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1 Introduction

Tropical forests are systems with the highest ditseiof the world. Those systems are
in a permanent flow regarding abundance, locahe&tin and reimmigration. Changes
are caused by exogenous (e.g. climatic, geologieakthropogenic) forces and
endogenous ecological and evolutionary variatione Tates of change in space and
time, the existence of regulation factors and rasps of communities are very difficult
to answer, especially in such complex systemsttigical forests (GNDIT et al. 1992,
2005).

Different studies have shown that some trends ectcim the last years @RLIPS &
GENTRY 1994; RuiLLIPS 1996, 2004). E.g. turnover and biomass as wellising
dominance of fast growing species have increasewpical forest census plots in the
late twentieth century.

Tropical forests are an important part in the glatabon cycle. Over a third of the
global carbon stock is retrieved in those ecosystdbxon et al. 1994). They
contribute 30 % of terrestrial net primary prodant{HELD et al. 1998). Athmospheric
changes (e.g. increasing gQOncreasing temperatures and nitrogen depositton)d
possibly change environments or ecosystems. Bguamtify answers of ecosystems to
athmospheric changes is a difficult issue and caully be monitored by long term
censuses (RLLIPS et al. 2004).

Disturbance regimes are one of the basics of etmsyprogression. After disturbances
several different phases of succession take pladeantages and problems of each
succession step (e.g. arrival, regeneration, eskabént) take place (WTrMORE 1989).
The presence and absence as well as spatial diginbwill be influenced by physical
and biotic conditions created in the different @saf succession @RNANDEZ
STEFANONI 2005). Both biotic and abiotic factors affect gtbwand survival, these
factors are often autocorrelated (e.g. treefalsgapil nutrients) (HIARTE et al. 2004).

To validate reasons of changes due to athmosphkanging or responses to natural

disturbances would be part of further studies.



To obtain such realizable results establishingsiocensus plots is essential. In this case
assessment of biodiversity and comparative andl@iesestimates of species diversity
could be provided (GNDIT 1998).

Such study areas have been established in sevemtal forests (ONDIT 1998,
WHITMORE 1978; HUBBEL & FOSTER 1990; HARTSHORN 1980, 1990; DENSLOW &
HARTSHORN 1994; LIEBERMANN & LIEBERMANN 1994; HUBER 1996; WEISSENHOFER
1996).

This thesis focuses on diversity and dynamic aspafca one hectare plot on an inland
slope in a primary tropical lowland wet forest iouthern Costa Rica in the Piedras

Blancas National Park (Esquinas forest).



2 Study area

The Piedras Blancas National Park, where the relsgalot is located, lies between
8°27'-8°41' North and 83°15'-83°45' West in the tsetn part of the Puntarenas
province. The park has a size of 148 km2 and a mmaxi level of 579 msm
(WEISSENHOFER2005).

The area is characterized by strong erosion preseshich results in narrow ridges and
steep slopes with dense drainage networleR@arA et al. 1997MALZER et al. 2008).
Such intensive removal of soil material due to gehamount of streams inside the park

occurs.
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The primary forest remained nearly exclusively mpss because lowlands are the most
suitable areas for logging (MSSENHOFER 2005). The plains consist mainly of

secondary forests and farmland.

Costa Rica as one of the Central American countsgsart of the isthmus between
North and South America. This narrow stretch ofdlamas formed at the end of the
tertiary. Sedimentation and deposition of volcaanel volcanoclastic material endures
until now (MaLzer 2001 & 2008). Volcanism is induced by the motiorfs tle
lithosphere due to convergent plate boundarie€dntral America four tectonic plates
are important, the North American plate, the Cagtobplate, the Cocos plate, and the
Nazca plate. The Cocos plate is subducted undeNtnmth American and Caribbean

plate and causes in this way the tectonical ams/itMaLZER 2008).

The soil formation in tropical forests is driven the tropical climate. High temperature
and precipitation all over the year lead to cheiigaathering of rock and the soil
(PAMPERL 2001). Local climate and microhabitat conditionsuse different soil
modifications and lead furthermore to different nslm and ecological niches
respectively (RMPERL 2001). Relationships between plants and soilsojpic¢al forests
were described by IBHARDS (1961). Studies of correlations between soils ted
species distribution showed a connection betweds aad their characteristics and
plant species and their topographical locationridat poor and acidic soils with a high
aluminium saturation showed higher, nutrient riailss lower diversity (RMPERL
2001).

In the Piedras Blancas National park three soiésypredominate: Ultisols, Inceptisols
and Entisols (MsQuEz 1989). Ultisols, the main type, are old soils whitdwve been
formed over a long period of undisturbed time. Thag characterized as highly
weathered, clayey, yellowish-red and high acidickiftayer. Due to the erosion effects
steep slopes and lateral movements occur. Incéptiano be found in ravines and flatter
slopes. Those soils are younger and less weathbead Ultisols (RMPERL 2001).

Entisols are of less importance.



The Esquinas forest is one of the wettest lowlameddts in Costa Rica and is influenced
by the rain gradient caused by the mountains ofileeCruces rangBNVEISSENHOFER
2008b). Rainfall occurs nearly every day. A few slaythout rain can only be found in

the dryer month January till March.

The average annual precipitation at the field @tais about 6000 mm, with the highest
monthly average in September EWSENHOFER2008b).

The average yearly temperature is about 28°C, tbeage humidity about 88% on the
open land (VEISSENHOFER2001& 2008b)and 98% in the forest @CHAN 1998).
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Fig. 2.2: Climatic diagram of the Tropenstation La Gamban70
(WEISSENHOFER2001).

Several studies described the high diversity ipit@al forests (RICHER 1997, GNTRY
1988b). The Corcovado and Esquinas region additiomxcels in the Neotropics
despite their small geographic territoryAdGHAN 1981). INBio counted nearly 2400
species out of nearly 1000 genera in over 180 familor the region. This region is
described to have a strong relationship to Soutreriean tropical forests ETRY
1978 & 1982,STANDLEY 1937, FARTSHORN 1983, HARTSHORN & HAMMEL 1986,
HUBER 1996a), to the Amazonian and Atlantic coastalfoaests (ALEN 1956) and
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less affinity to the flora of Panama or Guanacé&teeN 1956). This area was a refuge,
cut off during glacial periods. Speciation was &&@ed so many new species evolved

in the fragmented forests EMSENHOFER2005).



3 Methods

3.1 The Research Plot

The research on this plot started in 1993 iR (1996)AND WEISSENHOFER(1996).
It has following characteristics:

300-336 msm

south east exposed slope

well drained

average inclination of 27 (55) %

several gorges

The research plot is 1 hectare in size and is sid®ti into 100 10 x 10 m subplots. For
differentiation the subplots got identificationsthivascending numbers down the slope
(1 to 10) and parallel to slope with ascendinglst(A to J).

3.2 Field work

The studies were performed from 2000 to 2001. tnghe plot all trees 2 cm up to 10
cm dbh were monitored. Hereby the exact locatios platted in a site map. Additional
physical and physiological parameters were alskecigld.

Beside those data all individuals formerly monitbrley HUBER & WEISSENHOFER
(1993) with a dbk» 10 cm were reevaluated and compared by meangafrdan 1993,
all trees which survived, all which died in thatipd and all recruits that reached dbh
10 cm.
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It was important to collect relevant material faripar issues. Due to high number of
individuals it was not possible in logistics to lect parts from all trees. Species with
high abundance and easy determination were nolyale@lected.

Field work was performed with knives or stake sdorslow plants. The parts from
medium high trees were collected by self made ctitlg stakes (hoover tubes with
pruning shears). The mature stand was determinddnmgular and telescope, verified
by the data from 1993.

Collections were done in 3 to 5 fold, dependingamailable tree material. As far as
possible predetermination was performed on theysiiid.

Collected parts were numbered (subplot, individuahber according to site plan).
Further tentative determination was performed m ridsearch station by photo herbar
and a Field Guide (&iTRY 1993). Final determination was carried out in khaseo
Nacional de Costa Rica (San José) and the herlihe dfniversity of Vienna.

Species difficult in determination were verifiedtlwispecialists of the University of

Vienna and the Instituto Nacional de BiodiversidiBio).

Following parameters were monitored:

» Dbh

» Height (if possible)

» Latex (color, taste, consistence, amount)
* Plants or fruits (if applicable)

» Other specifics (e.g. aromatics)

» Date

lllustration in the site map was verified by comsarvey of each fifth individual.

Diameter at breast height (dbh)

Dbh was measured at 1.3 m height above ground avitaliper, individuals with a
higher dbh by a-tape.

Trees with buttress or stilt roots were measuredrB@bove the roots.

In multiple stemmed plants each stem was measured.



Height
The height was measured in all small and mediumghhgees (dbke 10 cm). For those

measurements the length of the collecting stakes wsed for comparison.

Latex

Existing latex or resin were checked for colour taste.

3.3 Basic forest structure

3.3.1 Size class distribution

Size classes were compiled in 5 cm steps. For ceimepisive study sites ¢@DIT et al.
1992; RHILLIPS et al. 2004) where greater research areas arbliss&d calculations
with size classes in 10 cm steps were usually pedd. Here a smaller resolution was

selected to get more detailed information due tallEnsample pool.

3.3.2 Average dbh and BA

The average dbhwas calculated via arithmetric mean value. A comspa with the

data from HIBER & WEISSENHOFER(1993) was performed.
BA was calculated by following formula:
BA = xn / 4
with dbh for d or the diameter 30 cm above thegsaotrees with buttress or stilt roots.

The calculations were performed for individual&0 cm dbh for comparability with the

data from 1993 as well as with all individuals fr@em dbh up.
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3.3.3 Biomass

Biomass was calculated according to a commonly Usgarithmic regression model
(CHAVE et al, 2001):

In (AGTB) = a + bIn (D)

AGTB (aboveground dry biomass of a tree) is measurdg, D is the measured dbh in
cm, with 2.42 for b (the best-fit allometric expaotg and -2.00 +/- 0.27 far.

This model is an estimation method specializedaftropical lowland forest following
the allometric relationship between biomass and dlble parameter tree height is not
measured. This parameter is not necessary for latitmu Tree height is generally
questionable to be a good estimator of the abowegrdiomass due to the high

variability of tree architectures in tropical fore¢HALLE et al, 1978).

A comparison with the data fromUdeErR & WEISSENHOFER(1993) was performed.

Therefore those data had been recalculated wihréigiression model.

Further NEP (net ecosystem production) and NPP fmehary production) were
determined.
The calculations were performed for individual$0 cm dbh for comparability with the

data from 1993, as well as with all individualsnr@ cm dbh up.

3.3.4 Turnover and mortality

Mortality
m=Innp-InS/t

with the census interval be t, the population sizdime zero be g) the number of

survivors at time t be:S
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Recruitment

r=Inn-Ing/t
with the population size at time t be n

Population growth

A=Inn-Inmnp/t
Those standard methods were used in several fatudies (e.g. GNDIT et al 1992).

The calculations were performed for trees ght0 cm for comparability with the data

from 1993. No previous data from dbh 2 to 10 cnsiexi

3.4 Floristic diversity

Diversity consists of two components, the variatg ¢he relative abundance of species.
So diversity can be measured by recording the nurobspecies, by describing their

relative abundances or by using a measure whiclbic@® the two components.

Diversity was calculated for individuats 10 cm dbh for comparability with the data
from 1993 as well as with all individuats2 cm dbh.

3.4.1 Species Density

Species density is a common species richness mgis defined as the measure of the
number of species in a defined sampling unitAGURRAN 1988)

It is used if the study area can be delimited icspand time and the constituent species
can be enumerated and identified.

Species density describes the number of species specified collection area

(HURLBERT 1971), e.g. species / m2, A density calculatedl ii@ctare is common.

12



The following indices are based on the proporticataindances of species trying to

combine richness and evenness in a single figures(MRAN 1988).

3.4.2 Simpson’s Index

The Simpson index (8PSON 1949) takes the number of species present asawehe
relative abundance of each species into accoumgplesents the probability that two
randomly selected individuals in the area belonthéosame species.

It’s a reciprocal indeg / D, or an index of diversit} — D, where D is calculated 0y

= 1/(Sum (p%) and further for a finite community as follows:

D = sumnx(n-1) / sum N x (N-1)

where n is the number of individuals of a specfiecies and N is the total number of
individuals.

Due to thereciprocal character of that index 1/D, it starts with théueal (if only one
species occurs) and raises up to the total numibgpezies (if each individual belongs
to a different species).

The index of diversity 1-D lies between 0 and 1.

3.4.3 Shannon Wiener/Weaver Diversity Index

The Shannon index EBNNON & WEAVER 1949) assumes that individuals are randomly
sampled or distributed from an indefinitely larggpplation.
It is calculated from following equation:

H=-Zplnp

The quantity pis the proportion of individuals found in tHespecies.
Like Simpson’s reciprocal Index it ranges from the total number of species.

13



3.4.4 Shannon’s Evenness

Evenness shows how similar abundances of similaciep are. It is derived from

Shannon and is calculated as follows:

E = H/In(S)

with H as Shannon Index and S as total number edisp.

3.4.5 Alpha index

Alpha index or log series or Fishen gFISHER et al, 1943) is a common diversity index.

It assumes that samples are reasonable fit to-adogs.

a=N(1-x)/x

X is estimated from:

S/ N= (1-x) / X [-In (1-X)]

with N for the total number of individuals and Sr fthe total number of species
(MAGURRAN 1988).
3.4.6 Importance Value Index

The IVI is an indicator for the importance of a gpe in a research area. It contains

relative frequency, relative density and relatieenthance.
The relative frequency is calculated by generapelisal of the species, based on its

presence in the sample units.

The sum of all relative frequency values for allicted species in a plot will be 100%.

14



The relative density is the proportion of eachwitlial of species in the subplot.
The sum of all relative density values for all ctatchspecies in a plot will be 100%.

The relative dominance is the proportion of the iBAn® of the total BA in a plot.

The sum of all relative dominance values for alired species in a plot will be 100%.

3.4.7 Family Importance Value Index

FIVI shows the importance of the families in a ses@ area. Calculation is similar to

IVI but instead of relative diversity relative fregncy is used (kKRi 1983).

The relative diversity is the number of speciesadémily divided by total number of
species.

The sum of all relative diversity values for alesges of a family in a plot will be 100%.

The relative density is the total number of induats of each family divided by the
total number of individuals in a plot.

The sum of all relative density values for all ctatchindividuals of each family in a plot
will be 100%.

The relative dominance is the total amount of BAnmcovered by each family, divided

by the total BA of the plot.

The sum of all relative dominance values for athiles in a plot will be 100%.
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4 Results

4.1 Basic Forest Structure

4.1.1 Size Class Distribution

The size class distributions were compiled in 5steps in Table 4.1 and Fig. 4.1 and
showed the anticipated J graph. Most individuadsimithe dbh range of the smaller size
classes.

Size classes [dbh] Individuals %
2-4.9 1999 66,66
'5-9.9 544 18,14

"10-14.9 135 4,50
"15-19.9 108 3,60
'20-24.9 69 2,30
'25-29.9 31 1,03
"30-34.9 28 0,93
"35-39.9 13 0,43
40-44.9 13 0,43
'45-49.9 12 0,40
'50-54.9 9 0,30
'55-59.9 7 0,23
"60-64.9 6 0,20
'65-69.9 2 0,07
"70-74.9 5 0,17
"75-79.9 2 0,07
'80-84.9 5 0,17
"'85-89.9 3 0,10
"90-94.9 0 0,00
"95-99.9 3 0,10
"100-104.9 2 0,07
"105-109.9 0 0,00
"110-114.9 2 0,07
"115-119.9 0 0,00
"120-124.9 0 0,00
"125-129.9 1 0,03

Tab. 4.1.Size class distributions (total individuals & %).
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Size Class Distribution
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Fig. 4.1 Size class distributions (dbh in cm) of the pio%o

The most important class was 2 to 4.9 cm dbh. H888 individuals (or 66.66 %) out

of 190 species were found in this group. The dontispecies wag/efiaregia
(Arecaceae) with 175 individualBsychotria elata (Rubiaceae) with 173 individuals
andHenriettea tuberculata (Melastomataceae) with 106 individuals follow.

Carapa guianensis (Meliaceae) was the tree with the highest numbeindividuals
(59).

The family with the highest abundance was the Rud#aa with a total of 370
individuals, followed by the palms with 319, the Isltomataceae with 221 and the

Euphorbiaceae with 175 individuals.

In size class dbh 5 to 9.9 cm 544 individuals @14 %) out of 109 species were found
in this group.

The dominant species waliartea deltoidea (Arecaceae) with 46 individuals,
Henriettea tuberculata (Melastomataceae) aMielfia regia (Arecaceae) follow with 37
individuals each.

17



Mabea occidentale (Euphorbiaceae) was the tree with the highest murabindividuals
(19), followed by Brosimum alicastrum (Moraceae) with 14 individualsCarapa
guianensis (Meliaceae) was found ten times in this class.

The dominant families were the Arecaceae with IR®Bviduals, the Melastomataceae
with 44 and the Euphorbiaceae with 28 individukl®m the Rubiaceae remained only

27 individuals.

In size class dbh 10 to 14.9 cm 135 individuals4(ér%) out of 50 species were found.
Iriartea deltoidea was the tree with the highest number of individ&®), followed by
Socrathea exorrhiza with 11 individuals.

The dominant tree species w@arapa guianensis (Meliaceae) with 5, followed by
Symphonia globulifera (Clusiaceae) with 4 individuals.

The family with highest abundance was the palmé Wit individuals. Rubiaceae did

not occur any more.

Climax families like Meliaceae or Moraceae remaiimethost bigger size classes.
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4.1.2 Average dbh and BA

4.1.2.1 Individuals dbh >10 cm

The average dbhof all individuals> 10 cm dbh in 1993 was 23.5 cm EWSENHOFER
1994).

In 2001 the average dbh of all remaining indivig@allO cm without recruits was 24.8
cm, including the recruits dbh was 25.9 cm.

In the size classes dbhl0 cm 128 individuals died with an average dbt®b cm, 43

individuals exceeded 10 cm dbh with an averageadlil2 cm.

BA of all individuals> 10 cm dbh in 1993 was 35.5 m? f&W/SENHOFER1994).

In 2001 the BA of all individualg 10 cm was 35.9 m2.

The size class with highest BA was 80-84.9 cm \wittotal amount of 7.26 % of the
total BA.

The BA of all size classes was similar with a maarount of 1.79 m2 (SD 0.49).
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Fig. 4.2 BA, weighted for all plants dbh10cm
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4.1.2.2 Individuals dbh > 2 cm

Theaverage dbhof all individuals> 2 cm was 7.0 cm.

TheBA of all individuals dbh» 2 cm was 38.7 m2. This calculation also led tortioest
important size class 80-84.9 cm with a total amair§.73 % of the total BA. The size
class up to 4.9 cm had an amount of 3.49 %, thes&do 9.9 cm 3.79 % of total BA.

In this case the mean BA of all size classes w&g m? (SD 0.49).
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Fig. 4.3 BA, weighted for all plants dbh 2 cm
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4.1.3 Biomass

4.1.3.1 Individuals dbh >10 cm

For trees dbl 10 cm the biomass was 330 Mg'ha

Biomass of all individuals 10 cm dbh in 1993 was 315 Mg hAVEISSENHOFER1994,
recalculated with the formula fromHBVE et al, 2001).

Only 25 % of all trees were greater than 30 cm dihh,they represented 85 % of the
aboveground biomass and as much as 77 % of the BA.

The effect of larger trees on biomass was conditieraore pronounced. Only 5 % of
the trees were above dbh 70 cm, but 50 % of abouegrbiomass and 40 % of the BA

belonged to this size class.

The estimated biomass rose from 315 Mg a1993 to 330 Mg hain 2001. This
meant a NEP of 1.9 Mg Ha™.

The net loss due to mortality was 6.3 Mg*ha’, and the increase due to recruits was
0.3 Mg ha' y™*. Therefore the biomass accumulation (NPP) wasmgda’ y*.

4.1.3.2 Individuals dbh >2 cm

For all trees dbk 2 cm the biomass was 339 Mg'h&o all the plants smaller than 10
cm dbh contributed only 2,8 % (9 Mg Hao the whole aboveground biomass, although
they represented 84 % of all individuals.
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4.1.4 Growth and Mortality

Mortality was 3.54 % ¥ for all stems> 10cm dbh. Recruitment was 1.29 %y
Mortality mainly occured in the lowest size clasdésarly 60 % of all dead individuals
were below dbh 15 cm. 30 % of them belonged toAleeaceae.

In larger size classes mortality was nearly consianose slightly with dbh.

There was a wide range of mortality and recruitn@nong the different species.

The palmiriartea deltoidea for example had a mortality of 4.64 9% wnd recruitment
of 2.11 % V"

Dendropanax arboreus (Araliaceae) had a mortality of 8.66 9% wnd recruitment of
0 % y™.

Elaeoluma glabrescens (Sapotaceae) had recruitment and in this casewtlyrate of
1.67 % y*. No individual died.

Carapa guianensis (Meliaceae) had a mortality of 2.79 %" yand recruitment of
4.35 % y*'. Therefore a growth rate of 1.56 % gccured.

Mortality, Recruitment & Growth
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Fig. 4.4 Mortality, recruitment and growth rates includialdjindividuals of all species.

Points are placed above the midpoint of eachdass.
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Annual Growth [mm]
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4.2 Floristic diversity

4.2.1 Species Density

The research plot comprised 527 individuals of §38. in 1993 (HBER 2005).
2001 there were 453 individuals dbl.0 cm out of 108 species and 43 families,

including all the recruits.

Including all reported individuals dbh 2 cm 2849 individuals out of 232 species and

59 families were found.

Individuals per Species Dbh >=10cm

Nr of Species

1 2 3 4 5 6 7 8 10 15 16 17 20 43 62

Nr of Individuals

Fig. 4.7 Number of individuals per species of all indivadsidbh> 10 cm

The most frequent speciesalf trees dbh> 10 cmwerelriartea deltoidea with 62, and
Welfia regia (both Arecaceae) with 43 individuals. The Clusi&cegymphonia
globulifera and Marila laxiflora were presented with 20 individuals eadcParapa
guianensis (Meliaceae) with 17, the paliocratea exorrhiza with 16 andBrosimum
utile (Moraceae) with 15 individuals also were frequent.

42 species were represented with only 1 individse¢ Figure 4.7).
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Individuals per Species Dbh >=2 cm

(2]
o

a1
o
I

D
o
I

Nr of Species
w
o

N
o
I

10 A

Nr of Individuals

Fig. 4.8 Number of individuals per species of all indivadsidbh> 2 cm

The most abundant speciesatff individuals dbh > 2 cm was the palm\elfia regia
with 255 individuals. The understorey specisychotria elata (Rubiaceae) with 184
andHenriettea tuberculata (Melastomataceae) with 145 plants were also veyuent.
The palmiriartea deltoidea with 124 andCarapa guianensis (Meliaceae) with 86
individuals followed up.

57 species were represented with only 1 individseé Figure 4.8).

4.2.2 Simpson’s Index

The diversity measure according to Simpson’s irgiase the value D = 0.039.

So the index of diversity was 1-D = 0.961 and th@procal index 1/D = 25.9 fall
individuals dbh > 10 cm

In 1993 the diversity measure according to Simpsamdex gave the value D = 0.035,
the index of diversity was 1-D = 0.965 and the pemtal index 1/D = 28.6 for all
individuals (HUBER 2005).
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Forall individuals dbh > 2 cm Simpson’s index gave the value D = 0.024.
So the index of diversity 1-D = 0.976 and the remgl index 1/D = 41.3.

4.2.3 Shannon Wiener/Weaver Diversity Index

The Shannon-Weaver index gave the value H' = 5{603ll individuals dbh > 10 cm
In 1993 Shannon-Weaver index gave the value H14 9 (HJBER 2005).

Forall individuals dbh > 2 cm Shannon-Weaver index gave the value H' = 6.427.

4.2.4 Shannon’s Evenness

The evenness index gave the value E = 1.2alfandividuals dbh > 10 cm
In 1993 the index gave 0.84 (BER 2005).

For all individuals dbh > 2 cmevenness index was about 1.18.

4.2.5 Alpha index

Alpha index or log series or Fisherisgave the value = 45.552 forall individuals
dbh>10cm
In 1993 alpha index gave the value 57.953 (HBER 2005).

Forall individuals dbh > 2 cmalpha index gave = 59.699.
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4.2.6 Importance Value Index

The IVI is an indicator for the importance of asjes in a research area. It is the sum of

relative frequency, relative density and relatieenthance.

4.2.6.1 IVIdbh >10cm
426.11 Relative Frequency
Species Family Nr of Individuals | Nr of Subplots | ReFrequency [%]
Iriartea deltoidea Arecaceae 62 40 10,000
Welfia regia Arecaceae 43 34 8,500
Marila laxiflora Clusiaceae 20 18 4,500
Symphonia globulifera |Clusiaceae 20 18 4,500
Carapa guianensis Meliaceae 17 16 4,000
Socratea exorrhiza Arecaceae 16 14 3,500
Brosimum utile Moraceae 15 14 3,500
Mabea occidentale Euphorbiaceae 10 9 2,250
Brosimum lactescens  |Moraceae 8 8 2,000
Compsoneura sprucei  |Myristicaceae 10 8 2,000
Otoba novogranatensis |Myristicaceae 8 8 2,000
Other Species 224 53,250
100,000

Tab. 4.2 Relative Frequency for all individuals, dbH.0 cm

4.2.6.1.2 Relative Density
Species Family Nr of Individuals Relative Density%o]
Iriartea deltoidea Arecaceae 62 13,687
Welfia regia Arecaceae 43 9,492
Marila laxiflora Clusiaceae 20 4,415
Symphonia globulifera Clusiaceae 20 4,415
Carapa guanensis Meliaceae 17 3,753
Socratea exorrhiza Arecaceae 16 3,532
Brosimum utile Moraceae 15 3,311
Mabea occidentalis Euphorbiaceae 10 2,208
Humiriastrum diguense Humiriaceae 8 1,766
Brosimum lactescens Moraceae 8 1,766
Compsoneura sprucei Myristicaceae 8 1,766
Otoba novogranatensis Myristicaceae 8 1,766
Elaeoluma glabrescens Sapotaceae 8 1,766
Guarea grandifolia Meliaceae 7 1,545
Other Species 203 44,812
100,000

Tab. 4.3 Relative Density for all individuals, dizh10 cm
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4.26.1.3 Relative Dominance
Species Family Basal Area [m#Nr of Individuals | Rel Dominance [%]
Brosimum utile Moraceae 5,10 15 14,233
Carapa guianensis Meliaceae 3,77 17 10,530
Humiriastrum diguense |Humiriaceae 1,63 8 4,548
\Vochysia megalophylla |Vochysiaceae 1,36 6 3,796
Elaeoluma glabrescens |Sapotaceae 1,24 8 3,469
Welfia regia Arecaceae 1,23 43 3,444
Bombacopsis sessilis  |Bombacaceae 1,19 6 3,311
Symphonia globulifera |Clusiaceae 1,12 20 3,136
Byrsonima crispa Malpighiaceae 1,00 3 2,803
Marila laxiflora Clusiaceae 0,96 20 2,690
Parkia pendula Fabaceae-Mimos. 0,84 2 2,351
Iriartea deltoidea Arecaceae 0,82 62 2,284
Otoba hovogranatensis [Myristicaceae 0,77 8 2,161
Other Species 14,78 235 41,245
100,000

Tab. 4.4 Relative Dominance for all individuals, dbHLO cm

4.2.6.1.4

VI dbh >10cm

The IVI for all individualsdbh > 10 cmis listed in Tab. 5.5.

Species Family VI
Iriartea deltoidea Arecaceae 25,971
Welfiaregia Arecaceae 21,436
Brosimum utile Moraceae 21,044
Carapa guianensis Meliaceae 18,283
Symphonia globulifera Clusiaceae 12,051
Marila laxiflora Clusiaceae 11,605
Humiriastrum diguense Humiriaceae 8,064
Socratea exorrhiza Arecaceae 7,650
Elaeoluma glabrescens Sapotaceae 6,985
\Vochysia megal ophylla Vochysiaceaeara 6,371
Bombacopsis sessilis Bombacaceae 6,135
Otoba novogranatensis Myristicaceae 5,927
Brosimum lactescens Moraceae 5,288
Mabea occidentale Euphorbiaceae 5,259
Compsoneura sprucei Myristicaceae 4,559
Byrsonima crispa Malpighiaceae 4,215
Guarea grandifolia Meliaceae 4,182
Other Species 124,977
300,000

Tab. 4.5 VI for all individuals, dbh> 10 cm
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4.2.6.2 IVIdbh >2cm
426.2.1 Relative Frequency
Species Family Nr of Individualg Nr of Subplots| Rel Frequency [%]
Welfia regia Arecaceae 255 84 4,504
Henriettea tuberculata [Melastomataceae 145 65 3,485
Psychotria elata Rubiaceae 184 60 3,217
Iriartea deltoidea Arecaceae 124 59 3,164
Carapa guianensis Meliaceae 86 54 2,895
Mabea occidentale Euphorbiaceae 76 49 2,627
Euphorbia elata Euphorbiaceae 86 38 2,038
Socratea exorrhiza IArecaceae 52 37 1,984
Marila laxiflora Clusiaceae 43 36 1,930
Compsoneura sprucei  [Myristicaceae 57 36 1,930
Brosimum utile Moraceae 38 34 1,823
Faramea sessifolia Rubiaceae 39 32 1,716
Symphonia globulifera [Clusiaceae 39 31 1,662
Protium aracouchini  |Burseraceae 37 30 1,609
Other Species 1588 65,416
100,000

Tab. 4.6 Relative Frequency for all individuals, dbi2 cm

4.2.6.2.2 Relative Density
Species Family Nr of Individuals Relative Density%o]
\Welfia regia Arecaceae 255 8,951
Psychotria elata Rubiaceae 184 6,458
Henriettea tuberculata Melastomataceae 145 5,090
Iriartea deltoidea Arecaceae 124 4,352
Euphorbia elata Euphorbiaceae 86 3,019
Carapa guianensis Meliaceae 86 3,019
Mabea occidentale Euphorbiaceae 76 2,668
Psychotria officinalis Rubiaceae 65 2,282
Asterogyne martiana Arecaceae 62 2,176
Compsoneura sprucei Myristicaceae 57 2,001
Socratea exorrhiza Arecaceae 52 1,825
Psychotria solitudinum Rubiaceae 45 1,580
Marila laxiflora Clusiaceae 43 1,509
Symphonia globulifera Clusiaceae 39 1,369
Faramea sessifolia Rubiaceae 39 1,369
Brosimum utile Moraceae 38 1,334
Other Species 1453 51,071
100,000

Tab. 4.7 Relative Density for all individuals, dizh2 cm
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426.2.3 Relative Dominance
Species Family Basal Area [m3Nr of Individuals [Relative Dominance [%
Brosimum utile Moraceae 5,14 38 13,275
Carapa guianensis Meliaceae 3,84 86 9,924
Humiriastrum diguense|Humiriaceae 1,63 11 4,219
Welfia regia Arecaceae 1,48 255 3,822
\Vochysia megalophylla |Vochysiaceae 1,35 9 3,480
Elaeoluma glabrescens |[Sapotaceae 1,26 18 3,254
Bombacopsis sessilis  |[Bombacaceae 1,19 11 3,087
Symphonia globulifera (Clusiaceae 1,17 39 3,023
Iriartea deltoidea IArecaceae 1,04 124 2,676
Byrsonima crispa Malpighiaceae 1,00 3 2,595
Marila laxiflora Clusiaceae 0,99 43 2,548
Parkia pendula Fabaceae-Mimos. 0,84 2 2,177
Otoba novogranatensis [Myristicaceae 0,78 15 2,016
Other Species 16,99 2195 43,905
100,000

Tab. 4.8 Relative Dominance for all individuals, dbt2 cm

4.2.6.2.4

VI dbh >2cm

The VI for all plantsdbh > 2 cmis listed in Tab. 5.9.

Species Family VI
\Welfia regia Arecaceae 17,277
Brosimum utile Moraceae 16,432
Carapa guianensis Meliaceae 15,838
Iriartea deltoidea Arecaceae 10,192
Psychotria elata Rubiaceae 9,998
Henriettea tuberculata Melastomataceae 9,080
Mabea occidentale Euphorbiaceae 6,295
Symphonia globulifera Clusiaceae 6,054
Marila laxiflora Clusiaceae 5,988
Euphorbia elata Euphorbiaceae 5,194
Humiriastrum diguense Humiriaceae 5,141
Compsoneura Sprucei Myristicaceae 4,830
Elaeoluma glabrescens Sapotaceae 4,637
Socratea exorrhiza Arecaceae 4,573
Vochysia megal ophylla Vochysiaceae 4,171
Bombacopsis sessilis Bombacaceae 4,063
Aster ogyne martiana Arecaceae 3,742
Other Species 166,566
300,000

Tab. 4.9 VI for all individuals, dbh> 2 cm
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4.2.7 Family Importance Value Index

The FIVI shows the importance of families in a agsl area. It is the sum of relative
diversity, relative density and relative dominance.

4.2.7.1 FIVI,dbh >10cm

4.2.7.1.1 Relative Diversity

Family Nr of Individuals Nr of Species Relative Diersity [%]
Moraceae 35 9 8,333
Clusiaceae 52 7 6,481
Sapotaceae 20 7 6,481
Fabaceae-Mimosoideae 8 6 5,556
Arecaceae 125 5 4,630
Myristicaceae 25 5 4,630
Annonaceae 4 4 3,704
Burseraceae 10 4 3,704
Chrysobalanaceae 9 4 3,704
Melastomataceae 9 4 3,704
Meliaceae 30 4 3,704
Fabaceae-Caesalpinioideae 4 3 2,778
Flacourtiaceae 4 3 2,778
Lauraceae 3 3 2,778
Sapindaceae 4 3 2,778
Other Families 111 37 34,259
100,000

Tab. 4.1Q Relative Diversity for all families, dbh 10 cm
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4.2.7.1.2 Relative Density
Family Nr of Individuals Nr of Species Relative Desity [%]
Arecaceae 125 5 27,594
Clusiaceae 52 7 11,479
Moraceae 35 9 7,726
Meliaceae 30 4 6,623
Myristicaceae 25 5 5,519
Sapotaceae 20 7 4,415
Euphorbiaceae 13 2 2,870
Burseraceae 10 4 2,208
Chrysobalanaceae 9 4 1,987
\Vochysiaceae 9 2 1,987
Melastomataceae 9 4 1,987
Myrsinaceae 9 2 1,987
Fabaceae-Mimosoideae 8 6 1,766
Humiriaceae 8 1 1,766
Violaceae 7 2 1,545
Other Families 84 44 18,543
100,000

Tab. 4.11 Relative Density for all families, diah 10 cm

42713 Relative Dominance

Family Nr of Individuals | Nr of Species| BA [m?] | Relative Dominance [%]
Moraceae 35 9 6,04 16,865
Meliaceae 30 4 4,68 13,052
Clusiaceae 52 7 2,59 7,215
Myristicaceae 25 5 2,37 6,619
Arecaceae 125 5 2,34 6,525
Sapotaceae 20 7 1,93 5,381
Humiriaceae 8 1 1,63 4,548
\Vochysiaceae 9 2 1,60 4,456
Chrysobalanaceae 9 4 1,27 3,538
Fabaceae-Mimosoideae 8 6 1,23 3,430
Bombacaceae 6 1 1,19 3,311
Other Families 126 57 8,98 25,059

100,000

Tab. 4.12 Relative Dominance for all families, dbhl0 cm
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4.2.7.1.4 FIVI, doh >10cm

The FIVI for all plantdbh > 10 cmis listed in Tab. 5.13.

Family Nr of Individuals Nr of Species FIVI
Arecaceae 125 5 38,749
Moraceae 35 9 32,925
Clusiaceae 52 7 25,175
Meliaceae 30 4 23,379
Myristicaceae 25 5 16,768
Sapotaceae 20 7 16,278
Fabaceae-Mimosoideae 8 6 10,752
Chrysobalanaceae 9 4 9,228
\Vochysiaceae 9 2 8,295
Burseraceae 10 4 8,160
Humiriaceae 8 1 7,240
Melastomataceae 9 4 6,061
Fabaceae-Caesalpinioideae 4 3 5,918
Euphorbiaceae 13 2 5,744
Annonaceae 4 4 5,636
Bombacaceae 6 1 5,561
Myrsinaceae 9 2 4,409
Malpighiaceae 3 1 4,391
Lauraceae 3 3 4,200
Sapindaceae 4 3 4,199
Olacaceae 4 2 4,009
Other Families 63 29 52,924
300,000

Tab. 4.13 FIVI for all families, dbh> 10 cm

33




Nr of Species

Chrysobalanaceae ————————m
Melastomataceae —————e0e—=03

Meliaceae ———————0——m

Moraceae
Clusiaceae
Sapotaceae
Fabaceae- |
Flacourtiaceae ———mm=

Annonaceae ——/————
Burseraceae F—=—=—2

Arecaceae

Fabaceae-
Myristicaceae

Lauraceae —=—23
Sapindaceae F——

Apocynaceae =—23
Euphorbiaceae F=—oa3

Myrsinaceae F=—=3
Myrtaceae =—=3
Olacaceae =—o=
Quiinaceae —

Sterculiaceae ———m

Violaceae =—=3

Vochysiaceae F=—=m

Bombacaceae ==

Dichapetalaceae ==

Dilleniaceae ==

Araliaceae ==
Elaeocarpaceae ==

Fabaceae- ==

Hippocrateaceae ==

Humiriaceae ==
Lecythidaceae ==
Lepidobotryaceae =2

Magnoliaceae ==

Malpighiaceae ==

Rubiaceae ==

Sabiaceae ==

Simaroubaceae ==

Theaceae ==

Tiliaceae ==

Rhizophoraceae ==
Ulmaceae ==

Fig. 4.9 Family Diversity for all individuals, dbk 10 cm

4.2.7.2 FIVI,dbh >2cm

42721 Relative Diversity
Family Nr of Individuals | Nr of Species| Relative Diversity [%]
Rubiaceae 398 17 7,328
Fabaceae-Mimosoideae 58 16 6,897
Moraceae 120 15 6,466
Clusiaceae 170 14 6,034
Arecaceae 580 13 5,603
Melastomataceae 275 12 5,172
Sapotaceae 82 9 3,879
Annonaceae 44 8 3,448
Euphorbiaceae 217 8 3,448
Lauraceae 23 8 3,448
Burseraceae 78 7 3,017
Chrysobalanaceae 26 7 3,017
Flacourtiaceae 55 7 3,017
Meliaceae 115 6 2,586
Fabaceae-Caesalpinioideae 21 5 2,155
Myristicaceae 103 5 2,155
Sapindaceae 11 5 2,155
\Vochysiaceae 39 5 2,155
Other Families 473 65 28,017
100,000

Tab. 4.14 Relative Diversity for all families, dbh 2 cm
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4.2.7.2.2 Relative Density
Family Nr of Individuals Nr of Species Relative Desity [%]
Arecaceae 580 13 20,344
Rubiaceae 398 17 13,960
Melastomataceae 275 12 9,646
Euphorbiaceae 217 8 7,611
Clusiaceae 170 14 5,963
Moraceae 120 15 4,209
Meliaceae 115 6 4,034
Myristicaceae 103 5 3,613
Sapotaceae 82 9 2,876
Burseraceae 78 7 2,736
Fabaceae-Mimosoideae 58 16 2,034
\Violaceae 57 3 1,999
Flacourtiaceae 55 7 1,929
Annonaceae 44 8 1,543
Myrtaceae 42 4 1,473
Other Families 457 88 16,029
100,000

Tab. 4.15 Relative Density for all families, diah2 cm

4.2.7.2.3 Relative Dominance
Family Nr of Individuals |Nr of Species| BA [m?] | Relative Dominance [%]
Moraceae 120 15 6,18 15,974
Meliaceae 115 6 4,76 12,309
Arecaceae 580 13 3,06 7,899
Clusiaceae 170 14 2,74 7,078
Myristicaceae 103 5 2,46 6,357
Sapotaceae 82 9 2,03 5,233
Humiriaceae 11 1 1,63 4,219
\Vochysiaceae 39 5 1,62 4,178
Chrysobalanaceae 26 7 1,30 3,363
Fabaceae-Mimosoideae 58 16 1,28 3,309
Bombacaceae 11 1 1,19 3,087
Other Families 1536 140 10,45 26,995
100,000

Tab. 4.16 Relative Dominance for all families, dbh2 cm

35




4.2.7.2.4 FIVI, dbh>2cm

The family importance value index for all plaaditsh > 2 cmis listed in Tab. 5.17.

Family Nr of Individuals Nr of Species FIVI
Arecaceae 580 13 33,846
Moraceae 120 15 26,648
Rubiaceae 398 17 22,134
Clusiaceae 170 14 19,075
Meliaceae 115 6 18,929
Melastomataceae 275 12 15,847
Euphorbiaceae 217 8 12,572
Fabaceae-Mimosoideae 58 16 12,240
Myristicaceae 103 5 12,125
Sapotaceae 82 9 11,988
Burseraceae 78 7 8,039
Vochysiaceae 39 5 7,701
Chrysobalanaceae 26 7 7,292
/Annonaceae 44 8 6,089
Flacourtiaceae 55 7 5,406
Fabaceae-Caesalpinioideae 21 5 5,055
Lauraceae 23 8 5,040
Humiriaceae 11 1 5,035
Malpighiaceae 5 3 4,065
Violaceae 57 3 3,928
Bombacaceae 11 1 3,904
Other Families 363 62 53,041
300,000

Tab. 4.17 FIVI for all families, dbh> 2 cm
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Fig. 4.1Q Family Diversity for all individuals, dbh 2 cm
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5 Discussion

5.1 Basic Forest Structure

5.1.1 Size Class Distribution

Forest research plots are periodically monitoredgusize classes for better description,
presentation and visualization. Monitoring variescope. Several studies cover a range
from dbh> 10 cm, some contain individuals from dbhl cm or dbh> 2 cm. The
corresponding size classes are frequently statetDicm intervals, smaller research
plots occasionally in 5 cm steps.

Size classes usually give the base for parametetsucture, e. g. for BA, biomass and

turnover variables and make them comparable whbrdbrest sites and areas.

The distribution on the research plot showed thecigated J graph. Most of the
individuals were found in the smaller size classespmmon feature of primary forests
(GENTRY & TERBORGH 1990, HUBBEL & FOSTER 1990, LEBERMANN & LIEBERMANN
1994).

453 individuals dbk 10 cm out of 108 species were found on the rekgadot. In 1993
527 individuals out of 133 species were presenis@f 2005). Many species are
represented with very few individuals. For example this research plot 57 species had
only one individual. If disturbances occur speaigth low density are more influenced
than species with a higher number of individualspétially the lower size classes
showed higher mortality and loss of those individpaor species. So a decrease of
species richness at the moment of the inventoryroed.

With all plants dbl» 2 cm there were 2849 individuals out of 232 specie

Compared with research areas in other neotropegbns that number of individuals
was more or less average. E. g. Barro Coloradmdsldanama, had about 415
individuals dbh> 10 cm per ha in a 50 ha plotg@iT 1995), Paracou, French Guiana
about 615 individuals per ha in a 19 ha ploty®RicHON 1994). For further data see
Tab. 6.2.
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Density could be influenced by the dominant sailetyHereby it is stated that highest
density occured on depressions and floodplains lattef areas (IEEBERMANN &
LIEBERMANN 1985). IEWALT (2003) showed no significant differences in tatamber
of trees on different soil types in La Selva, CdRtea. WEISSENHOFER(2005) showed
that the research areas with highest amount ofichaals were on the poorest soils in
Esquinas forest, Costa Rica.

Another alternative reason for reducing or limitohgnsity was a higher number of taller
trees. Those could reduce the number of smallevithehls by e. g. shadowing or
killing in treefall events (IEBERMANN & LIEBERMANN (1994). On the plot several

larger trees were present.

Due to treefall of large trees in the recent yearsller individuals were killed and
relative huge gap areas formed. So some plantshwincl reached a dbh 10 cm
disappeared and less individuals could reach thiaten. Otherwise the high number of
individuals in the lowest size classes were caumethe colonization of the gap areas
by several species meanly of Rubiaceae (esgchotria spp., Isertia laevis, Faramea
sessiliflora) and Arecaceadr{artea deltoidea, Welfia regia). The high density of palms
causes difficulties for regeneration. First, lapgém leaves reduce light transmission for
smaller plants and second, dying and falling leav@sld possibly kill most of the
young regeneration standing below. Especially Varge and heavy leaves like those of

Welfiaregia could cause such effects.

Location Author Density Range (Dbh
Costa Rica, Esquinas Present Stugdy 2849 2cm up
Costa Rica, La Selva HVALT 2003 3360 lcm up
Panama, BCI BWALT 2003 4910 lcmup
Peru, Cocha Cashu EWALT 2003 5377 lcm up
Brazil, KM41 DEWALT 2003 6150 lcm up
Ecuador, Yasuni MLENCIA 2004 6094 lcmup
Malaysia, Pasoh ®TKIN 2002 6705 lcmup

Tab. 5.1: Comparison of tropical forests: Density
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5.1.2 Basal area

The BA (dbh> 10 cm with 35.9 m2, dbh 2 cm with 38.7 m?) of the plot had an amount
more or less found in similar studies in Latin Aioan forests and was higher than the
average respectively.HWWALT & CHAVE (2004) showed BA in four different forests in
Brazil, Peru, Panama and Costa RicaLBNCIA (2004) in an Ecuadorian forest (see
Table 6.1). Here the nutrient poor Peruvian andzBaa forests showed surprising high
BA, whereas the Central American forests were coaipely low despite its relative
high fertile soils. Usually the growth of treesgeseater on soils with high nutrition
status (GNTRY & TERBORGH 1990). Those nutrient poor south American forests
showed a very high density of medium sized treesreds the Central American forests

showed a higher amount of trees with higher dbh.

The research plot suffered several severe distadsain the past years with loss of
many bigger trees. The remnants of the boulderkldmiseen for years on the plot. So
a good part of the area showed gap phase chasticiewith dense understorey, low

dbh’s and few canopy trees. A loss of few planth Wigh dbh caused lower BAs.

Relief was deciding the amount of BA and therefoirgrowth. AEISSENHOFER(2005)
showed highest BA on plots with higher slopes amd rimiges (up to 43.5 m?).
HARTSHORN (1983) confirmed this statement with BA of 45.8 on? those stands and
lower values on sites with lower gradients in thme area.

Low values on flat landscapes in La Selva, CostaRwvere approved byARTSHORN

& HAMMEL (1994)andLIEBERMANN et al. (1996)BA varied between 23.5 and 27.1

m2/ha.

Location Rgg:;?cilﬁo Costa Rica Panama Peru Brazil Ecuador
) La Selva BCI Cocha Cashu KM41 Yasuni
Esquinas
Author Present Study EWALT 2003 | DEWALT 2003 | DEWALT 2003 | DEWALT 2003 |VALENCIA 2004
Ind. Density 2849 3360 4910 5377 6150 6094
Basal Area (m? 38.7 29.2 27.9 45.3 38.6 33.4
Range (Dbh) 2cm up lcmup lcmup lcmup lcm ugp mu

Tab. 5.2: Comparison of Neotropical forests: Density and BA.
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5.1.3 Biomass

Biomass strongly varies dependent on the way ofugation. Differences of two
slightly different calculations may result in devne@s caused by the square sum
deviation of two measurement uncertainties. Dugréat variations of the crown shape
and the tree architecture in general exact calomstseem difficult (ALLE et al 1978).
Also the height measurement of tropical trees magreor due to estimation differences
which often ranges up to 10 mH{&VE et al 2001). So a regression model excluding the
height was chosen. A derivation of the formula wesvided by GAve (2001). Those
regression model is commonly used in biomass estmaiowadays (EELEY et al
2007; DEWALT et al 2004; @AVE et al 2001).

Previous studies on biomass resulted in a range 48 Mg hd up to 669 Mg ha
(KIRA 1971). The Esquinas research plot showed averammabs (339 Mg hj
compared to other tropical forests. Biomass foruat800 Mg h&d are common in
tropical forests (BAVE et al, 2001).

CHAVE (2001) measured values from 309 up to 345 M§ihaFrench Guiana.HELEY
(2007) obtained data from 4 different research arB&l, Panama; Pasoh, Malaysia;
Lambir, Malaysia; Huai Kha Khaeng, Thailand, witstimations of 301 Mg hhfor
BCI, 326 Mg ha for Pasoh, 490 Mg Hafor Lambir and 211 Mg hafor Huai Kha
Khaeng. GAvE (2008) obtained data from the same research piths307 Mg ha for
BCI, 340 Mg h& for Pasoh, 497 Mg Rafor Lambir and 211 Mg hafor Huai Kha
Khaeng.

The biomass accumulation (NPP) was high with 7.9Hdty™. Usually 2 to 4 Mg ha
ytwere reported (Bown 1990; LuGo 1992; GAVE 2001).

The ingrowth rate (NEP or uptake of biomass mimssés through death) was with 1.9
Mg ha'y™! in the usual range. Literature described values 1.7 up to 1.9 Mg Ray™

(e. g. BHILLIPS et al 1998; @AVE 2001).

The high NPP could be explained with the great gjaplar area in the lower part of the
research plot. High NPP values are typical for sdaoy forests and primary forests

with high areal amount of gaps.
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The increase of biomass from 1993 to 2001 had asuatof 15 Mg ha. This result
complied with the increasing average dbh and BAatTihcrement corresponded with
the assumption of increasing biomass in tropicaédts in the late twentieth century
(PHILLIPS & GENTRY 1994; RuILLIPS 1996). The root cause could not be detected., First
possibilities were disturbances and increment sif g@owing species due to distinct gap
formation, and second, athmospheric changes likereasing C@ increasing
temperatures or nitrogen deposition. This thesiddcoot answer that question. It could

be part of further analyses.

All the plants smaller than 10 cm dbh contributedy®,8 % (9 Mg ha) to the whole
aboveground biomass, although they represented 84f%ll individuals. This
corresponded with #SCURE (1983) who stated an amount of 2 to 4 % of thaltot

biomass for such size classes.

Only 25 % of all trees were greater than dbh 30 oot they represented 85 % of the
aboveground biomass and as much as 77 % of theL8#yer tree affect on biomass
was considerably more pronounced. Only 5 % of teestwere above dbh 70 cm, but
50 % of aboveground biomass and 40 % of the BArggd to this class.

So a potential loss of only one greater individuegflected in a strong decrease in

biomass.

5.1.4 Growth and mortality

Growth and mortality rates generally vary througttogeny and therefore influence
size distribution (VRIGHT et al 2003). Mortality generally declines with ametree size
(HARcoMBE 1987). This decline is highest for light demandspgcies because they are
rare as seedlings and treelets due to their quyokgdwhen shaded, or their rapid
growing into higher size classes if high light Is/seemain high (VRIGHT et al 2003).
Shade tolerant species in contrast are very fracaeseedlings and treelets because of
their persistence and slow growth behaviour(@WT et al 2003).

Some species produce an ontogenetic shift, ther¢fmy need high levels of light for
establishment as seedling. When established théghswo a shade tolerant growth
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(CLARK & CLARK 1992; DnLLING et al 2001, WIGHT et al 2003). But generally the
mortality rates tend to be consistent across aénile stages (WIGHT et al 2003).

Size distributions with many small individuals arade large individuals characterize
prevailing of shade tolerant species with lowetiligr, slower growth in smaller size
classes and lower mortality of seeds and seed{iWgsGHT et al 2003).

Rates and therefore size class distribution vameselation to disturbances (e.g.
drought, pathogens, predation, windfall and oth€B)BERT et al 1994; ©NDIT et al
1996).

Former studies showed different resultaRfAsHORN (1980) showed a dominance of
species with high light requirements with an amaafritl % of all canopy tree species.
At BCI, Panama, several studies demonstrated ceavesults with a dominace of over
80 % of species regenerated in the shaded undeys(bluBBELL & FOSTER 1986,
CoNDIT et al 1996).

Generally pioneer species show rapid growth andt $twagevity, subcanopy trees have
slow growth and high longevity, and canopy and emetr species have moderate to
high growth and high longevity AURANCE et al, 2003; KRNING & BALSLEV 1994;
LIEBERMAN & LIEBERMAN 1987; NDIT et al 1996).

Mortality was 3.54 % ¥ for all stems dbk 10 cm. Plants from 2 to < 10 cm could not
be included because they were not evaluated in 4883herefore no comparison was
possible.

LAURANCE (2003) calculated mortality rates of 0.86 % ip a forest near Manaus,
Central Amazonia. GNDIT (1995) found mortality rates in 2 censuses fro@62ip to
2.66 % y' at BCI, Panama. HLLIPS (2004) described nearly 100 research plots in
Bolivia, Brazil, Ecuador, French Guiana, Peru arneh&zuela and reported mortality
rates from 0.44 up to 3.36 % yLEwis et al (2004b) showed mortality rates of 0.86 %
y! for seven stands in Panama, French Guiana, Austtazil, Peru, Cameron and
Malaysia.

Mortality rates are usually higher in pioneer speqi®NDIT 1995). But this could not
be verified with the Esquinas data. No absolutedreccurred which ecological group
has high and which has low mortality. In contratye Esquinas data showed slightly

higher mortality in the climax or canopy specieBisicorresponded with the conclusion
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of CoNDIT (1995) who recognized similar results in BCI, Faaaand VISSENHOFER
(2005) for four different Esquinas research pl@issta Rica.

Iriartea deltoidea (Arecaceae), the most abundant species on thehaldta mortality of
4.64 % V', Welfia regia (Arecaceae), the second abundant species, 2.02, ¥ayila
laxiflora (Clusiaceae), the most abundant canopy specS 22 y*.

Some species occurring in the Esquinas and BClaman showed very different
mortality rates:

Beilschmiedia pendula (Lauraceae) for example had 8.66 % in BCI 1.95 % V.
Brosimum alicastrum (Moraceae) had 5.07 %'yin BCI 1.85 % V.

Protium panamense (Burseraceae) had 1.93 %,yn BCI 9.00 % V.
Symphonia globulifera (Clusiaceae) had 1.47 %' yin BCI 10.39 % V.

Virola sebifera (Myristicaceae) had 0 %yin BCI 3.27 % V.

The reason of those differences might be diffedisturbances in the two forests, as
well as different level of climatic influences, agll as the timing of the census.
Generally understorey plants or plants of smaliee slasses could be killed by other
falling trees or parts of them éRsLow & HARTSHORN 1994). That could explain the
higher mortality rates of the palms and Melastoiweda. Mortality occured mainly in
the lowest size classes. Nearly 60 % of all dealividuals were below dbh 15 cm.
30 % were palms. Canopy plants could be elimind&gdightning, a very important
mortality factor, windthrow or snapping.

Climatic influences are a widely discussed themseglbbal warming and additional
carbon and nitrogen input responsible for accelegagrowth rates? That could not be
identified for sure. Ewis (2004) could not certainly show an influence of mverg on
tropical growth. Events with a greater impact (eENSO, EI Nino Southern
Oscillation) certainly affect different growth amdortality rates, but those influences
strongly vary depending on variables like regioeary species composition, slope.
PHILLIPS (2004) could not exclude an influence of additiomarbon input on
accelerated growth rates. Further studies and ationk should take place.

The timing of the census could possibly affect theasured rates, because climate
fluctuations could affect stem hydrations, growttes and mortality probabilities
(PHILLIPS et al 2004).
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Another reason could be different soil fertilitieRecent studies showed a strong
correlation between fertility, mortality and growthtes. Those rates are higher with
increasing soll fertility (RiLLIPS et al 1994; MHLI et al 2004; RiLLIPS et al 2004).
Especially on pioneer species soil fertility haseamormous impact (@\DIT 1999). But

that growth driver is generally too poorly charaizted and too spatial localized.

Growth rates varied strong among species and amengs. This corresponds with
other publications (RURANCE et al, 2003; CARK & CLARK 1992; GARK & CLARK
1994;pA SILVA et al 2002).

The growth rates in mm™yrange from 0 up to 7.5. The dbh growth in mthwas
inclining with higher size classesAURANCE (2008) found growth rates of 0.25 up to

6.39 mm V. Here pioneer species also had no higher grovaih ¢anopy species.

The weighted growth rate as a function of mortaétyd recruitment was negatively
correlated (—2.35%) due to the higher mortalitg rat

The relation between climate, soils and disturbanegh growth are very complex. In
La Selva, Costa Rica, dry years often tend to predwer averaged growth of canopy
trees possibly due to higher availability of phgtabetically active radiation during
years or periods with lesser cloud coverARX & CLARK 1994).

5.2 Floristic diversity

5.2.1 Species Diversity
5.2.1.1 Species Density

Tropical forests are characterized for having haddrof species per single hectare
(ConDIT et al 2005). The research plot in the Esquinasnggs to one of the forests with
highest species diversity in Central AmericauéQADA & al 1997, WEBER & al. 2001,
(HuBer 2008)). In Central America those forests are m et Pacific and Caribbean

lowlands of Costa Rica.
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Diversity can be measured generally on differentele ranging from genes to
ecosystems (&TON 2000). Most analyses measuring diversity are peréor by
observation of the number of species in a speara (ONDIT et al 2005).

One of the primary purposes of tree censusesasgess biodiversity with the intent of
providing absolute and comparative estimates ofispaliversity (ONDIT et al 1998).
Terrestrial systems have a significant higher gseaichness in tropical forests than in
temperate regions. While 200 or more species petateeare no curiosity for tropical
forests, temperate forests contain only more & Iés species per hectare. The whole

northern Europe has approximately 50 tree species.

In the research plot 108 species out of 43 famdigis> 10 cm and 232 species out of
59 families dbl» 2 cm respectively occurred.

The palmsiriartea deltoidea and Welfia regia as well as the Clusiace&@mphonia
globulifera and Marila laxiflora and Carapa guianensis (Meliaceae) were very
common. Many understorey and disturbance specietheoffamilies Rubiaceae and
Melastomataceae (eBsychotria elata, Isertia laevis) were also characterized by a very
high abundance. Due to the high disturbance degfd¢be research plot palms were
very frequent in succession, a characteristic whigstuirbances frequently occur and

results in gaps or gap areas in the forests.

5.2.1.2 Diversity Indices

The best practice and measure respectively of sliyewould be independent of
frequency for comparing diversity of smaller wittrder areas or plots. But species
richness is clearly dependent on sample size. Adlices usually increase with

increasing sample size.

The Simpson diversity index(D) showed similar results within the censuses 1993
2001. 1-D lied between 0.965 and 0.961. Includihgnéividuals dbh> 2 cm the index
was about 0.976. The reciprocal index 1/D lied leetw?25.9 and 28.6. Here including
all individuals dbh> 2 cm resulted in an index of about 41.3. Thesddrigndices
including the smaller plants were caused by higlpcies density (232 species per
hectare and nearly 3000 individuals).
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You should sometimes be careful using the Simpsdax in tropical forests because it

represents evenness but nearly no part of richness.

Shannon-Weaver diversity index(H’) is usually the least variable and most stable
index containing information about both richnesd amenness.
The plot showed a H’ index 5.693 and was slightgjhkr than in 1993 (H' = 4.119).

Including all individuals dbk 2 cm resulted in an index of H' = 6.427.

The EvennessE = 1.21 compared to 1993 with E = 0.84 and withiralividuals
dbh>2cm E =1.18.

Compared with other tropical forests these indiattsst the Esquinas forest its high
diversity. LEBERMANN et al (1996) calculated indices from H' = 2.556Hb= 4.508
and the Evenness (E) ranges from 0.759 to 0.90fofests of the Carribean sites of
Costa Rica. ONDIT et al (1998) showed indices for Pasoh, Malays@l, Panama and
Mudumalai, India from H' = 1.3 up to H' = 1.6.AERANKIE (2006) calculated H’ =
3.91 for Korup, Cameroon, H' = 3.65 for BCI, Panatda= 5.59 for Yasuni, Ecuador,
H = 5.39 for Lambir, Malaysia, H' = 5.28 for PasoMalaysia and H' = 4.57 for

Palanan, Philippines.

The Alpha Index gave the value. = 45.552. That index was lower than 1983
57.953) and lower than with all individuals dbl2 cm ¢ = 59.699).

The range found in Fishers in the Esquinas forest (l8ErR 2005) was from 38.82
(coastal slope) to 70.49 (ridge forestpNDIT et al (1998) showed indices for Pasoh,
Malaysia, BCIl, Panama and Mudumalai, India witlkr 125.2,0 = 36.0 ando = 5.6.
VALENCIA et al (1994) showed indices for the Ecuadoriana@eyo forests from =
211.0 toa = 230.8. RILLIPS et al (1994b) showed = 221.1 for Yanamono, Peru,=
87.3 for Tambopata, Peru and 52.5 for Sepilok, s GNTRY (1982b) showed =
146.9 for Manaus, Brazil. AFRANKIE (2006) calculated = 44.4 for Korup, Cameroon,
a = 34.6 for BCI, Panamay = 190.5 for Yasuni, Ecuados, = 158.0 for Lambir,
Malaysia,a = 120.0 for Pasoh, Malaysia and 47.7 for Palanan, Philippines.

Highest diversity was shown for Neotropical forestgh a hot spot in the areas of Peru
and Ecuador. But the tropical forests of Centralefica showed also high diversity,

especially in the Esquinas forest.
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5.2.1.3 Importance Value

This index is considerable important because iughes three calculations. It is the sum
of relative frequency, relative density and relatdlominance.

The species with the highest Importance Values viene the Arecaceaelr{artea
deltoidea, IV 25.971;Welfia regia, IV 21.436), the Clusiacea&fnphonia globulifera,

IV 12.051;Marila laxiflora, IV 11.605), the Meliacea&rapa guianensis, 1V 18.283)
and the Moraceadfosimum utile, IV 21.044). In 1993 Huber found the same species
on top of the importance scale.

For all species (dbh> 2 cm) the understorey specidsenriettea tuberculata
(Melastomataceae) amt$ychotria elata (Rubiaceae) are additionally in the top ranking.

The three included indices showed the dominandbaxe species in all cases (but in
various order). Merely the relative dominance (uedi by BA) showed increasing
relevance of the bigger canopy species NMaehysia megalophylla (Vochysiaceae),
Humiriastrum diguense (Humiriaceae) anélaeoluma glabrescens (Sapotaceae).

Palms are very abundant in Central American antghaor South American tropical
forests. Especially a few genera IWeelfia, Iriartea andSocratea are typical. There is
nothing equivalent found in lowland forests of AsiEhere palms are abundant as
caespitose understorey plants and especially cignlaefact that is largely missing in
America (LAFRANKIE 2006). Generally no absolute dominance of one speti
whatever case could be recognized on the ploth@maontrary extreme non-dominance
was given, no species had such occurrence thatiitl e designed as leading species,
although palm species were frequent and a very &ngbunt of understorey or pioneer
trees (many Rubiaceae, Melastomataceae, Euphoalejpoeere found on the large gap

areas.
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5.2.1.4 Family Importance Value

No family showed absolute dominance on the researea. On top of both (dih 10
cm, dbh> 2 cm) calculations were the palms. They were oy diverse and did not
have highest BA but had the highest relative dgr{8d to 30 %). The Moraceae were
second in both ways and had generally a high irapod in the Esquinas forestuBEr
2005). While Clusiaceae, Meliaceae, Myristicaceag@ Sapotaceae were important in
the greater size classes, the calculation incluthegsmaller classes showed increasing
dominance of families with a high amount of undanmsy species (e.g. Rubiaceae,

Melastomataceae, Euphorbiaceae, Chrysobalanaceae).

The results showed that the Esquinas forest iobtiee highest diverse tropical forests.
The forest itself is very dynamic with high amourmifs turnover rates. Due to this
characteristics the stands are spatially dividechany microhabitats like a mosaique.
So many species with very diverse ecological regpénts could establish.

The forest is said to be in a “state of dynamicildgium” that may be subdivided into
three phases: the gap phase, the building phadethanmature phase. Gap phase has
great importance for diversity, especially in theghty diverse tropical forests
(WHITMORE 1978, HUBBELL & FOSTER 1986, HUBBELL & al. 1990). The Esquinas
forest is very dynamic and therefore all phasewéen gap and climax were found in

all plots.
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6 Abstract

The Esquinas rainforest in Costa Rica is amonglthet communities with the highest
number of species in Central Americauf€3ADA et al 1997). The thesis describes the
structure and the floristic diversity of a reseaptdt of an undisturbed primary forest in

the Piedras Blancas / Esquinas National Park ("Regke der Osterreicher").

The data were collected between 2000 and 2001.ysesiwere performed collecting
and identifying woody plants ¢f 10 cm and> 2 cm dbh respectively. A detailed site
map was generated, data were collected and cadutdteach tree and the whole plot
with individual number, diameter in breast heigtiblf), tree height, basal area (BA),
and biomass. Further growth and mortality ratesewsalculated. Furthermore species
density, diversity indices (Simpson, Shannon-Wiergsher'sa), Importance Value
(IVI) and Family Importance Value (FIVI) were calated.

All data were compared with former studies perfainby HUBER (1996a, 2005) and
WEISSENHOFER(1996, 2005)

In total 2849 individuals of 232 specie®2 cm dbh and 453 individuals of 108 species
> 10 cm dbh were recorded. Palms were very abungi@imtthe most frequent species
Iriartea deltoidea (62 individuals) andMelfia regia (43 individuals) for all trees dbh

10 cm. In the lower size classes understorey speltie Henriettea tuberculata
(Melastomataceae) arRbychotria elata (Rubiaceae) were very frequent with 184 and

145 individuals respectively.

The graph of the size class distribution showedathigcipated J graph. The average
dbh of all individuals> 10 cm was 25.9 cm, in 1993 23.5 cm. The averageodiall

individuals> 2 cm was 7.0 cm.

The BA was 35.9 m2 (dbh 10 cm) and 38.7 m2 (dbh2 cm), an amount found on the
lower range in similar studies in Latin Americandsts. Compared to MM6SENHOFER
(2005) who calculated 35.5 m? in 1993 similar valaeuld be reported. Root causes of

lower BA were suffering several severe disturbancdke past years with loss of many
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bigger trees. Also relief was deciding the amoudrBA. WEISSENHOFER(2005) showed
highest BA on plots with higher slopes and on rglgep to 43.5 m?). KRTSHORN
(1983) confirmed this statement with BA of 45.8 on?those stands and lower values
on sites with lower gradients in the same area.

The Esquinas research plot showed average biorBa8sMg ha') compared to other
tropical forests. WisseNHOFERcalculated 315 Mg Fain 1993. Biomass accumulation
(net primary production NPP) was high with 7.9 Mg'hy™. Ingrowth rate (net
ecosystem production NEP or uptake of biomass mmases through death) was with
1.9 Mg h& y* in the range of comparable tropical forests. Thgh NPP could be
explained with the great gap-similar area in thedopart of the research plot. High
NPP values are typical for secondary forests anmdguy forests with high amount of

gap areal.

The mortality rate was 3.54 %'pr all stems dbk 10 cm. The size class distribution
for mortality was different. Lower size classeswbd a higher rate. Nearly 60 % of all
dead individuals were below dbh 15 cm. In the highee classes mortality was nearly

constant. Recruitment was 1.29 %fgr all stems dbk 10 cm.

In the research plot 232 species out of 59 famibesurred. The palmériartea
deltoidea andWelfia regia as well as the Clusiace&amphonia globulifera andMarila
laxiflora as well asCarapa guianensis (Meliaceae) were very common. Many
understorey and disturbance species of the famitiesiaceae and Melastomataceae
(eg.Psychotria elata, Isertia laevis, Henriettea tuberculata) were also characterized by
a very high abundance. Due to the high disturbaleggee of the research plot palms
were very frequent in different succession phaaesharacteristic where disturbances

frequently occur and results in gaps or gap are#sa forests.

57 ssp. were represented with only one individual.

The Shannon-Wiener index was H'= 6.427, Simpsorxrghve D = 0.035, Simpson
index of diversity 1-D = 0.965 and Alpha index 59.699.

The families with the highest FIVI were the Arecaeg33.846), Moraceae (26.648)
Rubiaceae (22.134) and the Clusiaceae (19.075)spé&ees with the highest IVI were
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Welfia regia (Arecaceae; 17.277)Brosimum utile (Moraceae; 16.432)Carapa
guianensis (Meliaceae; 15.838) arldiartea deltoidea (Arecaceae; 10.192).

Probably due to the high precipitation, the missiing season, the strong structured

landscape and soil heterogeneity the Esquinastfbessa very high species diversity
for a tropical forest.
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7 Zusammenfassung

Der Esquinas Regenwald in Costa Rica gehort zu datenreichsten
Pflanzengesellschaften in Mittelamerika UE3ADA et al 1997). Diese Diplomarbeit
beschreibt die Struktur und floristische Diversigihes Forschungsplots in einem
Primarwald im Piedras Blancas Nationalpark (“Esgsimainforest” oder "Regenwald
der Osterreicher"), welcher in einer Seehdéhe vorD-Fb6 msm und einer
geographischen Lage von N 8°41' und W 83°12’ airfem gut drainagierten
sudwestlich exponierten Hangwald liegt. Der durbhn#tliche jahrliche Niederschlag
liegt bei etwa 6000 mm, die jahrliche Durchschtettsperatur bei ca. 28°C. Diese
Eigenschaften sowie die Abwesenheit einer ausgeragrockenzeit fuhrten zur

Ausbildung eines ,Perhumid tropical lowland wetdsi* gemald HLDRIDGE et al 1971.

Die Feldaufnahmen wurden zwischen 2000 und 200thdwefiihrt. Diese wurden in
Form von Besammlungen und Bestimmungen von holziB8anzen mit einem

Brusth6hendurchmesser (dizh)LO cm sowie> 2 cm dbh durchgefihrt. Ein detaillierter
Lageplan wurde erstellt, Daten jedes einzelnenviddums und der gesamten
Untersuchungsflache erhoben mit laufender Nummerbh, d Baumhothe,

Bestandesgrundflache und Biomasse. Weiters wurdachgfums- und Mortalitatsraten
sowie verschiedene Artendichte- und Diversitatsiesli (Simpson, Shannon-Wiener,

Fisher’sa), Importance Value (IVI) und Family Importance Wal(FIVI) berechnet.

Alle Berechnungen wurden mit jenen aus friheremiStuvon HIBER (1996a, 2005)
und WEISSENHOFER(1996, 2005) verglichen.

Insgesamt 2849 Individuen aus 232 Arter2 cm dbh sowie 453 Individuen aus 108
Arten > 10 cm dbh wurden ermittelt. Palmen wiesen eingesmochene Haufigkeit
vor allem mit den Arteniriartea deltoidea (62 Individuen) undWelfia regia (43
Individuen) fur alle Individuen dbh 10 cm auf. Bei den niederen Gréf3enklassen traten
Unterbauarten wieHenriettea tuberculata (Melastomataceae) unBsychotria elata
(Rubiaceae) sehr haufig auf (184 bzw. 145 Indivijue
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Die graphische Darstellung der GrofRenklassenvengikzeigt die typische reverse J-
Kurve mit den meisten Individuen in den niederen 6&nklassen. Der
durchschnittliche dbh aller Individuen10 cm betrug 25.9 cm, im Jahr 1993 23.5 cm.
Der durchschnittliche dbh aller Individuer2 cm betrug 7.0 cm.

Die Bestandesgrundflache betrug 35.9 m2 (@ldl® cm) beziehungsweise 38.7 m? (dbh
> 2 cm). Dieses Ergebnis liegt im unteren Bereiclgh@hen mit ahnlich designten
Studien in lateinamerikanischen Waldern. Es wuritke &anliches Ergebnis wie bei
WEISSENHOFER (2005) erzielt, welcher 35.5 m? in 1993 ermittel&auptgrund einer
niedrigeren Bestandesgrundflache sind schwere 1&6ruin den vergangenen Jahren
mit Ausféllen von Individuen mit hoherem dbh. DasliBf ist ebenfalls ein fur die
Bestandesgrundflache entscheidender Parame®ss¥WHOFER(2005) zeigte hdchste
Bestandesgrundflache auf steileren Untersuchuraltés sowie auf Ricken (bis zu
43.5 m?). KARTSHORN (1983) ermittelte ebenfalls hbhere Bestandesgltaduén auf
Steilhdngen und Ricken (bis zu 45.8 m?), sowierigete in flacheren Bestanden

desselben Areals.

Der Esquinas Forschungsplot weist mit 339 Mg ame durchschnittliche Biomasse im
Vergleich mit anderen tropischen Waldern auEi¥¥ENHOFERermittelte 315 Mg Ha

in 1993. Die Biomasseakkumulation (Nettoprimarpidin) war mit 7.9 Mg ha y*

hoch. Die Zuwachsrate (Netto-Okosystemproduktioer &lomassezunahme abziiglich
Verluste durch Absterben) lag mit 1.9 Mg'ha® im typischen Bereich vergleichbarer
tropischer Walder. Die hohe Nettopriméarprodukticanik durch den hohen Anteil an
gap-Flache im unteren Bereich des Plots erklartderer Hohe Produktionswerte
charakterisieren typische Sekundarwélder und Pvidder mit einem hoheren Antell

an gap-Areal.

Die Mortlitatsrate betrug 3.54 %%yfirr alle Individuen dbh> 10 cm. Mortalitat war
ungleich Gber die GroRenklassen verteilt. Hoher¢emRdraten in den niedrigeren
Klassen auf. Beinahe 60 % aller ausgefallenen idden wiesen einen dbh unter 15 cm
auf. Uber die hoheren Klassen verlief die Mortalithahezu konstant. Die

Einwuchsraten betrugen 1.29 %fjir alle Individuen dbk 10 cm.
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Auf der Untersuchungsflache wurden 232 Arten aus&ilien bestimmt. Die Palmen
Iriartea deltoidea und Welfia regia wie auch die Clusiace&ymphonia globulifera und

Marila laxiflora sowie Carapa guianensis (Meliaceae) waren sehr héaufig. Viele
Unterwuchspflanzen sowie Besiedler von Storungeregj Arten der Familien
Rubiaceae und Melastomataceae (Egychotria elata, Isertia laevis, Henriettea

tuberculata) traten ebenfalls ausgesprochen oft auf. Eine Wdhandanz an Palmen ist
charakteristisch fur sehr humide Walder sowie Belgdin denen Storungen haufig

auftreten.

57 Arten traten nur mit einem Individuum auf.

Der Shannon-Wiener Index betrug H'= 6.427, Simpkwlex ergab D = 0.035, der
Simpson Diversitatsindex 1-D = 0.965 und Alpha kbetrugo = 59.699.

Die Familien mit dem hochsten FIVI waren die Arezae (33.846), Moraceae (26.648),
Rubiaceae (22.134) und die Clusiaceae (19.075). Abien mit dem hdochsten VI
waren\Welfia regia (Arecaceae; 17.277Brossimum utile (Moraceae; 16.432arapa
guianensis (Meliaceae; 15.838) uridiartea deltoidea (Arecaceae; 10.192).

Diese ausgesprochen hohe Diversitat des EsquinagenRalds ist darauf
zuruckzufihren, dass hohe Niederschlage, keine epusgte Trockenzeit, stark

strukturierte Bestande sowie heterogene Bodengifegstem charakterisieren.
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9 Appendices

Tab. 8.1.Number of Individuals per Species and Size Class

249 5949 110-14.9 15199 20-24.9 26-299 30-34.9 35-39.9 40-44.9 45-49.9 ‘50649 1 "55-699 | BO-B49 | B560.9 70749 75799 | "g0-549 ‘85899 190949: 95999  100-104.9:°105-109.9: "110-114.9:7115-119,9:7120-124.9¢ "126-129.9

Acanthaceae Aphelandra s 1

r Tapirira myriantha ] )
Annonaceae ANNONgG MEZONICE 1
Annonaceas Cymbopetalim cosiancense ] E]
Annonaceae Guatteria amplifoliz ] 3 1
Annonaceas Guaitens chinquiensis i

nnonacea it 3 3 1
Annonaceas FRoliniz pittien 5]
Annonaceas ot k]
Annonaceae Unonapsis theobrormifolia 1

P a id q i

o Lacmelies 1 1

P Pl id
Araliaceas Dendropanax arboreus 15 7 1 2 1 2
Araliaceae Dendropanax Caucanus 1
Araliaceae Dendropanax cf._sessilifforus 1

recaceas A 1
Arecaceae Asteragyne maritiana A7 i5
Arecaceae Bactiis hondurensis 12 12

recacea Caigpi i
Arecaceae Chamaedorea matae 1
Arecaceas Chrysophita quagara i
Arecaceae Euterpe macrospadix 3
Arecaceae Euterpe precatona 2
Arecaceae Geonoma cuneata 5
Arecaceae irianes dekoides g Pl 1] 12
Arecaceag Cenocaipus Mapora [ [ 2
Arecaceae Socrates exonhiza 7 19 1 )
Arecaceae Welliz regia 178 37 4 20 16 3

A kennedy 7

Bo Bombacopsis sessilis 4 1 1 1 1 2 1
Bui Frotium 23 7 1
Bui Frotium 1 4
Burseraceas Brotium glab i
Burseraceae Proti 3 2 1 2 1 1 1
Burseraceae Frotie 7 3 1
Bui T B 1
Bui Trattinickiz aspera 1 1
C. Copaifera camibar 1 2 1 1
r‘ Cynomelra retuse 3 1
Caesalpiniaceae _;Maciolobium haitshomi L] 1 1
Caesalpiniaceae  Peitogune pukires 1
C Swartzia myrtiiolia K]
Ci Gecropia obtusifolia 9 2
Celastraceae Feroitetia sessilifiors 7
Chloranthaceae Hedyosmum scaberrimum 3] 1
Chrysabalanaceae {Hirtells americana 1
Chrysobalanaceae Hirtella lemsii 3
Chrysabalanaceae {Hirtella triandra 2 1 2
Chrysobalanaceae i Licania hypoleuca i i
Chr eae Hicania jpet 2 2 1
Chrysabalanaceae ficanta 4 1 1
Chrysobalanaceae ificania 5 1 3
Cl . longitolivm 15 2
Clu Calophyllum Sp.1 !
Clu; Chresochiamis alienis 4
Cl Chrysochiamis 15 1
Cl G

sig Sp. T
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Ciysia valerit

-
o Sartimia mtermedia i
c Sarcinia mading | K] i 1 2
o iarita Jaitiors ) E] p) & El ]
[+ id ] 4 s 2 1
c ovormita fongiolia 4 1 1
C Tovorita styiosa 7 4
o Tovomits weddelana g 2
(o Tow: i
Cyatheaceas Alsophila firma [
Ciyatheaceas Cyathes deigadi <
cf eae 2
J5) hispidus i
E Sioanea p] E]
E Shoanes sp 4 3 i i 2
Euphorbizcea Croton 25 7
up Drypetes standioy: 1
uphorbiacea clata 5
Euphorbiacea Hueronima 3
uphorbiacea Mabes occidentaiis a7 ig 2 4 El i
up Pausandra tranae g 3
Euphorbiacea Ficherta obovata i
Fabaceas Dussiz discolor i
Flacouniaceas  (Carpotroche pistypters 7 )
Flacourtiaceae Casearia arbores 5
Flacoutiaceae  Caseana syhestrs 7 2
Flacoutiaceae  |Lastia procers Fl i
Flacoutiaceas | Plewranthodendron hndeni i
Flacoutiaceas | Tetratfu macrophyilm ig K] 1
Sp.d 1
Humiriaceas Hurmiriastrinm diguense El 3
cacinaceaea Discophora ] 3
Lacistemnataceae  Lacistoma 1 i
Lauraceas Beilschmisdea penduia E] i
LCauraceae Nectandra umbrose 2 E]
Cauraceas Ciotes insulans i
Lauraceas Oeotea mcaraguensis ] i
Lauraceas Ocotes rulars 1
Lauraceas Pleurothyrm golioduicensis 2 i
Lauraceas Pieurothyrum trianae i
Lauraceas 7 ]
Lecythidaceas  Escimeilera integrions i
Cecythidaceas  Gras caulifiors ] i
Lepidobotryaceae i
Loganiaceas Strychnos pecii 7
WMagnaliaceas Talauma glonensis 2 3
Walphigiaceae Bunchosia comifiia 1
o cae i
eae ) crispa i
Ciiderma densifiors iE]
odorata 4 g
astomatacea Sod i F] i
astomata : 108 Erd 2
Leandra ] 1
astomata Miconia i)
astomatacess  Miconis of argensia 3
Micomia Sp.1 T8 i
astomata Miconia 5p.2
astomata Miconiz 5.3
Miconia trinens i
tomataceas  Mourirt i 1
Carapa 5 id E i ]
Guarea grandifolia 5 1 3 1 1
Guarea kunthiana F]
So1 2 i
Trichiia maniana
Trichiiz septentrionais El E] p] p
" Acacia alteni ] 2 i
nga acuminats 1
" nga of alba i
" nga densit: q i
" nga
I g
nga
" nga polita
nga sapindoid
r nga thibaudiana i g
nga umbelifers 1
r nga venusta 4 ]
" nga vermcosa i
r nga Sp.1 i
I ariiia pendula 1
5
miacea Sis i
Siparuna 1
2 iq i 1
2
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4 3
1 2 2
Woraceae Brosimurm wtite i 7 2
Wioraceas Castifta tuny 1
Wioraceas Ficus nymphaeiiola i
horaceas Ficus tonduzi i
ifaguira costaricans i i
wlei i3 i
Perebes angustions E] i
Percbes hispidulz 2 1
Perobea xanthociyma 2
Sorocea affinis i i
Sorocea pubivena
risticaceas [ sprucei a 13 2 3
risticaceas Stoba i 2 i
nisticaceas. Virol quatemalensts 1
risticaceas Viroia koschmi E]
risticaceas Viroia sebitera
Ardisia 1 2
Ardisiz dodgel [
Ardisia pittier] 2
Parathests 10 2
rtaceas Eaiypiranthes chytracuia g El A i
rtaceas Calyptranthes 5 i
Taceas Eugenia 5 iz 7
riaceas Wyrcia 5 i
Ochnaceas Ourates ucens 3
Glacacese Chaunoc hiton kappier
o]} ) i 1 1
Piperaceas Piper aurum 7
Folygonaceas Coccaloba 1
Bolygonaceae Cocoloba cf, i i i
Guiinacese Lacunana panarensis
[e] Quiina schippil 7 [ 2 1
Rhi Cassi elipiica 7 5 1
Ubiaceas Boroia panamensts i
Rubiaceas Borojz patinoi 3 i
Rubiaceas Chimanis fatiolia A
Rubiaceae Chione sivicola i
Hubiaceas Buroiz costaricensis ird i
Rubiaceas Faramea sessifia 35 4
Hubiaceas Conzalagunia 5p.1 i
Rubiaceae isenia jzevis E] 2
Fubiaceas Pentagonia tinajia 7
Rubiaceae Paycholria borucana i
Ubiaceas Paychatria caphiata 7 i
Rubiaceas Psychotria compressa 3
Rubiaceas Psychotria efata 173 i1
ubiaceae Paychotria ofiicinah [} ]
Rubiaceas Pspchotria posppigiang 2
Rubiaceas Psychotria sofitudinum a4 i
ubiaceae Hendia gentny Z
Rulaceas Zarthoii (apenir
i rancifiors i
Dilodend Sp.d
ifatayba ingitcha
Matayba 2
Talisia nenosa i
Vouarana i
apotaceas Chrysophyi p] p]
apotaceas Elseoluma giabrescens 7 E] i i
apotaccae ] 2 i) i
apotaceas Pouteria dasyadens i El
apotaceas Pouteria durlancii iZ 7 i
apotaceae Pouterla foevolata E] E]
apotaceae Poutena laeviats 1
apotaceas Poutena reticulsia
apotaceas Pouteria tonta ii 4
imaroubaceae [ Simaba cedron p]
imaroubaceae | Simarouba amara
i Sterculia recordiana 4 i 3
Theobroma sirmannm 1 i i
eaceae metiovulata
e opf Chaviia i
liaceas Apeiba membranates
liaceas Apeiba tibourboy E i
imaceae A i
Verbenacese Tectoma grandis E]
Violaceae 26
Violaceae Rinorea crenata E] i
Rinorea dasyadens iFd K| El i
Vi Qualea 4 2
Vo Vochysia 18 E]
Vo ochysia i
Vo Vochysia E]
i Vochysia Sp.1, i
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Tab. 11.2.Number of Individuals per Family and Size Class

2-4.9|75-99|10-14.9["15-19.9|"20-24 9| '25-29.9| '30-34.9( '35-39.9 | 40-44.9 | "45-49.9 | "60-54 9| "55-59.9 [ '60-64.9| '65-69.9| 70-74.9| F5-79.9| '80-04.9 | '85-69.9| '90-94.9|"95-99.9| "100-104 9| "105-109.9 [ "110-114.9| 115 119.9 [ 120-124.9| 125-129.9
Acanthaceas 1
Anacanliacens 12 2
Aunonaceae 30 10 1 1 1 1
Apcoynaceas 32 4 1 1 1
Araliaceas 17 7 1 2 1 2
Arecaceae 318 136 &7 eiz] 16 3
Bignaniacene 7
Bambacaceae 4 1 1 1 1 2 1
Burseraceae 51 17 1 2 3 1 2 1
Caesalpiniateae 13 4 1 2 1
Ceciopiaceae E El
Celastraceae 7
Chlaoranthaceas B 1
Cliysobalanaceae | 13 4 3 1 1 3 1
Clusiaceas 92 25 ] 12 =] B 10 2 2 2
Cyathanceaw B 1
Dichapetalaceae B 2 1
Dilleniaceae 1
Elagocarpaceae 5 4 1 2
Euphmbiaceas 175 28 2 7 3 1
Faltaceae 1 1
Flacourtiateae 39 10 2 1 1
Hippocrateaceae 1
Humiriaceae 3 3 1 1 1 1 1
leacinaceasn 3 2
Lacistelnataceas 1
Lanraceae 15 s 1 1 1
Lecythidaceas 3 1 1
Lepidabotryaceae | 1 1 1 1
7
2 2
2 1 1 1
221 44 5 2 1
71 14 8 [ 3 1 2 3 1 1 1 1 1 1 1
40 10 1 2 1 1 1 1 1
2
59 28 g 4 9 3 2 1 2 1 2 1 1 1 1 1
61 17 3 5 4 4 2 1 2 1 1 1 1
Myrsinaceaa 20 7 5 1 2 1
Myrtacene 29 10 1 1 1
Ochnaceae 3
Qlacacteas 2 1 1 1 1 1
Piparaceae 7
Polyjenaceas Z 1
iinaceaa 7 [ 1 2 1
ephoraceas 7 5 1 1 1
Rubiaseas 370 g 1
Rutaceae 1
Sabiaceas 1 1 1 1 2
Sapindaceas 7 1 2 1
Sapetaceae 39 24 3 3 3 3 3 1 2 1 1
Simarcubaceas 2 1 1
Sterculiaceae 5 1 1 1 3
Theaceas 1
Theophiastaceae 1
Tiliaceae B 1 1
Ulmaceae 1 1 1
Merlrznaceas 3
Yinlaceae 46 4 2 3 1 1
Yachiysiaceae 24 5] 2 1 1 2 1 1 1
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Tab. 11.3.Indices and Number of Diversity

Dbh>2cm Dbh>10cm Dbh>10cm
2001 2001 1993

Total Nr of Species 232 108 133
Total Nr of Families 59 43 50
Total Nr of Individuals 2849 453 527
Average dbh 7.0 24.8 23.5
Basal Area 38.7 35.9 355
Biomass 339 330 315
Shannon H’ 6.427 5.693 4.119
Shannon J* or Eveness (E) 1.18 1.21 0.84
Simpsons Diversity (D) 0.024 0.039 0.035
Simpsons Diversity (1/D) 41.3 25.9 28.6
Simpsons Diversity (1-D) 0.976 0.961 0.965
Alpha-Index 59.699 45,552 57.953
Mean Individuals per Species 12.28 4.19 3.93
Mean Species per Family 3.93 2.51 2.68
Nr of only one Individual per Species 57 42 66
Nr of Individuals of the most represented Species 255 62 71
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