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Abstract

There has been a controversial discussion on the use of dendrochronology as a
proxy for reconstructing climate in the tropics. It is argued that the lack of
seasonality in tropical regions constrains tree species growth formation and
the resulting tree rings. Using Content Analysis (CA),and Relational Analysis
in particular, and dendrochronology-laboratory practices at the University of
Minnesota, the paper reviews the discussion on the use of tropical tree species
in tree rings studies. The results show that tree species in Pordocarpaceae
family and Pterocarpus angolensis growing in Tanzania and other parts of the
tropics depict annually resolved tree rings so they may be useful proxy tropical
tree species for reconstructing past climate. The challenges for practicing
dendrochronology in the tropics relates to the diversity of rings formation and
tree rings patterns in different species, and the lack of instrumental climatic
records. We argue that tropical tree rings studies robustness may benefit from
other climate proxies such as charcoal, stalagmites, pollens and spores, and
fossil leaves.

Introduction
Dendrochronology has widely been used as proxy for climate reconstruction
in temperate regions. Seasonal weather patterns and response of some tree
species to annual temperature and precipitation variations enable trees to
form distinct annually resolved tree rings. This has not been the case in
tropical regions because of the general lack of seasonality in the region
(Jacoby, 1989). The argument that tropical tree species are unsuitable for
dendrochronology experiments is controversial. This paper addresses this
controversy by drawing from author's dendro-Iaboratory experiments and
extensive review of literature on tropical dendrochronology. Pivotal to this
study is emphasis on content analysis of the literature. We assume that this
is a better way of understanding tree chronology work in the tropics because
it is not possible to experiment each species of interest due to tropical
species' spatial disparity, labour, time and financial constraints.

lAssistant Lecturer, Geography Department, CollegeofArts and Social Sciences,University
ofDar es Salaam
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the tropics (Worbes, 2002) during the same period. To side with one of the
arguments remains controversial. The controversy on tropical trees growth
formation comes from a number of reasons. First, the controversy relates to
the number of specific observations of inconsistent behaviour of different tree
species shedding off their leaves in an area. Second, the contention results
from the observation of the differences in shedding off leaves of the different
tree branches on a tree species. Third, it also relates to a continuous growth
of roots of the tree species in a particular location (Worbes, 2002).

A fourth incongruity that led to the controversy relates to the results of
experimentation with trees from tropical and temperate climates. Tropical
tree species were grown in higher latitudes and similarly trees from the
high latitudes were experimented in the tropics. These experiments resulted
in unexplained processes of tree growth. One of the reasons for lack of
explanations relates to exclusion of testing for the influence of temperature
and precipitation to rhythms of plant growth (Worbes, 2002).

In the early 1900, Dutch scientists had started studying tree rings in
Indonesia (Worbes, 2002). Based on minute details of the trees and
microscopic descriptions of the same, researchers concluded that there was
apparent link between seasonal precipitation and tree growth. In a monsoon
dominated east, trees showed annually resolved trees rings but in the west
where the climate is wet throughout the year tree rings were indistinct.
This research, laid a platform for similar studies in the 1920s.

Coster in 1920s investigated tree growth forms using a mix of methods and
techniques (Worbes, 2002). He widened the scale of phonological
observations and merged it with trees' anatomical experiments. He
classified growth zone structures based on the arrangement of vessels,
parenchyma and fiber of the trees. Later the method was applied easily to
most of the tropical tree species with secondary wood growth. Worbes (2002)
argues that Berlage in 1931 adopted Coster's method and constructed the
first tropical tree ring chronology, which refutes assertion by Therrell et aZ.
(2006) that they were the first to present tree rings reconstruction of
rainfall in the tropics. Much was appreciated of Coster's contribution to tree
chronology of the tropics but the scientific community did not notice his
work because it was kept in German (Worbes, 2002) where it was not
accessible to many scholars. However, tropical dendrochronology continued
developing through the 1960s.

In 1967, 1969, and 1970 Mariaux worked on tropical timber species ill

different West Mrican countries. He tried to develop better ways of
verifying trees annual seasonal growth. He suggested a 'Cambial wounding
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microscope with low magnification was used to analyze tree ring structure
and cross-dating was visually and statistically done. Verheyden et aZ. (2004)
and Stahle et aZ.(1999) use this similar standard of data collection and
analysis. The standard procedures in dendrochronology have remained
unaltered despite of the changes in computer statistical programs. For
example, the University of Minnesota (Department of geography)
dendrochronology laboratory widely use the preceding methods and
techniques.

Generally one may argue that there has been a tremendous improvement in
technology and analytical methods for dendrochronology in the tropics since
the early 1930s. Currently, existing methods in tropical dendrochronology
has improved our understanding of the use of tropical species for
dendrochronology. There is still need for innovations in methods and
techniques in dendrochronology research in order to address problems
associated with tree rings work using tropical tree species. This is because
tree growth forms in the tropics and temperate climates differ.

Spatio-temporal Distribution of Dendrochronology Work in the
Tropics

Table 1 shows some of the dendrochronology work in tropical climates in
different areas at different periods. Dendrochronology works in the tropic
dates back about 100 years and involves investigations in more than twenty
tropical countries (Worbes, 2002). The list provided in Table 1 is not
exhaustive but a representation of a bulk of dendrochronology works in this
tropical climate region.

This paper does not refer to a time that actual field investigation started in
each of the area named in Table 1; rather the paper uses time of the
publications to provide a relative time when scientists did a particular tree
rings scientific inquiry. This paper, therefore, is presenting a relative
picture of a spatial and temporal distribution of dendrochronology works in
the tropics.

We may argue that different areas in the tropics are differentiable by the
microclimates in each. Climatic conditions in a country are not spatially
evenly distributed nor are similar over time. Climatic conditions affect
edaphic factors and similarly the species that grow in these areas.
Investigations of tropical tree species need to consider this variation as it is
pivotal to growth forms in each tree species.
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Towards Using Dendrochronological Proxy for Reconstructing Climate

In Kenya different mangrove tree species grow along the coast but
Verheyden et ai. (2004, 2005) investigated Rhizophora mucronata. The tree
species also grows along coastal areas of Tanzania and Mozambique. R.
mucronata species is widely documented to lack annual growth rings in
their wood formation, which may be due to attempts to analogue tree rings
that form in tree species in temperate climates with rings that grow in tree
species such as R. mucronata. Verheyden and other researchers used the
analogue of alternating collared layers as rings of the R. mucronata. With
that assumption, they were able to establish growth rates of the R.
mucronata species (Verheyden et ai., 2004).

Verheyden et ai. (2005) observed that a dark or light collared layer indicated
one growth layer similar to tree rings formation in higher latitudes. This
method requires setting a date when the plant was planted, which means it
is suitable for planted R. mucronata species. For R. mucronata in their
natural habitat a mix of methods is required. In this case, a cambial
marking method fits most. The approach involves injuring a cambium of the
tree forcing the tree to respond to the injury over time. The injured tree
grows for two to five years. Later when the tree is harvested, the observed
callus tissue that develops in response to the cambium injury becomes a
time marker (Figure la, lb) that enables studying a tree growth formation
for a particular time.

Fig.la: Microphotograph of the cambial mark
Notes: 1puncture canal; 2,oxidized wood; 3, fibres with incomplete cell wall

thickening; 4, layer of crushed cambial derivatives; 5, parenchymatous
wound tissue; 6, restored wood structure; 7, local parenchyma band
indicating the position of cambial initials at the time of pinning (see text for
more detailed explanation). Scale bar = 500 mm; the arrow indicates the
direction of growth. Source: Verheyden et al. (2004).
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Figure 2:Burkea africana macroscopical (a x16) and
microscopical (b x25)

Note: White triangles indicate ring boundaries. Source: Fitchler et al., 2004.

Brienen and Zuidema (2005, 2006) studied tree rings of Amburana
cearensis, Cedrera odorata, Cedrelinga catenaeformis and Peltogyne
heterophylla. All are timber species that produce annual growth formations.
Growth zone in the species varied among species. In Cedrela odorata species
growth zone were very clear. Parenchyma bands at the margins
characterized the species growth zone (Brienen and Zuidema, 2006). The
rest of the species' clarity varied depending on the variations in density,
vessel distribution, recurrence of patterns of parenchyma bands and fiber
bands. Brienen and Zuidema (2005) argue that Cedrela odorata is suitable
for tree rings studies. It is possible to identify accurately annual tree rings
in C. odorata even though it experiences low rates of growth due to
variations in rainfall and edaphic factors.

In West Mrica, Schongart et al. (2006) investigated Daniellia oliveri, Afzelia
Africana, Anogeissus leiocarpus, Pterocarpus erinaceus, Isobernia doka, and
Diospyros abyssinica tree species. The species' wood structure of the
growing cells enable the formation of delineated tree rings. Other variations
in tree rings relate to the species' ring width and how often a tree species
sheds off leaves. Parenchyma stripes at the end of the rings are a
characteristic feature of the Daniellia oliveri, Afzelia Africana, and
Isobernia doka species (figure 3). In some cases two rings formation exists in
the species, therefore, the two rings constitute a single ring. For the
Pterocarpus erinaceus it is possible to identify the rings but tissues tend to
become smaller towards the boundary of the ring tissues. Tree rings are less
visible in Diospyros abyssinica and Anogeissus leiocarpus tree species.
Although observing wide rings is not a problem, as width of the rings
decrease it becomes difficult to identify the rings.
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factors. As indicated by the experimentation of the tropical species clarity of
the rings differ with the species in question, this is not a constraint because
similar problems are common with tree species in temperate regions. What
is evident here is the avenue for doing dendrochronology in the tropics such
as Tanzania. Refute

Application of Tropical Tree Rings Analysis
The assertion of indistinct annual ring formation in tropical trees led to the
argument that there was little application of dendrochronology in the
tropics (Poussart et al. 2003; Verheyden et al., 2004, 2005; Therrell et al.,
2006). Tree rings chronology in the tropics has a wide range of applications.
Therrell et al. (2006) use tree rings to understand rainfall variability in
Zimbabwe over time. They were able to establish how El Nino Southern
Oscillation (ENSO) significantly influence rainfall in the country (figure 4).
They also indicate that there is a strong potential of using tree rings
reconstruction for estimating crops performance and tree growth, Therrell et
al. (2006).
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Figure 4: Spectral analysis of the rainfall reconstruction
Notes: The figure indicates that significant spectral power is concentrated at periods of

20, 8-10 and -3.4 years. The 3.4-year peak may reflect the influence of ENSO.
Source: Therrel et al. (2006).

Nevertheless, tree rings chronology helps in determining trees age
(Verheyden et al. (2004), in estimating timber yields (Brienen and Zuidema,
2006) and informing decision-making in forest management as a whole
(Stahle et al., 1999). Tree rings studies, therefore, playa crucial role in
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different growth forms of the same species. Comparisons of
dendrochronology of same species from different areas of the tropics may
lead to flaws. Thus, we need to treat dendrochronology work in the tropics
with caution.
Moreover, scientists have done plausible dendrochronology work in the
tropics using different methods and techniques. There are complexities of
methods in some investigations unlike others. Establishing tree rings
pattern in tree species that form alternate dark to light colours require
complex techniques as opposed to tree species whose annual rings are
distinctively identifiable. Likewise, the fact that in most tropical countries
contemporary climatic records lack (Terrel et al, 2006) calibration of tree
ring records is difficult. It is important that other methods and techniques
develop to address problems aforementioned (Worbes, 2002).

Despite of the constraints in tree rings work in tropical climates
opportunities for enriching tree rings data with data from other climate
proxies in areas where these data exist may improve the robustness of the
dendrochronology work in the tropics. Scientists have used such proxies as
charcoal (Thevenon, et al. 2003), stalagmites (Lundblas and Holmgren,
2005), pollen and spores (Dupont et al., 2001) and fossil leaves (Jacobs and
Herendeen, 2004) in reconstructing past climate. Combining tree rings
analysis with other climate proxies data may provide a better
understanding of climate signals of the past.

Conclusion
Dendrochronology works in the tropics have been a subject of long time
inquiry. While the debate on whether tropical tree species are suitable
lingers it is evident that there are suitable tree species for that purpose.
This paper argues that there is ample dendrochronology research on
tropical species that refutes unsuitability of tree rings proxies for studying
past climates. Tropical dendrochronology research is a perpetual scientific
enquiry that provides avenue for further improvement.

Tree species in the Pordocarpaceae family and Pterocarpus angolensis tree
species may be useful for dendrochronology in Tanzania. Further researches
will improve our understanding of other local species that exist, for
example, in the Eastern Arc Mountain ranges, in view of the species or a
close family studied elsewhere in the tropics. Needless to mention,
dendrochronology in the tropics is plausible and has established a strong
foundation future investigation may be built upon.
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