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SUMMARY 

This paper describes the microscopic structure and morphology of stern 
and buttresses of swamp-grown Caryocar nuciferum L. and discusses 
the function of buttresses. Buttresses are mainly found at the opposite 
side of the leaning direction of a tree and thus could function as tension 
members. In contrast to the stern wood, which exhibits a moderate amount 
of tension wood fibres with a gelatinous layer, the wood of the buttresses 
on the tension side and the compression side of the leaning tree is char
acterised by thick-walled tension wood fibres. In addition, the number 
of vessels in the buttresses is substantially higher than that in the stern 
wood. The preferential direction of the buttresses and the anatomical 
differences in the various parts of the tree are discussed. 

Key words: Buttresses, Caryocar nuciferum, Caryocaraceae, ecology, 
growth stresses, reaction wood, root wood, stern wood, tension wood. 

INTRODUCTION 

Occurrence and function 
Several authors published on the occurrence of buttresses and this is not surpris

ing, since it concems a comrnon and striking feature in tropical forests, while virtually 
lacking in the temperate areas. In Guyana buttressing is a common phenomenon in 
most forest types. In French Guiana 35% of all trees in a mixed seasonal evergreen 
forest have some kind ofbuttresses (Mori & Boom 1987). The percentage oftrees with 
buttresses may be dependent on the soH type, as Davis and Richards (1934) found an 
increasing number on a gradient from a dry uphill Wallaba forest down to a swampy 
riverine Mora forest. 

Richards (1952) made a first attempt to review the, at the time, current hypotheses 
on the function of the buttresses. Later, Smith (1972) added several other hypotheses 
to the list, with special reference to latitudinal and altitudinal gradients. Most authors 
agree that buttresses must have some support function, especially where trees are shal-
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lowly rooted. The presence of buttresses provides a 'stabilising platform' for the tree, 
without excessive use of material (Jenik 1978). Typically, trees in tropical forest are 
shallowly rooted because of 1) nutrient concentration in the top soil, and 2) high water 
tables, both resulting in what Richards (1952) called low effective depth of the soil. 

Henwood (1973) suggested, based on a mathematical model, that buttresses act as 
tensional members (resistance cables) rather than compression members (wh ich are 
buttresses in the true sense ofthe word). More recently Mattheck (1991) and Mattheck 
and Kubler (1995) showed that the largest stress in a tree is found at the junction of 
stern and horizontal roots. Using simple growth rules, they were able to show that a 
tree can reduce the risk of being snapped at this junction by producing buttresses on 
both sides of the trunk. 

If trees produce buttresses as areaction to a certain stress, it should be possible to 
examine this relationship. Three possible forces may exert identifiable directional 
stresses on a tree: (trade-)wind, crown asymmetry, and lean. Assuming that buttresses 
act as tensional members, they should point into the wind and away from an eccentric 
crown and /or lean. The effect of wind on buttress position is confirmed by findings of 
Navez (1930), Baker (1973), Richter (1984), Warren et al.(1988). The effect of crown 
asymmetry has not been affirmed (Richter 1984; Lewis 1988). However, it can be ar
gued that, since crown asymmetry can change quickly over time, with loss of branches 
and chan ging light, while buttresses are a more permanent feature on a tree once they 
have been formed, the relation between crown asymmetry and buttressing cannot be 
too strong (Richter 1984). More recently Young and Perkocha (1994) showed that 
trees in Panama tend to grow away from large neighbouring trees and into gaps. This 
results in crown asymmetry and lean and subsequently into buttress formation oppo
site the lean. 

All authors, except Warren et al. (1988) and Young and Perkocha (1994), excluded 
leaning trees from their analyses. This is surprising as leaning will cause more strain 
on a tree in a more clearly definable direction than either wind or crown asymmetry. 

Wood anatomy - Reaction wood in general 
Reaction wood is formed typically in parts of leaning and crooked sterns and 

branches, and tends to restore the original position if this has been disturbed. Com
pression wood, the common reaction wood of conifers, is found typically on the lower 
side of leaning sterns, and is characterised by heavily lignified elements. Tension wood, 
the common reaction wood of dicotyledons, occurs typically on the upper side of 
branches and leaning sterns, and is characterised by the presence of a gelatinous 
(G-)layer, which normally is unlignified (IAWA 1964; Hughes 1965; Wicker 1979). 
As given by Butterfieid and Meylan (1980), fibres with a G-Iayer are known as tension 
wood fibres, characterised by a convolution on the lumen surface; the G-Iayer is easily 
separated from the rest of the secondary wall. Panshin and De Zeeuw (1980) defined 
gelatinous fibres by their more or less unlignified inner layer in the secondary wall, 
generally associated with tension wood, but also found in the normal wood of 
hardwoods. 
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The occurrence of compression wood, its nature, and development have received 
extensive attention from scientists world-wide. The review by TimeIl (1986) is still a 
landmark in this field. Far less attention has been paid to tension wood. Its occurrence 
is extremely unpredictable as it is much less c10sely associated with gravity than com
pression wood iso For example, Aspen (Populus tremuloides), with perfectly vertical, 
straight sterns, frequently contains large amounts of tension wood, irregularly distrib
uted throughout the stern (Timell1995, pers. comm.). 

Occurrence of reaction wood in the dicotyledons was studied by Höster and Liese 
(1966). They found that the preferential occurrence of tension wood in some taxa, as in 
Amentiferae (now HamamelifIorae), Fabales, Myrtales, Sapindales, and Rutales, and 
its absence in certain other groups as for example Sympetalae, depends on the struc
tural nature of the imperforate tracheary elements. A positive correlation could be 
established between the proportion of libriform fibres and the frequency of occurrence 
of tension wood. Buxus, where the ground tissue is composed mainly of tracheids, is 
reportedly the only vessel-bearing wood with compression wood. This was confirmed 
by Yoshizawa et al. (1993) for Buxus microphylla var. insularis: compression wood is 
formed on the lower side of the leaning stern. Based on their results Höster and Liese 
(1966) conc1uded that the current concept of correlating compression wood with gym
nosperms and tension wood with dicotyledons, respectively, can be maintained only in 
general. However, most dicotyledons with fibre-tracheids or 'true' tracheids as ground 
tissue, do not form compression wood. 

Reaction wood in tropical trees 
Höster (1971) studied a large number of wood samples from the Botanical Gardens 

at Bogor (Indonesia). His results show the presence of three types of anomalous fibres: 

- fibres with an unlignified, so-called gelatinous inner layer, of variable thickness; 
- fibres with a c1early lignified inner layer; 
- thin-walled, slightly lignified fibres without a gelatinous layer. 

Comparing the wood elements of 'normal wood' and 'reaction wood' in tropical spe
cies, reaction wood comprises (Höster 1971): 

a lower percentage of vesse1s than normal wood; 
- a higher percentage of fibres than normal wood; 

a lower percentage of parenchyma than normal wood; 
- an equal percentage of rays as in normal wood. 

Wood anatomy 01, and tension wood in buttresses of tropical trees 
In a comparison of wood from buttresses and stern, the following trends were ob

served (Stahel1971, compare with Höster above): 

area percentage of vessels is lower in buttresses; 
- area percentage of fibres is higher in buttresses; 

area percentage of parenchyma is lower in buttresses; 
vessels are smaller in buttresses; 
fibre walls are thinner in buttresses. 
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Fig. 1. Leaning Caryocar nuciferum stern in the forest. - Fig. 2. Large buttress on Caryocar 
nuciferum stern. 
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Chalk and Akpalu (1963) studied 142 hardwood species in order to find a possible 
relation between the anatomy of wood and buttresses. Out of 30 heavily buttressed 
species 29 had libriform fibres compared with 1 without, and 24 had paratracheal pa
renchyma compared with 6 without. On the other hand, of 33 species with fibre-tracheids 
only one had heavy buttresses. 

Stahel (1971) was unable to find tension wood in the buttresses of Khaya ivorensis 
(Meliaceae) and Piptadenia africanum (Leguminosae). 

Fisher (1982) studied the wood anatomy of buttresses of 48 species in 20 families 
of tropical trees, especially for the presence of reaction wood "indicated by gelatinous 
fibres in place ofnormal fibres." Only 5 species showed reaction wood. Even a speci
men of Guarea (Meliaceae), in which the buttress was under tension due to a leaning 
trunk, had anormal wood structure. He thus concluded that "reaction wood cannot be 
related generally to a supportive role of buttresses in which stresses have been postu
lated previously" and that "re action wood is not a characteristic feature ofbuttresses." 

In this study we relate the occurrence ofbuttresses to the direction ofleaning of Caryocar 
nuciferum (Caryocaraceae) trees in Guyana. Leaning of the trunk is very uni-direc
tional, and probably acts as the greatest possible stress to a tree. If buttresses act as 
tension members it is expected to find most buttresses on the side the tree is leaning 
from. Furthermore, we compare the xylem anatomy of buttresses from the tension side 
with that from the compression side, from the stern and from trailing roots. These roots 
are a conspicuous feature of this species and may provide anchoring in soft swamp 
soils. 

MATERIALS AND METHODS 

Species and study site 
Caryocar nuciferum L. is a canopy tree, with a stern diameter in excess of 1 m, and 

up to 30 m high (Fig. 1 & 2), locally common on the fringes of palm-marsh forest (with 
the palm species Jessenia bataua, Mauritiajlexuosa, Euterpe oleracea) and, in Mora 
(Mora excelsa) forest along creeks in the rain forest of Guyana. The trees are easily 
recognised from a far distance by their light appearance and scalloped bark. The com
bination of soft peat soil and the broad crown of the trees make them toppIe easily. The 
tree forms large, thick buttresses, often with long, thick trailing roots that may extend 
over 20 metres away from the trunk. Air-dried Caryocar wood is heavy, with a density 
of 880 kg/m 3 (Fanshawe 1961). 

Caryocar trees were selected in a swamp along the main laterite road from Linden 
to Mabura Hill at 40 miles (5° E 36' N, 58° E 25' W). In the '40 miles' swamp 25 
Caryocar trees were selected. Later, more trees were selected in and near the Ecologi
cal Reserve ofthe Tropenbos-Guyana Programme (5° E 13' N, 58° E 48' W). 

Measurement on the buttresses 
With a compass the direction of the leaning trunk was measured (10 degree inter

vals ). The inclination of the trunk was measured with a Suunto clinometer and rounded 
off to the nearest 5 degrees. The height (rounded off at 0.5 m), direction (10 degree 
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Fig. 3. Schematic drawing of the location of the wood sampIes studied. 

interval), and presence of long trailing roots was recorded for all buttresses. Preferen
tial angles of leaning trunks in relation to the magnetic North (to account for wind 
effects) were tested with a Rayleigh test (Zar 1984). 

Direction of the buttresses and the resultant of all buttresses per tree in relation to 
the leaning direction were tested with a one-sample test for mean angle (Zar 1984). 

Wood sampies and techniques 
Wood sampIes were taken from the buttresses at the supposed compression side and 

the supposed tension side of the tree. In addition, sampIes from the large roots of the 
buttresses, approx. 5 metres from the stern, were available (Fig. 3). 

Transverse and longitudinal (tangential and radial) seetions were cut at 20-25 flm 
thickness on a sledge microtome and macerations for light microscopical studies were 
prepared according to the usual techniques. The seetions were stained with safranin 
only, or with the double staining technique of safranin and fast green. To record lignin 
presence staining with phloroglucinol-hydrochloric acid was used. In addition, for study
ing the absence/presence of lignin in the secondary wall, transverse seetions were 
studied with a Leica-Quantimet 500 C-Image Analysing System. 

Specimens of all four areas investigated were prepared for scanning electron 
microscopy (SEM), end-grain surfaces were cut by hand with a razor blade, and wood 
seetions were split radially and air-dried. 

RESULTS 

Morphology 
Of the 42 trees found, 34 were used. Five trees had snapped at mid bole level and re

grown irregularly, and three trees were still standing straight. Most trees were leaning 
lightly but a few had a 60 degree inclination (Fig. 1 & 2). 

The 34 trees produced a total of 119 buttresses, or 3.5 buttress per tree. Of these 119 
buttresses 78 produced long trailing roots. Average buttress height was 1.3 m, the highest 
buttress found was nearly 2.5 m high. 
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Fig. 4. Circular histogram of buttresses of 
Caryocar nuciferum to the lean of the tree. 
Preference direction (indicated as the small 
bar on the outer circle) is 166E (z = 7.227, 
n = 119, P < 0.001). This direction is not sig
nificantly different from 180°. 

Leamng 

Fig. 5. Circular scatter-graph of the resultant 
of Caryocar nuciferum trees relative to the 
lean of the tree. Preference direction is 170E 
(z = 13.024, P < 0.001). This direction is not 
significantly different from 180°. 

Figures 4 & 5 summarise the main directional results. Buttresses are mainly found at 
the opposite side of the leaning direction with a preferential direction of 166 E compar
ed to the lean for all buttresses combined (Fig. 4, z = 7.227, n = 119, P < 0.001). If only 
buttresses with long trailing roots are used (data not shown), the preferential direction 
is 170E (z = 7.227, n = 78, p< 0.001). The 95% confidence intervals for aIl these 
directions are rather broad, 32E and 22E respectively. Thus we conc1ude that they do 
not differ significantly from 180E. The resultant of the buttresses of each single tree 
(vector sum) too has a preferential direction of 170E (Fig. 5, z = 13.024, P < 0.001). 

Again this angle is not significantly different from 180E (95% confidence interval = 

20E). Thus we also conc1ude that the resultant of buttresses of each single tree is op
posite the leaning direction. Trees do not lean in a fixed compass direction (z = 0.779, 
P < 0.4), neither do buttresses with trailing roots have a significant preferential direc
tion of 136E (Fig. 6; z = 5.714, P < 0.01). 

Wind 

~ 

Fig. 6. Circular histogram of buttresses with 
trailing roots of Caryocar nuciferum in relation 
to the magnetic north. The preference direction 
(indicated as the small bar on the outer circle) 
is 136E; z = 5.714; P < 0.01. The non-signifi-
cant lean of the tree is indicated with the inter
rupted arrow, the highly-significant trade wind 
direction (ENE) with the solid arrow. 
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Fig. 7-10. Caryocar nuciferum. TS. - 7: Stern wood; gelatinous fibres abundant. - 8: Buttress, 
cornpression side; thick-walled fibres in tangential bands, and diffuse. - 9: Buttress, tension side; 
thick-walled fibres in tangential bands, and diffuse. - 10: Root; thick-walled fibres, rnainly diffuse. 
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WOOD ANATOMY 

Light microscopy 

Secondary xylem of the stem (Fig. 7 & 11) 
Vessels diffuse, solitary (40-70%) and in radial multiples of 2 or 3, 4-6 (3-9) per 

sq.mm, oval and occasionally round, tangential diameter 150-160 (115-185) j..IlIl. Ves
seI member length 790-965 (470-1350) /lm. Perforations simple. Intervessel pits 
alternate, polygonal and sometimes round, diameter 7-11 /lm. Vessel-ray and vessel
parenchyma pits large, gash-like, elongated, and sometimes scalariform, up to 19 x 8 
j..IlIl- 31 x 11 j..IlIl. Thin-walled tyloses always present, but generally few. 

Rays uniseriate, and mostly 2- or 3-seriate, with uniseriate margins of 2-11 cells, 
usually composed of alternating uniseriate and 2- or 3-seriate parts, 9-10 (6-13) per 
mm, up to 37-57 cells (= 1150-2000 /lm), heterogeneous, composed ofprocumbent 
cells (= the multiseriate parts) and square and upright cells (= the uniseriate parts). 

Parenchyma paratracheal scanty to vasicentric, and apotracheal diffuse and diffuse
in-aggregates. Rhombic crystals in chambered parenchyma cells common. 

Fibres non-septate, and sometimes septate, with 2-5 septa, lumen diameter up to 
11-19 /lm, walls up to 5-6 j..IlIl thick. Pits simple, mainly in the radial walls, apertures 
3-5 j..IlIl. Length 2260-2910 (1910-3530) /lm. F/Vratio 2.70-3.67. Gelatinous fibres 
abundant. Fibres with extremely thickened walls and a very reduced lumen absent or 
scarce, but rather common in one sampie. 

Note: These results are in line with Metcalfe and Chalk (1950) and Williams (1935). 

Material studied: Caryocar nuciferum: Surinam, Stahel 195 (Uw 195), BW 6440 (Uw 400); 
Guyana, Forest Dept. 2576 (Uw 849); Venezuela, Maguire et aI. 46745 (Uw 17336). 

Secondary xylem of buttresses - tension side (Fig. 9 & 13) 
Vessels diffuse, solitary (10-40-60%), and in radial multiples and irregular clus

ters of 2-4 (5), 7-20 (4-22) per sq. mm, round and sometimes oval, tangential diam
eter 100-150-205 (70-280) /lm. Vessel member length 800-935 (410-1120) /lm. 
Perforations simple. Intervessel pits alternate, polygonal, 7-10 /lm. Vessel-ray and 
vessel-parenchyma pits large, gash-like, elongated, often scalariform, up to 24 x 14 
j..IlIl. Thin-walled tyloses common to abundant. 

Rays uniseriate, and mostly 2- or 3-seriate, with uniseriate margins of 1-10 cells, 
usually composed of alternating uniseriate and 2- or 3-seriate parts, 8-10 (7-11) per 
mm, up to 30-37 cells (= 1000-1300 /lm) high, heterogeneous, composed of procum
bent cells (= the multiseriate parts) and square and upright cells (= the uniseriate parts). 

Parenchyma paratracheal scanty to vasicentric, and in irregular, wavy, tangential 
bands and apotracheal diffuse and diffuse-in-aggregates. Rhombic crystals in cham
bered parenchyma cells common to abundant. 

Fibres non-septate, and sometimes septate, with 2-5 septa, lumen diameter up to 
3-8 /lm, walls up to 7-12 j..IlIl thick. Pits simple, mainly in the radial walls, apertures 
4-5 /lm. Length 2550-3175 (1615-3380) /lm. F/V ratio 3.07-3.70. Gelatinous fibres 
present but scarce. Fibres with extremely thickened walls and a very reduced lumen 
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Fig. 11-14. Caryocar nuciferum. TS. - 11: Stern wood; gelatinous fibres common. - 12: Buttress, 
compression side; thick-walled and normal fibres. - 13: Buttress, tension side; thick-walled and nor
mal fibres. - 14: Root; various fibre types. 
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common, in tangential bands and occasionally diffuse. In the longitudinal parenchyma 
zones the majority of the tension wood fibres is provided with a loosely attached 
G-layer. 

Secondary xylem of buttresses - compression side (Fig. 8 & 12) 
Vessels diffuse, solitary (10-66 %), and in radial multiples and irregular clusters of 

2-4 (5), 6-13 (5-16) per sq.mm, round and sometimes oval, tangential diameter 
115-160 (80-150) /lm. Vessel member length 630-815 (325-1030) /lm. Perfora
tions simple. Intervessel pits alternate, polygonal, 8 -10 /lm. Vessel-ray and vessel
parenchyma pits large, gash-like, elongated, often scalariform, up to 30 x 13 /lm. Thin
walled tyloses common to abundant. 

Rays uniseriate, and mostly 2- or 3-seriate, with uniseriate margins of 1-8(-10) 
cells, usually composed of alternating uniseriate and 2- or 3-seriate parts, 9-10(8-12) 
per mm, up to 25-28(-200) cells (= 1150-2300 /lffi) high, heterogeneous, composed 
of procumbent cells (= the multiseriate parts) and square and upright cells (= the uni
seriate parts). 

Parenchyma paratracheal scanty to vasicentric, and sometimes in irregular, wavy, 
tangential bands, and diffuse and diffuse-in-aggregates. Rhombic crystals in cham
bered parenchyma cells common to abundant. 

Fibres non-septate, and sometimes septate, with 2-4 septa, lumen diameter up to 
3-8 /lffi, walls up to 3-6 /lm thick. Pits simple, mainly in the radial walls, apertures 
4-5/lm. Length 2015-2980 (1470-3295) /lm. F/Vratio 2.98-3.83. Gelatinous fibres 
present but scarce. Fibres with extremely thickened walls and a very reduced lumen 
present, in tangential bands and occasionally diffuse. The amounts of tension wood 
fibres with or without any form ofloosely attached G-layer is more or less equal in the 
fibrous and the parenchyma zones. 

Secondary xylem of large root extensions of buttresses - tension side (Fig. 10 & 14) 
Vessels diffuse, solitary (15-32%), and in radial multiples and few irregular clus

ters of2-5(-9), 14 (13-16) per sq.mm, round, tangential diameter 140 (90-200) /lm. 
Vessel member length 965 (735 -1175) /lffi. Intervessel pits alternate, round and oc
casionally polygonal, 6-8/lm. Vessel-ray and vessel-parenchyma pits large, gash-like, 
elongated, often scalariform, up to 28 x 6 /lffi. Thin-walled tyloses abundant. 

Rays uniseriate, and mostly 2- (or 3-)seriate, with uniseriate margins of 1-8 cells, 
usually composed of alternating uniseriate and multiseriate parts, 8 (6-9) per mm, up 
to 25-28 cells (= 900-1100 /lm) high, heterogeneous, composed of procumbent cells 
(= the multiseriate parts) and square and upright cells (= the uniseriate parts). 

Parenchyma abundant, but difficult to fit in the general types of parenchyma distri
bution. Rhombic crystals present, in chambered parenchyma cells. 

Fibres non-septate, and sometimes septate, with 2-4 septa, lumen diameter up to 
7 /lffi, walls up to 14 /lffi thick. Pits simple, mainly in the radial walls, apertures 4/lm. 

Length 3485 (2295-3580) /lffi. F/V ratio 3.61. Gelatinous fibres present but scarce. 
Fibres with extremely thickened walls and a very reduced lumen present, mainly dif-

Downloaded from Brill.com05/19/2023 07:29:28PM
via free access



426 IAWA Journal, Vol. 18 (4),1997 

fuse, but sometimes in tangential bands. Nearly all fibres are of the tension wood cat
egory and are arranged in more or less tangentially orientated clusters. The thick-walled 
type of the G-Iayer is dominating. 

These descriptive results are summarised in Table 1. 

Table 1. Some vessel characteristics and distribution of different fibre types in the 
secondary xylem in sterns, buttresses and roots of Caryocar nuciferum. 

stern wood buttress buttress com- root wood 
tension side pression side 

vessel characteristics 

av. vessel diameter <I.IIn) 140-160 100-150 115-160 140 
av. number per mm2 4-6 7-20 6-13 14 
outline 0 r / 0 r / (0) r 
solitary (%) 40-70 10-40 10-66 15-32 
av. length of elements (J..III1) 790-960 800-935 630-815 965 

tyloses + ++ ++ ++ 

fihres 

normal fibres + + + (+) 
gelatinous with loosely 

attached G-layer ++ H H (-) 
thick-walled (-) ++ ++ + 

o = oval; r = round; ++ = abundant, + = present but scarce, (-) = rare. 

Scanning electron microscopy 
Focusing on the variety of expression of tension wood fibre types as observed by 

light microscopy in transverse sections, three types of modification of tension wood 
fibres are more or less evident in the different areas as studied in this species: 

- by a poody deve10ped or thin-Iayered gelatinous inner layer; 
- by a prominent gelatinous inner layer, with a considerable trans verse reduction of 

the lumen; it seems to show elements of a loose attachment to the normal secondary 
wall; 

- by an (extremely) thick-walled and multi-Iaminated inner layer, sometimes show
ing a - nearly - occluded lumen (Fig. 15). 

Fluorescence microscopy 
As tension wood is characterised anatornically among others by lack of lignification 

in the G-Iayer (IAWA 1964), reduction or absence oflignin in the G-Iayer both in the 
unseparated and in the separated situation of this layer was studied by means of fluo
rescence microscopy. 
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Fig. 15. Transverse seetion of tension wood fibres of Caryocar nuciferum, sampled from a but
tress at the supposed tension side ofthe tree. Note the very thick-walled fibres with very reduced 
lumina (arrow 1) and a partly, loosely attached gelatinous fibre (arrow 2). 

This resulted in the generally valid observation that in all zones studied - stern wood, 
root wood, and buttress wood on the tension side and cornpression side of leaning 
Caryocar nuciferum trees - no lignification was observed in the G-Iayer in tension 
wood fibres. 

DISCUSSION 

General 
Out of 42 Caryocar trees found, 34 trees (= 81 %) were leaning. This is a very high 

percentage, but agrees with the results ofYoung and Hubbel (1991). Leaning causes 
great stresses in the stern of the tree and also increases the possibility of being up
rooted (e.g., Young & Hubbel 1991). All failed Caryocar trees had a snapped trunk 
rather than being uprooted. This does not agree very weIl with the data of Putz et al. 
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(1983). From their observations it could be expected that Caryocar trees, having a 
large stern, a large diameter in relation to stern height, and heavy wood, would uproot. 
Apparently, Caryocar trees reduce this risk by forming large buttresses opposite to the 
leaning direction. In addition, they produce long trailing roots, which may give extra 
hold in the soft, swampy soils common for Caryocar. Consequently, the trees make a 
more effective support than just the broad 'stabilising platform' (sensu Jenik 1978), 
which may not be effective in soft soils, contrary to the suggestion of Lewis (1988). 
Even when trees do get uprooted to some extent, portions of the root further away from 
the tree may still secure the tree from falling. Such a partial uprooting can create aerial 
portions of the trailing root nearby the tree, a situation clearly observed in two indi
vidual trees studied. 

Based on the results presented here, it must be concluded that buttresses function as 
tension members in Caryocar trees. This is in agreement with a number of previous 
studies for other species. However, instead of leaning, stress as a result of wind was re
garded as the majorcause (Navez 1930; Baker 1973; Richter 1984; Waffen et al. 1988). 
Leaning can be regarded as an extreme form of crown asymmetry, which was shown 
to effect the buttress position of trees in Panama (Young & Perkocha 1994). In the soft 
swampy soil crown asymmetry may easily result in leaning if buttress formation can
not react quickly enough. 

Are buttresses only for hold? The answer seems to be no. The results of Putz et al. 
(1983) suggest that buttresses can reduce the risk of trunk snapping, especially in spe
cies with light-weight wood. Buttresses in some species are the fastest growing parts, 
produced rapidly upward along the trunk (Warren et al. 1988; Young & Perkocha 1994). 
It would seem that buttresses which grow high and at steep angles along the trunk 
mainly increase the stiffness and would be found especially in species with light
weight wood. For an effective hold or tension activity one would expect a buttress to 
have an angle of about 45 degrees with the stern; this seems to be their main function 
in Caryocar. 

Trees do not lean in a fixed compass direction, and neither do buttresses have a 
significant compass preference. Thus we conclude that wind is not an important factor 
in the leaning direction of Caryocar trees. However, buttresses with trailing roots have 
a significant preference direction of 136E, which may be partly caused by wind. In 
Guyana wind direction is remarkably constant. More than 95% of the time, winds are 
blowing from the ENE. The mean direction (= vector sum) is 61E, calculated on the 
data of 1977-1979 provided by HYDOMET-Guyana. The direction of the wind in re
lation to the (insignificant) inclination ofthe tree (see also Fig. 6) may suggest that the 
deviation from 180 degrees may be due to some infIuence from that direction. 

Aspects of wood anatomy 
The wood anatomy of buttresses and roots are rather similar but there are some 

interesting differences (Table 1). The average diameters ofthe vessels are similar in all 
sampies. However, the number of vessels per sq. mm is lowest in stern wood. Conse
quently, the vessel tissue in percentage of the total volume increases in buttresses and 
roots. These results differ from the findings of Stahel (1971), who described smaller 
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vessels and a lower area proportion of vessels in buttresses. The outline of the vessels 
changes from oval in the stern to more or less round in buttresses and roots. The per
centage of solitary vessels is (far) higher in stern wood than in buttresses and roots. 
Vessel member length shows a slight trend for longer vessel members in stern and root 
wood, respectively. Finally, the amount oftyloses is much higher in the buttresses and 
roots than in the stern wood. 

The overall ray structure is rather similar in all samples. Multiseriate rays tend to be 
higher, both in dimension as weIl as in number of cells in the stern wood. 

Parenchyma is paratracheal scanty to vasicentric, and apotracheally diffuse and 
diffuse-in-aggregates. In buttresses, both in tension as weIl as in compression side 
wood, the amount of parenchyma increases substantiaIly. In addition, a more dramatic 
shift towards abundant parenchyma is found in the root. Here, the amount of paren
chyma dominates the anatomical pattern, being the most common tissue next to the 
vessel tissue. 

The most striking differences are found in the fibres (Table 1). Characters such as 
pitting, number of septa in septate fibres, and the combination of non-septate and septate 
fibres are similar in all samples. The longest fibres were found in the sample of root 
wood. Major differences occur in the type(s) of fibres found. Stern wood is character
ised by the presence of normal fibres and abundant gelatinous (with or without a loosely 
attached G-layer) fibres. Fibres with a loose G-layer are rare in the buttresses-tension 
and compression sides, and in the root wood. In contrast, stern wood has few to no 
thick-walled cells with occluded lumina and these are the dominant fibre types ofbut
tress wood in both the compression and tension side. In contrast, Stahel (1971) found 
an increase of thin-walled fibres in buttresses. 

The quantitative results of the different types of fibres (Table 1) do more or less 
agree with the findings of Nicholson et al. (1975; cited in Archer 1986), conceming 
the relationship between peripheral position, growth stress, and percentage of different 
fibre types for two straight leaning Eucalyptus regnans trees with confined tops offset 
till2 m (Type I) and two trees severely bent with tops offset of 3-4 m (Type III). This 
suggests that, regarding the distribution of the normal fibre type and the tension wood 
fibre types, there seems to be a positional similarity of Type I and Type III as outlined 
by Nicholson et al. and the sample positions in the buttresses on the tension and com
pression side, respectively, in the present research. 

Our findings show that, in the buttresses of the leaning Caryocar nuciferum trees, 
there is a strong relationship between the peripheral strain distributions generated and 
presence of reaction wood. There is evidence that high longitudinal tensile stresses are 
developed by the gelatinous fibres observed, after development of growth strain in 
normal wood cells (Okuyama et al. 1992). 

The presence of a relatively large amount of thick-walled tension wood fibres (here 
considered as a derived factor ofhigh growth stresses) on the tension side ofbuttresses 
of Caryocar nuciferum trees agrees with research of Chouquet et al. (1995) on Eperua 
falcata (Wallaba). High variations of growth stresses are said to be related to the pres
ence of buttresses that are more strongly pre-stressed in tension wood than in neigh
bouring wood, and therefore act mechanically as guy ropes. 
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In the variety of types of tension wood fibres as observed by the methods of micro
scopy used, it is evident that in the buttresses on the tension side of the tree enormous 
tensile stresses must occur in order to achieve a drastic reorientation of the stem's 
position (KubIer 1987). 
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