Environmental predictors of tsetse distributions (William Wint)

Over the past twenty years it has been shown that the distribution of tsetse flies is related to climatic conditions
, and that satellite imagery can provide reliable surrogates for a range of climatic parameters
. More recently, tsetse distributions have been quite accurately mapped for a wide range of ecological conditions, using Fourier processed time series of satellite imagery of various types - especially those relating to vegetation cover, rainfall, temperature and elevation
,
.

These techniques have largely been based on logistic regressions or discriminant analytical and maximum likelihood methods which use known presence and absence distribution data to 'train' the prediction process - in essence by establishing statistical relationships between the predictor (satellite image) variables and the observed fly presence/absence data. Output is given as the probability of presence for each sample point in the training dataset. The modelled data can be then compared with the known data to provide various indices of accuracy, such as the proportion correctly modelled, and the proportion of false negatives and positives produced. Typically, the technique gives accuracies of better than 85 percent. These relationships can then be applied to areas which have not been sampled, to provide a predicted probability of presence for areas outside the original training data set. Continent wide predictions of the distribution of twenty three tsetse species, as well as the three major species groups have been produced in this way, and can be obtained from the website ergodd.zoo.ox.ac.uk/tseweb/index.htm, or on CD with the PAAT Information system, from FAO in Rome
. 

Table 1: Species Weightings

	MORSITANS GROUP
	
	
	
	

	Longipalpis
	3
	
	
	

	Pallidipes
	3
	
	
	

	Morsitans centralis
	3
	
	FUSCA GROUP
	

	Morsitans submorsitans
	3
	
	Nigrofusca nigrofusca
	1

	Morsitans morsitans
	3
	
	Nigrofusca hopkinsi
	1

	Swynnertoni
	1
	
	Fusca fusca
	2

	Austeni
	3
	
	Fusca congolensis
	2

	
	
	
	Fuscipleuris
	1

	
	
	
	Haningtoni
	1

	PALPALIS GROUP
	
	
	Schwetzi
	1

	Palpalis palpalis
	2
	
	Tabaniformis
	1

	Palpalis gambiensis
	2
	
	Nashi
	1

	Fuscipes fuscipes
	2
	
	Vanhoofi
	1

	Fuscipes Martinii
	1
	
	Medicorum
	2

	Fuscipes Quanzensis
	1
	
	Severini
	1

	Tachinoides
	3
	
	Brevipalpis
	3

	Pallicera pallicera
	1
	
	Longipennis
	2

	Pallicera newsteadi
	1
	
	
	

	Caliginea
	1
	
	
	


This presentation looks at  the best environmental predictors of fly distribution patterns in order to highlight which are the most critical to monitor. The data used are based on the maps of Ford and Katondo
, modified by more recent information collated by ERGO and FAO (detailed at length in FAO, 2000) - to create a generalised measure of tsetse distribution. This ‘Weighted Species Number’ has been defined as the sum of the number of species multiplied by a weighting factor related to its overall significance to animal trypanosomiasis, as identified by FAO personnel, and shown in Table 1. 

The resultant ‘observed’ distribution has then been modelled using multiple stepwise regression for each of 20 ecozones identified by non hierarchical clustering with ADDAPIX software. Similar methods have been used to modelling the distributions of cattle and cultivation
 and are summarised in the FAO Livestock Atlas Website (ergodd.zoo.ox.ac.uk/livatl2/home.htm). 

These predictions appear quite convincing, and though there is some variability in the strength of the relationships according to location (as indicated by the adjusted R squared value) as shown in the central insert of Figure1, are all statistically significant to at least the 0.0001 level.

Figure 1: Predicted and Observed Weighted Species Number
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Table 2: Frequency of Predictor Types.

	
	Predictor 1
	Predictor 2
	Predictor 3
	First three

	Type:
	
	
	
	

	Anthropogenic
	1
	0
	1
	2

	Agroecological
	2
	1
	 
	2

	Geographic
	3
	1
	1
	5

	Vegetation
	1
	2
	4
	7

	Topographic
	3
	2
	4
	9

	Temeperature
	7
	6
	1
	14

	Water
	2
	7
	8
	17

	
	
	
	
	

	% Timing
	42.1
	42.1
	47.4
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The range of predictor variables used includes eco-climatic data, elevation, potential, length of growing period, and human population, together with a series of derived variables such as distance to rivers and roads, x and y coordinate, and cropping level. The eco-climatic data are largely derived from satellite imagery, and relate to temperature, water availability (rainfall, evapotranspiration), and vegetation cover. They have been extracted from an extensive 13 year time series of 10 day interval images by the TALA Research Group in the Zoology Department, Oxford University, using Fourier processing techniques
,.  These extract, from each multi-temporal data stream, the characteristics of the annual, biannual and tri-annual components - the mean values, and the amplitudes and phases (i.e. timing of the seasonal peaks) of the annual, bi-annual and tri-annual cycles data layers, together with the maximum, minimum and ranges (maximum - minimum) of each Fourier description of the observed signal. The percentage of the total variance attributable to each of the three Fourier components (a measure of the relative importance of each component) was also calculated for each parameter series
. 

These can be grouped according to the type of parameter (anthropogenic, water etc) or category of variable (timing, value) as given in Table 2, which suggests that water- and temperature-related parameters are the most frequent predictors within the 20 ecozones used for analysis, and that the timing categories – relating to the seasonality of these environmental variables – provide the predictive power in nearly half the cases, but as shown in the inset graphic, a rather greater proportion of the tsetse distribution. This argues strongly that environmental monitoring efforts should incorporate measures of seasonality and timing into their programmes if the information acquired is to be used for assessing for tsetse fly distributions.
















Stippled areas with  seasonality related variables in first three predictors 
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