
Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 20-25 October 2013. Nakuru, Kenya. 

Predicting occurrence of small mammals and fleas from landform and soil 
properties in the plague risk area of Lushoto District, Tanzania 

 
J. Meliyo1, D. Kimaro2, B. Msanya1, L. Mulung 

 
1Dept of Soil Science, Sokoine University of Agriculture, P.O. Box 3008, Morogoro, Tanzania 

2Dept of Agric Eng and Land Planning, Sokoine University of Agriculture, 
P.O. Box 3003, Morogoro, Tanzania 

3Pest Management Centre, Sokoine University of Agriculture, 
P.O. Box 3110, Morogoro, Tanzania 

4Dept of Earth and Environmental Sciences, Katholieke Universiteit Leuven, 
Celestijnenlaan 200 E, B-3001 Heverlee, Belgium 

Abstract 

A study was carried out in West Usambara Mountains, Tanzania, to investigate influence of landform 
and soil properties on the occurrence of small mammals and fleas. A conventional landform and soil 
data collection was done. Small mammals were trapped along randomly selected transects. Results 
showed that small mammals’ abundance increased with elevation. In the plateau, small mammals 
abundance was at lower and mid slopes of ridges near valley bottoms where water and food were 
accessible. A landform-soil characteristics’ model showed that available phosphorus (p=0.001), aspect 
(p=0.01) and elevation (p=0.01) are statistically significant predictors explaining abundance of small 
mammals. Fleas’ abundance and spatial distribution were influenced by hill-shade (p=0.001), available 
phosphorus (p=0.01) and base saturation (p=0.01). This study improved understanding of relationships 
between landforms, soils and abundance of small mammals and their fleas in a plague risk area. 
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Introduction 

Small mammals (particularly rodents) are considered the primary natural hosts and reservoirs of 
Yersinia pestis that infects about 203 rodent species (Gage and Kosoy, 2005). Several studies carried out 
in West Usambara Mountains have shown diversity of small mammals implicated to be plague hosts 
(Laudisoit et al., 2007). Neerinckx et al. (2010) reported that plague cases were strongly correlated with 
landforms particularly elevation above 1500 m a.s.l. in Lushoto. Similar results were reported by Eisen 
et al. (2012) that plague cases were common above 1300 m a.s.l in the Uganda plague focus. The above 
studies agree with Meade and Earickson (2000) who associated occurrence of plague with landform 
factors, which are envisaged to influence presence, reproduction of hosts and vectors and their 
interactions with humans.  

Soil may be an important reservoir, with burrowing animals acting as the first link in transmission to 
other animals and humans through flea bite (Drancourt et al., 2006). The survival of Y. pestis in natural 
soil conditions from 24 days (Eisen et al., 2008) to 40 weeks (Ayyadurai et al., 2008) has been reported. 

Studies relating landforms and soils to abundance of plague hosts and vectors are limited. It is 
envisaged that understanding of landforms and soil properties may provide a clue of plague foci risk, 
with respect to rodents as plague hosts. The aim of this study was therefore to carry out analysis of 
landform and associated soil properties in relation to potential hosts and vectors in order to contribute 
information that will help explain the presence and persistence of plague focus risk in West Usambara 
Mountains, Lushoto District, Tanzania. 

Materials and methods 

Study location 

The study area is located between UTM 9474965.2 and 9502528.6 N and 389060.2 and 472276.1 E at 418- 
2273 m. 
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Methodology 

Determination of landform characteristics 

A digital elevation model obtained from Advanced Spaceborne Thermal Emission and Reflection 
Radiometer, Global Digital Elevation Model  (ASTER-DEM) with 30 m ground resolution was used to 
derive landform features i.e. elevation, slope gradient, slope aspect, slope curvature: plan, profile, 
tangential, cross-section and general curvatures, hill-shade, flow accumulation and flow direction in 
ArcGIS 9.3. These characteristics were used together with soil properties to establish relationships 
between landforms and occurrence of small mammals and fleas. 

Determination of soil properties 

A map derived from digital elevation model and GPS was used to select sites for soil sampling. From 
each representative landform feature, soil samples were taken from the topsoil at depth of 0-45 cm. The 
soil samples were analysed in the laboratory for texture, pHwater, EC, total N%, Organic C%, CEC, bases 
and micronutrients following the methods of Moberg (2000). A total of 57 soil samples were collected 
from corresponding 57 geo-referenced sites. 

Determination of small mammals and fleas 

Trapping of small mammals was conducted on sites where soil samples were collected twice between 
December 2009 and March 2010. Traps of different types and sizes were employed to capture diverse 
small mammal species in the field (Mengak and Guynn, 1987). The traps used were medium-size 
Sherman live traps (23 x 9.5 x 8 cm), locally made wire cages (for small mammals like squirrel, genetta) 
and the pitfall traps which were 10-litre plastic buckets. The total number of traps used were 300 
including 270 Sherman, 15 wire cages and 15 pitfalls. The traps were arranged in lines each with 10 
trapping stations placed 10 m apart and left open during the day and night for two consecutive nights 
following methods of Mulungu (2008). 

The traps were inspected every morning whereby those with catches were replaced by other traps and 
bait. Peanut butter mixed with maize bran, roasted maize grains and sardines were used as the bait. The 
trapped small mammals were counted and recorded, treated with ethanol for further analysis. The fleas 
were removed from animals by brushing the fur using ethanol, counted, recorded and stored. 

Data analysis 

The data was statistically analysed using generalized linear Model (GLM) in Deducer the R GUI 
(Fellows, 2012). The small mammals and fleas (dependent variables) and landform features and soil 
properties (independent variables) were subjected under regression analysis to establish occurrence of 
small mammals and fleas in different landforms in the study area. The occurrence of small mammals 
and fleas in different landforms was validated using model goodness of fit given by pseudo R-squared 
(R2 or D2).  

Results and discussion 

Landform characteristic in the study area 

Results showed that landforms were highly variable with strong dissection and steep slopes of different 
curvatures. The dissection constitutes complex system of elongated terraced ridges separated by narrow 
drainage V-shaped valleys (converging and diverging hydrological flows). The steep slopes and 
strongly dissected ridges are characterized by localized rock outcrops, scarps and in places landslide 
scars with shallow soils. The observed landforms have modified the landscape into complex surface 
features with varying moisture conditions, vegetation, microclimate and human activities (Blanco and 
Rattan 2010). These conditions are reported to influence the occurrence of small mammals and fleas 
(Monjeau et al., 1997). 
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Both profile and tangential curvatures show scale with high to low values. The positive values indicate 
upwardly convex surface, whereas negative values indicate upwardly concave surface. The observed 
values show the degree of concavity and convexity of the surface in the direction perpendicular to the 
direction of steepest descent. The curvatures influence convergence and divergence of water flows, soil 
water contents and soil water characteristics (Lindsay, 2005) and therefore influence water and food 
access and vegetation habitat for small mammals (Monjeau et al., 1997). Slopes aspect in the area is 
multi-directional ranging clockwise from, 00 (N), 900 (E), 1800 (South), 2700 (West). The aspect 
modulated by slope gradient influences slope local climate especially solar radiation and exposure to 
wind (Goudie, 2013). Aspect therefore affects vegetation habitat and differential soil developments. The 
aspect is among strong predictors of small mammal abundance in the study (p=0.01) (Table 2). This 
conforms to report by Urban and Swihart (2010) that species richness was influenced by slope aspect in 
Indiana. 

Soil properties 

Soil properties in the study area are strongly correlated with landforms. Table 1 presents results on 
dominant soil properties in the study area. Soils are sandier in the plains but decline with elevation to 
clayey in the plateau. The per cent OC content shows variations with landforms, with values ranging 
from 0.6 to 2.9% for the plain and plateau respectively. Micronutrient contents increases from low in the 
plain to toxic levels in the plateau. These results agree with findings which reported that landforms 
greatly influence variability and distribution of soil macro- and micronutrients (Jiang et al., 2006). 

The observed results conform to findings by Moore et al. (1993) who reported that catenary soil 
properties development occurs as landscape response to the way water moves through and over  the 
landscape being governed by surface characteristics (convergence and divergence). Other studies by 
Gessler et al. (2000)indicated that the soil-landscape pattern results from integration of short and long 
term pedogeographic processes. 

 

Abundance of small mammals and fleas 

Table 2 shows the abundance of small mammals and fleas in different landforms and habitats in the 
study area. Small mammals and fleas are highly variable. This could be attributed to landform 
complexity. 

The high diversity of small mammals and fleas indices has been reported in the plain, ridges of 
dissected plateau and escarpments. These geomorphic units are characterized by natural forest, shrubs, 
cultivation and plantation forests as shown in Table 2. The results indicated that landforms, slope and 
slope aspect and soil properties impacted on small mammals and fleas abundance. 

Table 1: Characteristics of selected physical-chemical properties in the study area 

Landforms 

Means of soil properties and DTPA extractable micronutrients  

Clay 
(%) 

Sand 
(%) 

Silt 
(%) 

pH 
(water) 

OC 
(%) 

CEC 
cmol(+)/kg 

Ca Mg K Fe Mn Cu Zn 

cmol(+)/kg soil Mg/kg soil 

Plain 18.31 69.74 11.85 7.94 0.61 12.1 8.9 2.9 0.34 10.6 47.41 2.271 0.293 

Escarpment 26.48 61.15 12.26 7.63 2.77 18.1 13.9 1.9 0.29 29.53 139.6 2.163 1.731 

Plateau 52.48 38.7 8.82 5.67 2.91 18.3 7.1 2.2 0.15 107.3 63.1 2.067 1.617 
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Table 2: Landforms, habitat, small mammal abundance and fleas 

Landforms 
Elevation 
(masl) 

Slope gradient 
(%) Habitat Veg 

Small mammal 
species 

Small 
mammal 
abundance 

Fleas 
abundance 

PLAIN 

(Undulating to 
rolling colluvial 
footslopes with 
deep soils) in 
places tallus slopes 

510 - 531 4 - 7 Shrub Acomys 7 14 

  Shrub 
Dwarf 
Mongoose 1 0 

  Shrub Squirrel 1 0 

696 12 - 15 Shrub Acomys 1 0 

  Shrub Geneta 1 5 

  Shrub Squirrel 2 1 

704 15 Forest Praomys 1 0 

   Squirrel 1 0 

ESCARPMENT 

 

(Rolling to very 
steep slopes, with 
rocky scarps,  rock 
outcrops, boulder 
and shallow to 
deep soils) 

  

839 - 1123 23 - 55 Forest Aethomys  2 9 

  Forest Praomys 1 0 

1182 - 1592 60-80 Herbaceous Aethomys 2 2 

878 - 1604 15 - 80 Shrub Acomys 1 0 

  Shrub Mastomys 1 0 

  Shrub Aethomys 7 9 

  Shrub Grammomys 1 1 

    Shrub Lophuromys 10 4 

PLATEAU 

(Strongly dissected 
plateau into system 
of ridges with 
rolling to very steep 
slopes 
characterised by 
shallow to very 
deep highly 
weathered soils 

1937 70 Cultivation Grammomys 4 3 

1937 70 Cultivation Lophuromys 2 0 

1937 70 Cultivation Mouse Legada 1 0 

1742 - 1883 7 - 30 Cultivation Mastomys 37 30 

 7 Cultivation Mouse 1 0 

1753 - 1926 55 - 70 Forest Lophuromys 3 4 

1753 - 1926 15 - 70 Forest Praomys 11 13 

1753 70 Forest Shrew 1 0 

1904 15 Forest Grammomys 2 0 

1903 20 Forest Plant Lophuromys 4 2 

1903 20 Forest Plant Mastomys 2 2 

1903 20 Forest Plant Shrew 1 0 

1899 65 Forest Plant Grammomys 2 0 

1887 - 1899 16 - 65 Forest Plant Praomys 5 0 

1887 16 Forest Plant Crocidura 1 0 

1885 23 Shrub Aethomys 1 2 

1922 46 Shrub Crocidura 2 0 

1771 - 1922 11  - 90 Shrub Grammomys 14 35 

1771 - 1918 16 - 90 Shrub Lophuromys 19 13 

1136 - 2007 16 - 90 Shrub Praomys 34 25 

1900 90 Shrub Mastomys 1 10 

1922 46 Shrub Mouse 1 0 

1900 90 Shrub Rattus 1 0 
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Quantification of small mammals and fleas from landforms and soil properties 

The landform-soil properties model for quantification of small mammals and fleas is presented in Table 
3. The model demonstrates significant relationship between small mammals’ and fleas’ occurrence and 
landform features viz: elevation and aspect. Among the soil properties studied the available P had 
significant influence on occurrence of small mammals and fleas. 

 

 

Table 3: Parameters of Generalized Linear Model indicating predictors for 
small mammals 

No AIC Pseudo R-squared Statistically significant predictors 

1 257.5 42.4 Elevation* 

   AvailBray P. 

2 256.6 50.2 Elevation** 

   AvailBray P*** 

3 255 49.4 Elevation** 

   ApSand. 

   AvailBray P*** 

4 250.3 61.2 Aspect* 

   ApBase saturation. 

   Elevation** 

   AvailBray P*** 

5 247.1 55.2 Aspect** 

   ApBase saturation* 

   Elevation** 

   AvailBray P*** 

 

Elevation is the most influential landform factor with strong positive correlation with number of small 
mammals. However, there is negative correlation between small mammal numbers and slope aspect 
(Figure 6). There is positive correlation between available phosphorus and base saturation, and the 
number of small mammals. Similar results were reported by Eisen et al. (2012) in Uganda showing that 
plague cases were found in altitudes above 1300 m. Also, Neerinckx et al. (2010) reported high 
correlation between plague brought by plague hosts’ outbreaks and elevation and vegetation cover. 
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Figure 6: Influence of individual landform-soil properties on the occurrence of small mammals 

 

The best two models explained between 55 and 61% (Table 3) of the variations observed in the 
prediction of small mammals’ abundance. Phosphorus has strong influence on small mammals 
probably because it’s adequate levels favour vegetation growth which provides not only cover and 
habitat to rodents (Mulungu et al., 2008) but also food and herbage (Krebs, 2001). 

Figure 7 and Table 4 present results on landforms and soil predictors for flea abundance. The fleas are 
negatively influenced by hill-shade, exchangeable calcium and magnesium while they are positively 
influenced by elevation, available phosphorus and base saturation. 

 

Figure 7: Influence of individual landform and soil properties on abundance of fleas 

 

Table 4: Landforms and top-soil predictors of fleas’ abundance 

Variables Coefficient estimate Std. Error t value Pr(>|t|) 
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(Intercept) 20.88866 12.49297 1.672 0.107507 

Elevation (M) 0.009709 0.005351 1.815 0.082095. 

Hill-shade -0.30392 0.065685 -4.627 0.000107 *** 

Flow direction 0.066498 0.03826 1.738 0.095016. 

Org C (%) 2.939898 1.408512 2.087 0.04766 * 

Avail BrayP 0.33196 0.093459 3.552 0.00162 ** 

Exch-Ca -0.63307 0.464493 -1.363 0.185555 

Exch-Mg -3.69392 1.670205 -2.212 0.036761 * 

BS 0.429641 0.138059 3.112 0.004749 ** 

Signif. Codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1; (Dispersion parameter for Gaussian 
family;   Null deviance: 5524.2 on 32 degrees of freedom, Residual deviance: 1850.7 on 24 
degrees of freedom. AIC: 246.53 

 

Although many studies on fleas prediction use mean abundance and variances (Zuo and Guo, 2011), 
our results show that fleas abundance which show similarity with small mammals can be predicted 
using landforms and soil properties. Caro et al. (1997) and Krasnov et al. (1997) reported that the 
parasites encountered in a given area are related to their specific location and the host. In this study the 
observed fleas abundance reflected trapped small mammals.  

Conclusion 

It is concluded that landform and soils have strong influence on the abundance of small mammals and 
fleas that infest them. Occurrence and abundance of fleas is mainly influenced by hill-shade and 
available phosphorus, organic carbon and exchangeable magnesium. Elevation and aspect are strong 
landscape predictors whereas available phosphorus and base saturation are strong soil influencing the 
occurrence and abundance of both small mammals and fleas.  
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