Source: Kaczka R, Malik I, Owczarek P, Gärtner H, Helle G, Heinrich I (eds.) (2009): TRACE - Tree Rings in Archaeology, Climatology
and Ecology, Vol. 7: Proceedings of the DENDROSYMPOSIUM 2008, April 27th – 30th 2008, Zakopane, Poland. GFZ
Potsdam, Scientific Technical Report STR 09/03, Potsdam, p. 85 - 88.

High-resolution dendrometer measurements in a tropical mountain
rainforest and a dry forest in South Ecuador
Volland-Voigt, F.1, Bräuning, A.1 & O. Ganzhi2
1

University of Erlangen-Nuremberg, Institute of Geography, Kochstr. 4/4, D-91054 Erlangen, Germany
2
University of Loja, Agricultural Science, Loja ; Ecuador
Email: fvolland@geographie.uni-erlangen.de

Introduction
During the last decades, tree-ring research in tropical regions has made considerable progress.
Overviews are given by Wimmer & Vetter (1999), Worbes (2002) and Brienen (2005). However,
there are still debates about the ages of tropical trees (Brienen 2005, Worbes 1999) since clearly
detectable annual ring boundaries are often not visible. To close the gap between tree-ring
analysis and wood anatomy of tropical trees, we applied high-resolution dendrometer
measurements to register seasonal stem diameter variations. The use of dendrometers is a
standard approach to register growth rates of trees inside and outside tropical climate zones
(Biondi et al. 2005; Hauser 2003).
The two study sites are located in South Ecuador. The dry forest is located in the “Reserva
Laipuna” between 575 - 1100 m a.s.l. In this seasonally dry climate, average temperature is ca.
25°C and average annual rainfall is about 633 mm (Anuario Meteorologico INAHMI 1993). Rainfall
is mainly limited to March until May (ca. 550 mm; Peters pers. comm 2008). In some years, single
rainfall events also occur in September. The studied Tabebuia chrysantha (Bignoniaceae) and
Terminalia valverdeae (Combretaceae) are located on a northeast facing slope. In total,
dendrometers were attached to 12 trees in two different sites in 575 and 1050 m altitude,
respectively. The tropical mountain rainforest “Estaciòn Cientìfica San Francisco” (ECSF) is
located at ca. 2000 m a.s.l. The mean temperature is 15.5°C and average precipitation is 2100 mm
(Emck 2007, Peters pers. comm. 2008). The seasonality of rainfall is only weak, but April to June is
the wetter season and September to February tend to be drier. Cedrela cf. montana (Meliaceae)
and Tabebuia chrysantha (Bignoniaceae) are located on a north slope at an altitude between 1980
and 2030 m a.s.l. In total, 24 trees in six different sites were furnished with dendrometers
(Bräuning & Burchardt 2006, Bräuning et al. 2008).
Dominant and co-dominant trees with a straight trunk and a trunk diameter of more than 25 cm
were sampled. In “Reserva Laipuna”, the two species Tabebuia chrysantha (Bignoniaceae) and
Terminalia valverdeae (Combretaceae) dominate the forest canopy at the collected sites. In the
ECSF forest, however, ca. 250 different tree species occur and no single species becomes
dominant.
Material and Methods
After a wood anatomical screening of ca. 200 tree species growing in the tropical mountain
rainforest, we selected species with clear growth boundaries in both study areas (Bräuning &
Burchardt 2006, Bräuning et al. 2008). Point dendrometers are a non-destructive method to
evaluate continuously growth rates of trees. We installed dendrometers in a height of ca. 1.5 m on
the stems at a position parallel to the slope to avoid a possible influence of reaction wood.
Measurements of stem radius changes were taken in 30 min. intervals and stored in a data logger.
Besides registering long-term growth rates related to cambial activity, point dendrometers are able
to detect short-term stem diameter variations that result from fluctuations in the water status of the
tree. The original climate data are from a project network of meteorological stations in ECSF forest
and Reserva Laipuna (Peters unpubl.). Our data analysis includes inter-specific and intra-specific
comparisons of the dendrometer measurements and local climate data.
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Results
Data on daily and seasonal variations of stem diameter in relation to local climate for the tropical
mountain rain forest (ECSF) and for the dry forest (Reserva Laipuna) are shown in figures 1A, 1B,
1D and 1E, respectively.
The radial diameter changes of four studied individuals of Cedrela cf. montana (Fig. 1A) and three
individuals of Tabebuia chrysantha (Fig. 1B) shrink very synchronously even in short dry periods.
This can be seen e. g. for the periods 26th of October until 5th of November 2007 (except for
Tabebuia chrysantha B3), 27th of November until 9th of December 2007, 9th until 23rd of January
2008 and 6th until 15th of March 2008. As indicated by the daily sums of rainfall (Fig. 1C), available
moisture was low during these periods. As a result, water pressure deficit is high and the trees
transpire a lot of water. This water loss is responsible for the observed shrinkage of the stems.
These results demonstrate that even in very humid tropical mountain climates, cambial activity
reacts very sensitive to moisture availability. Surprisingly, a few consecutive dry days are enough
to cause a drastic decrease in cambial activity.
A rainfall extreme on the 12th of August 2007 triggered a swelling process or maybe also real
cambial growth in Tabebuia chrysantha (Fig. 1B, curves 1+2). However, this reaction is not seen in
Cedrela cf. montana (Fig. 1A). It has yet to be confirmed if this different reaction can be species
dependent or caused by a different social tree status or different microclimatic condition.
A period of real stem increment caused by cambial activity occurred during 14th of June until 14th of
July 2007 for Cedrela cf. montana (Fig. 1A). The climatic conditions during this period with nearly
daily rainfall, relatively high air humidity and a slightly lower mean temperature are probably
responsible for the observed growth increase.
Due to the different site conditions between the tropical mountain rain forest and the dry forest the
trees exhibit strongly different growth dynamics. At the dry forest site in Laipuna, Tabebuia
chrysantha and Terminalia valverdeae stop growing at the end of the wet season around mid-May.
At the end of the rainy season in May the stem diameters shrink synchronously in all trees
regardless of the species. Despite of the similar breast height diameter, the intensity of shrinkage
varies between individual trees as a result of individual plant morphology or local soil conditions.
With the beginning of the wet period in January stem diameters of all studied individuals increase
rapidly. At first, stem diameter increase compensates for the shrinkage that occurred during the dry
season. Cambial growth starts around mid-January, when stem diameters of all trees exceed the
maximum diameters reached at the end of May of the previous year.
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Figure 1: The diagrams show daily and seasonal variations of stem diameter (A,B,D,E) in relation to local
climate (C: tropical mountain forest; D: tropical dry forest). Graph (A) shows very synchronous growth
increments of the four Cedrela cf. montana (A1-4), in contrast to the growth patterns of the three studied
Tabebuia chrysantha (B1-3). Graph (D) shows very synchronous growth of the four Terminalia valverdeae
(D1-4), in contrast to the more or less analogue progress of Tabebuia chrysantha (E1-4). Data gaps are
highlighted as grey bars.

Tabebuia chrysantha (Fig. 1E, curve 1) shows an even more intense shrinking then Terminalia
during the dry period, however, both species respond synchronously with stem swelling and
cambial activation at the beginning of the wet period.
It is interesting to note the species-specific reaction to the extreme climatic conditions during 28th
and 30th of June 2007 (see Fig. 1F), when mean daily temperature rise to 20°C and relative air
humidity dropped to 45%. This short-term climate event is caused by a change in the wind
direction from dominantly South to North. This induces much stronger stem shrinkage in Terminalia
than in Tabebuia.
Discussion
Although the studied time period reported here is quite short, the data reveal a first impression of
growth dynamics of tropical trees in two different ecological forest types. Now we start to
understand the relation between tree growth dynamics and the seasonal climatology in a humid
tropical mountain climate and a seasonally dry climate in the Ecuadorian Andes.
The diurnal stem size fluctuations observed in our study were mainly controlled by radiation, which
increased the water pressure deficit and hence tree transpiration (Bräuning et al. 2008). On sunny
and dry days, stem shrinkage was larger than on cloudy and wet days. Zweifel et al. (2000)
observed the same interrelation in Norway spruce (Picea abies) under laboratory conditions.

88

Volland-Voigt et al. (TRACE Vol. 7)

Besides weather and local moisture conditions, the amount of shrinking and swelling also depends
on the wood anatomy. Therefore, we will analyse the wood anatomy of the studied tree species in
a next working step. To finally understand the seasonal growth dynamics in relation to the local
climate, the following investigations are needed: long-term point dendrometer measurements and
climate data, analyses of wood anatomy and stable carbon (δ13C) and oxygen (δ18O) isotopes
variation in wood cellulose of the studied tree individuals.
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