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INTRoDUcTIoN

This study is part of the Schwerpunktprogramm "Mechanismen der Aufrechterhaltung

tropischer Diversität"' of the Deutsche Forschungsgemeinschaft (DFG). It is a population

ecological study of the tree species Elaeagia auriculata (E.a.), which belongs to the

family Rubiaceae. The study has been carried out on two different plots in the premon-

tane wet forest of the Reserva Biol6gica Alberto Brenes (RBAB), Costa Rica. Former
population ecological studies in the RBAB have considered the endemic tree Plinia sal-
ticola (Myrtaceae) (SenrNcEn 1992), two palm species (LEvtns 1993), and two emer-

gent trees (Rötr.ltcu 1993). The palms and Plinia salticola are found frequently in the

Reserva. C. Leyers, B. Römich, A. Sprenger and I. Wattenberg have already arranged

the two plots. In contrast to the previous studies, the main interest of this investigation is
the population structure, and the differences between the two plots, for a less frequent

species. The species Elaeagia auriculata has been chosen since it is of major ecological
importance in the RBAB (Onrz 1985).

Srrmv Anra

The study was carried out during October 1994 and April 1995 in the Reserva

Biolögica Alberto Brenes (RBAB) The RBAB is located in the province of Aiajuela in

north-central Costa Rica (10'13'N, 84o37'W). It is part of the Caribbean slope of the

Cordillera de Tilarän. 7800 ha of almost undisturbed primary forest cover this protected

area. The relief is very mountainous with inclinations of up to 25-30 degrees over more

than 80 oÄ of the whole area (Cnuz 1989; Onrz 1991). With altitudes ranging between

800 and 1500 m, and an average rainfall up to 4000 mm, the RBAB can be classified as

part of the Orobiome I (WarrER & BRecrrE i983, 1991; WITTsNBERG & BRpcrrp
T995), forming a premontane wet forest following the life-zone system of HoI.oRrcE ET

AL. (1971)
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Two sites near the biological station have been studied. The first one (Plot 1) is loca-
ted along the line of the southern ridge of the Rio San Lorencito valley. The altitude ran-
ges between 1000 and 1040 m. The second site is on the south-eastern slope of the val-
ley. Here the altitude ranges between 910 and 960 m with a mean inclination of 14 de-
grees (WnrreNeERG& Bnscrrn 1995).

Srunrno Spncrrs

Elaeagia auricalqta Hemsley (Rubiaceae) are trees of evergreen lower montane cloud
forest and rain forest formations. The species ranges from Guatemala and Honduras to
eastern Panama. In Costa Ric4 it is found along the central highlands, from Volcän Te-
norio in the Cordillera de Guanacaste to San Vito de Coto Brus. and on the Caribbean

slope, in altitudes ranging from 350 to 1700 metres. The trees are up to 15 metres tall.
They flower between November and March, and fruit between February and June

(Bi-ncEn & Teyt on 1993). The capsules open at the top, so that the up to 1 mm long
seeds that have thin membranous wings at opposite ends (BuncER & Tevron 1993) can

be distributed by the wind (anemochory). Elaeagia quriculata is also reproduced vege-

tatively, in particular by sprouting from fallen sticks (Scm.orns ET AL. 1996).

Mnurons

Two hectars of forest area have been selected, marked out (LEYrRs 1993; RölvflcH
1993; SpnTNGER 1992; WerrsNBpRG & Bn-EcKLp 1995), and subdivided into 100

squares of l0 x 10 m. On both plots the diameters at breast hight (DBH) of all trees,
palms and tree ferns with DBH greater than 10 cm have been determined. For individuals
with several trunks at the height of 1.30 m, the thickest trunk has been measured. The
abundance and dominance values (total and proportional) of each group were calculated.
The total abundance is the number of trunks per hectare of each group, the proportional
abundance is the percentage with respect to the total trunk number per hectare. The ba-
sal area of trees provides a more reliable instrument for biomass estimation than do trunk
numbers, therefore group dominance values are represented by their basal area, calcula-
ted from DBH (Levmrcrn 1986; WarrelreeRc & BRscrup 1995). The proportional
dominance is the percentage of each group value with respect to the total basal areas in
the two study plots. The frequencies of Elaeagia auriculatq have been examined by
evaluation of the tree position within the 100 subplots on both study areas.

The position of all Elaeagia auriculata plants has been determined. For the sexual re-

spectively vegetative juveniles of E.a. the following measurements have been carried out:
a) Sexual juveniles: The diameter of the stem @S) has been measured with a sliding

rule at the internode below the first leaf. Moreover, the height of the plants, i.e. the
distance between the ground and the highest leaf, has been measured. All leaves have
been counted.

With a spherical densiometer (Model A from LplcvloN 1957) the shading has been
determined. The densiometer has been held directly above the plants, which were not
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taller than one metre. It has been counted how many of the 96 quarter quadrats were at
least half covered by higher vegetation. The resulting number has been multiplied by 1.04

to obtain a value for the percentage of shading, see (ScnRoERS 1996) for details.

The calibration curve for the ideal leaf area (ILA) of E.a., i.e. including feeding on
leaves, has been determined by measuring length, width and area of a limited number of
leaves. It is given by

ILA: 0.5g x + 2.21.-u *' - 1.g6 e-11 f + O.Zt e-tt *o

where x: length x width, r:0.999, see (Scnnorns 1996)
Then the length and width of the largest leaf of each plant smaller than one metre have

been measured, and the corresponding ILA has been calculated.

b) Vegetative juveniles. For each sprout from a (fallen) stick the same parameters as

for the sexual juveniles have been measured. The height has now been measured from the

beginning of the sprout. Shadowing and ILA have been determined whenever possible.

Here no height limit of one metre has been set.

RESULTSAND DISCUSSION

Abundances and l)ominances
A registration of the total standing of trees with DBH ) 10 cm on both plots had the

following results (Table 1):

On Plot I there are 617 trunks, on Plot 2 only 469. The total abundance of Plot I co-
incides with the abundances of other tropical forest regions, see e.g. (GENrnv 1990;
LEBSRMAN & LTPBERMAN 1987, MeeBERLEy 1992), but the abundance of Plot 2 is
smaller. In particular, the number of trunks that are neither palms nor tree ferns is much

higher on Plot 1, whereas on Plot 2 there are more tree ferns than on Plot 1. The num-
bers of palms on both plots do not differ essentially, the numbers of E.a. trees is low on
both plots. The frequency of E.a. is7 oÄ on Plot I and 5 Yo onPlot 2. The relative abun-
dances of E.a. on both plots coincide, but because of the low total numbers of E.a. trees
this is not a very significant statement.

WerrsNssRc & BRECKLE (1995) showed that E.a. is only the 24th most frequent of
the 93 tree species that are found on Plot 2.By the classification of FIIRTSHoRN (1991),
E.a. isfrequent on this plot (WerreNeERG 1996), whereas in the near by montane region

ofMonteverde it only appears occasionally (HARTSHoRN 1991).

Thebasal areais 37.5 m2lhaonPlot l, and 3.2m2lhaless onPlot 2. This is slightly
higher than values from lowland rain forests that range between 28 and 33 m"lha
(Letvrnrcrn i986). Again, in particular the dominance of other trees is higher on Plot I
than on Plot 2, whereas tree trunks and palms have a higher dominance on Plot 2. The
palms on Plot I are hence thinner. Since E.a. trees usually have small DBII, the relative
dominance of E.a. is even less than its relative abundance. Results of Dt SrsrANo AND

oTriERS (1995) state similar relative abundances and dominances on an other hectare of
the RBAB.
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A comparison with the study by RöMCH (1993) shows, that the total number of
trunks (without tree ferns) with DBH > 10 cm on Plot I decreased by 15 between 1991

and 1994.In the same time the basal area increased by l.l rtlha. The major causes for
the observed decrease of the abundance seem to be tree falls and fungal pathogens. The

dominance increased nevertheless, because trees grew larger. The abundance of E.a. with
DBH > 10 cm increased from 5 to 7.

Since 1992, the total number of trunks with DBH > 10 cm on Piot 2 decreased con-
siderably. Compared to the study of SpRpNcsR (1992; Table 1) there are now 72 trunks
less. In particular, the abundance of trees was reduced heavily (57 trunks less). The ma-
jor cause seem to be tree falls. The decrease of the number of tree ferns by 16 individuals
may be caused by different ways of counting the trunks, since often several trunks have

connections with each other. The abundance of palms remained almost equal, and the

number of E.a. individuals was constant as well (cp. WaTTENBERG & Bngcxre 1995).

The basal area decreased since the 1992 study by 17.l mzllta i.e. by one third. The

dominance of trees decreased by 17 ,rf tttu. However, different methods of measuring

thick trees in the study by Sprenger and in this study have to be taken in account. The

dominance of tree ferns and palms did not change much. This means that in particular
thick trees have fallen during the three years. There are now two new gaps on Plot 2.

Table l: Total and proportional abundance, total and proportional dominance of palms,

tree ferns and tregs with DBH > l0 crn in the two one hectare stüdy plots. N stands for the
trunk number, m- for the basal area per group and hectare. E.a-: Elaeagia auricalata.

Elaeagia auriculata population
The Elaeagia auriculata plants are divided into groups of trees with DBH > 5 cm,

young trees with height of more than one metre and DBH ( 5 cm, saplings with height
less than one metre, and sprouts of vegetative juveniles.

total palms tree fems E.a. others

Plot t 
IN 
l'Äm' 
l't'

Plot 2 
|

l%m' 
l%

Sprenger
(ree2)

lu"nt' l%

617

37.s

469

34.3

541

5r.4

65

I

106

4.8

67 14.3

2.4 7.0

66 12.2

2.4 4.7

32 5.2

0.6 i.6

69 14.7

1.2 3.5

85 r57

1.3 2.5

7 1.1

0.1 0.3

5 1.1

0.1 0.3

513 83.2

35.0 93.3

328 69.9

30.6 89.2

390 72.1

47.7 92 8

64



There are more E.a. individuals on Plot 2 than on Plot I (Table 2; ScrnoERS ET AL.

i996). E.a. hemiepiphytes grow on Miconia (Melastomataceae) and Ficus (Moraceae).

One E.a. hemiepiphye takes root around Rondeletla (Rubiaceae), which itself grows on
Ocotea (Lauraceae).

Table 2'. Numbers of Elaeagia auriculata plants on both plots.

Plot I Plot2

trees with DBH > 5 cm t4 i0

young trees with height > 1 m 25 4l

saplings wiht height < I m 28 52

vegetative juveniles (sprouts) 27 (s8) 8e (25e)

Diameter of stems (DS)
o About 20 Yo of the E.a. saplings on Plot t have a DS of 0.l, A.2,0.3, 0.4, 0.5 cm re-

spectively (Fig. 1) In contrast to this, on Plot 2 there are no saplings with DS less than
0.2 cm, and only 83 oÄ of the saplings have DS < 0.5 cm (Fig. 2). However, there is no

significant difference between the two plots (U-Test).
o About 7l aÄ of the young trees on Plot 2 have DS between 0.6 and 2.4 cm, whereas

on Plot 1, about 56oÄhave a DS between2.5 and 4.6 cm.
o The E.a. sprouts on both plots have DS between 1.3 and 2.8 cm. The percentage of

sprouts with DS between 0.1 and 0.4 cm is 74 Yo on Plot 1, and 8 o/o less on Plot 2. Ne-
vertheless, there is no significant difference (U-Test).

Plot 1

0,1 0,2 0,3 0,4 0,5 <1,0 <1,5 <2,O <2,5 <3,0 <3,5 <4,0

diameters of stems (cm)

nsaPlings g1Young trees lsProuts

Fig. 1: Diameters of stems of Elaeagia auriculata juveniles on Plot I
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Plot 2

0,2 0,3 0,4 0,5 <1,0 <1,5 <2,O 4,5 <3,0 <,5 <4,0 <4,5 <5,0

diameters of stems (cm)

Etsaplings tryoung trees lsprouts

Fig. 2. Diameters of stems of Elaeagia auriculata juveniles on Plot 2.

Height
o The E.a. trees on both plots have heights less than 15 metres. Hence E.a. is part of

the subcanopy.
oThe E.a. saplings on Plot t have heights between 0.03 and 0.72 m (Fig. 3). The me-

dian is 0.25 m. About 40 oÄ are smaller than 0.20 m. On Plot 2, the saplings have heights

between 3 and 0.97 m, with a median of 0.39 m (Fig. 4). 37 oÄ have heights between
0.20 and 0.40 m.

o The E.a. young trees on Plot I have heights between 1.0 and 7.5 m. The median is

3.19 m. 84oÄ of the trees have heights less than 5 metres, and between 1 and 5 m the

heights are almost equally disributed. The situation is very diffFerent on Plot 2. Here 56 oÄ

(!) of the young trees have heights less than 2 metres. The heights vary between 1.07 and

8.00 m with a median of oniy 1.90 m.

o The E.a. sprouts on Plot t have heights between 0.02 and 2.0 m. Half of them are

smaller than 0.2 m, and another quarter has heights between 0.2 and 0.4 m. The median
is 0.2 m. The average sprout on Plot 2 is slightly higher. Here the heights range betweeen
0.01 and 3.70 rry only 36 oÄ of the sprouts are smaller than 0.2 m, and another 20 %
have heights between 0.2 and 0.4 m. The median is 0.33 m.

The difference between the heights of the young trees respectively the sprouts on both
plots is significant, the corresponding difference between the heights of the saplings even

highly significant (U-Test). On Plot I the young trees are higher than on Plot 2, whereas

the saplings and the sprouts are higher on Plot 2. Moreover, the young trees on Plot I
have larger DS than those on Plot 2. On Plot 1, there are more adult E.a. trees, and less

young trees. Hence, the E.a. population on Plot 2 is probably "oldef' than that on Plot 1.

0,1
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Plot 1

<0,2 <0,4 <0,6 <0,9 <1

heights (m)

trsaplings Nyoung trees lsprouts

Fig. 3: Heights of Elaeagia auriculatajuveniles on Plot l.

Plot2

<0,2 <o,4 <2 <3 <4

heights (m)

trsaplings Nyoung trees Isprouts

Fig. 4: Heights of Elaeagia auriculata juveniles on Plot 2.

Number of leaves

There is no significant difference concerning the number of leaves of the saplings,

young trees respectively sprouts on both plots (U-Test). See ScnRosns (1996) for a de-

scription of the corresponding distributions.

Shading
o More than 80 % of the E.a. saplings on both plots are shaded for more than 95 oÄ.

There is no significant difference between the plots (U-Test). This fact, however, should
not be overemphasized, since all the saplings on both plots are shaded for at least 85 yo.

o More than 80 'Ä of the sprouts on both plots are shaded for more than 95 Yo. Agun
there is no significant difference between the plots (U-Test).
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o All the juveniles on both plots are shaded for the most part.

These results differ from those of WnrrsugEno (1996) Wattenberg states that E.a.

plants are found under relatively low crown roof densities. She concludes that E.a. pre-
fers brighter places, although it is not a typical pioneer species in the sense of Swanrm &
Wrnnaons (1988). The regeneration of E.a. seems to be gap dependent.

Ideal leaf area (ILA)
o The E.a. saplings on Plot I have ILAs between 3 and 461 cmz (Fig 5) Half of the

leaves has an ILA of less than 50 cm2. On Plot 2, only a third of the leaves has an ILA
lessthan 50 cm2. ThelLAsrangebetween 5 and 281 cmz. However, there is no signifi-
cant difference between the plots (U-Test).

o About half of the leaves of the sprouts on each plot have an ILA less than 50 cm2.

There is no significant difference between the plots (U-Test).

The leaves of higher or thicker saplings respectively sprouts have larger ILAs than

those of smaller or thinner ones (ScnnoERS 1996). Hence the leaves of "older" saplings

and sprouts become larger. Moreover, the leaves of the sprouts tend to be larger for
more shaded sprouts (Scrnorns 1996). Most of the higher E.a. plants have macrophyle
leaf areas in the sense of ReLNKIAER (1934), i-e. leaf areas between 182 and 1640 cm2.

DolpH & Drpcrnn (1980) showed that in Costa Rica there is a connection between
macrophyle leaf areas and a mean annual biotemperature of 21-24" C. The RBAB has a

mean annual temperature of about 20" C (Bnrcrrn 1996, unpublished data).

The large differences within the E.a. population with respect to the leaf areas of diffe-
rent plants cannot be explained by the used methods. Maybe the plant needs the different
leaf areas in order to cope with the light anatomically and physiologically, and to use it
for photosynthesis.

ideal leaf areas (dm2)

tr saplings Plot 1 tr saplings Plot 2 Nl sprouts Plot 1 I sprouts Plot 2

Fig. 5: Ideal leaf areas of Elaeagia auricalatajuveniles on Plot 1 and 2
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Spatial distribution
There is a close connection between the pattern of spatial distribution of tropical tree

species and the way the seeds are distributed (HIIBBELL 1979). The pattern of population
depends on the climatic conditions, since the winged E.a. seeds can be distributed by the
wind. HawL (197I) shows that in a New Guinean forest winged seeds of a conifer are

carried 60 metres in the direction of the monsoon wind but only 20 metres normal to the
direction of the wind.

On the two plots studied here, the spatial distributions of E.a. are similar to each

other. The whole population has a clumped pattern of distribution (12-Test in the sense

of FowrpR & CogpN 1990). Plinia salticola (- the most frequent tree species on Plot 2 -

) and the two palm species lriatea deltoidea and Euterpe macrospadix (- frequent on
Plot 1 -) also have a clumped distribution (SnnrNcen 1992; LrvaRS 1993). Only the

adult E.a. trees (DBH > 7 cm) are randomly distributed, whereas E.a. saplings, young

trees and vegetative juveniles have a clumped pattern of distribution. With increasing

time the number of trees decreases, and the clumped distribution of the juveniles turns

into the random distribution of the adult trees. This is consistent with results of
WettpNerRc (1996) which state the high mortality of the E.a. juveniles. Bennos
Ileuzuqrns AND GrRNos DE SoNSA (1989) also obtained a change from a clumped to a
random distribution with increasing DBH.

The decrease of the number of individuals with growing age corresponds to the
calculated minimal distances between neighbour E.a. plants (Fig. 6 and 7). On Plot 1, 71

Yo of the saplings have distances less than 2 metres from their nearest neighbour sapling.

The median is 1.2 m. More than 60 oÄ of the young trees have distances less than 6 m
(median 4.6 m), whereas more than 80 % of the adult trees have distances between 8 and

i2 m (median 8.5 m).

On Plot 2,75 o^ of the saplings have distances less than2 m (median 0.8 m), 75 oÄ of
the young trees have distances less than 6 m (median 2.8 m), whereas only 3 of the 8

adult trees on Plot 2have distances less than 15 m (median 18.8 m).

The median of the distances between a sapling and the next adult tree (which is not
necessarily the parent tree) is 1 1.4 m on Plot 1, and 4 metres more on Plot 2.

F or Plinia salticola, Spn-eNcgn (1992) also found the decrease of the number of indi-
viduals with growing age. However, here the mean distances of saplings are much larger
(4.4 metres), whereas the mean distances of adults are smaller (7 metres).

Possible reasons for the decrease mentioned may be pathogens (AucseuncER 1983,

1984; AUcSIIJRGER & Ksllv 1984), seed predation (JaNzEN 1978; Scr.ne i988;
Scnnpp & Fnosr 1989), herbivores (JaNzrN 1970; BnzN. 1987; Crem & Cmm
1985), and competion for light and roots @norew 1987; Scrnzm 1991). For example,

larvas of minierflies ofthe genusMelanagromyza can damage the epidermis of the leaves

ofE.a. iuveniles.
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Plot 1

<6 <8 <10 <12 <14 <16 <18 40 <0 q
distances (m)

trsaplings Nyoung trees ladult fees

Fig. 6: Distances of Elaeagia auricalata plants on Plot I

Plot 2

<4 <6 4 <10 <12 <14 <16 <18 40 <0 <rm <50 <60

distances (m)

tr saplings N young trees I adult trees

Fig. 7: Distances of Elaeagia auricalata plants on Plot 2.

Vegetative reproduction
The chance of sun;ival of E.a. is increased by vegetative reproduction. A large part of

the E.a. individuals is of vegetative origin. This part might be even larger, since it is not
possible to distinguish the older young trees of vegetative origin from those of generative
origin. This is confirmed by results of WnrrpNsERG (1996). In particular, in gaps in the
RBAB, E.a. is the second most frequent species with sprouts from sticks, and the vege-
tative part is larger in gaps than in the closed stand of the forest. Furthermore, the height
increase of vegetative juveniles is larger than that of generative juveniles (Warrexeenc
1996; HuvreR 1987). Hence the vegetative juveniles win the competion for light with
the herbaceous vegetation at least during the first years (werreweERc 1996)
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A crucial condition flor a successful establishment of sprouts from sticks seem to be

favourable climatic conditions. In the RBAB, there is less danger of dehydration by
strong transpiration than in the lowlands. In fact, in the reserva there are few hours of,

sunshine and frequent fog, hence constantly high relative humidities and comparatively

stable temperatures (Warreweenc 1996). Experimental studies by BnrNes & DI
SrspaNo (1996) confirm a high sensibility of Elaeagia uxpanapensls sprouts from sticks

with respect to low relative humidity.

These researchers describe the advantages of vegetative reproduction in the following
way:

In contrast to seed sources, there are permanently enough branches capable ofrepro-
duction. Once established, scions may grow very rapidly. In the case of extinction-prone
tree species it is possible to increase the genetic pool in a comparatively short time.
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