Annual growth ring formation and growth rates of different tree
functional types in a tropical mountain forest in Ethiopia
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Introduction
Dendrochronology in Africa is receiving increasing attention (Gebrekirstos et al. 2011, 2014),
including an increasing number of tree species from different ecological zones (e.g. Couralet et al.
2010; DeRidder et al. 2013; Fichtler et al. 2004, 2010; Gebrekirstos et al. 2012; Trouet et al. 2006;
Schöngart et al. 2006; Worbes et al. 2003). In Ethiopia, dendrochronologcial studies have been
successfully carried out using different tree life forms, on several species of acacias (Gebrekirstos
et al. 2009) and Juniperus procera (Sass-Klaassen et al. 2008; Wils et al. 2010, 2011). However,
despite formation of annual tree-ring boundaries, the successful cross-dating of increment curves
within one species can vary regionally according to the local precipitation regime (Wils et al. 2011,
Gebrekirstos et al. 2014) and remains challenging due to the formation of missing rings or double
rings (Krepkowski et al. 2012). Since little is known about species-specific growth behaviour and
ecological functionality of different functional types of trees, we studied growth rates of a pioneer
broadleaved deciduous tree (Croton macrostachyus, Euphorbiaceae) and a late successional
evergreen conifer (Podocarpus falcatus, Podocarpaceae) with the help of electronic dendrometers
(Krepkowski et al. 2011).
Study material and methods
Studied site and methods
The study site is located in a tropical mountain forest 240 km south of Addis Ababa at the eastern
escarpment of the Main Ethiopian Rift Valley (7°26´N 38°53´E). Early successional stages within
the natural forest are dominated mainly by Croton macrostachyus Hochst. ex Del whereas late
successional stages contain a mixture of Podocarpus falcatus, Celtis africana Burm.f., Syzygium
guineense (Willd.) DC., and Prunus africana (Hook.f.) Kalkman. Mean annual temperatures in
2.300 m altitude are 14.9°C and annual precipitation averages 1,225 mm, showing a bimodal
rainfall pattern (Freier et al., 2010) with alternating rainy and dry seasons: a long rainy season from
July to October is followed by a long dry season from November to February and an unreliable
short rainy season from April to June, delimited by a short dry period in June (Krepkowski et al.,
2011) that is occasionally missing due to a trend of increasing humidity in the recent years (Strobl
et al. 2011).
From C. macrostachyus, five stem discs from trees that were cut in 2008 and increment cores
were collected. Tree-ring boundaries in Croton are formed by a marginal parenchyma band and
are only partly indistinct (Krepkowski et al. 2013), but it was possible to follow the ring boundaries
across entire stem circumferences. Identifying ring boundaries on the increment cores was not
successful. In total, 20 radii from the five stem discs were measured with a LINTAB V measuring
table (Rinntech, Heidelberg, Germany). The final chronology was calculated using ARSTAN
software by applying a cubic smoothing spline with a frequency cutoff of 50% at 2/3rd of the series
length. We selected the residual chronology that was almost free of autocorrelation (AC (1) = 0.15) for comparison with local climate data that were measured since 2002 at a field research
station less than 1 km distant from the study site.
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Electronic point dendrometers (Ecomatik, Dachau, Germany) were installed in March and
September 2008 at 1-1.5 m height on six stems of each species and radial stem diameter
variations were registered in 30 minutes intervals. Short-term 13CO2 pulse labeling of one individual
P. falcatus and C. macrostachyus was carried out on two cloudless days (on November 12 and
November 14, 2008) at the termination of the main rainy season. For the labeling experiment, 6 m
high rectangular frames were constructed around the study trees, and 13C-labeled CO2 was
generated by injecting diluted sulfuric acid into a flask containing isotopically enriched Na213CO3
solution (99 atom% 13C). 12.5 mM of 13CO2 per 1 m3 was added to each chamber (0.73 moles
13
CO2 for 85 min. for C. macrostachyus and 0.89 moles for 105 min. for P. falcatus) (Krepkowski et
al., 2013).
Results and discussion
C. macrostachyus forms annual ring boundaries allowing successful crossdating of 14 out of 20
measured radii. Table 1 shows the cross-dating results for averaged stem disc growth curves. The
resulting chronology covers 34 years with a common period 1981-2008 (27 years) and is the first
ring-width chronology developed from this species. Although this first chronology was too short to
calculate common chronology statistics, the cross-dating results and the mean correlation between
the ring-width series (r = 0.30) indicate that the individual tree-ring series of Croton can be
confidently synchronized.
Table 1: Crossdating results for mean curves of five Croton macrostachyus discs. sign test results are
significant on the p<0.01 level (italics) or the p<0.001 level (bold), respectively. tBP = t-value after Bailie and
Pilcher; CDI = cross-date index (Rinn 2003).

time span

tree age

sign test*

tBP

CDI

Cr_01

1975-2008

33

72

4.8

55

Cr_02

1975-2008

33

91

5.6

61.

Cr_03

1974-2008

34

76

3.8

36

Cr_04

1981-2008

27

88

5.0

51

Cr_05

1975-2008

33

84

4.0

50

* calculated against the mean curve of all trees

The final standardized ring-width chronology for C. macrostachyus is shown in Figure 1. Mean
sensitivity, a measure of interannual chronology variability (Fritts 1976) is 0.45, indicating a strong
common forcing on growth of C. macrostachyus. The length of the existing local climate data
measurements does not allow final conclusions about the climatic forcing of the species’ growth,
but a correlation coefficient of 0.94 (p<0.001) gives a first indication that precipitation and thus
water availability during the short rainy season (April to June) is critical for growth increment of
Croton.
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Figure 1: Residual chronology of Croton macrostachyus for the year 2005, measurement gaps do not allow
the calculation of cumulative rainfall.

Average radial growth rates as indicated by point dendrometer measurements are compared in
Table 2. During 2008-2011, C. macrostachyus showed higher increment with a wider range
between individuals than P. falcatus, as it typical for a light demanding pioneer species. Mean
growth of C. macrostachyus as derived from ring-width measurements on five stem discs is around
3.5 mm/year, indicting different growth rates in individual trees. In contrast to the deciduous
Croton, the evergreen P. falcatus is able to start growth whenever moisture conditions permit
(Krepkowski et al., 2013). Hence, it forms ring boundaries, but also density variations and false
rings if several humid periods per year occur. Therefore we are not yet able to present a ring-width
chronology with synchronized growth curves of several tree individuals from Podocarpus, yet.

Table 2: Average cumulative growth (ACG) of six individuals of Podocarpus falcatus and Croton
macrostachyus measured by electronic dendrometers and of five C. macrostachyus ring width
measurements (means of 1981-2008).

n

measurement
type

measurement
period

ACG
[mm]

growth range

P. falcatus

6

dendrometer

Mar 2008-Mar 2011

3.02

2.25-4.29

C. macrostachyus

6

dendrometer

Sep 2008-Mar 2011

4.27

1.64-6.92

5

average ring width

1981-2008

3.51

2.75-3.94

The two species also differ considerably in their carbon storage behaviour: while the signature of
enhanced δ13C can be followed in P. falcatus for more than two vegetation periods, it quickly
decays in C. macrostachyus (Krepkowski et al., 2013). We conclude that the various functional
types of tropical trees differ in their cambial phenology and carbon carry over effects and growth
rates. The varying strategies of carbon allocation between early successional and latesuccessional tree species have implications on plant-soil-atmosphere carbon balances of different
forest successional stages, which have to be considered for carbon management of tropical forest
landscapes. Determining the growth rate over the life of the tree is helpful in carbon stock
accounting.
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