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ABSTRACT 

Many tropical regions showed one distinct dry season. Often, this seasonality induces cambial 

dormancy of trees, particularly if these belong to deciduous species. This will often lead to the 

formation of annual rings. This study analysed Annual tree ring formation and climate-growth 

relationships and examined its dendrochronological potentials. Ring widths were assessed on stem 

discs of a total of six (6) trees selected from two zones (Nguru and Gujba) in Yobe State, Nigeria.  

Ring width and monthly rainfall data were collected to provide the annual character of the tree 

rings for the study species. Annual character was assessed by counting rings on trees of known age 

and by radiocarbon dating. Data collected were subjected to descriptive statistics and correlation 

matrix. It was revealed that the mean annual radial growth rate was 3.6 mm/year in Nguru and 8.13 

mm/year in Gujba. Ring width index showed annual patterns similar to seasonal precipitation in 

both provenances. Correlations of the ring widths and precipitation showed that tree growth was 

significantly positively correlated with the precipitation in the arid region. A senegal in the two 

provenances showed a different response to precipitation. The pattern of sensitivity showed a 

slightly different response to precipitation. Cross dating of annual ring width growth was 

successful within and among selected Acacia senegal trees, which indicates that this species forms 

annual rings and that growth responds to an external climate variability. The result demonstrated 

that tree rings from the species of two zones can be successfully applied in the tropics. 

Keywords:  Acacia senegal, Annual tree ring, Dendrochronology, Climate–growth relation and 

Radiocarbon dating.   
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INTRODUCTION 

Acacia genus mainly growing in the arid and semi-arid environments of Africa, the Middle East 

and the Sub-continent of India (Beyene, 1993, Gorain, 2014) and with most of them produce 

natural gum of different types. Acacia senegal and Acacia seyal are observed to be of commercial 

importance (Beyene, 1993, Coppen, 1995, Abdel Magid et al., 2014). The highest quality gum 

Arabic yet, is obtained from the grey-barked  Acacia senegal. A senegal is highly tolerant to 

rainfall and temperature variations. In Nigeria, it grows mainly in North Eastern region (Omokhafe 

et al., 2007, Ibrahim et al., 2014), where annual average precipitation falls between 180 mm and 

350 mm (Abaje et al., 2012). One of the most important environmental threats to agricultural 

production responsible for a reduced yield is drought stress (Bartels and Phillips 2010, Bibi, 2014). 

Droughts have been occurring in North Eastern Nigeria for decades (Abajeet al., 2011, 2013, 

Kayode and Francis 2012, Bibi et al., 2014) and it is a reoccurring phenomenon in this area. 

One way of recreate past climatic conditions and assess tree responses to climatic changes are 

through tree-ring studies (dendrochronology) (Schöngart, et al., 2006). Many studies had shown 

that tree-ring data are very useful for the assessment of past climatic variations (Worbes, 2002, 

Hughes 2002, Gebrekirstos et al., 2008, García-Suárez et al., 2009). Tree growing on more 

favourable site may exhibit little tree ring response to climatic variation. However trees growing 

on severely limiting sites often have significant growth responses to drought (Maingi, 2006). Tree 

ring studies represent an important approach to understanding the long term impact and dynamics 

of climatic variations (Tarhule and Hughes, 2002) at species, community and land scape levels. 

(Abrams et al., 1998).  

In the temperate region trees had been revealed to only record the growing season (Harleyet al., 

2012, Galván et al., 2014) and show to be a dependable mean of assessing tree growth rate 

(Worbes, 2002, Mousseau et al., 2013). Unlike the temperate regions trees in tropical regions grow 

all year round and therefore show no real obvious annual growth rings (Schweingruber, 1988 and 

Brienen, 2005), and the absence of annual growth ring (Lieberman et al., 1985) was believed to be 

due to a non-existence of clear seasonality (Brienen, 2005). Tree ring in the tropical tree species 

are frequently anatomically less distinct than those of the temperate area (Brienen, 2005). Three 

features impaired tree ring formation in dry tropical environments (Wils et al., 2011) ,‘‘First, tree 

rings are often discontinuous along the circumference of the tree (partial rings), Second, the 
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response to environmental conditions tends to vary strongly between species and individual trees, 

depending on variability in for instance wood anatomical structure, habitat, nutrient availability, 

rooting depth and growth history. Third, and most profoundly, many trees do not experience true 

dormancy’’. 

Tree ring width varies among and within species from year to year in response to climate 

fluctuation during the growing season. Some growth rings are easy to identify, while others are 

nearly invisible and the distinctiveness is determined by seasonal variation in cell-diameter and 

cell wall thickness and by the distribution of different kinds of cells within the wood (Hoadley, 

1990). Annual tree ring formation in the tropics occurs in area where trees experience cambial 

dormancy in one period of the year due to environmental conditions (Worbes, 1999). A dry period 

of at least two months with less than 50 mm of rain would be required to expect annual rings in 

tropical tree species (Worbes, 1999) and small annual variation in rainfall occurring under ever wet 

conditions may trigger ring formation (Fichtler et al., 2003). In arid and semi-arid of sub-Saharan 

Africa of where droughts is a reoccurring phenomenon, annual tree ring growth may still be 

detected (Jacoby, 1989); also increasing drought will reduce plant productivity cause ring 

boundary formation (Wils et al., 2011), furthermore studies have successful reported correlations 

between tree ring and climatic variable (Therrell et al., 2006; Trouet et al., 2006, 2010).  

Studies of Acacia spp. had showed that tree rings are present (Eshete and Ståhl 1999; 

Gebrekirstoset al., 2008 and Wils,et al., 2011). Annual rings in Acacia spp growing under bimodal 

rainfall conditions were sometime double with a wider and narrower ring corresponding to the 

long ring boundaries in African Acacia species are delimited by long calcium oxalate crystal 

chains and repeatedly marginal parenchyma cells (Eshete and and Ståhl, 1999; Nicolini et al., 2010 

andWils, et al., 2011). However such studies have never been report in the arid and semi-arid 

environments of North Eastern Nigeria. To enjoy the benefits of sustainable management of acacia 

woodlands, a better understanding of their dynamics is important and of the fundamental element 

in this regard is the knowledge of growth rate and yield of main tree species (Eshete and Ståhl, 

1999). This study will also help to understand species dynamics and ecology, including response to 

climate variability and change. 

The relationship between climatic variables and growth-ring patterns were investigated for A 

senegal (L) Willd. in two contrasting areas in North Eastern  Nigeria. The aim was to establish 
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whether or not one tree-ring per year could be expected and to determine the correlation between 

tree-ring and moisture-related variables in the region. 

MATERIALS AND METHODS  

Study area 

This study was undertaken in two contrasting areas, Nguru (arid) 12.53°N, 10.28°E alt. 343m and 

Gujba (semi-arid) 11.30°N, 11.56°E alt 456m, the two locations chosen provide differences in 

climatic parameters with different soil type, representing two Gum Arabic growing areas in Yobe 

State, one of the states within the sahelian zone (Fig.1), it has a land area of 4715.3 ha, and is 

located between lat. 10.5° N and 13° N and long. 9.5°E and 13°E (Fig 1), it is characterized by 

semi-desert grassland, shrub lands and wooded grasslands, in which acacia species play a 

dominant role. 

 

Figure1. Ecological map of Yobe state, showing the sites locations  
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Climatic data 

The Weather data for Gujba and Nguru were obtained from the Nigerian Meteorological Agency 

(NIMET) Abuja and covered a period of 40 years (1970-2010). The data include total monthly 

precipitation and monthly means of daily maximum and minimum temperatures for those years. 

The climate in Gujba is characterized by a distinct dry season with no rain between November and 

April, while the rainy period occur from May to October with an annual drops ranging between 

300mm to 500mm,  lasts 120 to140 days, the average temperatures during the hottest periods of 

the year is 35°C and in Nguru it is characterized by a distinct long dry season with no rain between 

October and May, and a rainy period occurring from June to September, the rainfall lasts between 

80 to 100 days with annual drops ranging between 200mm to 500mm, with average temperature 

during the hottest periods of the year recording over 40°C. The average monthly distribution of 

precipitation and temperature for Gujba and Nguru sites are shown in Figure 2a and b. 
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Figure 2a and Figure 2b. Climate diagrams of (a) Gujba and (b) Nguru, rainfall and temperature 
for 1971-2010. The dry period (curve; November-April), the rainfall period (curve; May- October)  

Samples 

A total of 6 trees were felled and collected in 2011for this study, wood samples were taking from A 

senegal trees of known age for each tree, a cross-sectional wood disc was taking with a chainsaw 

for about 0.3 to 0.5 m above ground this was to maximize the estimation of the tree age as the 

number of rings decrease with height, all samples were then labelled and air dried. The prepared 

and examine of the disc was a challenge because of lack of an on-site facility for surfacing the 

samples. The samples collected from the study area were not polished and examined for their rings 

until the specimens arrived at University of Aberdeen UK. On arrival in Aberdeen, the stem discs 
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were mechanically surfaced and then manually polished with a series of successively finer grades 

of sandpaper until the structure was clearly visible and analyse for tree ring (Figure 3a and b). 

 

Figure 3a: Mechanically surfaced and manually polished stem discs for Gujba provenances of 
different age (Gujba1 = 10-12 years, Gujba 2 = 15-20 years, Gujba 3 = 25-30 years). 

 

Figure 3b: Mechanically surfaced and manually polished stem discs for Nguru provenances of 

different (Nguru1 = 10-12 years, Nguru 2 = 15-20 years, Nguru 3 = 25-30 years). 
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The ring boundary for each year was examined and verified circumferentially between two radii of 

each disk and the presence of the marginal parenchyma bands was verified. Total ring widths were 

measured to the nearest 0.001 mm by using a Digital position meter ring width analyser interfaced 

with a computer (Figure 4), measurements from the bark to pith form the north and south 

directions averaged, at magnification ranging from x10 to x50, to determine ring boundaries and 

widths. Cross-dating was conducted between samples from the same site. After verification of 

successful cross-dating, digital images were made using digital camera. The digital image acquired 

was then employed to asset annual tree ring formation and for the measurement of ring width by 

using software from ImageJ (Rasband, 2014). A ring width index was created for each core by 

dividing the yearly measured growth value by the base year value (Veblen et al., 1991). 

 

Figure 4: A Digital position meter ring width analyser interfaced with a computer. 

Data Analysis 

Various parameters were calculated to assess their liability of the chronologies. Pearson’s 

correlations between pairs of chronologies were used.    
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RESULTS 

Samples collected from two different sites showed variation in ring visibility. Distinctness of ring 

were identifiable but with difficulty in some samples and uncertainty in identifying ring boundaries 

in other samples, making some growth ring characteristics difficult. The border of ring is presented 

like single circular line. A senegal form distinct tree-ring boundaries (Figure 5). 

 

Figure 5: Wood anatomy of A.senegal showing growth rings in a disc sample boundaries of annual 

rings are indicated by arrows. Tree-rings are characterized by marginal parenchyma bands. 

Cross-dating 

Since no previous dendrochronological studies have been carried out anywhere in the Study area, it 

was necessary first, to identify if A. senegal produced discernible rings. Cross-dating of annual 

ring width growth was successful within A senegal trees, in Gujba (figure 6) and Nguru (figure 7), 

which indicates that this species forms annual rings and that growth responds to an external 

climate variability. Successful cross-dating among trees indicate that trees were influenced by a 

common limiting factor.  
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Figure 6: Cross-dating of annual ring width growth within A senegal trees, in Gujba provenances 
of different age, using ring width measurement. 
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Figure 7: Cross-dating of annual ring width growth within A senegal trees, in Nguru provenances 
of different age using ring width measurement. 
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Ring width index showed annual patterns similar to seasonal precipitation in both provenances. 

The high similarities are evident in the graphs between season (years) precipitation data and mean 

ring width index (figures 9 and 8).  

 

Figure 8: Annual ring width index and precipitation against time 1990-2010 in Nguru (arid). 

 

Figure 9: Annual ring width index and precipitation against time 1990-2011 in Gujba (sami-arid). 
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Correlations of the ring widths and precipitation showed that tree growth was significantly 

positively correlated with the precipitation (Figure 10). Growth of these trees is clearly limited by 

drought, as indicated by the strong positive relationship between tree-ring index values and annual 

precipitation in Nguru provenances. Growth was not correlated with the precipitation in the Gujba 

provenances 
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Figure 10: Relationship between precipitation and the ring index for A senegal in the Nguru. On 

the x axis, the ring width index during the period of the highest correlation Precipitation. 

DISCUSSION 

The findings from this study indicate that A. senegal species does form annual tree rings and that 

these rings are useful in determining growth rates. Annual growth rings were observed in all 

samples. Ring-width patterns of individual tree from the same study site have been successfully 

cross-dated. However the tree rings were delimited by wood anatomical patterns characterized by 

marginal parenchyma bands (Worbes, 1989). The form of repeated patterns of parenchyma and 

fibre bands and variations in wood density were more difficult to distinguish. The radiuses are 

wide and the growth border was characterized by marginal parenchyma bands. Ring-width patterns 

of individual tree from the same study site have been successfully cross-dated. This indicates that 
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trees were responding similarly to common environmental factors (Fekedulegn et al., 2003, 

Worbes, 1995) which is the seasonal precipitation.   

Generally, these anomalous rings were successfully detected through differences in the anatomy of 

the ring and by checking the continuity of rings over the entire stem disc. Annual rings are clearly 

distinguishable at larger diameters. The annual ring width varies from less than 2 mm to more than 

8 mm with an overall mean of 5.63 mm in the Nguru and 3 mm to more 15.36 mm an overall mean 

of 8.13 in the Gujba. This corresponding to an annual diameter increment of 6–7 mm/year reported 

for Acacia species growing in arid and semi-arid environments (Gourlay, 1995). Annual ring width 

was higher in those years were relatively precipitation are higher and was lower when they were 

relatively precipitation low (Brienen, 2005). When compared to other year’s declines in radial 

growth in A senegal in the Nguru provenances corresponded to the declines in precipitation in year 

1995, 2000, 2004 and 2009. This suggested that precipitation seems to be the most important 

climatic factor that influences ring-width growth (Nicolini et al., 2010). 

The findings from this study also demonstrate a positive correlation between precipitation and 

annual ring-width growth (r = 0.58) in Nguru (arid) in this appeared to be most sensitive to major 

rainfall season fluctuations with the highest correlation coefficient in Gujba where there was no 

correlation = -0.154 P-Value = 0.542. A senegal in the two provenances shows a different response 

to precipitation. The pattern of sensitivity shows a slightly different response to precipitation, with 

the highest sensitivity to the precipitation in Nguru (arid) and no significant effect in Gujba (semi- 

arid). 

CONCLUSION 

Based on these results, rings of A senegal are annual and show good potential for the development 

of climate sensitive chronologies and the rings can be dated precisely. The growth of this species is 

sensitive to precipitation which is influenced by climate.  It has been established that A senegal can 

be used for tree-ring analysis in North East Nigeria. The presented mean tree-ring index is the first 

chronology of its kind in North Eastern Nigeria. Such studies will help to better comprehend the 

varying growth responses to extreme weather conditions, in particular drought. There is also a 

need for further investigation into the physiological reactions of this A senegal to extreme weather 

conditions in the region. 



     

14

Journal of Forestry Research and Management. Vol. 15(2).1-17; 2018, ISSN 0189-8418 

www.jfrm.org.ng 

REFERENCES 

Abaje, I. B, Ati, O. F and Iguisi E.O (2012). Recent Trends and Fluctuations of Annual Rainfall in 

the Sudano-Sahelian Ecological Zone of Nigeria: Risks and Opportunities. Journal of 

Sustainable Society Vol. 1, (2) 44-51 

Abaje, I. B, Ati O. F and Iguisi E. O. (2011). Drought in the North Eastern part of Nigeria and the 

risks on human health, in E.O. Iguisi, O. A. Ati, R.O. Yusuf and A. E. Ubogu (eds) NMets 

Zaria 2011 Proceedings of the International conference of the Nigerian metrological society 

pp 527-558. 

Abaje, I., Ati, O., Iguisi, E. and Jidauna, G. (2013), "Droughts in the Sudano-Sahelian. Ecological 

Zone of Nigeria: Implications for Agriculture and Water Resources Development", Global 

Journal of Human-Social Science Research, vol. 13, no. 2. 

Abdel Magid T. D., Tom, M., Eltayb. A and Ali D.A.M (2014). Equalizing Gum Codal Term (a 

Code E414), of Acacia Senega (L) with Acacia Seyal (Del.), and its Impact on Gum 

Production and Exportation. Journal of Applied and Industrial Sciences, 2 (3): 144-151. 

Abrams, M. D., Ruffner, C.M, and Morgen, T. A. (1998). Tree-Ring Responses to Drought Across 

species and Contrasting sites in the Ridge and Valley of Central Pennsylvania. Forest 

science pp 550-558    

Bartels, D. and  Phillips, J. (2010). Drought stress tolerance in Genetic Modification of Plants.  

Kempken and C. Jung (eds.), Biotechnology in Agriculture and Forestry Springer, 64 139-

157. 

Beyene, M. (1993), Investing in Acacia senegal-lessons from the Sudanese experience to Eritrea. 

The Scandinavian institute of African studies, Sweden. African Arid land working paper 

series No 4/93 

Bibi, U.M., Kaduk, J. and  Balzter, H. (2014). Spatial-Temporal Variation and Prediction of 

Rainfall in Northeastern Nigeria. Climate, vol. 2, no. 3, pp. 206-222. 

Brienen, R.J.W. (2005), Tree rings in the tropics: a study on growth and ages of Bolivian rain 

forest trees, Utrecht University PROMBA scientific series 10 (Dissertation). 

Brienen, P. A; Roel, J.W and Zuidema, A (2005). Relating tree growth to rainfall in Bolivian rain 

forests a test for six species using tree ring analyses. D01 10.1007/ S 00442- 005-0160-Y 



     

15

Journal of Forestry Research and Management. Vol. 15(2).1-17; 2018, ISSN 0189-8418 

www.jfrm.org.ng 

Coppen, J.J. (1995). Gums, resins and latexes of plant origin. Non-wood forest products 6. Rome: 

Food and Agriculture Organization of the United Nations x, 142p.ISBN, vol. 661102982. 

146:1-12 

Eshete, G and Stahl, G (1999). Tree rings as indicators of growth periodicity of acacias in the Rift 

Valley of Ethiopia. Forest Ecology and Management 116:107-117 

Fekedulegn, D., Ray, R Hick, J and Colbert, J (2003).  Influence of topographic aspect precipitation 

and drought on radial growth of four major tree species in Appala chain watershed. Forest 

Ecology and management. PP 409-425. www.elsevier/locate/foreco  

Galván, J.D., Camarero, J.J., Ginzler, C. and Büntgen, U. (2014). Spatial diversity of recent trends 

in Mediterranean tree growth. Environmental Research Letters, vol. 9, no. 8, pp. 084001.  

García-Suárez, A., Butler, C. and Baillie, M. (2009). Climate signal in tree-ring chronologies in a 

temperate climate: a multi-species approach, Dendrochronologia, vol. 27, no. 3, pp. 183-

198. 

Gebrekirstos, A., Mitlöhner, R., Teketay, D. and Worbes, M. (2008). Climate–growth relationships 

of the dominant tree species from semi-arid savannah woodland in Ethiopia. Trees 22 (5) 

pp. 631-641. 

Sinsin, C.A. (2009). Using tree-ring analysis to study the growth performance from saplings to 

trees for five savanna species in West Africa, M.Sc. Dissertation. Université d'Abomey- 

Calavi (‘-0Bénin).  

Gorain, M., Sharma, N., Sharma, A., Meena, K. A., Singh,S., Srivastava, K., & Ahmed, S. I.(2014) 

Spatial prototype and phenotypes of variation in populations of prickly acacia in semi-arid 

regions in India. International Journal of Agricultural Science Research Vol. 3(7), pp. 112-

120,  

Gourlay, I.D. (1995). Growth ring characteristics of some African Acacia species, Journal of 

Tropical Ecology 11 (1995), pp. 121–140. 

Harley, G.L., Grissino-Mayer, H.D., Franklin, J.A., Anderson, C. and Köse, N. (2012). Cambial 

activity of Pinus elliottii var. densa reveals influence of seasonal isolation on growth 

dynamics in the Florida Keys, Trees, vol. 26, no. 5, pp. 1449-1459. 

Hoadley, R. B 1990  Identifying wood : Accurate results with simple tools. Taunton  press. 

Newtown USA. ISBN 0-942391-04-7 

http://www.elsevier/locate/foreco


     

16

Journal of Forestry Research and Management. Vol. 15(2).1-17; 2018, ISSN 0189-8418 

www.jfrm.org.ng 

Hughes, M.K. (2002). Dendrochronology in climatology–the state of the art, Dendrochronologia, 

vol. 20, no. 1, pp. 95-116. 

Ibrahim., N. Gani, A. M., Abdul, S.D, and Omokhafe. O. K, (2014). Performance of Different 

Seedlings Accessions of Acacia senegal (L.) Willd in Bauchi Nigeria International Journal 

of Scientific and Engineering Research, vol (5): 6 -15 

Ishaku, H. T. and Majid M. (2010). R. X-Raying Rainfall Pattern and Variability in Northeastern 

Nigeria: Impacts on Access to Water Supply Journal Water Resource and Protection (2), 

952-959 

Jacoby, G.C (1989). Overview of tree-ring analysis in tropical regions. IAWA Bull. n.s. 10, 99-

108. 

Kayode, A. J. and Francis, O.A. (2012). Drought Intensities in the Sudano-Sahelian Region of 

Nigeria, Journal of Sustainable Society, vol. 1, no. 4, pp. 88-95. 

Lieberman, D., Milton L., Hartshorn, G.  and Peralta. R. (1985). Growth rates and age-size 

relationships of tropical wet forest trees in Costa Rica. Journal of Tropical Ecology 1:97-

109. 

Maingi, J.K. (2006). Growth rings in tree species from the Tana River floodplain, Kenya Journal 

of East African Natural History 95(2): 181–211. 

Mousseau, T.A., Welch, S.M., Chizhevsky, I., Bondarenko, O., Milinevsky, G., Tedeschi, D.J., 

Bonisoli-Alquati, A.and  Møller, A.P. (2013). Tree rings reveal extent of exposure to 

ionizing radiation in Scots pine Pinus sylvestris, Trees, vol. 27, no. 5, pp.  

Nicolini, G., Tarchiani, V., Saurer, M. & Cherubini, P. (2010). Wood-growth zones in Acacia 

seyal Delile in the Keita Valley, Niger: Is there any climatic signal?, Journal of Arid 

Environments, vol. 74, no. 3, pp. 355-359. 

Omokhafe. O. K, Okeoghare. A. E & Nasiru,I. (2007). Evaluation of Influence of Tapping 

Incisions on Gum Yield of Acacia senegal (L.) Willd. In Nigeria Journal Sustainable 

Tropical Agricultural Research, Vol. 23,pp 36-39, 

Rasband, W.S., Image, J, U. S., Bethesda, Maryland, USA, National Institutes of Health/, 1997-

2014. http://imagej.nih.gov/ij

 

Schweingruber, F.H., (1988). Tree rings: Basics and Applications of Dendrochronology. Kluwer 

Academic Publishers, Dodrecht. pp. 276 

http://imagej.nih.gov/ij


     

17

Journal of Forestry Research and Management. Vol. 15(2).1-17; 2018, ISSN 0189-8418 

www.jfrm.org.ng 

Soliz Gamboa, C. (2010), Shedding light on tree growth: ring analysis of juvenile tropical trees, 

PROMAB. 

Schöngart, J., Orthmann, B., Hennenberg, K. J., Porembski, S. and Worbes, M. (2006). Climate–

growth relationships of tropical tree species in West Africa and their potential for climate 

reconstruction. Global Change Biology, 12: 1139–1150.  

Tarhule, A and Hughes, K.M. (2002). Tree-ring research in semi-arid West Africa: need and 

potential. Tree ring research, 58 (1/2) pp31-46. 

Therrell, M, D., Stahle, D.W., Ries,L.P.and Shugart, H.H. (2006). Tree-ring reconstructed rainfall 

variability in Zimbabwe. Climate Dynamics 26:677–685 

Trouet, V. Esper, J. and Beeckman, H. (2010). Climate/growth relationships of Brachystegia 

spiciformis from the miombo woodland in south central Africa. Dendrochronologia 

28:161–171 

Trouet. V. Coppin, P. and Beeckman, H. (2006). Annual growth ring patterns in Brachystegia 

spiciformis reveal influence of precipitation on tree growth. Biotropica 38:375–382 

Vlam, M. (2014), Forensic forest ecology: Unraveling the stand history of tropical 

forests.Wageningen University.Wageningen, N/L 

Wils, T., Sass-Klaassen, U., Eshetu, Z., Bräuning, A., Gebrekirstos, A., Couralet, C., Robertson, I., 

Touchan, R., Koprowski, M. and Conway, D. (2011). Dendrochronology in the dry tropics: 

the Ethiopian case. Trees, vol. 25, no. 3, pp. 345-354. 

Worbes, M. (1999). Annual growth rings, rainfall-dependent growth and long-term growth patterns 

of tropical trees from the Caparo Forest Reserve in Venezuela. Journal of Ecology 87:391-

403. 

Worbes` M. (1989). Growth rings, increment and age of trees in inundation forests, savannas and a 

mountain forest in the Neotropics, IAWA Bull. (NS), vol. 10, pp. 109-122. 

Worbes, M. (2002). One hundred years of tree-ring research in the tropics–a brief history and an 

outlook to future challenges. Dendrochronologia, vol. 20, no. 1, pp. 217-231. 

Worbes, M. Staschel, R. Roloff , A. and Junk,W.J,  (2003). Tree ring analysis reveals age 

structure, dynamics and wood production of a natural forest stand in Cameroon. Forest 

Ecology and Management 173 105-123.  

Veblen,T.T., Hadley, K.S, Reid MS, and  Rebertus AJ (1991). Method for detecting past spruce 

beetle outbreak in rocky Mountain sub alpine forests. Can J for Res. 21 :242-254. 


