy
Chrysephyfum calaito Caimito—Panama Canal Zone B 0 1 1 0 2 3 1] 2 2
Conocatpis erectus Zarzpasa—Panama Canal Zone B 1 3 k] 1 1 1 1 1 1
Copeifers erometics Cabimo—Panama, RB.P, [ H] 3 - 1 - - H 2 - 2/4 between 15 and
3 monie
Cordiag gittodara Lausel~Panama, R.P. F 1 1 1 2 3 3 i i i
Cordio allidora Laurel Negro—Bocas del Tora, R.P. F 1 1 2 2 3 3 1 1 2
Coumarotira ofelfera Almendro—-Fanama, R.P. B 2 3 3 i 2 2 i F3 2
Dalbergic resusa Cocabalo-Panama, R,P. A Q 0 [i] 1 1 1 L] a [i}
Dialyanthers otoba Miguelario—Bocas det Toro, R.P. F — - - - - - - - - 8/8 by b4 mronths
Dicorynia paraenis Angelique—Surinam C 0 0 ] 2 3 3 0 i 2
Enteroloblum cpclocarpum | Coroti—Panama Canal Zone E 2 - ] 3 - 2 2 - /8 i4 mgsths
22 between 37 and
$t montha
Guajacum afficingle Lignvm ¥nae—Ceniral Amwerica A Q 3 1 1 1 z 1] [} L)
Hra crepitgns Nuro—Panzma Comad Zone ¥ - - - - - - - - - 8/8 by 14 months
fyeromime dlckormeaider Paptane-Chirigul, R.P. B 1 \ 2 1 2 2 13 1 4
Licaris pitcieri Tigus Negra—Darien, R.P £ 1 3 Y 2 2 3 [ H 2
Loptira procera Bongassi— Africa A 2 1 1 1 1 2 i} 1 1
Luehea seemannit Gudeime—Panama Canat Zone E 3 - - i - - 1 - - 1/8 by 14 months
4/4 between §4 and
37 monihs
Qcotea dendrodaphne Ensiva—Darien, R.P. C 2 3 - 2 - - i z -
Ocatea rodiel Greenheart—British Guiana B 2 2 2 1 2 2 { I z
Fararnachaeriem grabert Sangritlo Negro—Chiriqui, R.P. c 1 2 3 1 ] 2 1 i H
Pirees 5p. Southemn Yellow Pine—U.8. A, ¥ - - - - - - - — - B/& by {4 monthy
Platymiscium pinnatum Quird-Panama, R.P, B 2 3 3 I 1 2 l 1 1
Poureria campeckiona Mamecillo~Panama Canal Zone A 1 1 ] [ 1 2 1 2 2
Pauteria chirfeana N(:ocro de Monte—Panama Canal Zone B 1 1 ] 1 2 2 2 k) 3
Priaria copgifera Cativo—Panama Canal Zone E - - - - - - - - - 8/3 by 14 menths
Preudetuga taxifakia Douglas Fir-L1.5.A. E - - - - - - - - - 8/8 by 14 moaths
Tebebuia guavacen Guayacin—Chiriqui, R.P, A 1 1 1 1 2 F] 0 0 1
Tectena grandic Teak (C.Z. grown)—Panama Canal Zone| E 2 b3 3 2 2 2 | 2 3
Tectons Frandis Buema Teak—Bucma E 1 ] 2 2 2 3 2 2 ]
Terminelin amazanic Amarille-Panama, RP. [ 1 3 - 1 3 - 2 2 - 2/6 between 19 and
37 aroaths
Terminoliq catappa Almond—Panama Canal Zone E 3 3 - 2 2 - ! 2 -
Vatairea sp. (prob.} Amargo-Amargo--Panama, R.P. 3 - - 1 - - 2 - - 118 by 4 munchs
515 between Ld anud
37 months
Yorkysia ferugines Mayu-Panama Canal Lone v - - - - - - - - - 3/8 by 14 monthy
¥, 3 i A capn—Biazi) B 1 2 2 L 2 2 1 t 1
Uaidentified Yasca-Darien, R.P. E ] 2 - 2 3 - 2 2 - /S betwoen 14 amd

37 months

* Density: A—air oy specilfic gravity > 1, B-D.9 10 1.0 adsg, C-0.8 10 B3 aisg., D07 0 0.8 ad sz, E-03 1007 adsy., and ¥ - <05 adsg.
10-oane apparest, L—slight, 2-moderate, and 3—heavy.
1 Eight specimens were exposed: one or mote was semaved, cut open, and rafed at cach period. The Tigures shown tepresent the number destroyed/nuatber expased af statt of petiod.
— Indicates aff specimens cemaved or destroyed before thisinspection,
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RED MANGROVE, PACIFIC COAST

(RHIZOPHORA BREVISTYLA)

A

; q RED MANGRCVE, ATLANTIC COAST
K (RHIZDPHDRA RHIZOPHORA MANGL E)

¥: iy

. .\" ‘

Fig. 5 - Heavy marine borer damage sustained by two different species of Red Mangrove
during the first 7 months of immersion in tropical seawater, Naos Island, C.Z.

Even fewer wood species retained high resistance in the brackish water of Miraflores
Lake. The surprising vigor of the brackish-water teredo in this low-salinity lake water
was one of the interesting developments of the study. Only four species of borers have
been found in the lake, and at the test platform in the center of the lake all the damage
was done by one species, Psilotevedo healdi, a borer which has caused considerable dam-
age to the Panama Canal locks. An example of the destruction caused by this lake borer
can be seen in Fig. 6, which shows a section of a fender timber from the upper Miraflores
locks. This same species is known to be a source of trouble in other brackish tropical
waters, such as Lake Maracaibo in Venezuela, At the end of 14 months, many woods that
were still unattacked in the ocean were infested at Miraflores by P. healdi. Examples. of
this damage can be seen in Fig. 7, which shows cross sections of two borer-resistant
commercial timbers after 14 months in the lake and in the sea. After 37 months in the
lake, not a single wood could be rated highly resistant (rating 0 to 1}, while only eight of
the original 115 species were considered even moderately resistant (rating 2). After 90
months in the lake, four of the eight were still in the "moderate' category.

The second phase of this program, exposure of certain woods in the exiremely bio~
active waters of the Caribbean Sea at Coco Solo, was primarily setup to evaluate resist-
ance to high-incidence activity of Limnovia {vipunctala. However, as-shown in Table A2,
a wider spectrum of teredine borers was present at this site; consequently, the data pre-
sented in Table 2, which show all the results of the Caribbean exposures through 51
months, provided additional information on teredo infestation for a nutnber of woods in
this study. From inspection of this table it can be seen that six wood species were only
slightly attacked by teredo after 51 months and that Dalbergia vefusa showed no visible
evidence of teredo damage. Generally, the results of the exposure at Coco Solo reinforce
those of Naos Island and Miraflores Lake. Based on the combined exposure data from
both ocean water sites, a tabulation of 12 of the most naturally resistant woods with re-
spect to teredine borers in tropical oceans is presented in Table 3, Also included in this
table are the four woods most resistant to teredo attack in the brackish waters of
Miraflores Lake. The wood species in both lists are arranged in an order of decreasing
ability to resist teredo attack. Two properties, specific gravity and silica content, are
included because of their possible relationship to marine borer resistance in many
woods.
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Fig. 6 - Damage to Panama Canal fender timber by
brackish-water teredos in Mirafiores Lake, un-
treated Southern Pine

Probably the wood most naturally resistant to damage by teredine borers under all
environmental variations encountered and for long periods of exposure was Dalbergia
rvetusa. This species is a low-silica, hard, heavy, very oily wood. It is scattered widely
and has a poor timber form, which ig most unfortunate from & commercial standpoint.
However, the constituents providing such effective proieciion should be of considerable
interest to wood preservation chemists. Almost equally resistant to teredine borers is
the commercial South American species, Dicorynia pavaensis; the wood is high in silica,
and its teredo resistance may be related to this constituent, This correlation between
silica content of the wood and its resistance to teredo activity was also apparent for other
wood species. All seven woods in this study with more than 0.5% silica content are among
the 12 most teredo-resistant woods in the marine environment listed in the upper portion
of Table 3; three of the four best performing woods in brackish water listed in the lower
section of the table were also high in silica. Thus, the presence of silica seems to con-
tribute significantly to natural teredo resistance, although, obviously, it is not the only
constituent that can pratect,
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GREENHEART -~ .~ ‘ BONGASSI-« = v
Ccotea Rodisi - W Ao EXKI, AZOBE, IRON WOOD
: RN - ira Procera -

14 MONTHS

14 MONTHS T -
PACIFIC OCEAN o PACIFIC OCEAN

S 18 MONTHS
. MIRAFLORES LAKE

AFLORES LAKE

Fig. 7 - Cross section of two teredo-resistant wood spe-
cies showing the more destructive effects of brackish-
water teredos, exposure time 14 months

Density does not seem to be very important. While the majority of the resistant
woods were high-density species, many other hard, dense woods were heavily attacked,
including the heaviest of all, Guajacum officinale (1.23 air dry specific gravity). Further-
more, two species showing high natural resistance to teredos in the marine environment,
Cordia alliodora and Bombacopsis quinata, were light woods of less than 0.5 specific
gravity,

Resistance to Pholadidae

The family, Pholadidae, belongs tothe same phylum as that of the teredine borers.
Although the family is distributed worldwide, most of the individual genera contain very
few species, have a limited range of distribution, and have not been of practical concern
in U.S. harbors on the Pacific and northeast Atlantic coasts. These bivalves, known as
stone borers, also begin life as larval members of the plankton. The larvae eventually
settle on a suitable substrate, penetrate it, and spend the rest of their lives imprisoned
in a burrow of their own making, which they continuously enlarge to accommodate growth
requirements. The normal habitats for many of these animals are the naturally occur-
ring mud banks, shale, limestone, and other soft rocks in the marine environment; how-
ever, they have been found in many construction materials, including poor grades of con-
crete, soft metals (16), and wood, which is the natural substrate for Xylophaga and
Martesia. It is the latter genus which is most destructive to wooden marine structures.
Because it has not been destructive along our temperate coasts, it has received little
attention, and the true menace posed by this wood-boring clam in tropical and warmer
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Table 3
Tropical Woods Showing High Natural Resistance to Teredos
Botanical NameX Source Sp ecxf‘lc Gravity 510,
{air dry) (%}
Most Resigtant Woods in Tropical Seas
Datbergia retusa Panama 1.1 0.004
Dicorynia parvaensis Surinam G.88 0.72
Pouteria campechiana Panama >1.0 1.88
Chyysophylium cainifo Panama 0.9-1.0 0.67
Tectona grandis Burma 0.58 1.44
Dialium guineense Panama >1. 2.55
Pouteria chivicana Panama 0.9-1.0 2.09
Licaria arbovea Panama 0.7-0.8 2.18
L Cordia alliodora Panama 0.42 0.01
Bombacopsis guinala Panama 0.47 (.004
Tabebuia quayacan Panama >1.0 0.007
Vouacapoua americana Bragzil 0.9-1.0 0.002
Most Resistant Woods in Miraflores Lake (Brackish)
Dalbergia retusa Panama >1.1 0.004
Pouteria campechiana Panama 1.0 1.88
Dicorynia pavaensis Surinam 0.88 0.72
Dialium guineense Panama >1.0 2.55

*Listed in order of decreasing resistance.

temperate waters is not generally recognized. Pholads are capable of boring into the
hardest of woods and completely destroying underwater timbers, Many woods with high
natural resistance to teredos are suscepiible to pholad attack,

In the Canal Zone, heavy Mariesia activity occurs in both oceans but not in the low-
salinity water of Miraflores Lake. Table 1 shows the extent of pholad damage sustained
by each of the 115 different wood species immersed in the Pacific Geean at Naos Island;
Table 2 presents the same information for the 44 selected species of wood exposed in
Caribbean water at Coco Solo.

A somewhat higher incidence of Mariesia activity was found at Coco Solo than at
Nacs Island, but in both oceans the pholad population developed much more slowly than
that of the shipworms. ©Of the 115 wood species exposed in the Pacific Ocean, none were
heavily damaged by pholads during the first 7 months and only five reached a "moderate"
attack level. By contrast, confemporaneous teredo attack resuited in moderate to heavy
damage for 70 of these wood species. As exposure time increased, the more rapid attack
of teredos destroyed all the teredo-susceptible woods, so that the pholad attack rates for
these woods could not be completely evaluated, But it also became apparent from the
long-term exposure data that many woods showing continued high resistance to the
Teredinidae were slowly but surely attacked by Martesia. An example of this selective
damage is presented in Fig, 8, which shows longitudinal sections of two of the most
teredo-resistant woods, Dicovynia pavaensis and Chyysophylium cainifo, after 51 months
of exposure in the Caribbean, All damage observed was caused by pholads. The woods
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(a) Dicorynia paraensis (b) Chrysophyllum cainito

Fig. 8 - Sectional views of two high-silica woods that exhibited excellent
resistance to teredo but which were severely attacked by pholads
(Mavtesia sp.}

showing the highest natural resistance to pholad activity are listed in Table 4 in order of
decreasing merit. ‘

From the gpecific gravity data included in Table 4, it can be seen that density seems
to play a more significant role in rendering a wood resistant to pholads than it does with
teredo or limnoria. Although high density did not assure resistance, all of the woods that
were found highly resistant to these borers were extremely hard and dense, (>0.9 sp gr).
Four woods of lower specific gravity, Covdia alliodova (0.42), Bombacopsis quinata (0.47),
Ocotea vodiei (0.58), and Dicorynia paraensis (0.88), which had all shown high resistance
to teredo, were heavily damaged by pholads within 37 to 51 months.

On the other hand, high silica content, which seems to contribute to teredo resist-
ance, was apparently not important with respect to pholad attack. While three of the
resistant woods listed in Table 4 had a high silica content, the other eight did not, includ-
ing the two best: Dalbevgia vetusa, with only 0.004% silica, and Platymiscium pinnatim,
with only 0.003% silica.
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Table 4
Woods Showing High Natural Resistance to Pholads in Tropical Seas

. * Specific Gravity Si0

Botanical Name Source (air dry) (%)2
Dalbergia refusa Panama 1.1 0.004
Platymiscium pinnalum Panama 0.9-1.0 0.003
Pouteria campechiana Panama >1.0 1.88
Pouteria chivicana Panama 0.9-1.0 2.07
Dialium guineense Panama >1.0 2.55
Guajacum officinale Central America 1.2 0.003
Conocarpus evectus Panama G.5-1.0 0.005
Calycophyllum candidissium Panama 0.8-0.9 0.004

Ocotea rodiei British Guiana 0.9-1.0 0.12
Vouacapoua amevicana Brazil 0,9-1,0 0.002
Tabebuia guayacan Panama >1.0 0.007

*Listed in order of decreasing resistance.

The exposure resulis for one species, Tectona grandis (Teak), nrovided the most
revealing information on the effects of silica., During the eollection phase Teak from
Burma was obtained, along with wood from a 15-year old Teak tree grown in Panama.
Interestingly, these two woods, which were very similar in density, appearance, and ter-
restrial durability, were found to have a quite different silica content. The Burma Teak
contained 1.44% silica, while the Panama-grown Teak contained only 0.01% silica. This
difference was reflected in a considerably higher resistance to teredo for the Burma
Teak; however, pholad resistance was about the same for the two woods,

Two aspects of pholad attack which make pholads seem not as serious a threat as
teredo are that their presence is more easily detected because of their larger entrance
holes and that they do not penetrate the wood so deeply. On the other hand, they seem to
be the hardiest and most persistent of the marine wood-boring organisms. Evaluation of
these studies and those of others (6,16,17) leave the impression that few, if any, untreated
woods are completely resistant to Marfesia. None of the many otherwise resistant woods
tested retained zeroc pholad rating throughout the study. A dependence on natural resist-
ance where there is aheavy Mariesia population will provably result in eventual failure
of the timber.

Resistance to Limnoriidae

The third major group of marine wood-boring organisms is composed of the small
{up to 4-mm) crustaceans of the family, Limnoriidae, of which the genus Linuoria, com-
monly called "gribble,"” is the most destructive. Unlike the molluscan borers, these
marine animals do not become members of the plankion during their early life but in-
stead are hatched within the parental burrow, irom which they begin to bore side tunnels
within a few hours. The boring habits of the gribble also differ from those of the molius-
can borers, These organisms burrow shallowly beneath and parallel to the wood surface,
forming a maze of interconnecting tunnels, Then, as the weakened surface of the wood is
exposed to wave action in the tidal zone and begins to wash away, the animals are forced
to burrow deeper, thus beginning another cycle of attack. On vertical pilings this action
results in the familiar hour-glass effect. Limnoria action has been found to be much
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more rapid in tropical waters because of the constant high temperature and the presence
of a newly described species, L. fvipunctata (18), which is of special significance because
it is crecsote-tolerant (2) and therefore the species most damaging to pressure-creosoted
timbers. Vind et al. (19) have reported that L. tvipunctata is active only at temperatures
above 19°C. A graphic example of limnoria activity is presented in Fig, 1, which shows
the effects of these organisms on ereosoted pilings in Balboa Harbor at the Pacific end of
the Panama Canal and in the Coco Solo harbor at the Caribbean end, These two locations
have extreme differences in tidal range, which are indicated on the piles by the length of
the damaged area. At Balboa very high tides (up to 22 ft) occur, which result in a very
long taper on the pilings, while at Coco Solo the tide range is small, rarely exceeding 1.5
ft, and the hour-glass taper is very abrupt.

In the present study the 115 species of untreated woods were evaluated for limnoria
damage for periods up to 90 months at Naos Island. However, at this location L.
tripunctate has not been observed, and L. lignorum, which has been identified by the
Clapp Laboratories as being the species present at our Naos site, was rated only moder-
ately active (12). Qut of the many hundreds.of samples exposed at the Naos pier during
the course of the NRL study, only a small percentage of the specimens of tropical woods
were attacked by limnoria, Such data cannot be considered a valid comparative test for
limnoria resistance; therefore, no limnoria results have been included in the Pacific
Qcean exposure data in Table 1,

One bit of information concerning limnoria did derive from the Pacific exposures—
that was the relatively low resistance of pine, Thirty pieces of Southern Yellow Pine,
Pinus sp., were dispersed throughout the e xposure area as controls. In addition, eight
pieces of Nicaraguan Pine, Pinus caribaea, were also included in the test. Of this rel-
atively large number of pine samples, all but one were attacked by limnoria within 7 to
14 months. Limnoria damage did not progress beyond "moderate on any of these sam-
ples, because the untreated pines were so heavily damaged by teredos that longer-term
data were not obtainable.

Speculation on the reasons for the dearth of limnoria damage detected on the bulk of
the tropical wood at Naos Island lead to several possibilities which may .contribute, sep~
arately or in combination. One reason is that the most destructive species, L.
tripunctaia, is not active at the Naos Island site. Another reason is that at this location
encrusting fouling organisms rapidly form a tight fouling mat around each panel. If the
wood has sufficient resistance to ward off limnoria until the fouling cover is formed, it
is questionable that the borers can subsequently make much headway. Finally, most of
the tropical woods seem to be naturally more resistant to limnoria than the coniferous
woods. Actually it would appear that pine (and probably fir) with the distinet bands of
very soft earlywood and hard latewood provide the most ideal type of habitat for limnoria.
They can easily work into the soft earlywood and are somewhat protected by the adjacent
wall of hard latewood.

The followup exposures in the Caribbean at Coco Solo were especially oriented to-
ward obtaining comparative limnoria data for some of the more desirable woods. Prior
to the exposures, pine panels were immersed for several years at the test site and eval-
uated by Clapp Laboratories. Limnoria as well as the other two borer types, pholads and
teredos, were found extremely active in this water. The limnoria were represented by
the widespread species L. lighorum and the destructive warm-water species L,
tripunclata.

Incidence of limnoria attack did prove to be much higher at the Coco Solo Caribbean
site than in the Pacific. Many of the tropical woods that exhibited high resistance to
limnoria at the Pacific site sustained considerable attack at Coco Solo; still, practically
all the 44 tropical woods tested at Coco Solo were considerably more resistant to
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limnoria than the Southern Yellow Pine. Pine control panels were rapidly infested, and
all were heavily damaged within 7 to 14 months. Figure @ shows a pine panel after 7
months of immersion at Coco Solg. It shows the heavy early atfack of limneoria and their
selective boring in the soft earlywood. Pine samples inspected after only 3 months of
exposure showed that limnoria during this short span were so active that marine fouling
could not hecome well established, although fouling was already heavy on an adjacent
tropical wood (Teak). By 14 months pine, fir and six low-density tropical woods were
compiletely destroyed by the combined action of limnoria and the teredine borers.

Fig. 8 - Limnoria-damaged Pine panel after 7 montbs of immersion in tropical
seawater at Coco Sole, C.Z,

A list of the most Hmnoria-resistant wooeds in the Coco 50lo exposure is shown in
Table 5 in order of decreasing ability to resist attack. As with the pholads, this list can
only include woods that are sufficiently resistant to teredo to last iong enough to estabiish
a limnoria rating, The first two woods, Dalbervgia vefusa and Guajacum officinale, showed
no trace of limneria damage throughout the 51 months of immersion in the Caribbean and
90 months in the Pacific. The others sustained a slight o moderate aftack after 51
months in the Caribbean but none in the Pacific, except Lophira procera, which rated a
trace attack in the Pacific after 90 months of immersion. As with the previous list of
resigtant woods, the specific gravities and silica contents are included for each of the
limnoria-resisiant species. There does not seem to be a significant correlation between
density and limnoria attack, While the iwo most resistant woods, Dalbevgia vetusa and
Guajacum officinale, are extremely dense and hard woods, three of the other highly re-
sistant species, Covdia alliodora (0.42 sp gr), Bombacopsis quinata (0.47), and Cailitris
glauca (0.69), have a lower density. On the other hand, some very low-density woods,
such as Bombacopsis sessilis and Cedyvela mexicana, were rapidly attacked by limnoria.

Limnoria resistance also seems to be quite independent of silica content of the wood.
All of the most resistant species had low silica contents, and a few of the high-silica
woods, such as Pouferia sp., were heavily attacked by limnoria. Alse, the two teaks
with high and low silica contents were not significantly different in resigtance to limnoria.

WOODS QF SPECIAL INTEREST

After analysis of the long-term data collected in this study, 2 number of woods ap-
pear to be especially interesting and will be discussed individually. Some of these are
included because of their high natural resistance to all classes of borers; others are
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Table 5
Woods Showing High Natural Resistance to Limnoria in Tropical Seas

Botanical Name¥* Source Spe?;filf (ﬁ;&;vﬁy S(l{%f
Dalbergia vetusa Panama 1.1 0.004
Guajacum officinale Central America 1.23 0.003
Tabebuia guayacan Panama >1.0 0.007
Vouacapoua americana Brazil 0.9-1.0 0.002
Callitvis glauca Australia .69 0.004
Conocarpus evectus Panama 0.9-1.0 0.005
Cordia alliodova Panama .42 0.01
Platymiscium pinnatum Panama 0.9-1.0 0.003
Lophira procera Africa >1.0 0.002
Bombacopsis quinala Panama 0.47 0.004

*Listed in order of decreasing resistance.

included because they have excellent structural potential and high resistance to one or
two borer types. Some specific woods are discussed because of their reputation for
borer resistance, although not necessarily in tropical environments, Figure 10 shows a
comparative array of some of these special interest woods.

Bombacopsis quinata - Cedro Espino

Cedro Espino is a useful, medium-density wood which is a well~-known commercial
species in Panama, It is reported by Record and Hess (13) to be fairly plentiful through-
out many parts of its range, which extends from Honduras to Venezuela. The wood has
exceptionally high resistance to terrestrial wood-destroying organisms, i.e,, termites
and fungi. It was also found to have moderately high resistance to teredos and limnoria
in the sea but as with many other generally durable wood species, it was unrelentingly
attacked by pholads and brackish-water Psiloferedo. The combination of high durability
to most biological attack, light-to-medium density, good structural properties, and trunks
suitable for timber use make Cedro Espino a species with very high service potential.

Callitvis glauca - Australian Cypress Pine

Two logs of Australian Cypress Pine were generously supplied by the Australian
Dept. of Forest Products for these Canal Zone ‘exposures. In tests by Edmondson (6) in
Hawaiian waters, this low-silica wood was found to have very high resistance to all ma-
rine borers. In this study, C. glauca exposed at Naos Island was only moderately resist-
ant to both teredos and pholads. A similar teredo rating was obtained in Miraflores Lake
at 37 months—a relatively good rating for the brackish water.

The waters at Coco Solo are probably among the most borer-active in the world.
The severity of attack at Coco Solo as compared to Hawaiian waters is indicated through
the results of current exposures by the Cooperative Marine Piling Committee, which are
revealing considerably faster attack on creosote pilings at Coco Solo (20), C. glauca was
more severely damaged in these waters than in the Pacific exposures; the extent of dam-
age to one sample can be seen in Fig. 10. At Coco Solo, ingpections of all the C, glauca




20 SOUTHWELL, BULTMAN, FORGESON, AND HUMMER

AUSTIALIAN  (CYPHESS

LAUREDL NEGRO e

coropoLe Ol

al et

IRRITEY

GREENHEAT (6o,

Fig. 10 - Comparison of various special interest natural woods after 51 months of immersion
in the very borer-active Caribbean seawater at Coco Solo, C.Z.

samples revealed an average rating of moderate attack by teredos within 14 months, with
damage progressing to heavy by 51 months. Pholad attack was even more rapid, with
heavy damage occurring within 37 months. Limnoria, however, attacked the wood only

lightly.
Covrdia alliodove - Laurel Negro

Laurel was one of the most interesting woods in the investigation, 1t is relatively
light, 0.4 to 0.5 air dry specific gravity, but strong for its weight. Wangaard (21} reports
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air-dry strength properties similar to those of Mahogany., According to Record and Hess
(13), C. alliodova is a medium-to-large size tree of frequent occurrence throughout most
of the American tropics, with useful and attractive wood worthy of greater consideration
by consumers everywhere. Allen (14} suggests this as one of the finest native trees for
reforestation, In this exposure study, C. alliodora was found to be highly resistant to
teredo and limnoria in both the Pacific and Caribbean exposures; however, it was not re-
sistant to pholads, Fig, 10. For pressure treating with creosote this was one of the best
woaods tried as will be set forth in the next report. This combination of fine structural
properties, natural resistance to limnoria, and suitability for pressure treatment should
provide marine construction timber of very long-lasting potential.

Dalbergia retusa - Cocobolo

The hard, heavy, oily wood of Cocobolo had the highest natural resistance to all
borer classes of any of the 115 species tested. It is an important and well-known wood
of commerce, generally used for knife handles, objects of turnery, etc. The small size
and irregular shape of the tree, however, probably make it unsuitable for marine con-
struction timbers. This exceptionally high resistance is not related to silica, since
the silica content of the wood was very low, The oily constituent of the wood is known to
be toxic to the skin of some workers, and the reason for the borer resistance may also
be related to this substance. The wood is of special interest because of the possibility of
identifying the protective component and uging it to treat other more suitable and less
costly timbers,

Dialium guineense - Tamarindo

Tamarindo is found from Mexico to Brazil and is very common in parts of this range
(13}, It is a large forest tree attaining heights of 115 it. The wood is extremely hard,
tough, strong, and heavy (air dry specific gravity 0.9 to 1.1). Only one timber sample
was obtained for this study; this sample was found to have the highest silica content of
any of the 115 woods tested (2.55%). In the Pacific seawater exposures, the wood showed
very high resistance to both teredos and pholads through the full 7-1/2-year exposure
period. Unfortunately, there was insufficient material to include this species in the fol-
lowup exposures in the Caribbean, so relative limnoria resistance was not established.

Dicorynia paraensis - Angeligque

Angelique is a hard, strong, mediom-to-heavy wood that comes from a large forest
tree in northern South America. It is one of the best known commercial timbers for use
in marine borer infested waters. The wood is high in silica, and its horer resistance is
reportedly due to this constituent. In the tropical seawater exposures Angelique was
extremely resistant to teredine borers, and it also exhibited relatively high natural re-
sistance to the brackish-water Psiloievedo; its resistance to limnoria was also high.
Pholads, however, attacked the wood heavily during the longer periods of seawater im-
mersion. The degree of this attack after 51 months in the Caribbean can be seen in Fig,
10. The pholad population, which developed more slowly than that of teredo, eventually
became sufficiently dense to cause destruction of the wood. In the Pacific after 5 years
of exposure a 4-by-4-in. tide staff of D. paraensis at the Naos Island pier was riddled and
finally severed, solely by the activity of pholads.
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Guajacum officinale -~ Lignum Vitae

Lignum vitae is one of the best-known woods of tropical America, having been an
article of trade since 1508, when i was introduced into Europe for its reported medicinal
value, Its major use now is as a seli-lubricating bearing material. It ig an extremely
hard, strong, dense, oily wood. The exposure results with this wood illustraie most
strongly the nonrelation between wood density and natural resistance to molluscan marine
borers. Lignum vitae was the heaviest wood of the 115 species tested; its air dry spe-
cific gravity was 1.23. As can be seen in Fig. 10, after 51 months of exposure in the
Caribbean, the samples of the wood were heavily attacked by teredos and moderately by
pholads. In the earlier exposures in the Pacific similar resulis were obtained, On the
other hand, it was exiremely resistant fo crustacean borers; there was no limnoria at-
tack at all during any of the exposures,

Qcotea vodiei - Greenheart

Greenheart is one of the hest-known marine construction timbers; it has been used
very successfully in some northern temperate latitude installations. In our tropical tests,
however, it was found only moderately resisiant {o teredo, pholads, and limnoria in the
ocean, Fig. 10, and it was heavily attacked by Psiloteredo healdi in brackigh water. Even
though Greenheart is an excellent heavy construction timber, it is unsuitable when long-
term durability in warm sea- and brackish water is required.

Pouleria Sp's. - Nispero de Monte, Mamecillo

There were two powleria species in the study ~ P. chirvicana and P. campechiona;
both species have high in silica contents {1.9 and 2,1%). Resistance to teredo was very
high for both, P. campechiana was one of the two best woods found for resisting the
brackish-water teredo. Neither of the pouterias was resistant to limnoria attack, indi-
cating that silica is not a significant factor in limnoria resistance. Edmonson {6) found
another species, P, demevavae, to also have high teredo resistance, In most woods,
borer resistance is specific; in Pouferia, however, molluscan borer resistance may be
generic.

Tabebuia guayacan - Goayacan

In Panama, Guayacdn is a medium-to-iarge forest tree of occasional-to-frequent
ogcurrence. It has heavy, strong, tough wood of about 1.0 air dry specific gravity, and
its physical properties are similar to those of Greenheart, except that its impact strength
is considerably higher than that of Greenheart (22), With respect to ferresirial organ-
isms it is one of the most durable woods found in Panama. Of the large forest of {rees
that was inundated by Lake Gatun more than 50 years ago, only 3 few sound trees still
stand, and most of these are Guayacdns. In these marine studies, too, Guayacin was an
excelient wood., It showed high resistance to teredos and limnoria and moderate resist-
ance to pholads, Compared with Greenheart it was slightly better in resisting ocean
teredos, appreciably better against limnoria, and slightly more resistant to pholads.

Teclona grandis ~ Teak

Two Teak logs were inciuded in the study. One was imporied by the Panama Canal
Company from Burma and the other was from a 15-year-old tree grown in the Canal Zone
experimental gardens. The tree grows well in Panama but has not been planted
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commercially. The wood from the two sources was very similar in appearance and about
equal in terrestrial durability. Chemical analyses of the woods showed the Burma Teak
to have a high (1.4%) silica content and the Teak from the Canal Zone to have a low
(0.01%) silica content. This difference in silica content could be correlated with their
resistance to teredine borers; the high-silica wood showed good resistance to ocean
teredo, while the locally grown wood did not. The difference was much less apparent in
the brackish water where samples from both logs were moderately attacked within 14
months. Neither was there much difference in the relation of silica to resistance to
pholads and limnoria. Teak was not highly resistant to either, in most cases reaching
"moderate" attack levels by 14 months of immersion. A view of pholad damage in Burma
Teak is presented in Fig, 10,

Vouacapoua americana - Acapu

Acapn is a hard, heavy, low-silica wood from Brazil. It was one of the most borer-
resistant woods found in a 41-wood exposure study at Kure Beach, N.C. (23). For our
tropical exposure studies, the Yale School of Forestry supplied samples from the same
log tested at Kure Beach. In the tropical seawater tests of 115 wood species, Acapd
ranked about 11th in resistance to ocean teredos and pholads, but it was very high in re-
gistance to limnoria, ranking fourth. It was heavily attacked by the brackish-water
Psilotevedo healds.

Southern Pine and Douglas Fir

Southern Pine from the U.S.A. was the major control wood in the investigation, and a
large number of samples were exposed. Nicaraguan Pine, P. caribaea, a closely related
wood, and Douglas Fir were also included. All of these were about equal in their natural
resistance (or rather nonresistance) to marine borers; all were heavily attacked by the
three different borer classes. Samples at Coco Solo were completely destroyed by the
first scheduled removal at 14 months, and additional specimens had to be exposed to
evaluate early damage. These conifercus woods seem to be much more susceptible to
limnoria attack than any of the other 115 wood species tested., Since limnoria is the
borer usually causing failure of pressure-creosoted marine pilings, treatment of timbers
having natural limnoria resistance may provide much greater durability than that ob-
tained with these woods.

SUMMARY

1. The Panama Canal Zone waters used for this investigation have proved to be
among the most borer-active in the world. From the three exposure sites, two oceans
and a brackish-water lake, over 30 species of wood borers have.been identified. These
waters have provided a very through screening test for the 115 wood species,

2, Damage caused by the three major classes of marine borers, i.e., teredo, pholad,
and limnoria, has been evaluated separately. Of these, teredo is the most quickly de-
structive, Limnoria works rapidly in only a few woods, most notably U.S. coniferous,
such as Southern Yellow Pine. Pholad populations developed slowly but eventually dam-
aged almost all of the woods.

3. The brackish-water teredo species, Psiloteredo healdi, was generally more de-
structive than all the 28 ocean borer species combined. Many of the otherwise teredo-
resistant woods, such as 0. rodiei (Greenheart), T. grandis (Teak), and V. americana
{Acapu), were heavily damaged in the lake exposures.
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4, No difference in resistance was detectable between the two U.8, (control) woods—
Douglas Fir and Southern Yellow Pine. In the natural untreated condition both were
highly susceptible to all three classes of borers.

5. The 113 {ropical wood species showed great variability in their resistance to the
different marine borers. A large percentage {44% in the acean and 61% in the lake) were
destroyed in the first i4 months of exposure. Those surviving the early teredo attack
generally succumbed eventually to the pholad, Mariesia. Before 90 months 96% of the
woods had been heavily damaged by one or more species of borer.

6. Wood density does not seem to be a controlling factor in borer resistance except
possibiy with pholads. Many very dense species were heavily attacked, while some light
woods exhibifed high resistance. However, hard, dense woocds were generally more re-
sistant to all borers than the lighter species.

7. Highly silicated woods were usually effective in resisting ocean teredos, but
silica content seemeqd to have little influence on resistance to pholads and limnoria,

8. Only one wood showed high resistance to all classes of borers in all exposure
environments—Dalbergia vefnsa (Cocabolo). Unfortunately the tree is unsuitable for use
as timber. However, the high-density, low silica wood seems to be naturally impregnated
with an oily substance; extraction and identification of this material may provide very
useful information for wood preservation chemists.

3. Many of the woods were selectively resistant to certain species of borers and
should be very good for specific ingtallations. Two such woods were C. alliodora (Laurel)
and B. gquinata (Cedro Espinoj. Bath are excellent structural woods of medium density
that exhibited high resistance to all ocean borers except pholads. In northern temperate
waters where pholads are not a problem these woods should be excelient marine
materials,
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Table

Al

Alphabetical Listing of Woods Studied
Botanical and Common Names

Acabu - see Zanthoxylum belizense

Acapl - see Vouacapoua americana
Apguacatillo - see Phoebe johnstonii

Ajo - see Caryocar sp.

Alazano - see Calycophyllum candidissimum
Albarco - see Carintana pyriformis

Alcarreto - see Aspidosperma
megalocarpon

Alcornoque - see Movra oleifera
Alfaje - see Tvichilia tuberculata
Algarrobo - see Hymenaea courvbaril
Almdcigo - see Bursera simaruba
Almendro - see Coumarouna oleifera
Almond - see Terminalia catappa
Amargo-amargo - see Valaivea sp,
Amarillo - see Terminalia amazonia

Amarillo de Guayaquil - see Cenirolobium
orvinocense

Amarillo Negro - see Lafoensia punicifolia
Anacardium excelsum - Espavé

Andiva inevmis - Cocl

Angelique - see Dicorynia pavaensis
Anime - see Telragasivis panamensis

Aspidosperma megalocarpon (probably) -
Carreto, Alcarreto

Astronium graveolens - Zorro, Zorillo,
or Ron-ron

Australian Cypress Pine - see
Callitvis glauca

Avicennia mavina - Mangle Salado
Azobe - see Lophira procera

Bala - see Lophiva procera
Balsamo - see Myvoxylon balsamum
Bambito - see Nectandra whitei

Basra Locus - see Dicorynia paraensis

Berba - see Brosimum sp.

Bogamani - see Virola koschnyi

Bombacopsis quinata - Cedro Espino

Bombacopsis sessilis - Ceibo

Bongassi - see Lophiva proceva

Bronze Shower - see Cassia moschata

Brosimum sp. - Berba, Guayabo Blanco

Burseva simaruba - Almacigo, Indio
Desnudo

Byysonima cvassifolia - Nance

Cabimo - see Copaifera aromatica

Caimito ~ see Chrysophyllum cainito

Callitris glauca - Australian Cypress Pine

Calophyllum brasiliense - Maria

Calycophyllum candidissimum « Alazano,
Lemonwood, Lancewood

Caoba - see Swielenia macrophylia
Carafio - see Tvatlinickia aspera
Carapa slateri - Cedro Macho, Tangaré
Carapa sp. - Cedro Vino

Carbonero de Amunicidn - see Colubring
glandulosa

Cariniana pyriformis - Chibugd, Albarco
Carreto - see Aspidosperma megalocarpon
Caryocar coslaricense - Henené
Caryocar sp. - Ajo

Cassia moschata - Bronze Shower
Cativo - see Prioria copaifeva

Cedrela mexicana - Cedro Amargo
Cedvela sp. - Cedro Granadino

Cedro Amargo - see Cedrela mexicana
Cedro Espino - see Bombacopsis quinata
Cedro Granadino - see Cedrela sp.
Cedro Macho - see Carapa slateri
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{Table continues)
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Table Al {(continued)

Cedro Vino - see Cavapa sp.
Ceibo - see Bombacopsis sessilis

Centrolobium ovinocense - Amarillo de
Guayaquil

Cerillo - see Symphonia globulifera
Chibugd - see Cariniana pyriformis
Chlorophora tinctoria - Mora

Chrysophyllum cainito - Caimito, Star
Apple

Chuchupate - see Guarea longipetiola
Coco - see Lecythis ampla
Coco - see Lecythis or Manilkara
Cocobolo - see Dalbergia velusa
Coch - see Andiva ingymis
Colubrina g:landulosa - Carhonero de
Amunicion
Conocayvpus evectus - 7aragosa
Capaifera avomatica - Cabimo
Cordia alliodora - Laurel Negro
Cornus discifiore - Mata Hombro
Corotu - see Enterolobium cyclocarpum
Coumuvouna oleifera - Almendro
Crillo - see Minquaritia guianensis
Croton panamensis -~ Sangre
Cuajado - see Vilex flovidula
Cutarro - see Swavizia panamensis
Dalbergia vetusa - Cocobolo
Dalienze - see Terminalia myriocarpa
Dialium guineense - Tamarindo
IMalyantheva ofoba - Miguelario

Dicorynia pavaensis - Angelique, Basra
Locus

Diphysa rodinioides - Macano
Douglas Fir- see Pseudoisuga taxifolia
Ekki - see Lophiva procera

Ensiva - see Ocotea dendrodaphne

Eutevolobium cyclocarpum - Corotd
Evythring glauca - Gallito
Eschwetlera (probably) - Guayabo Macho
Espavé -~ see Anacardium excelsum
Gallito - see Evyvihyving glauca

Gavildn - see Pentaclethra macroloba
Genipa americana - Jagua

Glivicidia sepium - Bala, Mata Ratén
Gorogan - see Vivola koschuyi
Greenheart - see Ocotea vodiei
Guacimo - see Luehea seemannii
Guaragao - see Guarea guava
Guajacum officinale ~ Lignum Vitae
Guarea longipetiola - Chuchupate
Guavea guara - Guaragao

Guayabo Blanco - see Brosimum sp.
Guayabo Macho - see Eschweileva
Guayacin - see Tabebuia guayacan
Guayacan Negro - see Tabebuia chrysantha
Henené - see Caryocay costaricense
Hippomane mancinella - Manzanillo
Hura crepitans - Nuno

Hyeronima alchovneoides - Pantano
Hymenaea couvbaril - Algarrobo
Iguanillo - see Lonchocarpus sp.

Indio Desnudo - see Bursera simaruba
Insibe - see Ocotea dendrodaphne
IronWood - see Lophira procera
Jagua - see Genipa amevicara
diguaNegra - see Licavia piltieri
Lafoensia punicifolia - Amarillo Negro
Lagunculavia vacemosa - Mangle Blanco

Lancewood - see Calycophyllum
candidissium
LaurelNegro - see Cordia alliodora

{Table continues)
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Table Al {continued)

Lecythis ampla - Coco
Lecythis sp. - Coco

Lemonwood - see Calycophylium
candidissimum

Licania arbovea - Raspa

Licaria pitlievi - Jigua Negra

Lignum Vitae - see Guajacum officinale
Lonchocarpus sp. - Iguanillo

Lophira procera - Bongassi, Ekki, Azobe
Luehea seemannii - Guicimo

Macano - see Diphysa vobinioides
Macano Blanco - Unknown genus

Macho . see Telvathylacium johansenii
Magnolia sorvorum - Vaco

Mahogany - see Swietenia macvophylia
Malvecino - see Sweetlia panamensis
Mamecillo - see Poulevia campechiana
Mancha - see Vivola sebifeva

Mangle Blanco - see Laguncularia
racemosa

Mangle Rojo (Atlantic) - see Rhizophora
mangle

Mangle Rojo (Pacific) - see Rhizophora
brevistyla

Mangle Salado - see Avicennia maring
Manglillo - see Ternsiroemia seemanii
Manilkara sp. - Coco

Manilkara bidentata - Nispero Balata
Manilkava chicle - Nispero Zapote
Manilkara sp. - Rasca

Manwood - see Minquartia guianensis
Manzanillo - see Hippomane mancinella
Maria - see Calophyllum brasiliense
Mata Hombro ~ see Cornus disciflora
Mata Raton - see Glivicidia sepium

Mayo - see Vochysia ferruginea

Miguelario - see Dialyanthera oloba
Minquartia guianensis - Crillo, Manwood
Mora - see Chlorophora tinctoria

Movra oleifeva - Alcornoque

Myvoxylon balsamum - Balsamo

Nance - see Byrsonima crassifolia
Naranjillo - Unknown genus

Naranjito - see Swarizia simplex

Native Qak - see Quercus sp.

Nazareiio - see Pellogyne purpurea
Nectandva whitei - Bambito
NicaraguanPine - see Pinus cavibaea
Nispero Balata - see Manilkara bidentala
Nispero de Monte - see Pouteria chivicana
Nispero Zapote - see Manilkara chicle
Nuno - see Hura crepilans

Ocotea dendrodaphne - Ensiva or Insibe
Ocotea rodiel - Greenheart

Palo de Sal - see Pellicieva vhizophorae
Panama - see Sterculia apetala

Pantano - see Hyeronima alchorneoides

Paramachaevium grubevi - Sangrillo
Negro

Pelliciera vhizophovae - Palo de Sal
Peltogyne purpurea - Nazareho
Pentaclethva macroloba - Gavilan
Phoebe johnstonii -~ Aguacatillo

Pinus caribaea - Nicaraguan Pine
Pinus sp. - Southern Yellow Pine
Pithecellobium mangense - Ufia de Gato
Pithecellobium saman - Rain Tree
Platymiscium pinnatum - Quird
Poutervia campechiana - Mamecillo
Pouteria chivicana - Nispero de Monte
Prioria copaifera - Cativo

(Table continues)
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Table Al {continued)

Pseudotsuga taxifolia - Douglas Fir
Quercus sp. - Roble de Monte, Native Oak
Quira - see Platymiscium pinnatum

Rain Tree - see Pithecellobium saman

Ragca - see Maunilkara sp.

Raspa - see Licania arborea

Rhizophova brevistyla - Mangle Rojo
(Pacific)

Ruizophova mangle - Mangle Rojo
(Atlantic)

Roble de Monte - see Quercus sp.

Roble de Sabana - see Tabebuin
pentaphylla

Ron-ron - see Astronium gravevlens
Sambogum - see Symphonia globulifera
Sangre - see Crvofon panamensis

Sangrillo Negro - see Parvamachaerium
gruberi

Sigua - Unknown genus

Southern Yeliow Pine- see Pinus sp.

Star Apple - see Chiysophyllum cainito
Stevculia apetals - Panami

Swavizia panamensis - Cutarro

Swartzia simplex - Naranjito

Sweetia panamensis - Malvecino
Swietenia macvophylla - Mahogany, Caoba

Symphionia globulifeva - Sambogum,
Cerilio

Fabebuia chrysantha - Guayacin Negro
Tabebuia guayacan - Guayacin
Tabebuia pentaphvlla - Roble de Sabana
Tamarindo - see Dialium Lulanense

Tangaré - see Carapa slatevi

Teak (Burma) - see Tectona grandis

Teak {Canal Zone grown) - see Tectona
grandis

Tectona grandis - Teak {(Burma)

Tectona grandis - Teak {Canal Zone grown)
Terminalia amazonia - Amarillo
Terminalia catappa - Almond

Terminalia myriocarpa - Dalienze
(Panamanian grown)

Ternstroemia seemannii - Manglilio
Telrapasivis panamensis - Anime
Tetrathylacium johansenii - Macho
Trattinickia aspera - Carafio
Trichilia tuberculata - Alfaje

Una de Gato - see Pithecellobium
mangense

Vaco - see Magnolia sorvarum

Vasca - Unknown genus

Vataivea sp. {probably) - Amargo-amargo
Virola koschnyi - Bogamani, Gorogan
Vivola sebifera - Mancha

Vitex flovidula - Cuajado

Vachysia ferruginea - Mayo
Vouacapoua amevicana - Acapd
Zanthoxylum belizense - Acabl
Zaragosa - see Conocarpus evectus
Zorillo - see Astvonium graveolens
Zorro - see Astronium graveolens
UNIDENTIFIED - Macano Blanco
UNIDENTIFIED - Naranjillo
UNIDENTIFIED - Sigua
UNIDENTIFIED - Vasca
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Marine Borers in Canal Zone Waters*

Miraflores Lake

Pacific Ocean

Caribbean Sea

{(Brackish Water)
Psiloteredo healdi
Bartsch (1931)

T. mivaflova Bartsch
(1922)

Nausitora dryas

Bankia gouldi Bartsch
(1908)

{Naos Island)
Tervedo diegensis Bartsch
{1922)

T. panamensis Bartsch
(1922)

T. trulliformis Miller
(1924)

Nausttora sp.

Bankia bipalmulata
Lamarck (1801)

B. caribbea Clench and
Turner (1946)

B. cieba Clench and
Turner (1946)

B. debenhami Iredale
(1932)

B. destructa Clench and
Turner (1946)

B. fimbviatula Moll and
Roch (1831)

B. gouldi Bartsch (1908)

B. katherinae Clench and
Turner (1946)

B. zeieki Bartsch (1921)
Limnovia Lgrovum Rathke

Martesia stviaia

{Coco Solo)

Tevedo affinis Deshayes (1863)

T.
T.

MMM NN R R R R R

. bartschi Clapp (1923)

. bensoni Edmondson (1946)

. clappi Bartsch (1923)

. dominicensis Bartsch (1921)
. furcillatus Miller (1924)

. johnsoni Clapp (1924)

knoxi Bartsch (1917)
massa Jousseaume (1923)

. navalis Linné (1758)
. parksi Bartsch (1921)
. pedicellata Quatrefages

(1849)
portovicensis Clapp (1924)
somersi Clapp (1923)

Nausitora sp.

Bankia caribbea Clench and

B.

B,

B.

B.
B.

Turner (1946)

cieba Clench and Turner
{1946)

fimbriatula Moll and Roch
(1931)

Josteri Clench and Turner
(1946)

gouldi Bartsch (1908)

katherinae Clench and
Turner (1946)

Limmnovia lignovum Rathke

L.

tripunctata Menzies (1951)

Martesia striata

*Ref, 12,




Table A3
Spectrographic Analyses of Experimental Woods

Generic Name

Amount of Each Element Present*

of Wood %Ash| Si | Ca | Mg | Al | Mn | Na| Pb | Fe | Cu |[Mo|Sn| K |Ni| Sr | Ba P B |cr| Ti Zn | Li
Anacardium 0.26 M-S | VS VS M vw M VW w VW - - S - | M-8 W M-S w VW { W - -
excelsum
Andiva 2,03 M Vs Vs w W M - w w w - - tr | M tr w M M| VW - vw
inermis
Aspidosperma | 0.50 | M | VS |W-M| W W VW | tr M W ojtr| -| - |- M| W w M | VW | VW | VW | yw
megalocarpon
{brob.)

Astronium 1.20 M Vs S wW-M | VW M tr w w w - S - ] M M M - vw - -
graveolens

Avicennia 206 | w | vs | VS | W w | V8| tr W lvw | -] - | M|[-]|M - M wo| -] - - | -
marina

Bombacopsis 5.50 | 0.07 | VS S A tr |W-M| Fir W tr w - S - | VW - w VA - - -
quinala

Bombacopsis 262 [S-VS| VS | VS |[VW-M| W |W-M| tr M w VW| - [ Vs | - | M M wW-M w W tr-VW | VW | W
sessilis

Brosimum sp. | 2,32 | W | VS S |[tr-VW| W M - VW | VW - - M - M w M | W-M| - - - -
Burseva 1.25 M |M-S{ VS w w M-S |VW-M ' W-M w W S VS | VS |W-M| VW M M | VW | tr vw -
simaruba

Byrsonima 4.714 | M VS [8-VS| W-M w S tr W w - - [S-VS] - | M VW M M - tr - -
crassifolia

Callitris 1.10 |0.002| VS | VS | VS M M VW w VW | tr | - S - | M| VW | VW M - | VW - -
glauca

Calaphyllum 0.59 M VS S M VW S tr-vW | W-M | YW-W | tr - M (VW M w-M W M - Vw vw -
brasiliense

Calycophyllum 1.14 (0.004] VS |W-M| W w w-M tr w vw - - - - M Ww w W vW! tr - -
candidissimum

Carapa 1.02 M Vs Vs M Vw S w w-M vw - vw M tr M M w M tr tr - Vw
slateri

Carapa sp. 0.80 { M-S VS S w tr M Ftr W vw tr - M tr W w W W-M| W tr - VW
Cariniana 0.77 |[M-VS|S-VS|S-VS | VW-M|VW-W | M-S | VW | W W |tr| - |S-VS|Ftr W-MVW-W W-M| W | - | VW - | w
pyriformis

Caryocar 1.02 | M-S | VS |M-VS| W |VW-W |W-M |tr-VW | W VW - -l WIWIM|IW-M{W-M| W |[VW| VW - -
coslaricense :

*VS > 10%, S - 1to 10%, M - 0.1 to 1%, W - 0.01 to 0.1%, VW - 0.001 to 0.01%, and tr - trace.

(Table continues)
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Tahle A3 {(continued}

Generic Name

Amount of Each Element Present

ofWood g anl i [ca Mg | at | Mn | Na] Pb | Fe | cu |mo|sn| K Imi[se ]| p | B ler[m | 2o |
Caryocar sp. 0.95 M Ve8| V8 M Vw M tr M w M - - - M w VW w VW W Vw -
Cassia 1.14 w Vs M w W [W-M| tr wW-M w - - - W| M - Vw w - tr _ .
moschata
Cedrela 0.50 | M-8 | V8 ] M w M-8 w M W tr | tr 8 |VW| M w M-8 M w w W | VW
mexicana
Cedrela sp. 068 [ M-S/ V8| VS| M-S |VW-W| M |[VW-W| M W W | ter| ¥8 | tr| M-§; W-M M M w w Vw -
Centrolobium 0.77 | W-M| VS 8 W-M M w VW | W-M w - - W - M M W M - tr Vw -
orinocense
Chlovophora 1.92 | 0.07| VS M W Vw 3 tr VW vw - - 5 - M VW w w - - - -
tinctoria
Chrysophyllum 1.16 | 0.67 S s vw vw S VW w w - - S Ftr| W vw M w - - - w
cainito
Colubrina 1.04 M vs L vs w VW M tr M yw W - W - | W-M| tr w W - tr - -
glandulosa
Conocarpus 2.22 M Vs VE) VW 'A% S tr w YW tr - | M-§] - |W-M| VW ' M - - - -
erectus
Copaifera 1.27 | M | VS| 5-v8| VW-W| W-M [M-Vs tr VW | VW-W | - | - | M-§| tr | W-M|VW-W M M | tr - VW | vw
aromatica
Cordia 2,45 | 0.011] VS Vs W VW w VW vw VW tr - - - M w - M - tr - -
alliodora
Cornus 1.95 M VL s 8 tr-V3 | W-8 tr W-M W (W-M| - S - M M w w VW| VW - -
disciflora
Coumarouna 0.71 | W-M| VS8 Vs w M M tr w w - - M| FrlW-M;, M - wW-M! - tr - -
oleifera
Croton 1.21 M Vs | 8-vs M-5| VW-W tr { tr| VS8 - M M - M tr - -
panamensis
Dalbergia 0.56 { 0.004| V8 Vs w VW w tr - - tr W M M tr tr VW | vW
retusa
Dialium 2.80 | 2.55 S S W-M W M - W-M M - - w - w - - vw - tr - w
guinegense
D:‘;I:gmikem 1.18| M | V8B 8 M M Vs W |W-M| VS| S | VW w M VW | -
otoba
Dicoryma 0.80 | 0,72 8 5 M M W VWl - w VW - - M w w vw -
paraensis
Diphysa 0.64 M Vs Vs | M-8 W M YW M vw - - M| VW M w M W - W VW | VW
robinioides

{Table continues)
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Table A3 (continued)

Generic Name

Amount of Each Element Present

of Wood %Ashl 8i I Ca, Mg | Al I Mn I Na ! Pb l Fe | Cu Mo| Snl K ,Nil St | Ba [ P | B |cCr| T I Zn lLi
Lonchocarpus | 077 ) M | vs| 8 w w M tr w vw | - | -] s - M tr M S T -
sp.

Luchea 2,05 W | VS 8 W W | W-M| ftr W |VW-W|[VW| - | VS |Ftr] M tr 8 - - - -
seemannii

Magnolia 1.02 ] VW /| Vs S | w-M w M [tr-VW | W W VW| - | 8-¥8| - M | W-M W - Vw VW | VYW
SOorYorum

Manilkara 051 (M-S V8§, VS | M-S W s |VW-w| M w tr [ VW[ v8 | tr | M M w M |W-M [VW-W| W
bidentaia

Manilkara 1.65 {W-M| Vs 5 w VW 5 tr w VW (VW | - ] -l M tr M - tr - -
chicle

Manilkara 0.46 | M | V8§ | vs W | wW-M| 8 Ftr w VW - - S | tr|WwW-M| W VW - - - -
sp.

Minguartia 165 | M | v§ 5 (VWW| w | M-s - VW-W, VW |tr| - |M-8| - | M w M VW | VW - -
guianensis

Movra oleifera 1.25 M Vs Vs w M S - M w - - S |Ftr|W-M| W Ww-M - - - -
Myroxylon 052 | M | vS | vs W VW | W-M| tr w VW - - 3 - M| vw w tr | tr - -
balsamum

Nectandra 0.20 [M-5| s |8VS| M M M-S |VW-W | § M M VW[ 8 |lvw| M M M VW [tr-VW (tr-VW[ M
whitei

Ocotea 0.42 | M | VS 5 VWW| w | M-8| tr w w - | tr - |vwl M tr M M - - -
dendvrodaphne

Ocotea rodiei 0.20 | 0.12 |S-V8| VS M M-8 |8-V8| W W W IVW| W | M W[ M| VW - - W w -
Paramachae- 1.8 | M | vs § |W-M|VW-W| M-5| vW M M |VW] - [8VvS| - | M w w - tr - -
rvium grubevi

Pellicieva 218 | M | vs| vs M w Vs tr w w - - 8 [tr| M - M W | VW - -
vhizophorae

Peltogyne 066 | M | Vs | vs M Vw ] tr [W-M| W tr ! - 5 -l M w W w | VW w -
burpurea

Pentaclethra 0.20 K] Vs Vs M w Vs - w W VW| VW] M [VW| M VW M w W Vw -
macroloba

Phoebe 113 | w | vs 8 s M 8 VW M w w| - S |Ftrlw-Mm| w M tr | tr yw | -
johnstonii

Pinus caribaea | 0.25 | M | vs | vs M M M w w VW | tr |[VW| M | te| W [ VW | VW VW w w -

Pinus sp. 034 | M | v§ | vs M M-S 3 W w VW VW] VW, § VW] W w w YW| w W -

{Table continues)
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Generic Name
of Wood g aeh| si | Ca | Mg | Al

Pithecellpbium | 1.68 | M V8 | M-5| M w T
mangense

Pithecellobium | 0,66 [0.003] S M M w
saman

Platymiscium 0.8¢ | 0.003| V8 S M W
pinnatum

Pouteria 2,32 | vs \V'E 8 W w
campechiana

Pouleria 2,76 | 2,07 | V8 s W w
chivicana

Priovia 1.6%7 |wW-M |8-V5| VS |tr-W W
copaifera

Pseudotsuga 0.20 | M-8 | VS Vs M M
taxifolia

Quercus sp, 0.45 M Vs wW-M W

Rhizophora 0.82 M VE) 8 M M
brevisiyla

Rhizophora 1.88 M Vs ] M w
mangie

Sterculia §.12 M Vs V3 | M-8 W
apelala

Swartzia 0.65 M Vs VE M |VW.-W
Danamensis

Swartzia 2.02 M Vs 8 vw w
simplex

Sweetia 0.24 ] Vs 8 M-8 w
panamensis

Swietenia 1.40 M AL M M VW
macrophylla

Symphonia 0.64 M V8 | B-Vs| M-8 w
globulifera

Tabebuia 0.52 M VA Vs M WM
chrysaniha

Tabebuia 1.60 {0.007| VS vs W W-M

|_ Suayacan

Ve

M-S
VLS

Ve

VW

iz

vw

tr

tr

Vw

tr

Table A3 (continued)

Amount of Each Element Present

2

:

tr

vw
w w -
w w -
M Vw -
w w VW
M M tr
M w tr
w-M W vw
M vw tr
W VW tr
M w Vw
M W-M | tr
M vw -
M-3 w VA
w vw -
M M w
w vw -
w w -
L

| 3 3

Vs

8-V§

tr

tr

tr
vw

2

3

Vw

vw

VW - -
vw - -
vw VW -
- - W
tr - w
- tr -
tr VW -
VW - -
w VW | VW
tr - -
w - -
VW - | vw
vw W | VW
w vw | -
VW Vw: -
w YW -
Vw vw | -

(Table continues)
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Generic Name

Macang
Blanco*

Vasca*
Sigua*
Naranjillo*

*Common hatne; generic name in doubt,

Table A3 (continued)

Amount of Each Element Pregent

of Wood %Ash| 51 | Cca | Mg | AL | Ma | Na | Db | Fe m Sn| K |Ni) S | Ba n B |Cr| T | Zn]| Li

vw
tr

44
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